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Preface

Smart graphics are pervasive in our lives nowadays. The ways artists and design-
ers produce images that effectively support human cognition and communication
are continuously changing and evolving as they incorporate novel methods pro-
vided by the advances in science and technology. As a counterpart, the radically
new visions in most art forms have stimulated scientists to breath-taking levels
of achievement.

This symbiotic relationship between art and science (and technology) is one
of the foundations of the technological culture of contemporary society and is
especially evident in the creation of smart graphics. Such a process rests on a deep
understanding of the fundamentals of perception and cognition as they relate to
interaction and communication technologies, together with artificial intelligence
and computer graphics techniques, to automate reasoning and enhance cognition.

The International Symposium on Smart Graphics 2009 was held from May
28-30 in Salamanca, Spain. With this edition we celebrated our tenth anniver-
sary: a successful series of inspiring and exciting meetings originating in 2000 as
an American Association for Artificial Intelligence Spring Symposium.

This year we proposed a specific emphasis on visual analytics as well as all
kinds of transversal research that harnesses the power of humans and technolog-
ical artifacts in order to convey, understand and deal with complex scientific and
social processes. We were lucky to have Daniel Keim and Jorn Kohlhammer, two
internationally renowned experts on this area of research, as invited speakers.

Smart Graphics, beyond a conventional symposium, was intertwined with
the 5th International Arts Festival of Castilla y Ledn, and we brought together
artists, technologists and scholars from the fields of computer graphics, artificial
intelligence, cognitive science, graphic design and fine art. Complementary to
the usual sessions, during the symposium system demonstrations, exhibitions,
performances, panels and discussions were opened to the public as part of the
festival program. Artists hired by the festival and from entertainment studios
were invited to foster dialog, and the Organizing Committee would like to warmly
thank them here.

The quality of the submitted papers was as high as in previous years. The
Program Committee decided to accept 15 full papers, 8 short papers, and 2
system demonstrations. This year we also had an arts track; four artworks were
selected for live performance and one of them (dream.Medusa) was awarded the
best smart graphics artwork. The acceptance rate for full papers was 30%.

We would like to thank all authors and speakers for making this year’s event
such a success, the reviewers for their careful work, and the Program Committee
for selecting and ordering contributions for the final program. We are grateful to
the Vice-rectorate for Technological Innovation of the University of Salamanca,
to the local organizers of the event and, especially, to Guy Martini, director of
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the International Arts Festival of Castilla y Ledn, for giving us the opportunity
to move part of the Smart Graphics symposium out of academia and to become
a cultural event.

For these reasons Smart Graphics 2009 was not only a big scientific success
but also a completely new experience in art and sciences which will inspire future
Smart Graphics enterprises.

March 2009 Andreas Butz
Marc Christie

Brian Fisher

Antonio Kriiger

Patrick Olivier

Roberto Therén
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Visual Evaluation of Clustered Molecules in the
Process of New Drugs Design

Carlos Armando Garcia®, Roberto Therén!, Rafael Peldez?,
José Luis Lépez-Pérez?, and Gustavo Santos-Garcia?

'Departamento de Informética y Automatica, Facultad de Ciencias
2Departamento de Quimica Farmacéutica, Facultad de Farmacia
Universidad de Salamanca, Spain
CarlosGarcia@usal.es

Abstract. Drug design is very complex and expensive. Finding new
active chemical structures is a very important goal. Both experimental
and virtual (in silico) screenings can be used to explore chemical space
[II][12). With virtual screening it is possible to reduce the amount of
compounds for experimental evaluations. Moreover, when the 3D struc-
ture of the target is known, candidate molecules can be put to fit in
the target hole in different positions and later cluster these positions in
order to find the best to fit. Therefore, we propose a visual tool that
couples with Jmol[21] viewer, provides together with a means of visually
exploring clustered molecules, an overview of the majority of the data,
supporting thus the decision making in the process of new drugs design.

Keywords: visual analysis, information visualization, clustering, drug
design, virtual screening, tubulin.

1 Introduction

Visualization is a centuries-old field. Visual analytics is relatively new. What dis-
tinguishes visual analytics from ordinary visualization is the active role played
by the computer in the presentation of information to the viewer [I]. Further-
more, visual analytics has been applied in the Pharmaceutical Industry [2], and
can be applied in the drug design. Keeping this in mind, our approach was such
as to develop a tool to synthesize and derive insight from massive data, therein
detecting the best results in the process of drug design, utilizing appropriate
information visualization techniques [3][4].

1.1 Drug Design Process

The process in the design is very complex and demands cooperative interdisci-
plinary efforts [5]. Regardless of the great and steady methodological advances
achieved throughout the years and the huge efforts invested in this enterprise,
the results are frequently disappointing. The recent achievement of the human
genome project has not only unearthed a number of new possible drug targets

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 3114| 2009.
© Springer-Verlag Berlin Heidelberg 2009



4 C.A. Garcia et al.

but also highlighted the need for better tools and techniques for the discovery
and improvement of new drug candidates [6][7]. Today, there are experimen-
tal and computational approaches accessible in the different stages of the drug
design and development processes [§][9][10].

In the early stages of drug discovery, finding new active chemical structures
is a very important goal. Both experimental and virtual (in silico) screenings
can be used to explore chemical space, and often both strategies are combined
[II][12]. Virtual screening (VS) is an in silico high-throughput screening (HTS)
procedure which attempts to rank candidate molecules in descending order of
likelihood of biological activity, hence reducing the number of compounds for
which very costly experimental evaluations are needed [13].

Docking is one conceivable choice when the 3D structure of the target is
known. It consists of the positioning of the compounds in the target site (pos-
ing) and a ranking of the resulting complexes (scoring) [I4]. The strategy is
functional even when the binding site is unknown or ill-defined, and there have
been many successful cases realized. Nevertheless, docking simulations model
multiple complex phenomena with a minimal time investment, thus resulting
in an inconsistent performance. Attempts to alleviate the inherent limitations
of the method, such as the use of different scoring functions to compensate
for their simplicity, the incorporation of ligand flexibility, or the simulation of
protein flexibility, have met with different degrees of success [15][16]. During
the final stages, the best ranked compounds are clustered and classified and
have to be visually inspected by experienced chemists in order to confirm their
goodness. This visual filtering is time consuming, expensive, and difficult to re-
produce, as chemists with different backgrounds make different determinations.
New chemoinformatic tools which can help the chemist in the selection of can-
didates are thus welcome. However, they are difficult to develop, as they have
to somehow reproduce chemical insight.

The following sections will discuss a method to cluster different molecule struc-
tures in order to compare them for the process of new drug design. In section 2,
we explain a manual clustering in which is based our method. In Section 3, we
talk about the clustering results of a cluster algorithm based on manual clus-
tering. Section 3 also presents our contribution to compare different molecule
structures. Sections 4 and 5 show the results obtained and the conclusions of
our current work.

2 Manual Clustering

[17] proposes a method to cluster molecule structures. This was taken as a model
of the colchicine binding site of tubulin, an important anticancer target. The
dataset of hypothetical ligands docked consisted of virtual compounds from three
different sources: a subset of 700.000 lead-like [I8] molecules from the ZINC free
electronic database [I9], a subset of 990 nonreactive organic molecules from the
ACD molecules employed by A. N. Jain in Surflex docking validation [20], and a
collection of more than 300 compounds synthesized in the laboratory and tested
against tubulin.
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The clustering problem was divided into two parts: an initial clustering of the
different poses (conformations, translations and rotations) of each ligand and a
subsequent clustering of the selected poses of each ligand. The clustering results
were classified by comparing them with a chemical classification produced by
a chemist who compared dataset and the compounds from the ACD, with the
reference ligands: podophyllotoxin and DAMA-colchicine.

Fig. 1. Dataset and the possible clusters in it. All the clusters are made by hand.
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A manual clustering of the top ranked poses yielded [2I] eight distinct clus-
ters of different sizes. According to chemical intuition, the docking programs
generated a large number of top scoring poses. These poses grouped together in
three different clusters, one of which was particularly enriched in compounds of
the in house dataset that presented activity in tubulin polymerization essays.
These results were in agreement with known structure activity relationships for
this family of compounds, which pinpoint moiety as an essential structural re-
quirement. The remaining two clusters place the second aromatic ring in quite
different dispositions, suggesting that it is not possible to simultaneously occupy
the two pharmacophoric points occupied by rings B and E of podophyllotoxin.
Accordingly, and based on chemical intuition, these two clusters should corre-
spond to less potent ligands. The remaining clusters place the ligands in dispo-
sitions that bear no resemblance to those of the model ligands, and therefore
their interpretation is not as straightforward.

Figure [ on the top of the manually selected clusters, the complete dataset;
the possible clusters in the dataset are marked by blue circles. Below, the four
clusters that the chemist manually selected are shown, along with the represen-
tative molecule from each cluster. In order to do this it was necessary that survey
the entire dataset. From there we have to compare the molecules visually, one
by one, deciding which molecules were similar and separating them to form a
cluster. Then would have search in the main file for the representative molecule
from the cluster, based on the value on the file. Understandably, this process is
time-consuming for just one molecule. Therein, it becomes out of the question
when dealing with hundreds of molecules.

3 Clustering

Upon obtaining unpleasant results, it was decided to follow an interactive metho-
dology which allows the chemist to cast knowledge onto the clustering results.
Integrating the two clustering steps (clustering the poses for each ligand and
clustering the ligands) as a single step.

The first step helps the chemist rationalize the docking results for each ligand
and is in itself an important act in the process of clustering by hand, as it is a
means of data reduction. Comparing different poses of the same ligand is often
used in molecular modeling studies and is usually based on rmsd (root mean
square deviation) calculations of the atomic coordinates in Cartesian space. In
addition to conformational differences, rotation and translation have to be con-
sidered in docking experiments, as opposed to other normal molecular modeling
applications, such as conformational searching, where the conformations are su-
perimposed by minimizing the rmsd, thus eliminating these contributions to the
differences. Once again, it is very convenient to analyze a stepwise protocol in
which a conformational comparison is first performed, prior to a comparison of
the rotations and translations of the poses.
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Fig. 2. Results of the cluster algorithm. Compared with figure [[lthe results are actually
the same.

As previously mentioned, comparison of chemical entities with different num-
bers and types of atoms is a challenging task, and often chemists with different
backgrounds make substantially different choices. A general procedure which
automatically selects the important features of a drug - ligand complex to be
considered in the pairwise comparison of ligands is thus difficult to implement. In
order to carry the second step of clustering, it was therefore decided to proceed
with a clustering algorithm which could be later modified by the chemist.

In order to cluster the molecules decisions were made to select which regions of
binding site are more important to the recognition process. This allows reduction
of the data size without a loss of three dimensional resolutions. Therefore it was
decided to start with the knowledge provided by the docking programs and
select the highest rated (maxima) of the interaction energies. In order to do so,
a docking program which operates based on a grid approximation was selected:
AutoDock [22].

From the map files generated by AutoDock, zones of maximal and minimal
contribution to the binding energy can be calculated. The occupation patterns
of these privileged zones by the different poses of each ligand provided the initial
guesses for the clustering.

As explained in the previous section, making clusters manually is a time con-
suming task. However, with a cluster algorithm time consumption is considerably
reduced and the results are very similar, as evidenced in figure [l and figure 2

3.1 Owur Approach

The process of drug design could be compared to painting; a scheme of the image
is drawn several times until a final image is decided upon , then the appropri-
ate colors are selected, and lastly it is put in a frame. The design of new drugs
for a particular disease follows a similar pipeline: a large number of tests in the
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laboratory have to be performed before the drug can be tested on animals, which
is expensive and consumes a considerable amount of time. That is why a cluster
algorithm is used to cluster the dataset and with the results obtained now we
would be able to compare different structures from different files and see the
results in visual software for 3D molecule structures. The real challenging task is
when we have different types of structures; i.e., with different number of atoms
per molecule or atoms in the molecule (for example oxygen instead of nitrogen)
or the positions of the molecule in the space. An example of three very different
groups of molecules that must be inter-compared is shown in figure

3.2 Steps towards Visual Analysis

It is obvious that the structures shown in figure [l are very different from one
other, and if a clustering algorithm were applied, it would yield unsatisfactory
results for all the problems previously mentioned. Therefore, it is necessary to
standardize all the structures in order to compare them.

Not all of the structures from the dataset are necessary, as there are molecules
present as copies that occupy different positions in the space, allowing cluster-
ing the dataset and obtaining the representative structure from each cluster. It
proceeds similarly with all the files containing the dataset structures, in order
to reduce the amount of data to be analyzed by the chemist.

Therefore, the first step is to cluster each dataset file separately and obtain the
most representative molecule from each cluster. We apply a clustering algorithm
that will attempt to classify the structures from the dataset. In this particular
classification we are clustering by the type of atom in the molecule and the
position in the space (x, y, z), producing fifteen clusters for each dataset file.
Next it is necessary to read the Free Energy of Binding from the dataset file and
save that structure (the cluster’s representative) for a later comparison with a
different molecule.

Fig. 3. Three datasets with different structures of molecules. All these molecules have
to be compared in order to produce new drugs.
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Once this step is completed for each dataset file, comes the challenging part
of comparing and clustering all representative molecule structures. Thus, the
second step is to make all the structures homogeneous, i.e., all molecules must
have the same number of atoms to be clustered by the algorithm. The question is
which atoms should be considered and which should not. The question is solved
using chemist heuristics: the best atoms to be considered are the ones with the
most negative values in the map files. Moreover, all the binding energy from the
datasets files are calculated using those map files. In this manner it is possible
to customize the number of atoms to the best needs of the chemist, thereby pro-
ducing the best results. Once the number and type of atoms have been selected,
a new uniform dataset is ready to be clustered for a further analysis, and a new
pdb file is written (The Protein Data Bank is an archive of experimentally de-
termined three-dimensional structures of biological macromolecules that serves
a global community of researchers, educators, and students [23]).

3.3 Visual Analysis

The final step is to cluster this new dataset (pdb file). With the selected atoms
from the dataset a new structure is built and then treated as a single vector of
data, then compared with the rest of the molecules. Therefore, the position in
space (X, y, z) and the calculated values from the map files of such structures are
used as input for the clustering algorithm. The clusters are examined with Jmol,
which is an open source molecule viewer [2I]. Jmol has been modified to visually
analize the results from the cluster algorithm, as shown in figure El Thus, the
proposed tool includes:

a) Clustering Algorithm: As a part of the visualization window the clustering
process is launched.

b) Cluster Visualization: Shown in figure [l It is on the right side of the visuali-
zation window, consists of rectangles for each cluster under analysis (marked
within a circle and labeled as Clustering). Each cluster is colored differently.

¢) Models in cluster: On the left side of the visualization window (marked with
an arrow and labeled as “Models in Cluster”; shows the models per cluster).
With a minimum of one structure per cluster.

d) Comparison of clusters: By selecting the desired clusters (rectangles on the
right), one can visually compare the clusters (see figure []) that are colored
differently. In conjunction with the filter feature it is possible to explore with
more detail each cluster.

e) Cluster Filters: Through this feature the models of the cluster are brushed,
changing the color of the models to cyan and making them translucent. This
is used with the comparison cluster function.

f) Names of the files used for the clustering: In the upper portion of the visu-
alization window.
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JMOL VIEWER

Cluster | Compare Chusters.
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Fig. 4. General view of the visualization window inside of Jmol. The user is inspecting
models of cluster 6. While in Jmol all the molecules structure (models) are shown. In
the upper portion of the visualization window the names of the files containing the
models are also available.

4 Results

For the present research we used twenty different dataset files, each with different
numbers and types of atoms, in order to compare the map files:

* TUB1HH.A.map,
* TUB1HH.C.map,
* TUB1HH.e.map,
* TUB1HH.H.map,
* TUB1HH.N.map,
* TUB1HH.O.ma,

* TUB1HH.S.map.

Each map file has the same center defined in Cartesian coordinates at: x = -
17.504, y = -21.268, z = -27.343; the same number of elements: 60 x 60 x 60;
and the same spacing in Armstrong: 0.375.

The first step was selecting the number of clusters for each dataset file (all
files have the TUB1HH suffix), the cluster algorithm was the k-means, we chose
the k-means algorithm. Based on the expertise of the chemist it was decided to
make fifteen clusters per dataset, from there the most representative clusters were
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Fig. 5. A dataset of two molecules and the result with the k-means algorithm

selected, as mentioned previously. Some values of the Free Energy of Binding were:
-5.67 keal/mol from F-4MeOPipCOTMc, -8.87 kcal /mol H-2NAFTHETMc, -7.92
kcal/mol OX-2NAFTOXETMec, -10.65 kcal/mol PODc. Then we selected twenty
atoms from these molecules in order to cluster and compare them, taking the five
most negative from e.map, the five most negative randomly from the rest of the
maps, and ten atoms from the rest of the molecules. With the new information the
vector was made taking into consideration the position in space (X, y, z) and the
values of the atoms in the e.map. The input to the k-means was: a) The number of
columus per the number of atoms, in this case (20 * 4); b) The number of clusters
to made was 10; ¢) The maximum number of rows in the dataset was 300; d) And
the number of stages to run was 2000.

Were compared two molecules, first the C-4QUINCCTMc and COLc. In fig-
ure [B] the dataset from these two molecules is seen. Due to space allowances,
only two of the ten clusters are shown. The yellow spheres are well clustered in
figure [l and the same occurs with the blue spheres. Between them we can see
that their structures are similar, a trend which continues with three and more
molecules.

Figure [0 displays a comparison of three clusters, each one in the colors of
cyan, dark green and dark khaki. With the comparison cluster tool it is possible
to determine if the algorithm has clustered well. Also making it a validation tool.
Moreover, it can readjust the clustered items according to the knowledge of the
chemist. Additionally, the dark khaki cluster has coinciding positions of atoms in
space it is evidenced with the dark green cluster. In order to go further in depth,
a filter can be applied in the cluster comparison, as seen in figure [0l By brush-
ing the items of the cluster with the comparison method, one of them becomes
translucent; allowing the visualization of which atoms correspond in the same
position of other clusters. Moreover it is possible to see through the translucent
color structures the ones that are solid, in order to contrast the shapes of the
structures.
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Visssization Window
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Fig. 7. Filtering two clusters. The brushed element is turned into a translucent color,
while the rest of them kept the color original (green the filtered and cpk color the
compared one).



Visual Evaluation of Clustered Molecules 13

5 Conclusions

The development in new drug design is more suitable and efficient with the
employment of a clustering algorithm because it allows the use of different mole-
cules in the process. Moreover, the time consumed in the comparison of different
molecules is reduced to a few minutes instead of hours or days. Besides, the re-
sults are very satisfactory for the chemists because the methodology practically
reproduces the expertise of the chemists when they attempt to cluster manually.
This tool will be extremely useful in the selection of molecules as targets for
chemical synthesis and essays.

5.1 Future Work

As to future work, there is the possibility of introducing a treemap in the element
of cluster visualization. This would allow for the possibility of knowing how many
structures of the files (dlg files) are involved per cluster result (i.e., how many
Colchicine structures are in cluster one, or cluster two, if they are present, etc.).
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2007-00067)) and by the Junta de Castilla y Leén (projects GR47, GR34 and
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Abstract. Large size and complex multi-dimensional characteristics of
image collections demand a multifaceted approach to exploration and
analysis providing better comprehension and appreciation. We explore
large and complex data-sets composed of images and parameters describ-
ing the images. We describe a novel approach providing new and exciting
opportunities for the exploration and understanding of such data-sets.
We utilize coordinated, multiple views for interactive visual analysis of
all parameters. Besides iterative refinement and drill-down in the image
parameters space, exploring such data-sets requires a different approach
since visual content cannot be completely parameterized. We simulta-
neously brush the visual content and the image parameter values. The
user provides a visual hint (using an image) for brushing in addition to
providing a complete image parameters specification. We illustrate our
approach on a data-set of more than 26,000 images from Flickr. The
developed approach can be used in many application areas, including
sociology, marketing, or everyday use.

Keywords: Interactive Visual Analysis, Coordinated Multiple Views,
Large Image Collections.

1 Introduction

The popularity of digital photography and the exponential growth of Internet
resulted in the emergence of a new phenomenon — very large Internet image
collections. They offer new and interesting opportunities to share images with
friends, relatives, or public. Image collections can be used in a number of ways.

Sociologists can investigate the available data about the users uploading im-
ages, the number of comments an image initiated, details about the people who
commented, etc. Marketing professionals can analyze preferences and character-
istics of a specific target group. For example, they could determine that men
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between 25 and 30 prefer blue, highly saturated images with flowers (this is
just a fictitious example). After identifying a preference, they can fine-tune mar-
keting campaigns, e.g., for personal marketing. Individual users can also profit
from exploring such image collections. We are fascinated by “new and unknown
worlds” captured in images and related information (e.g. Google Earth). We can
establish social contacts with other users through such online sites. There is a
lot of, still mostly unused, information in Internet image collections.

Due to sheer size and complexity of image collections it is impossible to un-
derstand them by only viewing images or by only investigating abstract image
parameters. We use multiple, coordinated views to simultaneously explore im-
ages and related parameters and introduce innovative ways of parameter selec-
tion. The user can also use images in the selection process. This is not an image
query system, or a tool for browsing of image collections. The main idea is in
understanding hidden characteristics of images and collections. The user can in-
tuitively and in an almost effortless way interact and alternate between images
and their parameters to perform various types of exploration (e.g. multivariate
parameter analysis). We propose a manifold integration of proven approaches
(with a couple of new aspects) to make it possible (for the first time — to the
best of our knowledge) to comprehend and familiarize large image collections.

The user can start with an overview of image parameters, focus only on a sub-
group of users (e.g. female users), spot an interesting image and use it as a tar-
get. All similar images are selected and their parameters are highlighted. The user
spots an outlier with respect to the averaged image hue (e.g. a green image) and
discovers, for example, that images with similar color distributions are usually up-
loaded by male users. Using images and strict parameter specifications together
as a filter offers unlimited possibilities to comprehend large image collections.

2 Related Work

Image collections grow rapidly — Flickr [4] exceeded 3 billions of images (Nov.
2008) with 5,000+ images uploaded every minute. There are other attempts to
exploit large Internet image collections [I2] but as far as we know we use a novel
approach making it possible to comprehend and familiarize with such collections.
Roberts[I1] provides an extensive report on the current state of the art of
coordinated multiple views in exploratory visualization. Various techniques were
developed to analyze series of numeric values. Hochheiser et al. [6] developed
the TimeSearcher tool for visual analysis of time-dependent series of numerical
values by displaying multiple graphs in the same display window. These graphs
can be filtered by drawing timebozes. Only graphs passing through all timeboxes
are displayed. Konyha et al. [9] proposed the segmented curve view as another
approach to analyze time series data. The series of values are represented by
bars that are divided into multiple blocks. The color of each block becomes
more saturated with the number of virtual graph lines passing through it.
Ahlberg and Shneiderman [I] describe the Filmfinder tool for exploring a
large film database by interactive filtering using various criteria. By applying
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the dynamic queries approach to information filtering, a continuous starfield
display of the films, and tight coupling among the components of the display,
the FilmFinder encourages incremental and exploratory search.

Hyunmo and Shneiderman [8] developed PhotoFinder, a picture management
application for flexible filtering of images by dynamic queries and previews. Bed-
erson [2] described another tool, PhotoMesa, that uses quantum treemaps to ar-
range thumbnail pictures on the screen. Quantum treemaps improve the aspect
ratio and reduce the waste of screen space.

Hu et al. [7] used Bregman Bubble Clustering for an algorithm to find dense
clusters in image search results. They tested the algorithm using an image col-
lection from Flickr [4] and made comparison with the Flickr search algorithm.
When searching for common names, their clustering method has better results
than the Flickr image search. Yang et al. [I4] use semantic image segmentation
in order to browse the image collections.

While all these approaches proved useful with respect to selected aspects of
the here addressed (larger) challenge, we know of no approach which allows to
utilize a multifaceted analysis, considering the images, image similarities, and
image parameters altogether.

3 Image Collection Description

Conventionally, data analysis approaches, such as traditional statistics or OLAP
techniques, assume the data to be of a relatively simple multi-dimensional model
(simple with respect to the separate data dimensions). For complex data sets like
image collections, it is necessary to provide an adequate data model. Each image
is associated with a data point so the data set representing the image collection
consists of data points (tuple values) of n dimensions. Each dimension represents
a parameter describing an image. Parameter values can be categorical, numerical,
and data series. The image itself is also a dimension in the data item.

There are several categories of parameters like external parameters (image
caption/title; name, age or gender of the author, time the image is created,
etc.), environmental parameters (file name, file size, file creation time, file modi-
fication time, etc.), content parameters (image format, pixels, etc.), and derived
parameters. The derived parameters are derived (calculated) from the raw pixel
data for example, hue, saturation, contrast, etc.

We analyze an image collection from Flickr. There are two groups of external
parameters. The first group of six external parameters (flickr parameters) relates
to the “use of an image” on the flickr site and includes date taken (the date
when the image was taken), number of comments, number of favorites, number
of views, number of tags, and title. The second group of ten external parameters
(user parameters) relate to the user (image “owner”) and includes user name,
gender, singleness, home town, location, occupation, image count per user, contact
count, pro (i.e. if the user has a pro account on Flickr), and first date.

We have more than 60 derived parameters. Averaged image hue, saturation,
lightness, and contrast are computed for each image. In order to gain deeper
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insight into such collections we subdivide images also into cells of a regular grid
and compute average hue, saturation, lightness, and contrast values for each cell
in this grid (Figure [Ib). Those parameter values constitute data series in the
data tuple. We subdivide images in four different resolutions (rectangular grid):
2 x 2 (four cells) 3 x 3 (nine cells), 4 x 4 (16 cells), and 5 x 5 (25 cells).

In order to allow a more semantically based approach to color features we
introduce color names based on the work by Van de Weijer et al. [I3]. In English,
eleven basic color terms have been defined based on a linguistic study. The
normalized amount of pixels of each color is individually computed for each
image. To additionally explore the colors in images colorfulness is measured by
computing the Earth Mover’s Distance [3] between an ”ideal uniform colorful”
distribution and the measured color distribution of the image. Simple average
hue can be problematic, especially for images with a high amount of various red
tones (the simple average of hue will suggest that the image is blue) or with low
saturation (black, white and grey tones will have almost random hue values).
Therefore a vector-based, saturation weighted formula is used to compute the
average hue [5]. Further, we explore the texture and graininess in the images by
computing the three-level decomposition of the Daubechies wavelet transform
for each color channel (H/S/L). We have also calculated depth of field indicator
[3]. The Viole-Jones face detector is used to locate frontal faces on the images.

Each of the 26,000 images we used (downloaded from Flickr using the publicly
available Flickr API) corresponds to a tuple which contains the described
parameters and the image itself. We can, through interactive visual analysis, ana-
lyze relationships among various parameters and get insight into image collections.

4 An Iterative and Integrated Approach to
Comprehension an Familiarization of Image Collections

Conventional but yet very effective views such as histograms, scatterplots, or
parallel coordinates are used for numeric or categorical data such as the average
contrast, average hue/saturation, or photographers’ gender and marital status.
Figure [[h shows a histogram of average lightness values. The lightness range
is divided into 16 bins and each bar shows how many images have an average
lightness of a particular range. The sum of all values is the total sum of all
images in the collection. We can clearly see that the images with medium average
lightness are the most frequent in our dataset. We could easily depict all other
parameters using the same view. Such views give us an overview of the image
collection but often they are not enough to reveal fine-grained details or to
visualize values that are averaged over the entire image.

4.1 Segmented Curve View

Besides numerical parameters we also have data series parameters. Average hue,
e.g., for subrectangles can be observed as a series of numbers, each representing
the hue of a subrectangle. There are many ways of visualizing series data, but
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Fig. 1. a. A histogram showing the distribution of lightness values for an image collec-
tion consisting of more than 26,000 images. b. Subdivision of an image in 16 segments
for partial parameter computation and corresponding cell numbering. c. A segmented
curve view of lightness distributions in segments of all images in the collection. The x
axis of the segmented curve view has 16 segments (16 subrectangles in b.) and each
vertical bar is divided into 16 segments (bins). Bins are colored dependent on number
of images having lightness in a particular segment in the range defined by a particular
bin. d. A segmented curve view of lightness distributions. The first four bars represent
the upper quarter of all images, the last four the lower quarter. We select images that
are bright in the upper and dark in the lower part at the same time. Two images in
the left illustrate typical images for such a selection.

most visualization methods were designed for continuous data (mostly for time
series). The segmented curve view [9] is one of the exceptions. Due to the discrete
nature of the mapping domain (number of rectangles), the segmented curve view
seems to be more appropriate here. It provides a comprehensive view of a large
family of data series. It depicts the distribution of a dependent variable (e.g.
lightness) for each value of an independent variable (subrectangle in our case)
for every data point (image in the collection). For each discrete value of an
independent variable (subrectangle) there is one vertical bar in the segmented
curve view. This bar is subdivided into segments (bins) and the number of items
(images) passing through a bin is depicted using a color scale. The total number
of items in a bar equals the total number of images in the collection. Each image
in the collection is subdivided into rectangles.

The segmented curve view for lightness (‘V’ in HSV color system) shows
lightness in all subrectangles for all the images (Figure [Ik). For example, the
first bar in the segmented curve view depicts distribution of lightness in sub-
rectangle 0 (upper-left corner) for the whole image collection.

The leftmost bar in the segmented curve view shows a relatively uniform
distribution across the entire range of lightness in our data set. This is apparent
from very similar shades of blue for all 16 segments of the bar. This shows that the
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number of images with light, dark and medium light segment 0 is approximately
equal in our collection. Segments 1 and 2 have slightly less frequent dark values.
Segment 3 is similar to segment 0. Segments 5, 6, 9, and 10 (center of the images)
have significantly less light or dark colors than other segments.

Figure [[d shows another example. The upper parts of the first four bars
represent the images that are bright in the upper quarter. The lower parts of
the last four bars represent the images with the dark lower quarter. Figure [Id
shows the selection of images that are bright in the upper quarter and dark in lower
quarter at the same time. The selection was done interactively by the user. The
view shows distribution in the selected parts of the bins only, and the rest is shown
in gray. Two images from such a selection are shown in Figure[Id on the left.

Although the segmented curve view and the approach with several subrectan-
gles might seem complex at the first sight, the gained additional information is
significantly larger than the information from simple overall average histograms,
as illustrated in Figure [Th. If we would have only overall average values per im-
age, we could not observe and analyze distributions of parameters across images
in the collection as demonstrated in Figure [Id.

4.2 Forms of Interaction

Interaction is the core of interactive visual analysis and plays the most impor-
tant role in coordinated, multiple views systems. The basic idea of linking and
brushing makes it possible to select a range of parameters in one view (e.g., spe-
cific lightness values) and to see which parameters the selected items have. The
selection is traditionally called brushing in interactive visualization. Figure
illustrates linking and brushing.

The histogram on the left (Figure 2] top row) shows a user’s selection (made
by a mouse) of highly saturated images. A linked parallel coordinates view of
eight further parameters is shown as well. The selected images are depicted in
red and the context (all other images) is gray. Figure 2 shows the lightness
distribution for 16 segments of the selected images on the right of the top row.
The distribution has all bins covered. Figure [[kc shows a different distribution
in the segmented curve view for all images in the collection. Note many images
with dark corners (dark blue lowest segments in bars 0, 3, 12, and 15).

The user is not limited to a single brush but can combine many brushes and
use Boolean operations on them. Let us refine the previous selection now. If we
add another histogram and additionally select only single users and only taken
users (taken is Flickr terminology used for non-single users) we can explore the
difference in lightness distribution of highly saturated images for these two groups
(Figure 2 bottom row). Note how singles tend to have much darker corners!

Image as a Brush. The nature of images, their complexity and our difficulty
to visualize images from parameters require additional interaction. Even though
we get deeper insights by utilizing subrectangle values and advanced linking and
brushing, it is still not enough. It is impossible to correctly mentally visualize an
image only from the parameters. The user still prefers the image itself. We have
to include the original images in the analysis. The ability to treat image in the
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Fig.2. Top Row: User brushes images with high average saturation selecting only
the right hand side bins in the saturation histogram shown on the left. We can see
the distribution of eight other parameters for the selected images in the parallel co-
ordinates view in the middle. Finally, the segmented curve view on the right shows a
more detailed view on lightness of selected images. Note the differences between this
view and Figure [Ik. Note also, many images with dark corners (bins in red ellipsis) for
images with high saturation. Bottom row: If we refine selection now differentiating be-
tween single and taken users (Flickr terminology) we can see the difference in lightness
distribution. The dark corners are more probable by single users.

same way we treat other parameters (brushing and linking) provides a unique
opportunity to analyze large image collections. We provide a linked picture view
showing the original images. Now the user can see not only the parameters of
selected images, but the images themselves. When we see the selected images
together, some similarity which can not be seen in the parameter space might
become visible. The picture view is not only passively linked, it can be used for
brushing, too.

The idea is to let the user select an image, the system then finds similar images,
and images that are similar enough define a brush now. Since all views are linked,
the user can see the parameters of the selection in the parameters views. This is
a completely new way of brushing. The user does not select the exact parameters
but a target image. Refining the search with additional parameter brushes, image
brushes, and their combinations provides unlimited possibilities.

In order to realize such a system we needed a definition of image similarity.
There are many content based image retrieval systems, techniques and similarity
measures that can be used. We have used the Visual Image Query [10] based on
color layout similarity. It serves as a tool to allow us brushing by image selection
and can be easily replaced or enhanced with any other available technique. The
query algorithm is only a tool for us, it is not a topic of this paper.

When we select an image as a target image, the underlying algorithm is too
complex for us to predict which images will be selected. In contrast to conventional
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brushing in the parameter space where the exact parameter limits are specified,
using an image as a brush represents a fuzzy form of brushing. The user hints
a color layout by image selection and the system responds with a new selection.
This adds a different quality to this way of brushing, and makes it particulary
convenient for image collections analysis. The interplay between brushing in the
parameter space, and brushing by the selection of a target image creates a unique
system for analysis and exploration of large image collections.

Selections can contain a lot of images so it may not be possible to display them
all using a limited display space. We display as many thumbnails as possible in
the view and allow the user to see the next and previous page with thumbnails.
The user can specify the criterion for image sorting and influence the order of the
resulting images (e.g., display highly saturated images first). Any of the available
parameters can be used for sorting. In this way some hidden relations can be
discovered, and image collections can be understood better.

5 Demonstration

We illustrate interaction possibilities (parameters, images, sorting) of our ap-
proach using a general purpose interactive visualization tool enhanced with the
image view and image brushing capabilities.

First we investigate if there is a pattern in parameters of popular images, and
if there is a difference between popular images of single and taken photographs.
If we find that there is a difference this information can be used in, e.g., a
marketing campaign. If target customers are single, one could use images with
parameters that appeal singles.

We use parallel coordinates to select parameters and see the results. Parallel
axes are used and the values belonging to one image are connected with a poly-
line, depending on image parameters. There is a polyline for each image in the
collection. Figure Bl top left shows parallel coordinates with multiple selections.

We select images with a large number of comments, views and tags. We also
select taken users (left set of images) and single users (right set of images).
There is a large difference in the lightness and saturation distribution between
these two groups. Popular images of taken users are much more saturated. There
is a large number of unsaturated images in the singles’ group (dark rectangles
at the bottom of the segmented curve view in the right hand side set.) The
lightness distribution in the taken users’ images is also more regular. There are
many images with medium lightness. The parameters depicted in lower parallel
coordinates are similar, and finally the picture view shows 25 images form each
groups with most comments. The saturation characteristic can be clearly seen in
the images. The interpretation of the results, i.e. why popular images of single
users tend to have low saturation is out of scope of this paper. We intend to
analyze these results with sociologists in order to interpret the results.

We now restrict our selection in Figure H to those images that are favorites
of many users. We examine the histograms to find a correlation between the
popularity of images and the author’s gender. We also examine if the images of
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Fig. 3. Images with many comments, views, and tags are selected using parallel coor-
dinates (numbers next to the selections are used to identify various brushes only.)Left
images show additional selection of taken users, and images of single users are shown
on the right. The distribution of lightness and saturation is shown in segmented curve
views. The 25 images with most comments from each group are shown in the picture
view. Different saturation distribution and different mood in the images.

Fig. 4. Left: In a parallel coordinates view we can brush pictures, that have been
selected by many users as their favorites. This way we can concentrate on popular
images. Right: The most popular pictures of the result set.

singles or taken authors are more popular. The histogram shows the exact values
of popular images in relation to all images, so we can conclude, that about 7%
of all pictures taken by women are popular, whereas only 5% of pictures taken
by men are popular. That means pictures taken by women in this case have 38%
higher chance of becoming favorites. The influence of an author’s singleness is
smaller, but still measurable. The single users’ pictures have about 4.9% chance
to become popular. If the image author is in a relationship, the chance is 6.3% or
about 29% more. Figure @] shows the most popular pictures from our collection.

If we restrict our selection to even more popular images (Figure [), the dif-
ferences between male and female authors further increase, while the differences
between single and taken users decrease a little bit. We can view images taken
by female and male authors separately, and look for differences. Figure [B] shows
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Fig. 5. Left: We can resize our brush and cut away some of the pictures that are
less often chosen as favorites. Middle: Popular images from female authors. Right:
Popular images from male authors. The blue circles emphasize pictures with very low
saturation. These are greyscale images which are more often taken by male authors.

a comparison of the parallel coordinates view of female and male authors. The
blue circle indicates an obvious difference in the saturation axis. Male authors
seem to prefer low saturated photos, that are favorites of other users.

After applying a brush to the saturation axis, we view the resulting images
and check if the trends we found before are still valid. Both trends are now
reversed. For greyscale images (low saturation), photos taken by men have 30%
higher chance to become favorites. Single authors outperform taken ones by 22%.

Fig. 6. Top: These greyscale pictures have been selected as favorites by many users.
Bottom: These popular images (subset shown) have a medium saturation and are
more often taken by female authors.
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Fig. 7. The user provided a landscape image as brush. The selection was further nar-
rowed to male and female users, and interestingly, in our image collection, female users
(a.) tend to upload landscapes with some additional objects in the image.

When selecting medium saturated pictures however, we can reproduce the
trends we found in the beginning. Pictures taken by female authors now have
a 66% higher chance to become popular. The chances of pictures taken by the
users in a relationship is more than 42% higher than for the singles. The most
popular pictures with a medium saturation can be seen in Figure [6] bottom.

Finally, we show an example with a target image. A landscape image is used
to look for landscape images. The resulting pictures are shown in Figure [l As
expected, we got a lot of landscape images. Some of them were pure landscapes
and some of them included people, houses, or other objects. We now easily refine
the search in the parameter space to see if this difference is related to some pa-
rameters. After short exploration we found out that in our collection landscape
images uploaded by female users (Figure [fh) often contain some additional ob-
jects and those by males usually do not (Figure [1b).

The described examples show various possibilities of proposed approach. In-
terplay of image space and parameter space and possibility to iterative drill
down to the wanted information using various interaction represent a novel and
exciting way of understanding large image collections.

6 Summary and Conclusions

We describe a novel approach to analysis of large image collections that pro-
vides additional insights about image collection parameters, such as metadata
or derived parameters. We can explore image collections and find patterns in
image parameters while maintaining the focus on visual impression. It adds new
qualities to image collection analysis and understanding and facilitates better
comprehension and familiarization. It can be used in numerous scenarios for
marketing research, sociology research, etc., or just by common users to get in-
sight into image collections. The process is fun, fascinating and intuitive, both
for domain experts or researchers, as well as for regular users “navigating on the
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sea of images.” We have introduced a novel concept of image brush for interac-
tive visual analysis. Future work will focus on increasing the scalability of the
implementation and new input (e.g. multi-touch) and output (high-resolution)
technologies.
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Abstract. Most information visualisation methods are based on ab-
stract visual representations without any concrete manifestation in the
“real world”. However, a variety of abstract datasets can indeed be re-
lated to, and hence enriched by, real-world aspects. In these cases an
additional virtual representation of the 3D object can help to gain a bet-
ter insight into the connection between abstract and real-world issues.
We demonstrate this approach with two prototype systems that combine
information visualisation with 3D models in multiple coordinated views.
The first prototype involves the visualisation of in-car communication
traces. The 3D model of the car serves as one view among several and
provides the user with information about the car’s activities. LibViz, our
second prototype, is based on a full screen 3D representation of a library
building. Measured data is visualised in overlaid, semi-transparent win-
dows to allow the user interpretation of the data in its spatial context
of the library’s 3D model. Based on the two prototypes, we identify the
benefits and drawbacks of the approach, investigate aspects of coordina-
tion between the 3D model and the abstract visualisations, and discuss
principals for a general approach.

Keywords: Information Visualisation, 3D Models, Multiple Coordinated
Views.

1 Introduction

While we were applying Information Visualisation methods to real-world sce-
narios in our earlier projects [L7JI8/T9], we observed that in many cases relevant
data does not exist in a purely abstract form, as assumed by many information
visualisation approaches. In addition to the abstract data, there is often some
connection to real-world entities such as cars or buildings. We refer to such data
as hybrid, multivariate data because it consists of an abstract part as well as a
direct reference to some real-world behaviour or entity. We postulate that this
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type of data is available for large number of real-world scenarios and therefore
merits further investigation.

Traditional approaches are mostly designed for either abstract or real-world
data and can be categorised as being either Information (InfoVis) or Scientific
(SciVis) Visualisation. While SciVis basically deals with the representation of
measured data with the help of virtual 3D objects [20], InfoVis concentrates on
abstract data and representations [320]. However, the boundary between these
two areas is not always easy to identify, as demonstrated by our own experience
with real-world applications. Therefore, comprehensive solutions and combined
approaches are usually required.

In fact, there are already some existing systems that visualise such hybrid
information. For instance, many InfoVis applications are based on a combination
of abstract representations together with colour coded and coordinated 2D maps
to clarify the correlation of geospatial and abstract information. In SciVis, on
the other hand, virtual 3D representations of real-world objects are enhanced
by descriptive, often simply textual information. These concepts have proven
helpful in gaining insights into the correlations between abstract and object-
related information.

In this paper, starting from an InfoVis point of view, we focus on situations
where abstract data is also related to a specific, self-contained representation of
the real world. For such cases, we propose the enrichment of abstract visuali-
sations with virtual 3D representations of the underlying real-world entity, by
visualising them simultaneously in a multiple coordinated view (MCV) system.

We propose two different approaches and demonstrate them with prototypical
applications. First, we present CarComViz, a visualisation system for in-car
communication data. CarComViz extends a previously implemented, abstract
MCV visualisation [19] with an additional 3D model of the car and combines
both approaches in parallel displayed views. CarComViz supports automotive
engineers and diagnostic experts in navigating and getting insight into highly
complex and abstract traced data from in-car networks. Up to 15K messages per
second are distributed over 13 bus systems in one car, and the size and complexity
of this dataset requires multivariate visualisation support. The network data has
an inherent relationship to the car itself, as it is the technical cause or effect of
activities within the vehicle.

We also present LibViz, a visualisation of multivariate measured data from
the Old Library in Trinity College Dublin, introduced in [I7]. In LibViz, a user
can navigate through the virtual library, while visualising additional information
about measured, location dependent data, such as dust levels, humidity infor-
mation or window conditions. The application combines a wide variety of data
sources to provide preservation specialists with a general overview and to allow
insight into complex aggregate information. Unlike CarComViz, the represen-
tation of the library is displayed in full screen mode and presents the central
view of the application. Additional abstract visualisations are overlaid in semi-
transparent windows and are dynamically coordinated with the 3D model. This
approach is common in 3D gaming, for instance.
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2 Related Work

Multiple Coordinated Views (MCV) are commonly used to visualise highly com-
plex, multivariate and multidimensional data [I1]. Many InfoVis applications use
this technique to combine abstract visualisations such as scatter plots, parallel co-
ordinates visualisation or treemaps. One major benefit of MCV is the potential to
reveal relationships within the data [I]. Therefore, many tools elucidate relation-
ships between the abstract part of the data and its reference to real-world entities
by integrating 2D representations of these entities within an MCV system. Such
applications typically depict medical data [I2] or geospatial information [16/7]. In
contrast, SciVis systems focus more on technical artefacts and the direct mapping
of measured data onto a 3D representation of the artefact. Additional 2D Views
are used to display legends and additional textual information.

In recent years, the trend has been towards abolishing the somewhat artificial
boundary between InfoVis and SciVis [14U15]. While the “separate but equal”
approach was appropriate in some cases, it has become increasingly clear that
SciVis and InfoVis approaches must converge in order to gain deeper insights into
interrelated, complex areas. Kosara et al. presented a MCV framework linking
SciVis and InfoVis, using 2D scatter plots for abstract data and 3D scatter plots
for artefact representation [9]. Similar approaches can be found in the Weave
[B] and VizCraft [4] systems. Such spatial data can also be represented by solid
3D representations. Husoy and Skourup [6] presented an approach using a 3D
model of an industrial plant as the user interface for a control system. Within the
plant’s 3D model, the user has direct access to data and information integrated
in the model. Butkiewicz et al. [2] developed an interactive MCV analysis tool
that combines two 3D views with a heat map for chronological visualisation of
changes to an urban environment. One major benefit of their tool is that it can
demonstrate relationships between the multivariate data and real urban model
by using the 3D presentation of the landscape together with the 2D heat map.

Last but not least, our approach is also inspired by 3D game technology. The
enrichment of virtual 3D worlds with additional 2D data is very common in this
community. Textual and graphical 2D overlays are used to show additional infor-
mation such as game status, avatar behaviour or maps, and support navigation
and orientation [10]. However, there is one fundamental difference between using
2D overlays in 3D games and in task driven visualisation approaches like ours. For
gaming, 2D elements are viewed only as a necessary evil, decreasing immersion in
order to show additional information. However, for visualisation purposes, the 2D
elements are an essential contribution towards the goal of gaining greater insights.

3 Goal and Requirements

As discussed above, 3D representations of real-world entities enriched with ab-
stract information have been proposed before. However, in this paper we do not
focus on a direct mapping of information onto a 3D model, as commonly applied
in SciVis applications. Rather, we investigate how 3D models can be integrated
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into MVC systems in order to improve the understanding of semantic connec-
tions between abstract data and real-world entities. In doing so, the 3D model
serves less as a carrier of complex information, but more as a visual connection
of the data to reality.

To use the proposed combination of abstract visualisation and 3D models,
it is necessary that the underlying data set fulfils some basic criteria - it must
be: multivariate (it consists of several variables) and hybrid (it is abstract in
one variable and connected to the real world in another). Obviously, for purely
abstract data without any connection to real-world entities, or real-world data
alone, our approach is not appropriate.

In reality, multivariate, hybrid datasets are often complex and hard to under-
stand. Representing the information in a MCV system allows the complexity to
be divided [1]. The abstract part of the data can be visualised via established or
novel approaches from InfoVis, while one or more additional views can show the
real-world aspects of the data using a virtual 3D representation. Thus, visual
correlations between the views can provide insight into the connections between
abstract and real-world information.

4 Two Example Prototypes

Below, we will present two of our prototype systems, each showing a different
MVC approach to combining 3D models with information visualisations. Car-
ComViz (an extension of [I9]) is based on an equitable side-by-side presentation
of views, whereas LibViz [I7] uses a centralised full-screen 3D model with over-
laid information windows.

4.1 CarComViz

CarComViz is an application to visualise in-car communication traces. Such
recorded data from in-car communication networks is a good example of mul-
tivariate, hybrid data. The core data is of an abstract nature and represents,
in simple terms, signals and messages sent between functions. However, these
functions in turn are implemented in so-called electronic control units (ECUs),
which are the hardware components containing the function. Hence, they are
obviously related to the real-world vehicle by the position in which they are
installed. Furthermore, certain signals cause physical effects such as moving a
window or switching on the light. Automotive diagnostic experts record the data
directly from the vehicle via a hardware interface and specific recording tools.
The traces contain a sequence of up to 15K messages per second, and therefore
become very large. The messages include information about the sending func-
tional blocks (which in turn implies the sending ECUs), various encapsulated
signals and further detailed information such as timestamps.

Currently used analysis software such as Canalyze or Tracerunnei] are very
powerful, but mostly text based tools. However, the lack of visualisation makes
—

2
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it hard to understand the correlations within the data. To achieve a deeper
understanding of the bus communication, it is necessary to gain more insight
into the timing and causal connections between messages and real behaviour.
Therefore, we designed a tool in which the user can visually browse traces and
see detailed information about messages, while monitoring activities and the
current physical state of the vehicle.

Design. CarComViz is designed to support visual analysis during offline data
diagnosis. It is based on three views (cf. Fig. [I):

The Autobahn View is the central, abstract view of this application. It can
be seen as an offspring from the scatter plot. It is a customized method built
on a metaphor of a crowded motorway. A bus system is visualised as separate
superior blocks, the motorway. Every bus transports messages from different
ECUs. This transportation is represented by a horizontal bar, which would be a
lane according to the motorway comparison. The lane contains black rectangles,
which represent every message sent by the ECU through the bus to another ECU.
Instead of showing the sent messages, this view can also be used to visualise sent
signals. Interaction within the view is based on zooming and panning. Starting
with an overview, the user can zoom into interesting parts of the trace and can
horizontally as well as vertically pan around at each zoom level.

A traditional List View represents detailed information about the data in a
textual line-up. The user can interactively select items from the Autobahn View
and show the corresponding detailed information in this view, which can be addi-
tional information about exact timing, encapsulated signals or the hexadecimal
raw data. We found that the classical textual representation was still the best
way to show this detailed information.
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Fig. 1. CarComViz: (a) Autobahn View, (b) List View, (¢) 3D Model View
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In addition to these abstract views (cf. [19]), a novel 3D Model View depicts
a virtual model of the vehicle of interest. Real behaviour, such as moving the
windows, turning on the lights or accelerating wheels, is presented by anima-
tion. Navigating through time in the Autobahn View causes resulting activities
to occur in the 3D model, depending on the particular message content. Addi-
tionally, the user can configure different perspectives of the car and view them
in a “picture within a picture” style. By dynamically adjusting the transparency
of the car’s components, the focus of the different perspectives can be set to be
very flexible. The perspective views can be freely repositioned within the win-
dow and dynamically toggled by clicking on them. The selected perspective view
is then swapped into the main stage where it can be configured and navigated.
Furthermore, the user can initialise supplemental 2D overlays, which are directly
connected to a specific component of the car via a semitransparent arrow. Both
mechanical components, e.g., a wheel, and electronic components, such as ECUs
or bus systems, can be thus enhanced. The 2D overlay can show a specific user
defined value of interest, such as the actual speed or bus load that changes over
time. Interface configuration tasks (creating perspective views or 2D overlays,
adjusting transparency) are set manually in a detached settings dialogue.

Evaluation. We conducted a qualitative user study with five automotive domain
experts, focusing on the additional 3D View. The participants were confronted
with tasks of differing complexity. The tasks dealt with the recognition of car
states and the identification of causal relationships between a 3D model and
abstract network information, such as “which message caused the door to open?”
With our user study, we did not aim to benchmark ourselves with respect to
existing industrial analysis tools. Our goal was to clearly focus on evaluating the
specific effects of integrating a virtual 3D model into the analysis process.

All participants acknowledged the overall benefit of using the 3D model in
the combined and correlated representation with the abstract 2D visualisations,
which is encouraging. Exclusively abstract representations were not effective
in linking the information to real-world behaviour, while the exclusively 3D
representation was less useful for analysing in-car communication traces. The
expertise of the user, however, has a significant effect, in that the more expert
(s)he is, the less 3D model visualisation is necessary. The visual correlations
between the views were understood very well. Also, obvious state transitions
such as opening a door were easily identified, with only small scale changes such
as activating the indicator being difficult to detect. For such subtle effects, other
techniques and solutions for 3D highlighting should be investigated.

4.2 LibViz

LibViz [I7] is a tool to assist the Preservation and Conservation Department
in preserving the collection of the Old Library in Trinity College Dublin. The
application visualises a variety of data recorded in the Library. So far, it pro-
vides information about windows, dust, temperature and relative humidity, along
with additional data about visitor statistics and external weather data. This
multivariate, hybrid data is visualised using appropriate types of information
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visualisation methods and can be explored using a 3D virtual reconstruction of
the Old Library. This representation serves to elucidate structural and environ-
mental correlations and allows the user to compare and assess the relationships
between the various datasets in a spatial context.

Design. In LibViz, semi-transparent 2D widgets overlay a 3D virtual reconstruc-
tion of the Old Library. Since the main use of the application is the visualisation
of recorded data, the 3D model of the Library is kept reasonably simple. The user
can navigate freely inside the model by using either virtual buttons provided in
the interface, or mouse/keyboard navigation similar to computer game controls.

Two initial 2D widgets contain global functions such as navigation controls, a
clipping slider and a list of feature buttons to activate the various data visualisa-
tions. The purpose of the other widgets is to show the actual data in the form of
abstract information visualisations. To exemplify the interaction between the 3D
model and the 2D widgets, we describe the temperature and relative humidity
feature (cf. Fig.[2]). Activating this feature draws neutrally coloured cubes at the
position where the sensors are located inside the library. These sensors can be
inspected by navigating inside the 3D environment or by using the clipping slider
from the global function widget to remove layers of the building. Furthermore,
an opened widget lists all available sensor names. To select a specific sensor, the
user chooses one from the list or by clicking on the 3D representation of the
sensor. Both activities open the detail widget and the extra data widget. Fur-
thermore the sensor cubes are coloured depending on the average data over the
selected time frame for temperature (in the lower half of the cube) and relative

Clp View

slelti]

N\

an Feb Mar Apr May Jun Jul Aikg Sep OctNov Dec
Months of 2007

Fig.2. LibViz: (a) Widget for global functions, (b) Detail widget, (c) Extra data
widget, (d) Sensor within the 3D model
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humidity (in the upper half). By choosing a sensor, the date is set to the year
of the last recorded sensor dataset.

The detail widget holds a Calendar View [21] and a Graph View. The average
temperature of each calendar day defines the colour code of the initial Calen-
dar View. Using check boxes, the user can decide if the calendar and the graph
should show temperature, relative humidity or both. This view allows the user
to identify patterns and thereby possibly hazardous situations. The second view
of this widget contains a time graph. In addition to the internal environmental
conditions, the extra data widget contains visitor numbers and external weather
data. A bar graph of the percentage of visitors and weather icons allows an
overview of the available data to be visualised. The time graph of the detail wid-
get, the extra data widget and the coloured sensor cubes in the 3D environment
are linked to the Calendar View. Selecting a specific year, month, week or day
changes the representation and content of these three components. This enables
the user to examine the data from different points of view and to compare the
various influencing factors. The data can be set in connection with the sensor
position inside the building and the external weather data. Different sensors can
be directly compared with each other inside the 3D environment.

The time component is suited to the dust accumulation feature as well. Dust
sensors are distributed in the Library’s Long Room and are visualised as spheres
that are assigned the colour code of the last measurement. The detail widget of
this feature provides a time slider over the measurement dates. Sliding through
time changes the sensor’s colour and removes or adds sensors according to their
appearance.

Evaluation. A user study was conducted to determine a) whether the design
of the application met the needs of its target users and b) how effectively the
users were at completing assigned tasks using the system. There were eleven
participants, of whom five were library employees and six were computer graphic
scientists. In the first trial, the users had to complete four tasks, followed by a
questionnaire and a final trial with slightly modified tasks. The given tasks were
designed to test users’ ability to find the information they were asked for and
to direct their attention to specific details in the application. Using the example
of the temperature and relative humidity feature, the user was instructed to
locate a specific sensor and to record its colour code and internal and external
temperature on a specific day. The usage questionnaire focused on extracting
the correct information using the application. The users found it easy to work
with the 2D representation such as the Calendar View or time graphs. While the
majority of the users had no problems selecting the correct sensor from the 3D
environment, they nevertheless preferred selecting the sensor from a list. Overall,
feedback was very positive.

5 Towards a General Understanding

During the successful implementation and evaluation of these two prototype sys-
tems, some general underpinning principles began to emerge. The combination of
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3D visualisation with 2D abstract InfoVis elements clearly combines the benefits
of both worlds without sacrificing too much of either. We now develop these ideas
further and propose some general principles for hybrid visualisation applications.

5.1 Combining the Views

We proposed two different approaches to combine 3D models with information
visualisation in a MCV system: Equal Views and 8D Model with Overlays. These
approaches illustrate the trade-off between allocating screen space and accepting
overlaps. CarComViz, for instance, is based on the approach of Equal Views. One
or more views of the 3D model serve as parallel views within a MCV system. The
views are more or less equal and dynamically divide the screen space without
overlaying each other. The technique is commonly used in the area of MCV
applications. LibViz, on the other hand, uses the approach of a central 3D model
with overlays. This approach is more common in 3D gaming. The approach can
be seen as a mixture of sequential and parallel representation of views. The 3D
model of the entity forms the centre of the visualisation and is shown in the
entire application window or in full screen. While this was not necessary for
CarComViz, LibViz benefits from a full screen representation of the 3D model
because it allows an adequate and parallel presentation of all sensors within their
spatial context. This improves the overall comprehension of correlations between
the high number of sensors. A smaller representation would either cause a loss of
presentable sensors, if zoomed in, or a loss of information perceptibility, if zoomed
to an entire view. To show the abstract information, additional 2D visualisations
are overlaid on demand and are dynamically linked to the 3D model. In LibViz,
we accepted the drawback of overlapping because of the reason mentioned above.
To counteract the effects we did two things: Firstly, the overlaid windows were
set semitransparent so that a certain degree of context is retained. Secondly, the
windows can be dynamically minimised to show the entire, non-overlapped 3D
model view on demand.

To summarise, both approaches are equally valid, but a full screen represen-
tation should only be used when the application truly justifies it. It may be
the case that the problem of overlapping can only be partially addressed using
interaction and transparency. Furthermore, the decision about which approach
to take depends on where the user’s focus should be. A 3D Model with Overlay
representations will draw the main attention to the 3D model and relegate the
abstract visualisations to the status of additional information sources. On the
other hand, the Equal View approach does not make any inherent prediction of
where the focus should be concentrated. The user can decide whether to start
with abstract visualisations and use the 3D model view for context, or vice versa.

5.2 Linking the Views
There are several different approaches to linking views in MCV applications. We
identify two general ways that are usable for our target applications:

Item Linking. Brushing and Linking is a common interaction technique in the
area of MCV [§]. Usually it is used to highlight identical data items in different
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views. Also, elements that reveal a clear relationship, e.g., messages sent by a
certain ECU and the ECU itself, can be graphically bonded. Combining 3D
models with abstract visualisations provides one aspect of linking and brushing
that goes beyond the conventional use of highlighting identical elements. In
addition to connecting equal elements over view boundaries, it allows spatial
(8D- )positions to be highlighted according to a selected abstract item. Spatial
awareness can be achieved due to the fact that one (or more) representations
of the items are shown in their real-world entities’ context. In CarComViz, for
instance, hovering over a message element in the Autobahn view will cause the
bounding box of its encapsulating ECU to be highlighted in the 3D model view.
The highlighting colours in both views are the same and the user can immediately
make the connection.

Semantic Linking. Semantic Linking refers to the fact that an interaction,
e.g., a selection or navigation, in an abstract view causes some actual behaviour
in the 3D model. CarComViz, in particular, used this specific form of linking
the views. Navigating over time in the Autobahn view initiates a sequence of
activities in the car’s 3D model. For instance, the vehicle’s front door opens, it
closes again and the wheels begin to move. This would correspond to a forward
navigation in a situation where the driver enters the car, starts the engine and
moves off. The equivalent backwards navigation would cause a reset of actions
so that the status of the vehicle stays correct. In general, this yields two novel
forms of coordinating views:

1. Showing activities: A specific data chunk causes some real-world activity of
the entity. The behaviour can be visualised via animation and the user can
reproduce the connection between the activity and abstract information.

2. Status of entity: In the case of time dependent data, the 3D model of the
entity allows the user to see the actual state of the entity at each point in
time. Navigating over the time line updates the status of the 3D model.

Both aspects can help the user to get a broader insight into complex, multivari-
ate, hybrid data by clarifying the entity’s real-world context.

5.3 Navigating the Views

During our user studies we observed that some users experienced difficulties with
navigating within the 3D models. Such problems only occurred with novice users,
unlike expert users who had some 3D gaming experience. In LibViz, we therefore
integrated two different 3D navigation variants to counteract this. It turned out
that the button controls were especially helpful for novice users, whereas the
mouse/keyboard navigation mode was preferred by more expert users. Initially,
this problem is a generic 3D issue. By combing 2D and 3D elements we addi-
tionally impose the need to mentally switch between different control modes in
3D and 2D. However, we did not observe that users had a particular problem
with this.
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6 Discussion

There is a high user demand for 3D model based visualisations. That is a funda-
mental insight gained during our user-centred development approaches to LibViz
and CarComViz. Some of the most common statements were: “3D models just
look good”, “That’s fun to use and really intuitive” or “With the model I can
easily communicate things, even to my boss...”. It would be disingenuous to
state that such subjective considerations were not a major motivating factor for
our work. However, we do temper this enthusiasm with a disclaimer: 3D model
based visualisation is appealing, but in order to make it truly useful in practi-
cal applications, it should be easy to control and enriched with additional 2D
representations to visualise multivariate, hybrid data.

Initially, there should be a clear spatial aspect to the data, which is meaningful
for the user. Otherwise, a 3D model visualisation may look nice but provide no
beneficial insights. A simple 2D representation, even though it is not as graph-
ically attractive for the user, will provide better performance. Conversely, once
the added value of using 3D has been proven, it is not sufficient in most cases to
simply enrich the 3D models with complex abstract information. The abstract
dimensions of the data cannot be directly mapped into the 3D real-world space,
as the amount of data will exceed the user’s perceptual capacity. For example,
showing all messages in a vehicle running over all buses in real time would lead
to cognitive overload.

However, if these prerequisites are satisfied, there are several benefits of using
3D models in combination with information visualisation tools. As we can see
above, the basic benefit of our approach is that we can combine abstract infor-
mation with real entities or put it in its real spatial context. Additionally, the
virtual 3D model provides capabilities that real-world objects do not. For exam-
ple, we can easily turn a car around to see its bottom side, or take slices off a
library to show its interior. This also enables us to directly support pre-attentive
perception to focus and highlight elements or activities of interest.

7 Conclusion and Future Work

This paper documents our experience with combining approaches of InfoVis and
3D model representations by means of two example desktop applications. After
describing the design of these two systems, we then took a step back in order to
identify common underlying principles and proposed guidelines for the design of
future systems.

The main difference between the two approaches taken in our two examples is
the way in which they combine 3D and InfoVis elements, and how the user can
navigate between 2D and 3D respectively. Both approaches are justifiable for
their respective applications. They each have relative benefits and drawbacks,
and therefore we have provided guidelines about when to use them. The main
commonality between both approaches is the fact that they both manage to
establish a real-world reference of abstract data quite clearly. They allow, for
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example, to navigate a time line in the abstract view and thereby essentially
add a 4th (temporal) dimension to the (coordinated) 3D view as an additional
freely controllable parameter (in contrast to just playback). Events in the data
can clearly be linked to physical motions in the 3D model (and vice versa), and
data elements can be related to 3D positions in the real world. Both of these
connections would be impossible to draw without the combination of abstract
2D and realistic 3D visualisations.

There are still challenges and questions which need to be examined, for in-
stance: “How can elements be suitably highlighted in the 3D model and what
are the relative benefits of various techniques?”, “How can we apply useful,
approach-specific automatic changes in the 3D view, e.g., automatically set trans-
parencies or support automatic camera navigation?”, “Which is the most appro-
priate form of 3D navigation for novice users?”, or “Are there any specific effects
of context switching between abstract 2D and modelled 3D?”. Another major
challenge will be to evaluate our systems further. It is particularly difficult to
objectively measure the enhancement of understanding that our visualisations
deliver (in fact, this is a challenge faced in general for InfoVis, cf. [13]).

We hope that with these insights, we have stimulated a systematic approach
to combining 2D visualisations of abstract data with realistic 3D visualisations.
Combining these methods, as described in this paper, can allow the user to
understand the bigger picture more easily, without sacrificing the strengths of
the respective techniques used - a clear case of the sum being greater than the
parts. In our future work, we will generate more examples of this combination
and hope to be able to achieve an even tighter coupling and eventually provide
a quantitative evaluation of the benefits.
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Abstract. This paper reports on an experiment comparing label place-
ment techniques in a dynamic virtual environment rendered on a stereo-
scopic display. The labeled objects are in motion, and thus labels need to
continuously maintain separation for legibility. The results from our user
study show that traditional label placement algorithms, which always
strive for full label separation in the 2D view plane, produce motion that
disturbs the user in a visual search task. Alternative algorithms main-
taining separation in only one spatial dimension are rated less disturbing,
even though several modifications are made to traditional algorithms for
reducing the amount and salience of label motion. Maintaining depth sep-
aration of labels through stereoscopic disparity adjustments is judged the
least disturbing, while such separation yields similar user performance
to traditional algorithms. These results are important in the design of
future 3D user interfaces, where disturbing or distracting motion due to
object labeling should be avoided.

Keywords: Label placement, user interfaces, stereoscopic displays,
virtual reality, visual clutter.

1 Introduction

Label placement is a well-known problem within the field of cartography [4].
One of the primary design principles in static map labeling is to minimize the
amount of overlap between text labels and graphical features, including other
labels [I7]. This principle prevails also for real-time label placement algorithms
in 3D environments such as Augmented and Virtual Reality (AR/VR); each
label’s 3D placement is adjusted so that its 2D projection on the view plane
does not overlap other labels and features [2I3/T4UT5].

Such view plane-based algorithms (hereafter named ”planar” algorithms) are
often successful in finding label placements without overlap. However, since the
label placement around each object is arbitrary, spatial correlation of labels and
objects they designate can become contradictory and confusing [I1]. Moreover,
labels in a scene with moving objects will constantly rearrange, producing po-
tentially disturbing motion in the view plane.

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 43 2009.
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An alternative approach to external labeling is to restrict label motion to
one dimension, for example in height along the display’s y-axis [B/10]. If labels
undergo vertical motion only, the spatial correlation between labels and objects
improve since they always share the same x-coordinate. View plane motion is
not eliminated however, just limited to the vertical domain; furthermore, this
approach cannot prevent labels from overlapping other label lines.

Yet another approach using one-dimensional motion is to move labels in
stereoscopic depth only. In this way, label motion in the view plane is avoided
entirely. Labels will overlap as objects move; however, the difficulty of read-
ing such overlapping labels is alleviated by separating the labels in stereoscopic
depth [T2[T3], utilizing the clutter-breaking characteristics of stereography [g].

A previous user study found that planar label placement, in contrast to depth
placement, may impair spatial judgment in a static virtual environment [11]. The
experiment reported in this paper extends those results by evaluating how label
motion affects performance in a dynamic virtual environment. We instantiate
this label placement problem in an air traffic control (ATC) application, where
the user, acting as an air traffic controller, observes simulated airport traffic from
a control tower viewpoint. Label placement is one of the key problems when
applying AR and VR technologies to ATC operations or training. Aircraft must
be unambiguously and continuously labeled, while they move around in complex
traffic patterns; furthermore, label motion must not be disturbing, distracting
or break existing workflows [I].

2 Related Work

Label placement algorithms have previously been evaluated for AR environ-
ments. Azuma evaluated three planar label placement algorithms against a con-
trol condition, with random label placements, and a non-interactive algorithm
which would generally produce optimal placements [2]. The algorithms were
evaluated both numerically and in terms of user performance. One of the three
real-time algorithms, a novel cluster-based algorithm, was found to yield the
best average placement at low computation cost. However, it produced slightly
more frequent label movements and erroneous responses than the other two al-
gorithms. A relationship between motion frequency and error rates could not
be established in that study: The non-interactive algorithm, adaptive simulated
annealing, produced much more frequent label movements than all other algo-
rithms, yet did not lead to degraded user performance.

The perceptual effects of text motion on computer monitors received much
research attention when personal computers became commonplace in the early
80’s. For unidirectional text motion (scrolling), large jump sizes were found to
improve comprehension compared to small (one or two character) jumps [6].
Later experiments showed that continuous (pixel-by-pixel) movement was bet-
ter than jumps of one or more characters, producing comprehension similar to
static text [9]. This early research does indicate that frame-to-frame coherence
of moving text is important for legibility.
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3 Label Placement Algorithms

This section describes the label placement algorithms used in this experiment:
two algorithms utilizing the planar separation technique, one using height sepa-
ration, and one using depth separation. Figure [I] shows examples of these algo-
rithms in the experimental environment.

The default label placement was, for all label placement algorithms, 1.7 de-
grees of visual angle above each object on the screen. The labels were by default
placed in one depth layer at 25 m distance from the user, corresponding to the
distance to the background objects in the virtual environment.

3.1 Planar Separation

With planar label separation, a label may be placed in any direction in the
view plane around the object it designates, with a label line connecting the
object and label. In this experiment we implemented two algorithms using planar
label placement from [2]: the greedy depth-first algorithm, because it was found
to produce the least motion in that experiment, and the clustered algorithm,
because it produced the least amount of label overlap.

The clustered algorithm identifies groups of labels, clusters, of transitively
overlapping labels. These clusters are treated in order of descending size, and a
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fixed maximum (50 in our implementation) number of random label placements
are evaluated for each cluster. By using a fixed number of random placements in
this way, the algorithm escapes certain local minima common to other algorithms
that optimize label placements without stochastic processing; furthermore it is
guaranteed to complete within a certain computation time.

The greedy algorithm iterates all labels in a priority order which is randomized
for each iteration. If a label is in an overlap situation, new label positions with
10° separation are evaluated. When all 36 positions have been evaluated, the best
is chosen. If a position with zero cost is found, it is immediately accepted and the
next label processed. Our implementation differs slightly from Azuma’s imple-
mentation in that the search alternates in the clockwise and counter-clockwise
directions from 0 to £180, instead of only searching clockwise from 0 to 350°.
In this way, the algorithm checks the farthest position (£180°) last; it is thus
more likely to find a new zero-cost placement closer to the original position,
minimizing label motion.

Our implementations of these algorithms use the same overlap computation,
cluster identification and cost metrics as detailed in [2]. However, we imple-
mented a slightly different technique for label rendering. Azuma renders a label
line of constant length, and places the label to the right or left of the label line,
depending on the angle. This causes labels to jump between right and left po-
sitions when the label line passes the extreme vertical positions, directly above
or below the object. Since our current evaluation also compares animated and
instantaneous motion (see the section on Independent Variables) we need to
guarantee that animated label motion never produces such jumps at any label
position. We therefore make the label center follow an elliptical path (semi-major
axis = 1.20, semi-minor axis = 0.72) when moving around the object in the view
plane; furthermore we allow label line connections on the center of any label
edge, not only the right or left. In this way, a label can move around its object
with constant label-object spacing and without text jumps; only less salient label
line jumps can occur.

3.2 Height Separation

In the implemented height separation algorithm the label line length is variable
and may overlap other labels; however, the label and the object always share
the same x-coordinate. The height placement algorithm iterates all labels in an
order based on the objects’ distance in the environment, from closest to farthest.
If a label is in an overlap situation with another label, the one corresponding to
the farthest object is raised in increments of half a label height (0.5 degrees of
visual angle) until a placement without overlap is found. In this way, the farthest
objects will be annotated with the topmost labels, minimizing the overall label
line length and label-label line overlaps in the scene. The end result is comparable
to the label stacking method in [5], as well as interval-slot view management [10].
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3.3 Depth Separation

A label placement algorithm that manages label separation in stereoscopic depth
was implemented. The algorithm, fully described in [I1], places overlapping la-
bels in distinct depth layers between the observer and the observed objects. The
layers are separated by 5 arcminutes of stereoscopic disparity, which was found
optimal for our viewing conditions [I2]. The depth placement algorithm iterates
all labels in an order based on the objects’ distance in the environment, from
farthest to closest. If the labels of two objects overlap, the label of the closest
object is moved to the next depth layer where no overlapping label is found. Such
overlap relationships are managed in overlap chains, detailed in [I1]. Labels of
closer objects in the virtual environment are placed in closer depth layers, to
avoid potentially confusing contradiction of depth cues [13].

4 Experiment

4.1 Task and Procedure

The task of each experimental trial was to count the number of target objects
in a designated target area within the virtual environment. The target area was
defined in the experiment instructions as the part of the environment located
behind a horizontal blue line rendered on the ground plane (depicted in figure
). The target objects were defined by a three letter identifier: An object would
be considered a target if the first three letters in its label matched the identifier.
Target objects outside the target area were excluded from the count, as were
non-target objects within the target area.

Each trial was initialized with only the target identifier being displayed on the
screen. The trial was subsequently started by pressing any key on the keyboard:
the virtual environment was rendered on the display, and the objects started
moving according to the recorded traffic pattern. In the same instant the objects
and labels appeared, a timer was initialized. When counting was completed, the
virtual environment was removed and the timer stopped by pressing any key
on the keyboard. The response was entered by pressing the arrow keys until
the correct number was displayed on the screen. By pressing any key again, the
response and timer data was recorded and the next trial was started.

The scenarios used for the trials were randomly selected from a set of nine
scenarios of similar characteristics: In each scenario there were 14-19 objects
present, out of which 7-11 were located in the target area. The objects in the
target area were assigned as targets randomly. The average number of target
objects recorded was 3.1 (SD=1.4), and the maximum number was 8.

Each label consisted of six characters, a three-letter identifier {AIB, AFR,
AFL} followed by three randomized numbers making each label unique. Because
of randomization of label-target assignment, the participants could not recall
labels and their location from a previous trial, thereby minimizing training effects
due to scenario familiarity.
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The objects on the ground plane followed a simulated airport traffic pattern.
Only a few objects were in motion at any given point in time, typically 3-6, and
the fastest objects moved with a speed of 0.4 degrees of visual angle per second.
Each of the nine scenarios contained 20 seconds of simulated data. During this
time the total number of objects in the target area remained constant, to preserve
a single correct response within a trial.

Each participant was given written instructions before the experiment. The
stereoscopic display was calibrated for each participant using the measured inter-
pupillary distance from an Essilor digital pupilometer. Before the experimental tri-
als, ten test trials were given during which participants were accustomed to the task
and screened for stereoscopic depth perception. Each participant completed 90 tri-
als divided into two blocks, with a break in between. After completing the trials,
a written questionnaire was given. The total time including preparations, experi-
mental trials and questionnaire was approximately 45 minutes per participant.

4.2 Participants

Twelve voluntary participants were recruited for this experiment, nine male and
three female. Ages ranged from 28 to 61, with median age 38. We used balanced
age subgroups, since visual accommodation has substantially degraded after age
40: six subjects were 28-39 years old, and six 40 or above.

All participants completed the Randot stereo acuity test, with a required
retinal disparity of 1 arcmin or better.

4.3 Hardware Setup

Two 6500 ANSI lumen projectors equipped with linear polarization filters pro-
vided passive stereo imagery in XGA resolution on a 1.00x0.78 m projection
screen. Each participant was seated on a stool 2.0 m in front of the screen, yield-
ing a pixel size of 1.6 arcmin and a 28.1°x21.9° field-of-view. The room was
darkened, and the windows covered with opaque plastic film. The projectors
were driven by an NVIDIA Quadro FX 4500 graphics card on a dual Intel Xeon
workstation running Ubuntu Linux.

The experimental code was written in C++ using OpenSceneGraph for sce-
nario construction and VR Juggler for configuring the virtual environment. No
head tracking was implemented since the participants remained stationary and
relatively distant from the screen.

4.4 Independent Variables

Label Placement Algorithm. In addition to the four algorithms previously de-
scribed, we included a control condition where labels stayed fixed in the default
position.

Frequency. The label placement algorithms were running at /2, 1 or 2 Hz.
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Motion Type. Labels would either relocate to new positions instantly, with one
single jump, or using an animated motion for a gradual transition.

In the case of animated motion, the labels had to reach their new positions
before the next run of the placement algorithm. Thus, the time during which
labels were transitioning between positions was 2, 1 and 0.5 seconds, respectively,
for the frequencies /2, 1 and 2 Hz. Intermediate label positions for animated
motions were linearly interpolated; however, the speed followed a cosine function
(=7 <t <), which yielded smooth transitions with slow initial and final stages
of motion.

4.5 Dependent Variables

We measured the duration from the instant each trial was started, until a re-
sponse was given. As mentioned in the Task section, the scenarios were 20 seconds
long. If no response was given within this time period, the trial timed out and
the response time was capped at 20 seconds.

We also measured the response error, i.e. the absolute difference between the
actual number of target objects in the scene and the provided response.

4.6 Experimental Design

Each participant saw all combinations of the independent variables in a repeated
measures within-subjects design, where each combination was repeated three
times. In total 1080 recordings of response time and response error were made,
90 per subject (5 label placement algorithms x 3 frequencies x 2 motion types
x 3 repetitions).

5 Results

5.1 Response Time

We treated timeouts as correct responses, since the participants would likely
have responded correctly had more time been given. Erroneous responses were
however excluded from the analyses of response time.

Using analysis of variance (ANOVA) we found that the main effect of la-
bel placement algorithm on response time was significant (F'(4,44) = 13.4,p <
0.001). Post-hoc Scheffé comparisons showed that all label placement algorithms
were significantly faster than the control condition; however, the means of the
different label placement algorithms were not found to be significantly different
( = 0.1). The bar chart in figure 2l shows the mean response times for each
label placement algorithm.

In addition, our analysis showed a significant main effect of motion type on
response time (F'(1,10) = 9.83,p < 0.05). Instantaneous movements were only
moderately faster than animated, 0.44 s or 4.8% on average, although this dif-
ference was found to be statistically different.

Our analysis showed no other main or interaction effects on response time.
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Fig. 2. The bar chart (primary y-axis) shows the mean response times. The line (sec-
ondary y-axis) shows mean accumulated error per experimental run.

5.2 Response Error

The mean error rate, the ratio of erroneous judgments, was 17.1%. For the
erroneous trials the mean error magnitude, the absolute difference between the
correct and given response, was 1.22.

Six timeouts were recorded during the 1080 trials, four of these in the control
condition. This grouping could not be statistically confirmed using a contingency
table. Indeed, the low timeout rate, 0.6%, confirms that 20 seconds was an
appropriate upper time limit for each trial.

A non-parametric Friedman test showed a significant main effect of label
placement algorithm on response error (x?(4) = 15.3,p < 0.01). Using the
Wilcoxon signed rank test for pairwise comparisons of conditions, we found
that the algorithm for clustered planar separation generated greater error than
greedy planar separation (Wilcoxon statistic = 4.0,p < 0.05), depth separation
(Wilcoxon statistic = 61.0,p < 0.05), and height separation (Wilcoxon statistic
= 0.0,p < 0.001). Height separation also generated significantly reduced error
compared to the control condition without label separation (Wilcoxon statistic
= 2.0,p < 0.05). The greedy planar, depth, and height separation algorithms
were statistically indistinguishable from each other. The line in figure 2] shows,
per label placement algorithm, the mean accumulated error. That is, the amount
of error generated by each subject, on average, over the course of the experiment.

Update rate showed no significant main effect on response error (x?(2) =
1.17,ns), neither did motion type (Wilcoxon statistic = 31.0, ns).

5.3 Impact of Label Motion

As described in the Independent Variables section, the time during which labels
were in motion between old and new positions is 2, 1 or 0.5 s respectively. We
are interested in the actual speed reached by labels on the display, since motion
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Table 1. Average speed of a label in motion at the maximum and minimum label
movement distance for each label separation technique. For planar and height separa-
tion, the values are in degrees of visual angle on the screen as seen by the participants.
For depth separation, the values are in arcminutes of stereoscopic disparity between
left and right eye images.

Planar (any type) Height Depth
10 180 1 height layer 10 height layers 1 depth layer 5 depth layers
1/2 Hz 0.15°/s  2.78°/s 0.21° /s 2.10° /s 2.50 arcmin/s 12.5 arcmin/s
2Hz 0.62°/s 11.1°/s 0.82°/s 8.20° /s 10.0 arcmin/s  50.0 arcmin/s

of higher speed could be more disturbing. Since time is given, we get the label
speed by calculating the path length for each label movement.

The smallest label movement with a planar separation algorithm, 10°, corre-
sponds to 0.31° of visual angle on the screen. The corresponding value for one
height layer is 0.41° of visual angle. The smallest depth motion is between two
adjacent depth layers, 5 arcminutes. Table [I] shows the average speed of label
motion for the shortest and longest recorded movement distance, grouped by the
lowest and highest frequency, for each label separation technique.

In order to make analyses on how label motion affected performance, we com-
puted the total label motion per second for the labels in each trial. Using x?
contingency tables we calculated how the errors were distributed among tri-
als with moderate and intense label motion, with the median speed serving as
threshold. Table presents the contingency tables for each label placement
algorithm, based on motion data from all labels present in the display. Our
subsequent analysis showed that only the clustered planar label placement was
significantly affected by motion (see table for x? value); trials with little motion
generated significantly less erroneous responses.

Table 2. x? contingency tables showing the number of trials with correct and erroneous
responses, grouped by motion magnitude, for each label separation method. All labels
are included in the motion calculation in while only target labels are included in
[(B)} Significant effects are denoted with (*).

(a) All labels

Clustered * Greedy Depth Height
Corr Err Corr Err Corr Err Corr Err
Moderate 86 18 88 14 89 17 93 10
Intense 73 30 82 19 85 21 94 9
x2(1) 4.06 (p < 0.05) 0.96 (ns) 0.51 (ns) 0.06 (ns)
(b) Target labels only
Clustered * Greedy * Depth Height *
Corr Err Corr Err Corr Err Corr Err
Moderate 87 16 92 9 91 14 99 4
Intense 72 32 78 24 83 24 88 15

(1) 6.74 (p < 0.01) 7.97 (p < 0.01) 2.98 (ns) 7.02 (p < 0.01)
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Further analysis only looking at target label motion (table showed that
motion had a significant impact on user performance for all label placement
algorithms with view plane components (clustered/greedy planar and height
separation). The depth placement algorithm is thus the only one where no sig-
nificant correlation between label motion intensity and task difficulty could be
found, both when looking at the entire visual scene and the specific target labels.

5.4 Questionnaire

In the post-exercise questionnaire the participants responded to questions using
a five-point Likert scale. First, each participant rated a number of factors that
might have adversely affected the overall performance (figure . None of
the factors received a median severity rating above 2 on the five-point scale,
indicating that our experimental setup and task were not excessively straining
or uncomfortable.

Reading labels with depth separation was judged slightly more difficult than
with planar and height separation (figure , but the differences were not
statistically significant (Wilcoxon statistic = 10.5,ns).

The motion produced by the depth separation algorithm was judged signif-
icantly less disturbing than both height (Wilcoxon statistic = 33.5,p < 0.05)
and planar separation algorithms (Wilcoxon statistic = 45.0,p < 0.01); median
values were 1 and 2 points lower, respectively, on the five-point scale (figure
. Furthermore, height separation was judged significantly less disturbing
than planar (Wilcoxon statistic = 42.5,p < 0.05).

When asked about the preferred motion type, all participants except one
preferred animated motion over instantaneous. This preference was found to be
significant (x2(1) = 3.94,p < 0.05).
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Fig. 3. Post-exercise questionnaire ratings. In these Tukey [16] boxplots the median
value for each factor is indicated with a diamond, the interquartile range is repre-
sented by a grey box, outliers are indicated with asterisks, and the largest non-outlier
observations are indicated through whiskers.
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6 Discussion

FigureMshows that the average number of labels moved per second is, depending
on its running frequency, 2.5 to 4.3 for the clustered planar algorithm, 2.1 to 2.9
for the greedy planar algorithm, 1.9 to 2.2 for the height algorithm, and 1.0 to 1.2
for the depth algorithm. The relatively high values for the clustered algorithm
may be due to the fact that labels are moved in clusters, which sometimes will
produce movement of labels not originally in overlap [2]. When comparing the
average cost (the amount of overlap produced) per iteration, the greedy planar
algorithm yields 1.04 while the clustered yields 0.84. The lower average cost and
the larger average number of labels moved per second indicates that the clustered
algorithm can more often produce a better overall label placement, at the cost
of a larger number of label movements.

Out of the evaluated label placement algorithms, the clustered planar al-
gorithm yielded significantly more errors overall; furthermore it was the only
algorithm where intense motion of both target and non-target objects produced
significantly higher error rates. We therefore believe that the clustered planar
algorithm is better suited for interfaces with less background motion, and that,
even though producing slightly more overlap, the greedy algorithm is a bet-
ter planar label placement algorithm for highly dynamic scenes. We employed
many measures to reduce the motion amount and saliency of the planar label
placement algorithms, namely i) eliminating label jumps at extreme top/bottom
positions, ii) smoothening motion using acceleration scheme and iii) making the
greedy algorithm prioritize smaller movements. Nevertheless, depth movements
in particular, but also height movements, were judged much less disturbing in the
post-exercise questionnaire. The depth and height separation algorithms could
therefore be better options for highly dynamic scenes, where the user must not
be unnecessarily disturbed or distracted.

Initially we theorized that animated label motion would yield better perfor-
mance than instantaneous. However, the response time data analysis revealed the
opposite; instantaneous label motion produced significantly faster response times
than animated. We believe this may be due to the fact that labels are difficult to
read while moving, and if they relocate instantly they can be immediately read

u Clustered planar
u Greedy planar

2 Depth

Height

Labels moved per sec

2Hz 1Hz Y Hz
Update rate

Fig. 4. Labels moved per second for each label placement algorithm and frequency
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in the new location. Response errors were in general not significantly different for
the two motion types. Interestingly, while instantaneous motion produced slightly
faster responses, participants rated animated motion significantly less disturbing.

7 Conclusion and Future Work

This study has compared four different label placement algorithms in a virtual
environment with many moving objects. We have found that a label placement
algorithm that maintains depth separation of overlapping labels produces sig-
nificantly less disturbing motion than traditional algorithms separating labels in
the view plane. It does so while providing similar performance improvement in
terms of response time over the control condition in a visually demanding search
task. While the depth separation algorithm produced slightly more errors than
the height separation algorithm, the difference was not found to be significant.
Interestingly, depth separation was the only technique not statistically affected
by the intensity of motion; the algorithms separating labels in the view plane
produced significantly larger error during trials with intense label motion.

These results provide empirical evidence that an algorithm that maintains
depth separation of labels is an alternative to traditional label placement algo-
rithms in stereoscopic display environments; it may even be the better option in
visually cluttered scenes with many moving objects.

Future extensions to this work could include different types of tasks; while the
visual search and counting task used here is appropriate for measuring readability
and disturbance during motion, an observation and monitoring or detection task
could be envisioned for measuring distraction and effects on visual attention.
Such a study could be aimed at establishing thresholds for motion, so that label
rearrangement in the view plane can be performed without distraction. One may
wish to study depth motion as well; however, as seen in the current study, the
intensity of depth motion did not affect performance and depth motion was not
judged to be disturbing. This result indicates that depth motion, at least at
the rates required for label separation, is not functionally distracting. Indeed,
previous work has shown that such motion, albeit only using a very small visual
feature, does not “pop out” from disparity noise [7].

A future study could also record eye tracking data, for analysis of search
strategies and more in-depth studies of which types of label motion disrupts the
user in a monitoring task.
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Abstract. TagClouds is a popular visualization for the collaborative tags.
However it has some instinct problems such as linguistic issues, high semantic
density and poor understanding of hierarchical structure and semantic relation
between tags. In this paper we investigate the ways to support semantic
understanding of collaborative tags and propose an improved visualization
named TagClusters. Based on the semantic analysis of the collaborative tags in
Last.fm, the semantic similar tags are clustered into different groups and the
visual distance represents the semantic similarity between tags, and thus the
visualization offers a better semantic understanding of collaborative tags. A
comparative evaluation is conducted with TagClouds and TagClusters based on
the same tags collection. The results indicate that TagClusters has advantages in
supporting efficient browsing, searching, impression formation and matching.
In the future work, we will explore the possibilities of supporting tag recom-
mendation and tag-based Music Retrieval based on TagClusters.

Keywords: Improvement of TagClouds, collaborative tagging, visualization of
tags, semantic analysis, tag recommendation, music retrieval.

1 Introduction

With the rapid growth of the next-generation Web, many websites allow the normal
users to make contributions by tagging the digital items. This collaborative tagging has
become a fashion in many websites and the most representative ones are the social
bookmarking site Del.icio.us (http://delicious.com/), the photo sharing site Flickr
(http://www.flickr.com/) and the music community Last.fm (http://www.last.fm). Their
low technical barrier and easy usage of tagging have attracted more than millions of
users. The user-contributed tags are not only an effective way to facilitate personal
organization but also provide a possibility for the users to search for information or
discover new things.

Currently, there are two ways for Music Retrieval based on tags. The first category
is the keyword-based search, which is the most common way to seek information on
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the Web. The system will return all the information related to the keyword. The
second one is a visualization-based method called TagClouds (as figure 1 shows).
Due to its easy understandability and aesthetical presentation, TagClouds has become
a fashion in many websites. However, it still has some intrinsic disadvantages and
many researchers have been dedicated to improve its aesthetical presentation or better
semantic understanding. In this paper, we explored how to improve the visualization
of tags in Last.fm and to support the semantic understanding of structures and
relations between tags which might lead to more success tag recommendation and
visualization-based Music Retrieval.

In the remaining sections of this paper, TagClouds and its related works will be first
discussed, and then the possibilities to improve semantic understanding of collabora-
tive tags beyond TagClouds will be explored. A prototype named TagClusters and its
evaluation will be presented. The discussions on the evaluation results and future work
will conclude the paper.

2 TagClouds

TagClouds is a visual presentation of the most popular tags, in which tags are usually
displayed in alphabetical order and attributes of the text such as font size, weight or
color are used to represent features, for example, font size for prevalence and color
brightness for recentness. As a result of collaborative tagging, the popular tags shown
in TagClouds have more accurate meaning than that assigned by a single person.
TagClouds draws attention to more important items and thus provides an overall
impression and reflect the general interests among broad demography [5, 6]. With
TagClouds a keyword-based search can be conducted with one selected tag as input.
There are a lot of works focusing on the factors influencing the visualization
quality of TagClouds. Halvey et al. [1] assessed tag presentation by evaluating
different factors which ease the finding of tags. They discovered that font size,

seen lve

Fig. 1. TagClouds in Last.fm.
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position and alphabetization can aid to find information more easily and quickly.
Similar conclusions could be found in [2, 15]. Rivadeneira et al. [3] also stated the
interesting discovery that large fonts are not definitely to be found easily.

2.1 Disadvantages of TagClouds

As revealed in [24], after 100 users indexed the same resource, each tag’s frequency
is a nearly fixed proportion of the total frequency of all tags assigned to the resource.
This stability was also verified in [25, 26]. Although there is a relative stability among
collaborative tagging, because of the free nature of tagging, the intrinsic problem with
uncontrolled tags is that there are inevitable noise and redundancies [8, 9].

Linguistic problems with free tagging

Nielsen [7] found that different educational and cultural background might lead to the
tag inconsistency which was also mentioned in [27]. Specifically, there are two
common problems with free tagging systems which are difficult to avoid from the
user’s side: synonymy and ambiguity. Synonymy is also defined as “inter-indexer
inconsistency” [7] and it happens when different indexers use different terms to
describe the same item. Ambiguity means one term may have several meanings [10],
which will generate noise in retrieval results. Although the social collaborative
tagging could alleviate the problems of synonymy and ambiguity, as pointed out in
[11], such problems still exist, for example, hip hop and hip-hop in figure 1.

High semantic density

As discussed in [9, 12], if all the visible tags are selected only by the usage frequency,
there might be a problem of high semantic density which means very few topics and
related prominent tags tend to dominate the whole cloud and the less important items
fade out [6]. Therefore, a more reasonable selection method should be improved.

Poor understandability of structure and relation

Hassan and Herrero [9] claimed that the alphabetical arrangements neither facilitate
visual scanning nor infer semantic relation between tags. In the evaluation of Hearst
et al. [6] a significant proportion of interviewees did not realize that tag clouds are
regularly organized alphabetically. They discovered that the users have difficulty to
compare tags with small size and to derive semantic relations. There might be wrong
relation interpretation with items placed near to each other. Therefore TagClouds is
not suitable for understanding of structure and relation.

2.2 Improvements

There are abundant works focusing on the improvements of TagClouds to support
better aesthetic visualization and semantic understanding.

Enhancements of TagClouds

Regarding the aesthetic issue, since some factors might influent the effectiveness of
visualization, some systems have already allowed the user to adjust these parameters
and the representative systems are PubCloud [13] and ZoomClouds [14].
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Tight coupling [16] addressed in improving the quality of TagClouds by introduction
of spatial algorithms to pack the text in the visualization tighter. Kaser and Lemire [17]
used electronic design automation (EDA) to improve the display of tag clouds to avoid
large white space. Seifert et al. [18] proposed a series of algorithms which can display
tags into arbitrary convex polygons with dynamical adaptive font size.

The clustering algorithms were applied to gather semantic similar tags. In [9] the k-
means algorithm was applied to group semantic similar tags into different clusters.
Similar work can be found in [19]. Li et al. [8] supported browsing of large scale
social annotations based on analysis of semantic and hierarchical relations. The user
profile and time factor can be integrated for personalized or time-related browsing [7].

Different visualizations for tags
Bielenberg and Zacher [20] proposed a circular layout in which the font size and the
distance to the center represent the tag importance. Shaw [21] visualized the tags as a
graph where edge represents the similarity. TagOrbitals [23] presented tags with
relations and summary information in an atom metaphor where each primary tag is
placed in the center and other related tags are placed in surrounding bands. The main
problem with this visualization is the orientation of texts.

Most the methods discussed above are static visualizations and lack of interactions.
Furthermore, the low level sub-structures are still needed to be deeper explored which
will help to form a better understanding of hierarchical structure and relations.

3 TagClusters: Support Semantic Understanding of Tags

As we discussed above, TagClouds has instinct linguistic problems and it is difficult
to understand the relation and structure between tags. In this paper, we have choosen
the tags in Last.fm as the experimental source. We explore the problems with
TagClouds in Last.fm and investigate the possibilities to improve the semantic
understanding of tags.

3.1 Research Issues

The key issues in our research are the semantic aggregation to support efficient
hierarchical browsing and relation understanding. We believe that if all the tags are
organized in a more understandable semantic way, it will be more helpful for tag
recommendation and tag-based Music Retrieval.

Semantic aggregation

Based on the text analysis, the synonym issue can be controlled by grouping semantic
similar tags into one cluster, for example, favorite and favorites, rock and roll and
rock n roll. The semantic aggregation also helps to alleviate the problem of
ambiguity. For example, fewer users know that “electronic” and “IDM” present
roughly the same genre. Within the visualization of TagClusters, the user can see
these two tags are grouped into the same cluster which means they have same
meaning. This is also an efficient way to help the users gain some music knowledge.
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Hierarchy exploration and relation visualization

We explore the implicit hierarchical structure hidden inside the free input tags. With
such structure, the user can have a better understanding of tags, especially genre-
related categories. Following the top-down fashion, the user can search more
specifically with less ambiguity problems. With the highlighting of the overlapped
part, the user can tell the relation between tags in a high semantic level.

Possible applications based on TagClusters

Based on the hierarchical structure of TagClusters, there might be potential usages
such as tag recommendation and tag-based music retrieval. Once the hierarchical
structure of tags is derived, the user can get useful tag suggestions while avoiding
spelling error and redundancy effectively. Genre is one of the most common criteria
for music organization and retrieval [29], however, there is no standard definition of
genre. For the tag recommendation, the system should offer possible suggestions for
the user instead of generating them automatically. For example, if the user types in
“electronic”, the system should prompt possible tags such as “IDM”. When the
semantic similar tags are grouped hierarchically, it facilitates tag-based searching and
the system can return richer relevant retrieval results.

3.2 TagClusters User Interface

TagClusters is implemented based on Overlapper [28], a visualization tool focused on
the connections and overlappings in data. TagClusters is an interactive interface
where tags are drawn as labels with different sizes like in TagClouds, and tag groups
are drawn as transparent colored areas (see figure 2). TagClusters uses the underlying
structure of Overlapper, based on a Force-Directed Layout that does not use a typical
node-link approach, but a Venn-diagram approach in order to represent groups and
group relationships. The initial placement and label size of tags are not random, but
coherent with tag co-occurrence (see section 4.2). Therefore, TagClusters can be
described as a TagClouds where position is semantic relevant and the visualization is
reinforced by group wrappers. These characteristics exploit the user perception
abilities for traceability and group detection, improving the visual analysis.

In addition, the interface offers several options to the user: pan and zoom without
losing context, hide/show tags and groups, modify label sizes, search tags by text,
modify underlying forces, export the visualization, etc. The system also offers
multiple options for tag selection which might facilitate the tag-based Music
Retrieval. For example, the user can choose multiple tags or groups by combination of
keyboard and mouse. He/she can also draw a shape manually and all the tags included
in this shape will be selected.

Since most of the popular tags are genre-related and the relevant groups are
overlapped with each other, the genre-related groups are placed in the center and other
less semantic related tags and groups are scattered in the non-central space. Within a
group, related tags will be further grouped into sub-groups. Groups are represented as
transparent colored areas, so the overlapped groups (groups that share one or more
tags) will have intersecting, more-opaque areas, thus highlighting overlapping tags.
With such visualization, the user can have a better understanding of structure and
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relation between tags. For example, in Figure 2, we can see that rock is the most
relevant category and related to several others, such as pop and punk. Also we find
several genres that relate to metal and rock at the bottom of the figure.
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Fig. 2. TagClusters visualization with the same tag collections in figure 1

4 Underground Semantic Analysis

The organization of tags in TagClusters is based on a semantic analysis which
determines the structure and position for each tag. Firstly we applied text analysis to
create the hierarchical structure while excluding redundancy. Then we determine the
initial position for each tag based on the semantic similarity calculation.

4.1 Text Analysis Based Clustering

After observation of TagClouds shown in figure 1, we found that synonymy is the
most prominent problem with the texts which might be caused by single/plural such
as “female vocalist” and “female vocalists”. The different spelling habits always lead
to redundancy, for example, “favorite” and “favourite”. Besides, people tend to add
different separations between the same words, for example, “post-rock” and “post
rock”, “rock and roll” and “rock n roll”.

In Last.fm, all the tags especially the genre-related tags have a characteristic
feature: the tag in lower semantic level always contains the tag in the higher level and
the length of tag is proportional with its semantic level, for example, “death metal”
and “brutal death metal”. This feature helps to derive the hierarchical structure.

In our system, after removal of different separators, such as “_" and “&”, the Porter
algorithm [30] is applied to detect the stem for each tag. Tags with the same stemmed
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words will be clustered in the same group. Within one group, tags with similar
semantic meanings will be further clustered into sub-groups. For example, all the tags
containing “metal” will be grouped in the Metal group and related tags such as “death
metal” and “brutal death metal” will be placed in a sub-group (see figure 3); all the
tags related to gender will be clustered in a vocal group and similar for the time-
related tags, such as “80s” and “00s” (see left part of figure 2). After the text analysis,
most of the tags can be effectively grouped into the relevant cluster. We also found
that this basic technique should be further enhanced to solve the literal similar but
actually irrelevant tags such as classic and classic rock.
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Fig. 3. Examples of text analysis results

4.2 Calculation of Semantic Similarity

After deriving the hierarchical structure of tags, the semantic similarity is calculated
based on the co-occurrence. Co-occurrence is widely used in the field of Music
Retrieval to determine the semantic relation between information items [7, 27]. In the
tag case, this semantic similarity equals to the division between the number of
resources in which tags co-occur and the number of resources in which any of the two
tags appears [7, 9], as equation 1 shows.

RC(A,B) = A NBI/IA UBI (1)

With the semantic analysis all the tags will be well organized: the initial location of
each tag is assigned by means of a 2D projection based on a multidimensional scaling
of co-occurrences. The genre-related tags, which might be the most useful category
for tag-based searching, become prominent in the visualization. Other categories such
as time- or emotional-related categories are scattered because of the less semantic
relationship with the genre category. Instead of exclude them from the visualization,
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these categories still remain in the visualization and can be inspected by browsing or
keyword-based searching.

5 Evaluation

To evaluate TagClusters, we recruited 12 participants at the University of Munich, 7
German from the Media Informatics Group and 5 foreigners from other groups, 4
female and 8 male with a mean age of 27 years. All participants are generally
experienced with computers. We conducted a comparative evaluation of TagClouds
and TagClusters. The evaluation was task-oriented and the participants were required
to conduct 6 tasks concerning searching, browsing, impression formation and
matching. Each task is consisted of two similar sub-tasks and the following is a brief
description of the representative tasks.

Task 1: Locate one single item: Find a tag named “german”.

Task 2: Tag sorting: list the top 5 popular tags.

Task 3: Tag comparison and filtering: list the top 5 genre-related tags.

Task 4: Derive group structure: give a hierarchical structure for the Metal-related tags.
Task 5: Find relation between tags: is there overlap between Indie and Classic?

Task 6: Judge the tag similarity: is Alternative more similar to Rock or Electro?

5.1 Quantitative Analysis

The complete time and the answer precision for both systems are shown in figure 4.

For task 1, although the tags in TagClouds can be located by the alphabetical order,
locating the first character still needed some time. Furthermore, 25% of the
participants did not realize that TagClouds are ordered alphabetically thus they spend
more time to locate one tag. The participants claimed that the searching functionality
in TagClusters helped to locate the item quickly.

TagClouds performed better with task 2 and 3. It contains all the tags in a small
graph and it is easier to scan and locate tags without panning or zooming. To present
all the tags as the concept of group and describe the similarity between tags as spatial
distance, TagClusers needs more space and thus creates a larger graph in which the
participant had to keep panning and zooming to get a complete overall impression. To
form the correct impression, the participant also needed to mentally compare and
memorize the relevant information which might slow down the response time and
answered with lower precision.

TagClusters worked significantly better with task 4. Since the tags are hierarchically
organized and semantic similar groups are placed near to each other, it is easy to find
the structure. With TagClouds, the semantic similar tags might be placed scattered all
over the graph, the participants had to scan all the tags and to form a structure mentally
which spend much more time and led to lower precision. To derive the complex
structure for Metal-related tags (as figure 4 shows), the participants spent much more
time with TagClouds while received lower precision with the answers.

Since the semantic similar tags are hierarchically grouped and the overlapped part is
visually highlighted, it is easier to determine the relation between tags. TagClusters
worked better with task 5 and 6 which need understanding of semantic relation of tags.
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Fig. 4. Comparison of complete time and correctness

After completed each task, the participants were asked to score the easiness of each
task and the usefulness of both systems. The result is shown in figure 5.

Score for task easiness Score for system usefulness

10 10

8 8
(4 (4
5 6 O TagClouds 5 6 O TagClouds
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2 2

0 0

12 3 4 5 6 12 3 4 5 6
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Fig. 5. Comparison of task easiness and system usefulness

The participants scored higher for TagClusters except for task 2 and 3, which is
consistent with the result in figure 5. It implies that we should take better usage of the
space in TagCluster in order to create a smaller and more efficient visualization.

After completing all the tasks, the participants filled out a post-questionnaire which
concerns the overall impression of both systems in the aspects of enjoyment,
understandability, helpfulness and aesthetical beauty. TagClusters was scored better
with all the criteria (as figure 6 shows).

Overall impression

5}

O tagClouds
B tagClusters

O =N WA OO N OO

overall enjoyment understandability helpfulness asthetic beauty

Criteria

Fig. 6. Overall impression of both systems
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5.2 Qualitative Analysis

Visualization issue

For TagClouds, the alphabetical order is useful when the user has an specific tag in
mind. However, the user who is unfamiliar with this visualization tends to ignore this
feature. Although the tags with bigger font size are easier to be noticed which is
helpful to get the information of popular tags, the tags with smaller size might be
ignored. The position is also a crucial factor to draw the user’s visual attention. Some
user claimed that top half part of TagClouds seems to be more prominent and they
tend to ignore the bottom half. In order to get a compact view and take usage of space
effectively, the system truncated the tag with long length into separate lines which
might lead to misunderstanding. For example, in the first line of figure 1, alternative
rock is placed into 2 lines and some participants were confused.

By grouping semantic similar tags, TagClusters helps to discover tags with small
font size. For example, the rock-related tags with small font size might be ignored in
figure 1 while still remaining relevance in figure 2 since they are clustered into the
same group with the prominent Rock tag.

Semantic understanding
Without indication of semantic relation in TagClouds, some participants wrongly
interpreted the semantic similarity as near position or similar font size. There is no
semantic organization and sometimes the user has to scan all the tags line by line and
might have problems with locating multiple tags in one time. Some participants even
used mouse to locate viewed tag or staring at the screen while writing down the
answers. Another problem is that the user who has less music knowledge might meet
difficulties with judging the relation between some uncommon tags and it was a
prominent problem with majority of the foreigner participants. With illustration of
semantic structures in TagClusters they could conduct the same tasks easier.

For TagClusters, the participants also came up with some suggestions for the
aesthetical issues in TagClusters, such as stronger highlighted effect, color coding for
different tag categories and the desire for a more compact graph.

6 Conclusion

In this paper we investigate the ways to support semantic understanding of collabora-
tive tags and propose a new visualization named TagClusters. We compare the
performance of traditional TagClouds and our system and the results imply that our
system has advantage in supporting semantic browsing and better understanding of
hierarchical structure and relation between tags. The semantic organization of tags
can exclude redundancy effectively and might facilitate the tag recommendation and
tag-based music retrieval which will be explored in our future work.
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Abstract. This paper describes an interface for assisting the design
and production of pop-Up cards by using a computer. A pop-up card is
a piece of a folded paper from which a three-dimensional structure pops
up when it is opened and can be folded flatly again. People enjoy its
interesting mechanism in pop-up books and greeting cards. However, it
is difficult for non-professional people to design pop-up cards because of
various geometric constraints to fold flatwise. We therefore propose an
interface to help people to design and make pop-up cards easily. We deal
with pop-up cards that fully opens at 180-degrees in this paper.

‘We implement a prototype that allows the user to design a pop-up
card by setting new parts on the fold lines and editing their position and
shape afterwards. At the same time, the system examines whether the
parts protrude from the card or whether the parts collide with each other
when the card is closed. The result is continuously shown to the user as
a feedback. This enables the user to concentrate on the design activity.

We created a couple of pop-up cards using our system and performed
an informal preliminary user study to demonstrate the usability of our
system.

1 Introduction

A pop-up card is a piece of a folded paper from witch a three-dimensional paper
structure pops up when it is opened. The card can be folded flatly again. People
enjoy its interesting mechanism in pop-up books [1] [2] [3] and greeting cards.
Fig. Il is an example of pop-up book “Alice’s Adventures in Wonderland”. It
pleases persons of all ages to make, receive, and look at a pop-up card.

It is relatively easy to physically construct a pop-up card. If one has templates,
he or she can simply cut and glue them to construct a pop-up card. However it is
unfortunately much harder for non-professional people to design a pop-up card.
First, it is difficult to correctly understand the mechanisms of a pop-up card.
Second, it is difficult for them to find the positions where all pop-up parts don’t
collide with, requiring repetitive trial and error during design. They cut out the
parts from paper, paste them on the card, and check whether they collide or not

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 68]78| 2009.
© Springer-Verlag Berlin Heidelberg 2009
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Fig. 1. The example of pop-up book “Alice’s Adventures in Wonderland” [1]

again and again. Once an error is found, they must consider all the position once
more and redo from the beginning. This process requires a lot of time, energy,
and paper. Design and simulation in a computer can relieve us of the boring
repetition and save our time.

Glassner proposed methods to design a pop-up card in [4] [5] [6]. His papers
introduced several simple pop-up mechanisms. They also described how to use
these mechanisms, how to simulate position of vertices as an intersecting point
of three spheres, how to check whether the structure sticks out beyond the cover
or a collision occurs during opening, and how to generate templates. It is useful
for designing simple pop-up card.

Our work builds on his pioneering work and presents several new materials.
First, we add two new mechanisms based on V-fold to our system, box and
cube. Second, we give detailed description of the user interface, which was not
elaborated in his original papers. Third, our system provides real-time feedback
to the user during the user’s editing operations by examining whether parts
protrude from the card when closed or whether they collide with each other
during opening and closing. Finally, we report on our informal preliminary user
study in which we have asked two novice users try our system and get some
feedback.

2 Related Work

Glassner described a stable analytic solution for the location of important points
for the three important pop-up techniques (single-slit, asymmetric single-slit, and
V-fold mechanisms) when the pop-up card folds and unfolds in Interactive Pop-
Up Card Design [4] [5] [6]. He also implemented his solution in a small design
program. However, he did not describe the detail of the interactive behavior of
the program, nor did he report any user experience.

Mitani and Suzuki proposed a method to create 180-degree flat fold Origamic
Architecture with lattice-type cross sections [7]. This system makes pieces from
a three-dimensional (3D) model. Those pieces can be used in our system because
its base mechanism is same as an angle fold open box mechanism described in
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the following section. However, 3D model is not always available. Furthermore,
the structure is set only on the center fold line and can’t be combined with other
multiple pieces.

Lee et al. described calculations and geometric constraints for modeling and
simulating multiple V-fold pieces [§]. However, their system is limited to V-fold
mechanisms and it is not designed as an interactive system.

Several interactive interfaces were proposed for 90-degree pop-up cards. Mi-
tani et al. proposed a method to design Origamic Architecture [9] models with a
computer by using voxel model representation [I0] [IT]. Using this method, the
system can store 90-degree pop-up card models and display them in computer
graphics. The user’s operations are interactive addition and deletion of voxels.
They used this system for graphics science education [I2]. They also proposed
a method to design Origamic Architecture models with a computer by a model
using a set of planar polygons [I3]. Their system computes and keeps the con-
straint to guarantee that the model can be made with single sheet of paper.
Thus, it enables the user to make more complex 90-degree pop-up cards inter-
actively from beginning to printing patterns. Hendrix and Eisenberg proposed
a system “Popup Workshop” [I4] [I5]. Their system enables the user to design
pop-up cards by making a cut in 2-dimensional. Its result in 3D can be opened
and closed in the Viewer window. They showed that children can design pop-
up cards utilizing their system [16]. However, their interfaces aren’t available
for 180-degree pop-up card. 90-degree pop-up cards are made with single sheet
of paper and their systems work well by using this constraint. It is difficult to
design 180-degree pop-up cards by using voxel model or planar polygon model.
Moreover, it is hard for people to edit 3D structures in 2D because they can’t
imagine the resulting 3D shape.

3 Assisted Pop-Up Card Design

The screen snapshot of our prototype system is shown in Fig. Bl

Our system allows the user to design pop-up card by using a mouse and a
key-board. It consists of one window for design and simulation of the pop-up
card. Fig. 3] shows the functions of our system. The user sets parts, adjusts their
properties (length, angle, position and pattern), and generates templates. The
system always examines whether parts protrude from the card or whether they
collide with each other during interactive editing.

The user can use five mechanisms in our system. The V-fold mechanism, the
even-tent mechanism, and the uneven-tent mechanism are introduced in [4]. The
angle fold open box mechanism and the angle fold cube mechanism [I7] based
on V-fold one are new. The former makes a box which is an empty rectangular
parallelepiped without the top and the bottom (Fig. d (a)). The latter makes an
angle fold open box added a lid (Fig. @ (b)). The lid is folded toward inside of
the box when the card is closed.
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Fig. 2. The screen snapshot of our system
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Fig. 3. Functions of our prototype system

(a) ()
f“ i
Fig. 4. (a) The angle fold open box mechanism. (b) The angle fold cube mechanism.

3.1 Constrained Editing

Setting Parts. The user first selects a desired mechanism and moves the mouse
cursor to a fold line. The black point then appears on the fold line. If the user
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cllck

Fig. 5. User interface to set parts. (a) If the user clicks on a fold line, (b) the system
generates new part there.

(a) (d)

shiftkey + drag

Fig. 6. User interface to edit shapes. The user can (a)(b)(c)(d)(e) change lengths, (f)(g)
change open angles, (h)(i) change gradient angles, and (j)(k) put textures.

clicks the mouse button, the system automatically generates the new part on
that position. Its lengths and angles are set to a default value, which can be
adjusted later.
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Editing Shapes. The user drags the vertices of a part in order to edit its shape
(Fig.[). When the user selects a part, its vertices are highlighted. The user drags
one of them. In editing lengths, the user can maintain the parallelogram shape
by pressing shift-key during dragging (Fig. Bl (¢)). The user can also extend a
panel of a part (Fig.[6l (d)(e)). The user can change the angle between two planes
and the inclination of the part (Fig. @ (f)(g)(h)(i)).

Deleting Parts. The user clicks the part to delete a part. If other parts exist
on the part, they are also deleted.

Mapping Textures. The user prepares images in advance and can use them
as textures. In order to put a texture on a part, the user selects a panel of a part
and an image (Fig. [@ (j)(k)).

€)) (b)

warning ’ warning

(e) @ close € @ close

Fig. 7. User interface when the system detects errors. (a)(b) The user moves a part.
(c)(d) If the system detects errors, it draws the warning message and highlights the
part. (e) If the card is closed, the part protrude from the card. (f) If the card is closed,
the parts collide each other.
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Generating Templates. The system automatically generates 2D templates
from the 3D model designed by the user. The system also makes tabs to glue
the parts and guidelines to tell the user where to glue them on.

3.2 Realtime Error Detection

The system examines during interactive editing whether the parts protrude from
the card when closed or whether the parts collide with each during closing and
opening. When the system detects such a protrusion or a collision, it displays
the message on the lower right window and highlights the parts that cause the
error (Fig. [ (c) (d)). Those are executed in real time. If the error is resolved,
the message and the highlights disappear immediately.

4 Implementation

We implemented our prototype system based on Glassner’s work [4] [5] [6] using
Microsoft Visual C++ with MFC platform. We also used OpenGL to render the
scene and OpenCV to read images. Implemented functions are shown in Fig. [3l
Note that undo function isn’t implemented in our system yet. A pop-up card is
represented as a tree data structure. Each node of the tree corresponds to a part
and contains its relative position on the parent part and various parameters.
The system firstly computes the card position by its open angle and updates its
center fold line information. Next, the 3D coordinates of the parts on the fold
line are updated. The system repeats above procedure recursively to determine
the 3D coordinates of all parts.

The system checks a protrusion error and a collision error each time while
dragging and when setting a part. The system checks the collision at every 10
degree. This might miss minor collision, but it is not an issue thanks to the
inherent flexibility of a paper. We also tried checking at every 1 degree, but it
became too slow when the number of parts increases.

5 Results

Fig. [8 shows example pop-up cards designed using our system. We designed it
referring to a pop-up book titled “The Wonderful Wizard of OZ” [2]. We de-
signed this piece in our system in approximately two hours (Fig. B (b)). It was
easy to decide their heights and position thanks to the error detection mecha-
nism. Templates generated by our system are shown in Fig. B (d)(e)(f). It took
approximately two hours to actually construct the card (Fig. § (c)). Fig. Bl (g)
shows another example. We designed it in approximately two hours and con-
struct in approximately two and half hours (Fig. 8l (h)). These results show that
our system can handle reasonably complicated pop-up structure.

We also conducted an informal preliminary user study. The test was conducted
using a typical notebook personal computer with a key-board and a mouse. We
prepared two tasks. One is to create a pop-up card of a building without using
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Fig. 8. Results : pop-up cards designed in our system
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(a) (b)

collision

(d) (e)

= ~

Fig. 9. Results of preliminary user study. (a) the piece of the first subject in task 1.
(b) collision occurs when (a) is closed. (c) the piece of the first subject in task 2. (d)
the piece of the second subject in task 1. (e) the piece of the second subject in task 2.

our system (task 1). The other is to do the same task but using our system (task
2). Two test users participated the study. They first completed the task 1. We
then explained out system to them and had them practice it for approximately
5 minutes. Finally, they worked on the task 2. After they finished all tasks, we
had a brief interview session to hear their feedback.

The first test user had never created pop-up cards, and had no knowledge
of them. His piece in the task 1 is shown in Fig. [0 (a). It looks good, but it is
difficult to close it because of a collision (Fig. @ (b)). His piece in the task 2 is
shown in Fig.[@ (c). It is simple, but it can be closed correctly. It took him thirty
minutes to create the former (fifteen minutes to design and fifteen minutes to
make), and twenty minutes to create the latter (ten minutes to design and ten
minutes to make).

The second test user also had never created pop-up cards before, and had
little knowledge about them. His pieces are shown in Fig.[ (d) (task 1) and Fig.
(e) (task 2). They have mostly the same structure and can be closed correctly.
However, it took him seventy minutes to create the former (forty minutes to
design and thirty minutes to construct) while it took only forty minutes to
create the latter (twenty minutes to design and twenty minutes to construct).

From this preliminary user study and their feedbacks, we found the following
advantages of our system. First, it is easy to design a pop-up card using our sys-
tem than doing so using papers, a pair of scissors, and a glue. Second, the pop-up
cards designed using our system can be closed correctly without protrusion and
collision. This is due to the protrusion detection and the collision detection. The
second subject spent less time in design because it was easy to adjust the height
of the pop-up part not to protrude the card. He spent long time adjusting the
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height in the task 1. The first subject failed to make a correct pop-up structure,
but succeeded in our system.

On the other hand, there are a couple of limitations in our system. First, a
symmetrical design is frequently used in pop-up cards but symmetric editing
is not directly supported in our current implementation. Second, as our system
uses displacement in two dimensional (on window) to edit, the direction that the
user wants to move and one that the user must move may be different.

6 Conclusion and Future Work

We proposed an interface to help people to design and create pop-up cards.
Our system examines whether the parts protrude from the card or whether they
collide with each other during interactive editing and the result is continuously
shown to the user as a feedback. This helps the user to concentrate on the design
activity. We showed sample pop-up cards created by using our system and we
reported on the preliminary user study. The preliminary user study showed that
the protrusion detection and collision detection are very effective.

In the future, we plan to add new functions to the system. First, we want to
make a mirror editing system. If the user edits a part, the system changes values
to maintain symmetry. Second, we would like to make a function that the user
can change lengths and angles by entering numerical values. Third, we want to
make a constraint mechanism. When the user marks a pair of edges, those two
edges are always same lengths.

We use textures to add detailed appearance to a part, but it is a pain to
prepare a texture in advance by using other software. We would like to let the
user paint them directly on the part directly in our system.

We implemented five mechanisms. However, there are a lot of other mecha-
nisms. One of the most interesting mechanisms we want to implement is curved
surfaces. Curved surfaces deform non-linearly unlike a simple planar surafces
and we plan to apply some soft of physical simulation.
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Abstract. Common Geographic Information Systems (GIS) require a
high degree of expertise from its users, making them difficult to be oper-
ated by laymen. This paper describes novel approaches to easily perform
typical basic spatial tasks within a GIS: e.g. pan-, zoom- and selection-
operations by using multi-touch gestures in combination with foot
gestures. We are interested in understanding how non-expert users in-
teract with such multi-touch surfaces. We provide a categorization and a
framework of multi-touch hand gestures for interacting with a GIS. This
framework is based on an initial evaluation. We present results of a more
detailed in situ-study mainly focusing on multi-user multi-touch interac-
tion with geospatial data. Furthermore we extend our framework using
a combination of multi-touch gestures with a small set of foot gestures
to solve geospatial tasks.

1 Introduction and Motivation

Multi-touch has great potential for exploring complex content in an easy and
natural manner and multi-touch interaction with computationally enhanced sur-
faces has received considerable attention in the last few years. Some designers
make use of the geospatial domain to highlight the viability of their approaches.
This domain provides a rich testbed for multi-touch applications because the
command and control of geographic space (at different scales) as well as the
selection, modification and annotation of geospatial data are complicated tasks
and have a high potential to benefit from novel interaction paradigms [I]. One
important observation of previous studies [2] with multi-touch Geographic In-
formation Systems (GIS) is that users initially preferred simple gestures, which
they know from Windows-Icons-Menus-Pointer (WIMP) systems with mouse in-
put. After experiencing the potential of multi-touch, users tended towards more
advanced physical gestures [3] to solve spatial tasks, but these gestures were
often single hand gestures or gestures, where the non-dominant hand just sets
a frame of reference that determines the navigation mode, while the dominant
hand specifies the amount of movement. So far the combination of hand and
foot input has gained only little attention [4]. This combination has a couple
of advantages and helps to rethink the use of the dominant and non-dominant
hand. Foot gestures can be used to provide continues input for a spatial navi-
gation task, which is more difficult to operate with the hands in a natural way.

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 81 2009.
© Springer-Verlag Berlin Heidelberg 2009
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Hand gestures are good for precise input regarding punctual and regional infor-
mation. It is however difficult to input continuous data with one or two hands
for a longer period of time. For example, panning a map on a multi-touch wall is
usually performed by a “wiping”-gesture. This can cause problems if the panning
is required for larger distances, since the hand moves over the surface and when
it reaches the physical border it has to be replaced and then moved again. In
contrast foot interaction can provide continuous input by just pushing the body
weight over the respective foot. Since the feet are used to navigate in real space
such a foot gesture has the potential advantage of being more intuitive since it
borrows from a striking metaphor.

In this paper, we present a framework for multi-touch interaction with GIS,
an initial evaluation of that framework, a larger study with non-expert users and
the extension of the multi-touch framework for the combination of foot and hand
input. The following section places this paper in the context of the related work
in the variety of fields that provide the basis for this research. In the third section
the three key parts of a conceptual framework for multi-touch interaction with
spatial data is proposed. Afterwards in section four, the framework is extended
with foot gestures. A first evaluation of the multi-touch framework and a second
study about multi-user interaction is presented in section five. Section six gives
a short overview about the implementation of the system. The paper concludes
with a discussion of the results and ideas for future work.

2 Related Work

Until today mice and keyboards are still used by most GIS users to navigate,
explore and interact with a GIS even though they are not optimal devices for this
purpose. Since 1999 several hardware solutions exist that allow for the realization
of GIS with multi-touch input on surfaces of different sizes. The Webpage@ of Bux-
ton is giving a good and complete overview on the current technologies as well as
the history of multi-touch surfaces and interaction. With today’s technology [5]
it is now possible to apply the basic advantages of bi-manual interaction [6],[7]
to the domain of spatial data interaction. Also the selection of relevant data,
the configuration of adequate data presentation techniques, and the input or
manipulation of data are central tasks in a GIS (as in any interactive system)[g].
For the study of our multi-touch GIS system with multiply users we installed an
interactive surface in a pedestrian underway. Large interactive screens installed
in public space are not so far from fiction [9]. Jeff Han’s YouTube demonstra-
tion captured the imagination of researchers and users alike. Technologies that
allow the low-cost implementation of robust multi-touch interaction, such as
Frustrated Total Internal Reflection (FTIR) [10] and Diffused Illumination (DI)
[5], have allowed the low-cost development of such surfaces and have led to a
number of technological and application innovations. From an HCI perspective
it is interesting to investigate how these large interactive screens can support

! http://www.billbuxton.com/multitouchOverview.html
2 http: //www.youtube . com/watch?v=QKh1RvOP10Q
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different kinds of collaborative interactions. To our knowledge this is the second
attempt to analyze the interaction at a large multi-touch display in (or in our
case under) a city centre.

Peltonen et al. [IT] presented detailed observations from their own large multi-
touch display, called CityWall, in the city of Helsinki, Finland. On the DI multi-
touch display a photo explorer was presented. They observed various interaction
patterns relating to how people used the CityWall installation, and how they
collaborated and interacted with each other at the display. Prante et al. [12]
proposed different interaction zones (Cell Interaction Zone, Notification Zone,
and Ambient Zone) for the interaction with a large public display. This work
was followed up by Vogel et al. [I3] with their work on an interaction framework
for sharable, interactive public ambient displays. Vogel defined four interaction
phases, facilitating transitions from implicit to explicit interaction and from
public to personal interaction (personal interaction zone, subtle interaction zone,
implicit interaction zone and ambient zone). In a former study [2] the focus lies
on investigating the usage and user needs of virtual globes. The main result of
that study was that the main motivation of around half of the users (53.4% -
11.6%) was to use a virtual globe for either looking at their own house or other
individual places (e.g. a neighbor’s house, their hotel from their last vacation,
the city center). Even though multi-touch interaction gained a lot of attention
in the last few years the interaction possibilities of feet were not considered as
much, not even in the geospatial domain.

Various researchers did relevant work in the area of foot input for interactive
systems. Pearson and Weiser identify appropriate topologies for foot movement
and present several designs for realising them in [I4]. In an exploratory study
[15] they assessed a foot-operated device against a mouse in a target-selection
task. The study showed that novices could learn to select fairly small targets
using a mole. Pakkanen and Raisamo [16] highlight alternative methods for ma-
nipulating graphical user interfaces with a foot and show the appropriateness of
foot interaction for non-accurate spatial tasks. In his research on 3D-input de-
vices Zhai established the distinction in rate controlled and position controlled
forms of input. While position controlled input depends on where the user di-
rectly maps to, rate controlled input means that the user’s input is related to the
speed of the cursor movement [I7]. Following Zhai’s classification the multi-touch
input is predominantly position controlled while foot input is rate controlled.

3 Multi-touch Interaction with Spatial Data

In contrast to the more general work of Wu [I8], a conceptual framework for
interaction with spatial data on a multi-touch enabled surface using physical
gestures is presented in the following section. This section describes the three
key parts of our conceptual framework. Starting by deriving a set of physical
interactions, followed by describing the interaction that is needed to manipulate
spatial data. Finally, the commands and controls that are needed to manipulate
the geographic interaction space (at different scales) are discussed.
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3.1 Physical Multi-touch Interactions

As a first step towards developing a framework for multi-touch and foot in-
teraction, a set of simple physical interaction patterns for multi-touch input is
derived (see figure [l inspired by [3] and [I8]). For multi-touch input there are
three classes of these patterns: simple fingertip, palm-of-the-hand and edge-of-
the-hand input. Gestures with the suffix “1” and “2” are simple one hand ges-
tures, whereas “3”—“5” are bimanual gestures. “1”s and “2”s can be combined to
make more complex two-handed gestures. Gestures “F1”—“F5” are based on one
or two single-finger touches. These gestures are derived from pointing motions.
Interacting via one or two whole hands is described with gestures “H1”—-“H5”.
The main idea behind the “F” and “H” interaction classes is the direct manip-
ulation of region shaped objects. To interact with line-like objects and to frame
or cut objects, the edge of the hand provides another class of gestures. These are
the gestures with the prefix “EH”. Each interaction class contains the following
gestures: Single pointing touch (1), Single moving touch (2) (not only limited to
linear movement), Two touches moving in the same direction (3), Two touches
moving in opposite directions (4), Moving of two touches in a rotational manner
(5) (Physical multi-touch interactions are highlighted with orange in Table [II).

P
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Fig. 1. Set of physical multi-touch gestures

Table 1. Framework for multi-touch interaction with geospatial objects (derived phys-
ical gestures)

World [Geo-) Objects Symbals
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3.2 Interaction Primitives

In addition to the aforementioned physical multi-touch and foot gestures classes,
a set of interaction primitives for interaction with geospatial data is proposed
(see Table [ yellow sidebar). These primitives allow interaction tasks for basic
geospatial data, such as pointing or zooming [I], and are commands and controls
that are needed to manipulate the geographic interaction space (at different
scales) as well as to select, modify and annotate geo-objects. The tasks are
point, zoom, pan, rotate, tilt and cut as described in [IJ.

3.3 Interaction Space

The interaction space is a simple set of graphical views and representations for
spatial objects. Interaction primitives are used to modify the (graphical) view,
e.g. zooming, panning, and rotating the globe (sphere) or plain (map view).
It also contains feature manipulation, feature symbolization (simple symbol
changes), feature filtering (hide a layer or feature, show another) and manage-
ment of background images (see Table [Tl green header).

3.4 Multi-touch Gestures for Spatial Tasks

To understand the relationship between gestures and geospatial operations, we
have asked 12 participants (five female and seven male) to fill out the matrix
with one or more physical interaction primitives or combination of primitives of
their choice. All eight participants assigned physical gestures for the interaction
primitives in the spatial interaction space at different scales. If three participants
agreed on the same interaction primitive, we inserted the proposed interaction
styles for various selection and manipulation tasks in Table [[l This table is or-
ganized as follows: The rows represent the most common commands that are
needed for geospatial tasks: point, zoom, pan, rotate, tilt (i.e. to control the pa-
rameters of a geographical view), and cut (as a representative for a topological
operation such as dividing an area). We are aware that there might be other
commands which could be explored but at this stage of the work we wanted
to concentrate on some of the most common ones. The columns of the table
represent the geographic space and objects that can be subjects of the vari-
ous commands. The interaction (selection and manipulation) with geo-objects
can be distinguished according to their geometric properties: point, line, and
polygon. Finally, in geospatial applications one often finds interaction patterns
with symbolic representations (such as a point-of-interest, in the table denoted as
point-symbols), or their annotations, which we refer to as labels. Similar symbols
are often organized in layers, which can themselves be subject of manipulation.
Interestingly, the geometric property of the interaction is reflected in the physi-
cal nature of the proposed multi-touch interaction. For example, single point-like
objects are referred to with a single pointing gesture (F1), while rotation of a
globe or panning of a 2D map is more likely to be performed by a wiping-style
gesture (H2). The selection of geo-objects can be improved by referencing their
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geometric properties. For example, the selection of a street on a map could be
more precisely performed by moving a finger along that street (F2) instead of
just pointing to it. This helps to reduce the ambiguity of the gesture as pointed
out in [I9]. Please note that not all of the primitive gestures of Fig. [Tl are listed
in Table [[l For example the two-hand gesture (EH4 and H4) seems of no use.
However we believe that if we look at more complex operations, such as inter-
secting two polygons, these operations will be useful. Of course, this has to be
investigated further in future work.

4 Multi-touch and Foot Interaction with Spatial Data

Even though multi-touch interaction gained a lot of attention in the last few
years the interaction possibilities of feet were not considered as much. In [4] we
try to make a contribution in that direction of how physical multi-touch gestures
in combination with other modalities can be used in spatial applications. What
is still lacking is a better understanding of how physical multi-touch gestures in
combination with other modalities can be used in spatial applications. This work
tries to make a contribution in this respect. This section describes the extension
of the multi-touch framework presented above. Multi-touch is now combined
with foot interaction to improve the overall interaction with spatial data.

4.1 Physical Foot Interactions

A set of simple physical foot interaction patterns that can be performed by the
user standing on a Wii Balance Board (see Figure[2 (a)) are derived. Up to now
five different patterns (named with lower case letters) can be investigated: “fb”
= “stand on ball of feet”, “ft” = “stand on tippy-toes”, “fr” = “balance center
on the right”, “fl” = “balance center on the left”, “fs” = “stand on sides of feet”.
Most of the gestures are self-explaining. For example “ft” means that the user
is moving the balance point forward and just stands on tiptoes. “fs” denotes an
action (user standing on sidefeets) people often perform while they are waiting
(the physical foot interactions are highlighted with blue in Fig. 2 (b)).

World Geo-) Object: Symbols

Globe Plain Point Line Polygon | Point-Symbols Labels Layer

- POINT 7 b F1 F1 EH1 H1 F1 F1 F1

fb N /
. oo F4 F4 - F4 F4 F4 F4 (F4)
r - R N A R F2 F2 E
s — Fs Fs - Fs Fs Fs Fs E
P e ft, fb ft, o - - = - - :
(e ft EH1, EH3 | EH1, EH3

Fig. 2. Set of physical foot gestures (a) and framework of multi-touch and foot inter-
action for geospatial objects (b)
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4.2 Interaction Primitives and Interaction Space

The interaction primitives and the interaction space are nearly the same. Some
interaction primitive are now controlled by the feet (see Fig.[2l(b) yellow sidebar).
The proposed interaction styles for various selection and manipulation tasks are
summarized in a table (see Fig. [ (b)). The table is organized as described
in section 34 but now filled up with physical hand and/or foot gestures to
interact with-geo-objects. For example “panning” can be accomplished by using
the physical multi-touch interaction “H2” or the foot interactions “fr”, “fl”.

5 Results and Evaluation

The presented framework was evaluated in different stages and in different stud-
ies. The results of an initial user study and a broader study in an exhibition are
presented in the following.

5.1 Multi-touch Interaction

An initial user study was carried out to test the multi-touch interaction frame-
work. The study was conducted with 9 participants, 3 female and 6 male, with
a mean age of 26.8 years (ages 23—-38). The test setup was the following: The
subjects had to solve simple geospatial tasks to get information about certain
places in the world. For example, they had to navigate (with pan, zoom, rotate
and tilt) to Washington, D.C., find the Washington Monument and gather in-
formation about the monument, the Lincoln Memorial and the Capitol. Another
task was to measure distances on the globe. During the test the users were asked
to “think aloud”. After the actual test users rated the map navigation tech-
niques by filling out a questionnaire based on ISO 9241-110 (five-point rating;
lower scores denote a better rating) and inspired by [20]. The total time of the
experiment took about 60 minutes for each participant. In general users gave
good rates (between 1 and 2) with small confidence intervalls (see Fig. B)). The
only outlier was the error tolerance because the tilting gestures caused problems
for some users.

5.2 Multi-user Interaction

The multi-touch framework proposed in Sect. Bl was also evaluated in a multi-
user scenario. A sample application on a large-scale multi-touch screen based on
the framework was installed during a technology exhibit called “Germany ‘Land
of ideas’ ” in a pedestrian underway in the city of Miinster for one week. In the
following first insights gained from this deployment are provided. The focus of
this study lies on the observation of spontaneous and group interaction patterns.
The vide(ﬁpresents the short impression of the installation. The ambient nature

3 Hightech-Underground on youtube:
http://www.youtube. com/watch?v=270SoDdU2fk
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Suitability for the task
Self-descriptiveness
Controllability

Conformity with user expectations
Suitability for individualization
Error tolerance

Suitability for learning

1 2 3 4 5

Fig. 3. Results of the user interface evaluation questionnaire

Fig. 4. User interacting at a large-scale multi-touch displays in a pedestrian underway
in the city of Miinster, Germany, during a hightech exhibition in Oct. 08

of this wall setup does not attract users by itself. Users watching other people
interacting with the application before they interact seem to be less shy and
more experimental [2I]. Users rarely performed the proposed interaction scheme
as depicted in Fig. @1-3. Instead of navigating to a POI (see Fig.@1) and open
the detailed information (see Fig. dl2) and closing it again (see Fig. [#3). Users
had fun performing various gestures: rotating, flipping, scaling the digital globe.
This “fun-factor” played an important role. Most users were not so interested
in the presented information that was intended for this exhibition but rather
interacting with the globe in order to look for their house, vacation houses and
tennis court (see Fig. B}7). Although designed for single users, the application
was mainly used by groups of 2-8 people. An exemplary group of elderly men re-
veal this highly interactive group communication in Figs. Bt5-[B8. After reaching
the wall the first user (with a cap) starts to interact with the globe (see Fig.[Bt5).
Immediately a discussion about the map begins (“Where is our tennis court?”).
A second user (with a red jacket) looks over the shoulder of the first one (see
Figs.[bl6 and[B7), leans forward and takes over the interaction part (see Fig.[G}8)
[22]. Thus, user groups of different sizes are able to collaboratively interact with
the single-user application. The formerly described “Teacher-apprentice setting”
[11] also plays a role in this study. Examples for this are shown in Fig. [@l In
many cases one person (teacher) shows or explains something to “the student”
(see Figue[Bl8). Another collaborative interaction is shown in Fig. [G}12. A team
of users performs parallel zoom-gestures. Our preliminary investigation of the
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Fig. 5. User interacting at a large-scale multi-touch displays in a pedestrian underway
in the city of Miinster, Germany

Fig. 6. User interacting at a large-scale multi-touch displays in a pedestrian underway
in the city of Miinster, Germany

data we have collected, largely verifies findings from literature. We could find
similar interaction patterns as Peltonen [I1] namely: “huge amount of team-
work” (consider FigsB5-7), “Pondering grip vs. grandiose gestures” (consider
Figs[B}8), “Leaving a mark” and “Teacher-apprentice setting” (consider Fig[Gt8).

In accordance with a survey we conducted in previous work [2], we observed
that in practice most people seem to use digital globes to answer simple ques-
tions, like: “where is my house?”, “how does the vicinity of a particular area look
like?”, “where is our tennis court?” and so on. We also recognized the interaction
zones already identified by Prante and Vogel. However, here we have observed a
much finer and dynamic distinction between different zones when multiple users
are involved. Since the closest zone has enough space to accommodate multiple
users, we could observe different types of interaction ranging from synchronous
and asynchronous interaction in time and space. It often happened that users
where switching zones, for example the user with the red coat in Fig. (57, first
observes at a certain distance and then suddenly moves towards the wall to inter-
act in the same space as the user in front of him at the same time. Synchronous
interaction in time but not in space can be observed in Fig.[6t9: here both users
have their “own” area of the wall were they interact. What is very interesting
is that the size of the wall and the type of application seems to afford these
different interaction patterns. Being designed with a single user in mind, the ap-
plication would not support these types of interactions. Still our users naturally
appropriated the application and tried to overcome the deficits of the interface
design. This could point designers of user interfaces of large multi-touch surfaces
in two directions, to take an expensive or a cheap approach: it could mean to
carefully design interaction methods that take care of time and space and allow
for both asynchronous and synchronous interaction in space and time, or to just
ignore this and design a simple but useful single-user application that people
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enjoy (and then appropriate for group usage). Of course the latter case makes
only sense in settings such as the one presented in this paper: a playful virtual
globe application, which aims at interaction spans of minutes rather than hours.

6 Implementation

We used a low-cost, large-scale (1.8m x 2.2m) multi-touch surface that utilizes
the principles of Frustrated Total Internal Reflection (FTIR) [I0] as display and
touch input device. The Wii Balance Boardd as foot input device is wirelessly
connected via Bluetooth and GlovePidd and is used to stream the sensor data
from the Wii Balance Board to the application. The image processing and blob
tracking is done by the Java multi-touch 1ibraryﬁ, developed at the Deutsche
Telekom Laboratories. The library provides the touches as a server using the
TUIO-protocol [23]. The application is based on NASA World Wind1 using the
Java-based SDK. The exhibition setup was nearly the same, but without the
Wii-Board and the associated components. The exhibition took place for one
week in an old pedestrian underway in the city on Miinster. This underway is
normally closed due to construction defects, but was reopened for the event from
10 am to 6 pm every day. Nearly 1200 people attended the exhibit. We installed
a video camera to record the user and group interactions and this was clearly
identified by the visitors. In addition in the “semi-wild” exhibition environment
there were many other technical challenges to tackle (lightning, seeping water,
vandalism etc.).

7 Conclusion and Outlook

In this paper, two steps of a framework for geospatial operations are presented.
In the first step multi-touch gestures to navigate and manipulate spatial data
are derived from a usability inspection test. Based on the results of the multi-
touch framework a first concept and implementation of the combination of multi-
touch hand and foot interaction is provided. The combination of direct, position
controlled (hand) with indirect, rate controlled (feet) input is proposed and
evaluated in an initial user study. While hand gestures are well suited for rather
precise input foot interactions have a couple of advantages over hand interactions
on a surface: (a) it provides an intuitive means to input continuous input data for
navigation purposes, such as panning or tilting the viewpoint, (b) foot gestures
can be more economic in the sense that pushing once weight over from one
foot to another is less exhausting than using one or both hands to directly
manipulate the application on the surface, e.g. when trying to pan a map over
a longer distances, (c) it provides additional mappings for iconic gestures, for

*le3nin.nintendo.com/wii_fit.html

S http://carl.kenner.googlepages .com/glovepie
Shttp://code.google.com/p/multitouch

" http://worldwind.arc.nasa.gov/java/
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single commands. In a more general way foot interaction provides an orthogonal
horizontal interaction plane to the vertical multi-touch hand service and can
be useful to improve the interaction with large scale interaction multi-touch
surfaces. In a second study the pure multi-touch approach was used to analyse
multi-user interaction with geospatial data. The first results are that geospatial
like virtual globes highly support group communication and interaction with the
wall on one side and more hierarchical structure like the “Teacher-apprentice
setting” on the other side. The different interactions have to be investigated
more in detail.

In future there is a need for exploring the combination of interaction both planes
for spatial tasks further, but this certainly has a huge potential for interaction with
spatial data or even for more abstract visualization that uses a 3D-space to orga-
nize data. This paper presents first steps how additional modalities can overcome
navigation problems with virtual globes and let users interact more intuitively and
presumably even faster with virtual globes on multi-touch surfaces.
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Abstract. The Pie Segment Slider is a novel parameter control inter-
face combining the advantages of tangible input with the customizability
of a graphical interface representation. The physical part of the interface
consists of a round touchpad, which serves as an appropriate sensor for
manipulating ring-shaped sliders arranged around a virtual object. The
novel interface concept allows to shift a substantial amount of interaction
task time from task preparation to its exploratory execution. Our user
study compared the task performance of the novel interface to a com-
mon touchpad-operated GUI and examined the task sequences of both
solutions. The results confirm the benefits of exploiting tangible input
and proprioception for operating graphical user interface elements.

Keywords: Menu Interaction, Circular Menu, Continuous Values.

1 Introduction

A tangible representation of digital information can help users to understand and
operate complex systems. Many such interfaces deal with the spatial manipu-
lation of virtual objects, which are directly and intuitively controlled through
physical representations (e.g. [22], [21], [7], [I0], [8]). However, if it comes to
the control of abstract parameters (e. g. sound, colors or system parameters) ex-
ploiting the benefits of tangible interaction techniques is not as straightforward.
For abstract parameters, users find it often difficult to directly specify a desired
value on a scale without adjusting it and perceiving the result. We argue that
appropriate control interfaces should therefore emphasize on direct manipulation
of a parameter value rather than on targeted selection.

We developed the Pie Slider interface (fig[Il) to combine the benefits of tan-
gible interaction (namely tactile constraints and proprioception) with those of
graphical representations (namely customizability and definable range) for effi-
cient manipulation of varying parameter sets. The design of our novel interfaces
is strongly influenced by the observation that workflows in complex applications
do not only involve the manipulation of parameters, but an important amount
of time is also spent on preparations (e. g. tool selection). With the development
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Fig. 1. The Pie Slider for color adjustments

of the Pie Slider we aimed at reducing the required time for the selection of
parameters and emphasize on the actual manipulation of their respective values.

The design is based on two major principles:

1. The design of the graphical interface and the tangible input sensor resemble
each other as such that the user can control the system without looking at
the input device.

2. The starting point for input on the device’s surface defines the parameter
to adjust, while the relative motion of the finger on the surface changes its
value.

Our work contributes to research regarding the exploitation of tangible con-
straints for supporting the user’s input as well as circular menu systems and
sliders. To evaluate the usability of the Pie Slider interface we performed a
controlled user study. The results confirm the benefits of exploiting real world
references such as tangible devices and proprioception for operating graphical
user interface elements.

2 Tangible Constraints

Ullmer etal. [20] introduced the concept of core tangibles to facilitate menu
interaction and parameter adjustments using tangible interfaces for various ap-
plications. They use physical menu cards (t-menus) for the association of digital
content with interaction trays, which contain sensor electronics for the selection
and manipulation of items and parameters depicted on the t-menus. Labels for
tangible interaction devices may also dynamically change. Kok and van Liere
[13] used an augmented reality setup to analyze the impact of passive tactile
feedback as well as the co-location of input action and visual representation on
interaction performance. They demonstrate significant benefits for both inde-
pendent variables in experimental tasks consisting of menu selection and slider
adjustments. TUISTER [2] and DataTiles [I8] are two other examples of a tan-
gible user interfaces that allow to dynamically exchange the data reference of



The Pie Slider: Combining Advantages of the Real and the Virtual Space 95

the tangible device. The concept of data tiles also includes specific parameter
tiles for a visual representation of linear or circular sliders. They carry tactile
grooves for providing passive tactile feedback for the constraints of the respective
interface.

Parameter adjustment by circular sliders in combination with passive haptic
feedback provided by a physical input device can be also found in the watch com-
puter interaction system of Blask6 and Feiner [I] as well as in some commodity
computer devices like the iPod™ scroll wheel. Empirical comparison of such
touch-based interfaces with tactile guidance to physical scroll wheels [24] and
jog dials [15] revealed that the semi-tangible approach is not necessarily worse
in terms of task performance. The touch sensitive scroll ring even showed advan-
tages over the physical scroll wheel in a document scrolling task, since clutching
was not required and thus large distances were covered more efficiently [24].

3 Selection and Adjustments

PieMenus [11] and marking menus [I4] are prominent examples of circular se-
lection layouts and their advantages with respect to certain workflows in hu-
man computer interfaces have been demonstrated [3]. Circular gestures allow for
continuous position-controlled input without requiring clutching [19], [16] and
they provide a very intuitive and efficient way to adjust the motion velocity.
FlowMenus, introduced by Guimbretiére etal. [9], incorporate an attempt to
combine circular menu layouts with rotational adjustments of parameters. They
allow the user to select a parameter from a circular menu, which can then be
adjusted with circular motion input in a fluent gesture. Such a combination of
parameter selection and adjustment can also be found in control menus [I7],
where the parameter’s value is not adjusted with circular, but with linear mo-
tion input. However, McGuffin et al. reported that users were having difficulties
in adjusting continuous parameters with both techniques, which did not make
use of the tangible qualities of the employed input devices. The authors propose
another integration of circular parameter selection and subsequent adjustments,
which they call FaST sliders. Here users adjust linear sliders that appear after
the selection of a parameter from a circular marking menu.

4 The Pie Slider

Previous research has demonstrated the efficiency of circular touchwheels for
scrolling tasks [24], [I5]. This interaction method may also be applied for the
adjustment of other, more abstract parameter sets influencing e.g. image or
sound characteristics and thus be employed for the design of remote controls for
media commodities or public displays. Adjusting the appearance of an image
may require modifications in contrast, brightness and saturation. Tuning sound
may involve the adjustment of volume and stereo balance or the manipulation
of several bandwidth-dependent parameters. Obviously the parameters in each
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Fig. 2. Specifying a shadow effect with the Pie Slider

set should be displayed together to support adjustments of all relevant factors
in a concerted fashion.

Touchwheels provide relative isotonic input. It is therefore not relevant where
the user starts the circling input motion. In contrast, touch sensors report the
absolute finger contact position. We propose to exploit this information for pie
menu-like parameter selection. We segment the circle into as many sections as
there are parameters belonging to a specific set. For example, for color manipula-
tions in HSV color space we segment the circle into three segments (fig[Il). Using
a touch-sensitive device instead of a mechanical jog dial or knob allows for vari-
ous segmentation configurations. Circular-shaped input devices such as a touch
wheel or a circular touchpad serve as a prop for circular layouts of graphical user
interfaces. To select one of the presented parameters the user simply taps into
the corresponding zone of the touch device and starts adjusting its value with
continuous input motions along the rim (fig 2). During the continuous finger
motion the areas of the other parameters can be passed without changing the
selection. Thus the parameter range can be mapped to a full 360 degrees circular
motion or even to multiple physical rotations if more precision is required.

We decided to use a circular touchpad instead of a touchwheel because touch-
pads are often built into handheld devices and mobile computers for cursor
control. Furthermore, the touchpad provides two degrees of freedom instead of
only one available with the touchwheel. We use a polar coordinate system for
operating the pie slider with a circular touchpad. The angular value controls a
parameter value. The radius can be used to switch rapidly between the initial
and the newly set value. Moving the fingertip back to the touchpad’s center re-
sets to the initial value, moving back to the circular border sets it again to the
recent adjustment (figBl). Thus the user can rapidly switch back and forth be-
tween both values to evaluate the effect of the recent parameter change. Lifting
off the finger at the circular border confirms the newly set value while the value
remains unchanged otherwise.

The basic motivation for the Pie Slider is to preserve the adaptability of virtual
representations while providing just enough tangibility to facilitate efficient and
precise interaction without forcing the user to visually control input actions.
The circular touchpad acts as an appropriate tangible prop for operating the Pie
Slider. Interaction thus benefits from proprioceptive and passive tactile feedback
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Fig. 3. Undo, redo and confirmation with the Pie Slider
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both for tapping on discrete selection items and for the relative circular slider
adjustment by the motion of the finger along the touchpad’s rim.

Circular arrangements do not only have advantages regarding the accessibility
of items and the option of continuous motion, but also they can be placed around
an object of interest without obscuring it (fig [ll). Thus the user’s focus can be
kept on the object being modified rather than on a menu placed somewhere
else on the screen. Webb and Kerne [23] developed the concept of in-context
sliders and demonstrated the benefits of placing a slider interface within the
respective object area on the screen without occluding it like pop-up menus
often do. Instead of positioning the slider in an overlapping fashion within the
respective object, a similar effect can be achieved with circular menus and sets
of rotational sliders framing the object of interest.

5 User Study on a Color Adjustment Task

We implemented an hue-saturation-value (HSV) color adjustment task to an-
alyze the usability and performance of the pie slider (circular condition) and
compared it to the commonly used linear sliders (linear condition). The goal of
the task was to match the color of a displayed square to a given color shown in an
adjacent square (fig@). The color of the upper square was directly manipulated
by the user while the lower square displayed the target color. Once the color
had been set correctly, the task was completed and the next trial automatically
started. Only one parameter had to be adjusted at a time to minimize the influ-
ence of individual color adjustment skills. The respective slider was highlighted
by a white outline. The other two parameter sliders remained operational, but
in case of mis-activation, the input was reset after lifting up the finger.

During the circular condition the screen displayed the three HSV controls as
equally distributed ring segments with hue at the top, saturation at the lower
right and value assigned to the lower left sector (fig[4al). For the linear condition,
the controls were horizontally stacked with hue on top, saturation in the middle
and value at the bottom (fig BH). All sliders incorporated a wiper or handle,
indicating the current setting.

We assured that the related variables including the size and appearance of the
visual interface and the tolerance of setting were comparable across both input
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(a) Circular Sliders (b) Linear Sliders

Fig. 4. Slider Menu for HSV Color Adjustment

conditions. With respect to the input motion requirements, this was not always
possible, but we tried to balance them by adjusting lengths and distances for the
linear slider condition to corresponding length and distances along the circular
perimeter for the circular condition.

The Pie Slider enabled direct parameter selection through finger contact in
the corresponding zone of the touch device. After selection, this parameter could
be manipulated by circular motion. Lifting the finger off from the touchpad
completed an adjustment. The linear condition provided the same functionalities,
but in a different way. Common linear sliders had to be manipulated by a cursor.
The wiper could be selected using the cursor and dragged to the target position.
Moving the pointer off the slider area did not result in losing the connection to
the wiper.

As a shortcut method in the linear condition, the slider could be selected at a
specific position by directly pointing at it, which caused the wiper to jump to the
selected value. Since the slider controls in the experimental application visually
represented their parameter space, the users could directly aim at the desired
value and then drag the wiper only if fine adjustments were necessary. This
interaction method may be more efficient in cases where the target value is known
beforehand as in our test scenario. In many real world applications this approach
is not as helpful, since adjusting values is more often an exploratory task in which
users actually want to visually track the continuous changes between a sequence
of values.

Besides the control technique, we included further independent variables in
the studies, namely the type of color parameter that had to be adjusted and
the distance between the starting and the target value. We expected differences
in the cognitive effort to adjust hue, saturation or value resulting in an impact
on task completion times. For the variable distance, we defined five conditions
based on a linear relation to the index of difficulty as defined by Fitts’ Law][G].

5.1 Task Modeling

We modeled the color adjustment task for the linear and circular condition
using the Keystroke Level Model ] to predict task execution times for common
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desktop interfaces. We expected mental operations for task initialization as well
as for visual attention shifts.
For the Pie Slider we identified the following sequence of operations:

1. M;ni:: Mental operation to initialize the task

2. Kgereet: Segment selection as an equivalent to a Keystroke
3. Aqdjust: Circular dragging operation for adjustment

4. Beonfirm: Button or touchpad release for confirmation

This leads to the following equation:
Tcircular - T]\/[ + TK + TA + TB (]-)

For the linear slider condition we identified the following sequence:

M;.i:: Mental operation to initialize the task

Miearcn: Mental operation to identify the pointing target
Pselect: Coarse pointing to the desired value

Bpick: Press button to drag wiper

Agrag: Linear dragging operation for adjustment

B, ciease: Button release to confirm action

S St W=

Leading to the following equation:
Tiinear =T +Tu +Tp+Tp+Ta+1Tp (2)

Based on this model we assumed that using the Pie Slider would be more ef-
ficient due to simplified parameter selection. We wanted to evaluate this model
and get insights into the influence of the apparatus used to perform the modeled
task sequences. To compare the recorded execution times of our study with the
predicted task sequences, we distinguished the selection phase and the adjust-
ment phase of the task. We used touchpad or button contact events as a trigger
to distinguish the two phases. Note that within the linear condition the color
adjustment could be partially or fully achieved during the selection phase by
directly pointing into the proximity of the target value. Selection and adjust-
ment operations of incorrect parameter controls were logged separately in order
to compare the likelihood of making errors with each interface and to get more
accurate data on the time distribution among task sequences.

5.2 User Study

Experimental Setup. The study was conducted on a desktop set-up using
a 30” LCD graphics display for visual stimuli. The visual control interfaces of
both techniques stretched over 30 cm (in length or diameter) on the screen. The
participants were seated at approximately 1m distance to the screen and we
asked them to place the input device on the table such that they felt comfort-
able. Both conditions were based on touchpad-based input. The employed sensor
device provided an active area of 62.5mm x 46.5mm. In the linear condition the
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touchpad operated the cursor, while in the circular condition, the device served
as a tangible reference to the displayed parameter set. Here the touch-sensitive
area was covered by a 2mm strong plastic plate leaving a circular area of 44mm
in diameter unmasked for touch input. Thus the linear condition was operated
with relative motion input for selection as well as slider adjustments, whereas
the circular condition exploited absolute position input for selection and relative
motion input for adjustments. To balance precision and rapidity, a non-linear
transfer function as known from pointer acceleration in operating systems was
applied to motion input in both conditions.

Participants. Six female and ten male users aged between 20 and 33 years
participated in this study. All of them were students in engineering, fine arts or
humanities. None of them reported to have issues with color perception.

Design and Procedure. First, our participants were introduced to the devices
and interaction techniques used in the study. Then they were given a training
session to learn procedures of the color adjustment task in both menu conditions.
After a short break 75 color adjustment tasks were recorded for the first menu
type, followed by another 75 with the other one. The order of the technique
conditions was balanced between users. To minimize fatigue every 15 subsequent
trials short breaks were detained. One sequence included each of the three color
parameters combined with five distance conditions respectively. To assure that
color differences could easily be distinguished we applied a tolerance level of 4%
and conducted pilot studies to specify color values for start and target that are
perceptionally easy to identify. The predefined values were listed in a database
and randomly presented to the participants, while assuring that no specific color
adjustment task was repeated.

Hypothesis. We estimated the average time required for task execution with
the pie slider [@]) and the linear sliders (@) by using the execution time predictions
(in seconds) provided by Card etal. [5] as well as John and Kieras [12]:

T=135+028+T4+01=173+Ty4 (3)

T=1354+135+1.1+01+T4+0.1=4.00+Tx (4)

The required time for color adjustment (T'4) could not be obtained from the
literature. Even though on the motor level it is a simple dragging operation, we
expect longer execution times due to cognitive load. In both conditions slider
adjustments were controlled with relative motion input and a comparable con-
trol display gain. But while the distance between start and target value could
only be covered with slider motion (74) in the circular condition, the linear
condition enabled to shorten this distance by pointing close to the respective
target value on the slider. In this case T4 can become zero if the user points
very accurately. However, we assumed that cognitive processes of comparing
two colors have a higher impact on operation times than the distance. Hence we
based our hypotheses on the assumption that adjustment operations will require
a comparable amount of time in both conditions.
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— H1: The time required for the selection operation will be significantly longer
for the linear condition.

— H2: The times for the selection subtask will contribute the main differences
in task completion times.

— H3: The Pie Slider will perform significantly faster for the color adjustment
task than the linear sliders.

— H4: Distance will have a stronger impact on task completion times for the
circular condition.

5.3 Results and Discussion

Data was collapsed and entered into a 2 (technique) x 3 (parameter) x 5 (distance)
analysis of variance with the order of techniques as between-subjects factor. Or-
der of techniques showed no main or interaction effect. Bonferroni adjustment of o
was used for post-hoc comparisons. We found significant main effects on task com-
pletion times for the factors technique (F(1,14) = 5.26, p < .05) and parameter
(F(2,28) = 4.02, p < .05) as well as a significant interaction between technique
and distance (F(456) = 3.46, p < .05).

Task completion times were significantly shorter for the circular condition
(5.12s) than for the stack of linear sliders (5.74 s), which confirms H3. A closer ex-
amination of the task phases (fig[Bl) shows that parameter selection took 75% less
time in the circular condition (0.67s) than in the linear condition (2.75s), which
confirms H1. In both cases the selection time is much shorter than expected.
We suggest that the task did not require the expected time for initialization, be-
cause the users were repeatedly performing it. When subtracting the expected
1.35s for this mental operation, the predicted values get close to the recorded
data. The average time for the adjustment operation was 3.34s in the circular
and 2.84s in the linear condition. The time advantage of the linear condition
may result from differences in the involved motor operations. However, since
users were provided with information on the target value, it is more likely that
it stems from the described possibility of pointing close to the target value during
the selection phase.
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Fig. 5. Task phases per menu type
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The results indicate that the performance advantages of the circular condition
mainly stem from the facilitated selection process, but we cannot see the huge
advantage (summing up to 1.58s) in the overall task completion times. This is
due to the differences in the errors. The sum of incorrect selection and adjustment
time is much higher for the circular condition than for the slider condition (1.26s
vs. 0.17s). We observed that the benefit of a facilitated selection process comes
with the drawback of a higher likelihood of incorrect selections.

The task completion times for hue, saturation and value are 5.72s, 5.43s
and 5.14s, respectively. Post-hoc comparisons showed a significant difference
(p < .05) only between hue and value, which indicates a higher cognitive effort
to adjust hue. The parameter hue consisted of several color ramps between the
primary colors, whereas the control of value can be intuitively mapped to the
one-dimensional ("more or less”) scale of a slider.

A closer analysis of the interaction of technique with distance does not sup-
port H4. Task completion times for the circular condition does not consistently
increase over the five distance values (5.03s, 4.92s, 55, 5.07s, 5.59 s - from short
to long distances), but only with the largest distance. However, the task com-
pletion times recorded in the linear condition expose a variation that seems to
have even less correlation with distance (5.45s, 6.08s, 6.02s, 5.48s, 5.69s — from
short to long distances).

In summary we found that the participants of our study rapidly became pro-
ficient in operating our novel parameter control interface. The performance of
the Pie Slider interface was significantly better than the performance of the
commonly used interaction technique for manipulating virtual controls on the
screen. We observed that direct pointing on a tangible device is more efficient
than screen-based interaction with virtual tools - even though the on-screen
targets were much larger in our study than in common graphical user interfaces.

6 Conclusions and Future Work

The Pie Slider facilitates the rapid selection of the parameter to be adjusted
and allows users to spend most of the interaction time on its actual parameter
adjustment. Our approach combines advantages of tangible control devices such
as proprioception and tactile guidance with those of graphical user interfaces
including scalability and dynamic labeling. The comparison of the Pie Slider
to the common linear slider interface showed the overall usability of the devel-
oped approach for the adjustment of parameter sets. We observed that users
rapidly become proficient with the hybrid interaction technique consisting of
absolute point selection and relative motion input. Significant performance ben-
efits were found for absolute pointing within the tangible reference frame of the
circular touchpad. However, we also observed that such accelerated interaction
techniques do not only facilitate intended operations, but also unintented ones.

Our aim to shift interaction time from the preparation of the task to its op-
eration could be achieved with the design of the Pie Slider. Our results prove
that even in tasks where the target value is known beforehand the novel inter-
face is competitive to common approaches providing the possibility for directly
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selecting a target value. We suggest that in cases, where the desired value is not
known beforehand, but needs to be explored through continuous manipulation,
the Pie Slider would show even stronger performance advantages.

We believe that the presented interaction technique is beneficial for many
applications that require the adjustment of abstract parameters. The inherent
adaptability of the interface suggests a generic implementation for indirect in-
teraction on various display systems including home entertainment and presen-
tation displays for advertisement or data visualization. Besides integrating the
novel parameter control technique into such applications, we will further develop
and analyze interaction techniques that facilitate task preparation and empha-
size on the exploratory adjustment of parameter values.
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Abstract. Modern premium automobiles are equipped with an increas-
ing number of Electronic Control Units (ECUs). These ECUs are in-
terconnected and form a complex network to provide a wide range of
advanced vehicle functionality. Analyzing the flow of messages in this
network and tracking down problems has become a major challenge for
automotive engineers. By observing their working practices, we found
that the tools they currently use are mostly text-based and largely fail
to provide correlations among the enormous amount of data. We estab-
lished requirements for a more appropriate (visual) tool set. We followed
a user-centered approach to design several visualizations for in-car com-
munication processes, each with a clear purpose and application scenario.
Then we used low-fidelity prototypes to evaluate our ideas and to identify
the “working” designs. Based on this selection, we finally implemented a
prototype and conducted an expert evaluation which revealed the emer-
gence of a novel mental model for thinking about and discussing in-car
communication processes.

Keywords: Information Visualization, User-centered design, In-Car
Communication Networks.

1 Introduction

An increasing variety of functionality is provided in premium automobiles to
enable more efficient, enjoyable, and safer driving. This has led to an increasing
amount of hardware in the form of Electronic Control Units (ECUs), as well as
new software components in these ECUs. In the last several years, many inno-
vations and new functions were realized by interconnecting ECUs to share infor-
mation within the vehicle in new ways. The tremendously increased complexity
of today’s in-car communication networks is the consequence. Modern premium
automobiles currently contain up to 70 ECUs, interconnected by four major bus
technologies (CAN, MOST, FlexRay, LIN). Some of these ECUs are even con-
nected to all of these bus technologies, and a massive amount of information
is distributed by exchanging messages. Current in-car communication networks
have to deal with up to one million messages per minute, and each message in
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turn transports a certain amount of signals representing sensor measurements
and status information.

With this increasing complexity, engineers are more and more challenged in
terms of analyzing errors and diagnosing faulty vehicle behavior. They are per-
sistently confronted with an enormous amount of data generated by bus traffic
scans and network simulation systems. To address this problem, specific tools
were developed to support analysis experts in comprehending in-car communica-
tion processes. However, the tools that are currently available are mainly based
on textual descriptions and lack presentation of cause and effect relations. How-
ever, to gain a deeper understanding of the bus communication, it is necessary
to clearly see the temporal (or even causal) relation between messages.

To support this communication analysis, we propose a graphical representa-
tion of the temporal relation between messages. We describe our three-phase,
user-centered design process and the experience with applying our tool in a real,
industrial environment for the diagnosis of in-car communication. The fact that
this is a true expert domain requires close cooperation with users to clearly
understand their working practices and to fine-tune solutions to their needs.
Tools which do not adhere to this design strategy will most probably turn out
to be inappropriate [I7]. In this paper we present a working example how a
user-centered approach can be applied to design information visualization in an
industrial environment, namely the automotive industry, and how this led to an
novel, appropriate visualization concept. A central point of our approach is to in-
volve domain experts - the rarely available automotive analysis experts - closely
in every stage of the design process. According to the specific requirements of
each phase we used different human-computer interaction (HCIT) methods to ob-
tain a suitable, comprehensive visualization design. We used user observations
and guided interviews in the analysis phase, evaluated a number of designs by
means of low-fidelity prototypes and conducted an expert user study with a fully
implemented prototype in the evaluation phase.

2 Related Work

In HCI, many people have investigated user-centered design approaches [SITTIT2].
However, in the field of information visualization designers often neglect these
HCT principles and develop inappropriate system designs. In the recent past,
things have started to change and the fundamental relevance of a user-centered
approach for the success of information visualization systems is recognized in
[BIGITAT7IT9]. Wijk [I7] for instance ascribes the fact of many poor designs to
a gap between the visualization researcher and the domain experts. The de-
sign often suffers from the fact that these two parties have an entirely different
background and expertise. Wijk therefore proposes a user-centered design ap-
proach to clearly understand the end users’ needs and limitations. Wassnik et
al. [19] also discuss the adaption of user-centered design approaches from HCI
and their transfer to interactive visualization systems. They propose a highly
iterative design process with prototypes of different fidelities and their evalua-
tion. Particularly, a detailed analysis of the users, their tasks and environments
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is strongly recommended to solicit actual needs. A few existing projects have
already applied a user-centered approach to develop information visualization
systems. Goodall, et al. [4] for instance designed a visualization system to sup-
port network traffic analysis for intrusion detection. To get insight into the users’
needs they used contextual interviews [7] and derived system requirements for
this specific application area.

In the analysis of current working practices, we found several expert tools used
by automotive engineers to analyze in-car communication data. These tools are
directly related to our work because they represent the current practices, which
we want to improve by extended use of information visualization concepts. Can-
alyze is one of the most frequently used software tools. It is an expert analysis
tool integrated into a tool chain to work with automotive bus systems and com-
munication networks and the de-facto standard tool for error diagnostics and
network analysis. The user interface of Canalyzer has shaped the way in which
engineers think and work right now. It provides a variety of modules to textually
represent data in lists and also supports some basic, non-interactive visualiza-
tion, such as line and bar charts, gauges, status bars, or a topology view of
the ECU network. While on the technical realization side, this tool provides a
wide functionality and professional way to support the engineers’ needs, there
is a high potential for improvement by providing interactive information visual-
ization. Several other tools are available and used for analyzing in-car commu-
nication processes. One relatively new tool is Tracerunnein, which differs from
the rest by a stronger use of color coding and the occasional use of relatively
sophisticated visualization techniques. In addition to the textual information,
for instance a map can represent GPS data, a compass can show the current
orientation or a speedometer can be displayed. Furthermore, there are several
in-house tools from automotive companies which have roughly the same use case
mapping and functionality range as Canalyzer or Tracerunner. These tools are
mostly directly adapted to product-specific requirements. One common obser-
vation was that none of these tools really supports the user with interactive
information visualization techniques.

3 Analysis: Current Working Practices and Users’ Needs

Studying the User. In order to design a system for such a special target group,
it is very important to clearly understand their current practices and needs [19].
We conducted two different kinds of user studies for this. First, we used a mixture
of a user observation and a guided interview to get direct insight into the daily
routines of the experts. Two observers sat next to one analysis expert, observ-
ing his/her daily work, taking notes and asking questions about unclear points.
Then, we enriched these observational studies with guided expert interviews to
directly focus on our interests - the current use of visualization and the expected
added value of visualization in this area. The interviews were conducted after

! http://www.canalyzer.de
2 http://www.tracerunner.de
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the user observations. In doing so, we avoided distorting the results of the ob-
servational studies by prematurely informing the user about our interests. We
conducted these studies with eight experts, all working in the analysis and diag-
nosis of in-car communication processes. Each study took 1-2 hours depending
on the amount of time the experts were willing to contribute. In a second step,
we designed an online questionnaire to contact a wider range of analysis experts
and to directly address our findings from the observations and interviews. The
focus was mainly on currently used tools for diagnosis, the variety of use cases
they have to deal with, and the current usage of visualization. In this process,
we received feedback from 23 more experts and confirmed our previous findings.

Results of the Studies. Not surprisingly, we encountered a very high degree
of specialization in the underlying domain. When watching an engineer browse
through an in-car communication network data trace, a layman would not be
able to follow the quick and complex thoughts and conclusions which are made
within seconds, mostly because of the complex and very specific way in which
engineers read and interpret the data shown in hexadecimal code. Every engi-
neer has her/his expertise in one particular field of the network, for instance
in two motor management ECUs. All codes used there are familiar to the engi-
neer and easy to interpret. But if the expert wants to explore data beyond the
usual, well-known scope, s/he has to browse through unknown, non-interpreted
hexadecimal code and mapping the functions soon becomes a tenacious and
time-intense activity. The most important software tools were Canalyzer and a
number of in-house tools. Which tools the engineers preferred, mostly depended
on personal preferences, usage by colleagues within the same department, ca-
pabilities of the tool and license fees. The tools are mostly based on textual
description of communication data with long lists of raw communication data.
This raw data is very important for the engineers to exactly understand the de-
tails in the communication process and to identify the precise point of failure.
However, for understanding coherences, dependencies, and trends this form of
data presentation is useless. The tools also support some basic visual descrip-
tions, for instance a line graph or progress bars for signal values. However, in the
interviews and questionnaire we learnt that these visualizations did not match
the experts’ needs. All subjects strongly demanded a higher degree of visual sup-
port in the analysis process. Furthermore, we found that users frequently worked
with multiple parallel and sequential views to provide different perspectives of
the same dataset (e.g., a line chart and a hexadecimal information list), for si-
multaneously looking at different timestamps (e.g., looking for similar or cyclic
settings), or for comparing different datasets. Although these multiple views were
often used, the current tools poorly support a proper coordination between them.

Derived Requirements. From our formative studies we derived the follow-
ing common requirements for improving the current practice:

Enhance Visual Support and Interaction. Novel visualization methods have to
be considered and evaluated regarding their usefulness and adequacy for human
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perception. While the detailed representation in current tools is sufficient for
parts of the task, visualization techniques must be used to gain more insight into
correlations, dependencies and overview aspects. Additionally, the subjects of the
studies demanded those visualizations to be highly interactive and to support
direct manipulation [13] to allow usable and extensive exploration techniques.

Support Preattentive Processing. Human perception is neither efficiently used
by browsing endless data tables nor by recognizing small hexadecimal changes
within them. However, the users we observed spent plenty of time searching
and navigating these lists. The effect of preattentive processing [I5] of certain
graphical features, such as color or shape, can reduce the perception time for
the existence, absence or number of graphical items on the stage. Including this
consideration into the design process means keeping the colors and shapes of
any visual vocabulary as simple and subtle as possible, whereas any important
point of interest should pop out of the surroundings [I8/16].

Quick Access to Raw Information. Any piece of raw data from signals, messages
and values must be reachable at any time. An abstraction of the data can be
helpful, but is not preferred for showing hard facts. Hence, the classical List
View with its rich level of detail will remain a central point in the user interface.

Enhance Temporal Structure and Navigation. In-car communication traces have
a strong inherent temporal structure. Message after message is recorded and
written into the trace file sorted by time stamp. However, navigation and orien-
tation in time is poorly supported by the current analysis tools. They just put
all the information in scrollable, ordered lists. As the lists get very large, this
requires a lot of scrolling effort, and - even worse - reduces data to its causal
order and actually hides exact time differences (which can only be found by look-
ing into the detailed information). However, to better understand all temporal
relations, both coarse and fine time information is relevant.

Multiple Coordinated Views. Observing the connection between different visual
data representations can increase the understanding of complex relations in the
datasets. We therefore propose the explicit support of multiple coordinated views
(MCV, [9]). While current tools make extensive use of multiple views, these are
poorly coordinated. A clear and usable coordination concept should support the
user in browsing the data and allow easy switching between views.

4 Design: Creating and Evaluating Novel Approaches

Generation of Ideas. In the idea generation phase, a visualization catalog was
collected, which contained existing views, newly developed visualization concepts
and adaptations of traditional solutions. The proposed concepts were:

— Textual List View: The traditional List or Table View is the most familiar
way to show detailed data and it is extensively used in current tools.

— Classic Visualization Methods: Line and bar charts are frequently used visu-
alization methods. They are easy to understand and therefore have a huge
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potential for representing time-dependent data sets. They have represented
the way people use and think about information visualization for the past
couple of decades (cf. fig. [ (a) and (b)).

— Themeriver: The Themeriver [5] visualization uses a “river” metaphor with
different “currents” varying in width to represent data values. The purpose
of the Themeriver is to give a general overview of trends within time periods
of datasets. (cf. fig. [ (c)).

— Bubble View: The Bubble View was based on scale-free networks [I] used
in bioinformatics. It visualizes different points within an in-car network, for
instance ECUs or functions implemented in the ECUs drawn as bubbles and
directed graphs with arrows between them. Whenever the activity of such
a component increases, the corresponding bubble starts to grow. This was
meant to present a current state of the system and show the “big players”
at a certain time. (cf. fig[Il (d)).

— Autobahn View: The Autobahn View is a novel visualization concept which
we designed according to the outcomes of our analysis phase (cf. section []).
The Autobahn View is based on the metaphor of a crowded highway and
on the fundamentals of a scatter plot. Each bus system is visualized as a
separate group of lanes - the highway. Every bus transports messages from
different ECUs represented by an incorporated horizontal bar - a lane of
the highway. The lanes in turn contain black rectangles - the cars - which
each represent a message sent by the ECU through the bus to another ECU,
ordered horizontally by time. A slightly different view was defined as the
Signal-Autobahn View. This view inherits all principles of the Autobahn
View, but represents transported signals instead of messages (cf. fig. [l (e)).
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Fig. 1. Visualization catalog
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Low-Fidelity Prototypes and Evaluation. To evaluate our design ideas, we
discussed printed versions (cf. fig. [l (a)-(e)) with the same 8 experts we had
observed in the analysis phase. Their input narrowed the visualization concepts
down very quickly and led to a short list of pragmatic design solutions. We asked
them to assign use cases to the visualization concepts and to imagine and illus-
trate in each case an example how it can be used to visualize the underlying
data, e.g.,: “In my opinion the Autobahn View could be used to show message
bursts and to investigate frequencies in sending actions”. Based on this eval-
uation, we classified the visualization concepts into three categories: Strongly
requested, optional, or not requested. The results of this classification as well as
the reasons and the mapped use cases can be found in table [Tl

Table 1. Results of visualization catalog evaluation

View ‘Figure Desire Reasons ‘Nlapped use cases
Textual List|-/- Strongly  |The list view is irreplaceable to|- Showing precise detailed information
View requested |show the detailed data in tabulated|- Exploring data

format (cf. Current Working Prac-|- Monitoring data

tices) - Analyze data
Classic 1 (a) |Optionally |These visualization forms are well|- Showing state of the components
Visualization |1 (b) [requested |known and easy to understand. Ex-|- Showing activity history of components
Methods perts like using them but demand a|- Showing traffic volume

higher degree of interactivity. - Finding transition states
Themeriver |1 (¢) |Not High abstraction level with less|- Showing combined trends

requested [level of detail was assessed to be
not applicable to the in-car com-
munication domain.

Bubble View |1 (d) |Optionally |Although this view had no direct|No use cases found
requested |use case mapping it was extremely
well liked in discussions because of

its innovative character.

Autobahn 1 (e) |[Strongly |This visualization reached a wide|- Finding Errors
View requested |acceptance by the expert users be-|- Monitoring Cyclic Traffic
cause it supported a common men-|- Monitoring the In-Car Communication

tal model with a simple and pleas-|- Getting familiar with the car network domain
ant visual vocabulary. - Explore Cause-Effect relations

5 Evaluation: Building and Evaluating a Prototype

Final Concept. In order to turn the basic concepts into a well-designed tool, we
took the most requested visualization concepts, namely the Autobahn View and
the List View, applied established design guidelines, worked out an appropriate
interaction concept and integrated several features to support the users’ working
practices. These two visualization concepts form the basis of an MCV applica-
tion, allowing the user to work with an arbitrary number of Autobahn Views and
List Views, which can be interactively created. The two concepts each emphasize
different kinds of information. The Autobahn View is used to visualize messages
or signals, both based on their ECU affiliation. A List View can display detailed
information about messages, for instance exact time stamps, included signals,
long name, etc., or, alternatively, about signals, such as the signal’s raw data.
All input from the experts was used to design a coherent interaction concept
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Fig. 2. Screenshot of the application with (a) Message-Autobahn, (b) Signal-Autobahn
and (c) Message-List / Additional arrows show a POI (left) and Sync Button (right)

within the views and a coordination concept between the views. Figure 2l shows
a screenshot of the implemented system.

As an implication of our design requirements, the final concept adheres to
Shneiderman’s visualization mantra Querview first, zoom and filter, details on
demand [I3]. The Message-Autobahn View forms the central part and window
of our application. It is the only view restricted to a single instance and makes
all messages of a given data trace accessible. In general, the Autobahn View is
based on the zoomable interface paradigm (ZUlIs, [2]). Two-dimensional panning
is accomplished by grabbing the view, and zooming by the mouse’s scroll wheel.
Navigating along the x-axis, therefore, enables the user to go back and forth in
time in a convenient and familiar way. At the lowest zoom level, the Autobahn
View accommodates a coarse-grained representation, showing many messages
without fine-grained timing information (OQuverview). The entire representation
is arranged on a horizontal timeline and can show up to 5000 message items in
a time frame of up to 3 seconds on one screen.

By an animated zoom, which takes not more than 300 msecs, the user can
easily get to a higher level of detail (Zoom). Fig. [ shows a sequence of inter-
actions to zoom in to a specific area within the trace. Finding the right levels
of time granularity for each of the four zoom levels was challenging. The car-
system stores time stamps in microseconds. As our observation and interviews
showed, engineers work mostly with milliseconds. The problem, that messages
from the same millisecond, but different microseconds would be shown as par-
allel, was discarded by engineers non-critical. Nevertheless a compromise was
implemented in the form of a user-selected switch between steps of 100 micro-
and 1 milliseconds. In addition, to emphasize the aspect of overlapping messages
in the milliseconds view, a subtle number was set up next to the highest item
which contains the number of messages within this cluster of parallel messages.
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Fig. 3. Zooming stepwise into the Autobahn View

Since not every message or ECU is necessary for a particular use case, a
filter functionality lets the user switch ECUs, messages, signals, or even entire
bus systems off or on (Filter). As all the users had a technical background, a
Boolean syntax was used in a textual filter dialog, e.g., “NOT message-namel
AND NOT message-name2”.

To support the required quick access to non-abstract data, our application
provides three ways to reach this kind of raw data (Details on Demand):

— Selection: Every message or signal on the Autobahn View is clickable. This
single selection opens the List View with all available detail of that particular
message or signal. Besides the single selection, the user can select multiple
items by pressing CTRL and drawing a rectangle over the area for which
more information is desired.

— Preview: Every message or signal item on the stage provides a mouseover
preview showing the name, the hexadecimal code and the time of this mes-
sage.

— Context Menu: In order to show all listed details from one ECU or message,
the user can issue commands such as “List all details” via a rightclick menu.

To support orientation within the mass of time-based data, we integrated a
marking concept to support preattentive popout effects. We used visual markers in
the form of circles filled with exaggerated, saturated colors to emphasize certain
messages or signals - points of interest (POIs) - within the Autobahn View. The
circles are positioned directly over the associated item in the view and pop out
from the pale background. For differently colored POIls inter-POI preattentive
distinction is not supported. In addition, they are shown in a so-called overview
bar. This allows direct navigation between POIs along the entire timeline (cf.
fig. 2)). The concept of POI highlighting is used for:

— Anchors: These are user-defined marks, which can be interactively added to
the stage and filled with explanatory text.

— Search: Search queries can be created through a separate component in which
the user selects certain messages or signals and the system highlights all
matching items. Query parameters are the highlighted color, the name of
the message or signal and an optional value range for signals. A typical
search query would look like “Signal xy>10".
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Time synchronization between Autobahn Views is achieved by a variant of syn-
chronous scrolling [9]. Every Autobahn View has a timedrop component, on
which the local time of the view is shown by a text field and a dotted line.
Next to the local time we show the global time which is used to synchronize
the views. In order to synchronize a view to the global time the user has to
push the synchronize icon placed in the upper right corner (cf. fig. 2]). In doing
so, the user adds this particular view to the list of already synchronized views.
Browsing through the data in one of these views then triggers a time update and
navigational action in all other views.

Implementation of a High Fidelity Prototype. Our prototype is imple-
mented with java and uses the piccoloﬁ framework for zoomable interfaces. The
prototype is connected to real data sets recorded from in-car communication
networks and can handle datasets of up to 200 000 messages. In the longer run,
a more complex and portable system environment has to be implemented, which,
however, was clearly not the focus of our research.

Evaluation of the Prototype. We conducted a qualitative expert user study to
assess the understandability and the usability of our visualization. The subjects
were five experts with long experience in automotive diagnostics and analysis
and each study took 1-2 hours. The study was divided into three parts. First,
we gave a short introduction to our tool with a concept video and a five minute
testing phase. Then, the subjects had to solve several tasks to evaluate the
tool’s usability and to get familiar with the tool’s paradigms. The tasks ranged
from very elementary, tool-based to more sophisticated, domain-based ones, e.g.,:
“Open a new view and synchronize the views”, “Find a specific message”, or
“Find abnormalities in the communication of the ECU LRR”. In this phase we
used the think aloud protocol to capture the subjects’ opinions, criticisms and
ideas. Finally, a guided interview was used for general feedback and to evaluate
the understanding and insight provided by our novel visualization.

The overall feedback from the domain experts was very positive. During the
studies we observed, that the Autobahn View provided a novel mental model for
thinking and discussing in-car communication data. It is hard to measure this
kind of insight [10] but it was very interesting to see four of five domain experts
starting to explain things directly by means of the novel Autobahn metaphor,
e.g.,: “As you can see, we have lots of traffic on this ECU’s lane”, “Oh, what
does that burst of message rectangles mean?” or “On the road you can perfectly
track cyclic messages”. Another hint in this direction was an observation we
made during a presentation with a live demo of our concept in a meeting of
analysis experts. During the live demo, the attendees suddenly started to discuss
a known problem of a specific ECU by means of the Autobahn representation.
The problem was about the ECUs “spamming” activities on the bus and the
engineers started arguing: “Does anyone know why the LRR ECU sends message
bursts in this compressed cycle?”, “In my opinion that has to be the reason for
the bus spam.”, “No, the other ECUs seem to work normally”, etc. The most

3http://www.cs.umd.edu/hcil/jazz/
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appropriate use cases for our concept were the direct perception of message
bursts and activity centers as well as the detection of frequencies and cycles
within the communication data. Also, the fast availability of detailed information
was very helpful for a more detailed exploration in these situations. The feedback
on usability was also very positive. All subjects were able to use the interface
fast and without major problems.

The final evaluation also showed problems and revealed room for improvement
of our visualization concept. Most importantly, the stacking of nearly simultane-
ous messages was initially misunderstood by three of five of our subjects. It was
interpreted as a length coding of information and guessed to be the messages’
byte length. Enquiring this in detail, however, showed that coding the messages’
length would not be beneficial for the engineers at all. After resolving the mis-
conception, they had no further problems in understanding. Nevertheless, the
initial misunderstanding must be taken seriously and considered in future work.
Additionally, we detected an incompatibility in understanding the panning and
zooming interaction concept with two of our subjects. They noted that they
would prefer zooming via drawing a rectangle, which conflicted with our inter-
action concept for selecting a group of items. After several minutes of using the
interface, this usability problem seemed to have disappeared and the subjects
used the tool fluently. While this could be investigated further to avoid poten-
tial conflicts with established ways of interaction, it can also be argued that our
target group consists of expert users, and hence an initial problem might be less
severe than for one time users. Another point of criticism was the understanding
of the coordination feature. Two of our subjects wondered that they had to select
more than one view to start the synchronization action. Their current mental
model matched more an “all-or-none” synchronization feature and the synchro-
nization of sub-groups of views was not self-explanatory. In future work it has
to be clarified whether the more powerful and dynamic group synchronization is
worth the additional learning effort or whether a global synchronization for all
views would perform better.

6 Conclusion and Future Work

We have presented a user-centered approach to designing a new, visually and
cognitively well-founded tool set for automotive engineers to deal with complex
in-car communication processes. Based on a detailed observation of our target
group, we established a number of requirements for the design of this tool set.
In the following design phase, we developed different visualizations, each with a
clear application scenario in mind, and evaluated these designs with our target
group. Based on these findings we implemented a prototype and conducted an
expert user study which revealed the emergence of a novel mental model, called
Autobahn View. After further iterative refinement (cf. section [l - Evaluation)
and enhancement of scalability (cf. section [B]- Implementation), we are planning
to integrate our designs tightly with the existing tools and provide a stable
working environment for day-to-day use.
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Abstract. The problem of virtual camera planning consists in comput-
ing camera paths in virtual environments that satisfy given cinemato-
graphic properties. In this article, we present a spatio-temporal query
system for reasoning over the cinematographic expressiveness of a dy-
namic 3D scene. We offer a declarative language with quantifiers based
on a first order logic representation. Prior to any query, we fully charac-
terize each spatial and temporal region of the search-space according to
a broad set of properties. We rely on interval-based constraint techniques
to guarantee the completeness of the characterization. Then in order to
answer a query, we build a digraph that connects over space and time
the areas satisfying the request. The exploration of this digraph together
with its connectivity properties provide the user with the identification
of distinct classes of solutions as well as the full set of camera paths
with their temporal validity. Applications are found in film prototyping,
e.g. when a director needs to explore the staging, shot and editing pos-
sibilities in real world, by using virtual environments, or in automated
and semi-automated editing.

1 Introduction

An increasing number of filmmakers rely on 3D tools as prototyping environ-
ments to evaluate the cinematographic possibilities of a scendl. For this purpose,
a rough 3D modelling of the environment is made together with the specifica-
tion of the actor staging. In this environment, the filmmaker explores the pos-
sible camera shots and editing combinations by relying on low-level interaction
possibilities offered by classical 3D modelers. This exploration generally follows

! Steven Spielberg employed Unreal Tournament as a framework to evaluate some
camera shots of his film A.I. Other filmmakers such as Enki Bilal and Luc Besson
rely on similar approaches.
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a tedious generate and test process as little to no tools assist the user in his
interactive exploration.

In this paper we propose a system that aims at improving the exploration
process when assessing the cinematographic expressiveness of a virtual 3D scene.
We propose a high level cinematographic language able to query the environment
and answer such questions as: 'Does there exist a camera path such that we can
see all three objects without occlusion for the duration of the scene?’” or "Where
are the different camera locations for which moving objects A and B are seen
from the front with a wide shot, and do not overlap on the screen?’. We propose
to operationalize this language in a way that enables the complete exploration
of the search space and generate multiple camera path solutions. The formal
aspect of the queries (first order logic) is not intended to be used directly by
the filmakers, but as a basis on which to build evolved user interfaces. Thus, the
contribution in this paper is related to the expressive power of this language and
its interval-based operationalization.

The idea underlying our approach is illustrated in Figure[] with a simple ex-
ample. As displayed, the conjunction of two properties is obviously characterized
by the intersection of their underlying spatial and temporal relations. Such an
intersection provides both the location and the duration for which the properties
are verified. A solution to the problem is a path inside the intersected region.

Since the exact representation and manipulation of relations in high dimen-
sional spaces is critical (a camera has seven degrees of freedom, and one for its
temporal evolution), in this work we rely on approximate representations and
space partitioning techniques. To perform an exhaustive characterization of every
area with relation to each cinematographic property, we use interval constraint-
based techniques [5] that partition the search space into 8-dimensional boxes to
evaluate them. Based on this partitioning, a digraph is built by connecting adja-
cent boxes that enjoy the same properties (see Fig.[J). In this directed graph an

camera
space

Fig. 1. Evolution of two sets of camera configurations over time (in purple and blue)
that satisfy distinct cinematographic properties. Their intersection (in red) character-
izes both the range of camera configurations (g) and the duration (d) for which both
properties are satisfied. Camera paths and camera configurations can then be searched
for inside the intersected region.
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interval box is a node, and an arc the adjacency between boxes. An arc repre-
sents either a connection in space (i.e. the camera can freely be moved between
the two boxes) or a connection in time (i.e. the camera can lay within these
boxes for a duration that is the union of the durations).

In the following section, we position our work w.r.t. the state of the art. The
query language is then described in detail and the following chapters present
the interval-based techniques employed to characterize the search space and
to construct the adjacency graph. Results are finally presented within average
complex scenes.

2 State of the Art

In the task of querying the cinematographic expressiveness of virtual environ-
ments, requested properties are expressed on the desired shot (either by a user
with a high-level language, or through the use of graphical interfaces that gen-
erate the properties), and different search techniques explore completely or par-
tially the space for solutions. Good examples are found in [IJT1/4]. The first
applies a sampling of the search space by performing a uniform discretization of
the camera parameters over position, orientation and focal distance (time is not
considered). Each configuration is evaluated with respect to the specification,
and the best result is returned as an aggregation of the individual fulfilment of
each property. The approach is restricted to queries in static environements only
and computes a unique solution of the problem.

The second contribution [I1] follows a similar principle in addressing the vi-
sual composition problem (i.e. static camera positioning) as a pure optimization
process. A fitness function is defined as a linear weighted combination of the ful-
filment of the shot properties. The seven parameters of the camera are encoded
in an allele and random crossovers and mutations are utilized to roam the search
space with a generic algorithm. A preliminary extension to dynamic cameras is
proposed that is restricted in its expressiveness (quadratic spline paths with with
fixed look-at point and fixed start and end positions) [§].

In [4], the authors propose a semantic characterization of the different classes
of solutions by computing a carving of the search space from a given a descrip-
tion. The constraints are represented as semantic volumes, i.e. volumes that en-
compass regions of the space that fulfil a cinematographic property. This work
can be considered as an extension of visual aspects [9] and closely related to view-
point space partitioning [13] for object recognition in computer vision. In visual
aspects all the viewpoints of a single polyhedron that share similar topological
characteristics in the image are enumerated. A change of appearance of the poly-
hedron, with changing viewpoint, partitions the search space. Computing all the
partitions enables the construction of regions of constant aspect (viewpoint space
partitions). Christie et al. extend viewpoint space partitions to multiple objects
and replace the topological characteristics of a polyhedron with properties such
as occlusion, relative viewing angle, distance and relative object location. A
semantic volume is defined as a volume of possible camera locations that give
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rise to qualitatively equivalent shots with respect to cinematographic properties.
Since a problem is described as a conjunction of properties, the volumes can be
intersected to yield a single volume or a set of disconnected volumes. The con-
tribution is restricted both in its expressiveness by only handling a conjunction
of properties, and by not considering dynamic scenes and temporal requests.

In most contributions, temporal aspects are neglected. Indeed, the intrinsic
complexity of the techniques prevent them to be applicable in the case of evolving
scenes. Though some declarative solving techniques have been explored to man-
age temporally indexed properties for time intervals (see [2I3]), the expressiveness
in the querying is restricted (time intervals need to be fixed in advance), camera
paths are restrained to basic camera movements, and no classification is proposed.

In this approach, we make the best of the previous approaches by allowing
queries on temporally evolving 3D scenes, and ensuring that properties are sat-
isfied in the path over time. We compute and propose the whole set of solutions
with their full characterization. We perform reasoning to distinguish classes in
the solution sets.

3 A Spatio-temporal Query Language

Following previous work related to spatial and temporal reasoning [7J6I12], we
establish an expressive query language as a first order logic formalism which
predicates are cinematographic primitives. The predicates we consider cover a
large number of properties explored in previous work (see Table [l and [4]) and
can be classified as :

— related to the screen properties;
— related to the orientation of the camera;
— related to the movements of the camera.

Table 1. A representative set of properties available in our cinematographic query
system. Properties are related to the motion of the camera, the shot and the content
of the screen. k represents a camera path.

Properties Description

LeftOf(A,B,k) enforces A to be left of B in the screen
OnScreen(A,x) enforces A to be in the screen

InFrame(A, f, k) enforces A to lie in rectangular frame f
InFrontOf(A, B, ) enforces A to be located in front of B on screen
Occluded(A,B, k) enforces A to occlude B

Orientation(A, view,rx)|enforces the view shot on A (front, rear, top...)
LowAngleShot(A, k) |enforces a low-angle shot of A

CloseUpShot(A, k) enforces a close-up shot of A

StaticCam(k) enforces a static shot (no path)

Travelling(x) enforces a linear motion of the camera path
Panoramic(k) enforces a panoramic motion of the camera path
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A request is expressed as a logic statement: e.g. looking for a static camera
configuration such that objects A and B are on the screen, viewed from the
front, and do not occlude each other is written as a binary predicate:

shotl(A, B) = 3k : StaticCam(k) A OnScreen(A, k) A OnScreen(B, k) A
Orientation(A, front, k) A Orientation(B, front, k) A
—Occluded(A, B, k) A ~Occluded(B, A, k)

If the semantics of negation is obvious for some of the primitives (for example
—OnScreen(A, k) means the object should not appear on the screen), others
require either more complex answers (—CloseUpShot(A, k) means accepting the
whole set of shots ranges but this one, that is Establishing shot, Long shot, ... up
to Extreme closeup shot) or cannot be expressed at all (e.g. there is no meaning
to ~Travelling(k)).

The expressiveness of this language is augmented by using universal and exis-
tential quantifiers. The quantifiers operate on enumerated sets (such as viewing
angles or shots distances) or on continuous sets such as the time parameters. For
example, to express a static shot (i.e. looking for a camera configuration and
not a camera path), such that object A is not occluded by object B, whatever
the time in a given interval is written as:

shot2(A, B) = 3¢, Vt € [0..5] : StaticCam((q,t)) A ~Occlusion(A, B, (g,t))
A more complex example is given by:

shot3(A) =  Ja € {Front, Left, Right},Vt € [0..5],
dgq : Travelling((q,t)),Yo € {B,C, D} A
Orientation(A, a, (¢,t)) A LeftOf (A, o, (q,t))

which queries a camera travelling motion such that a is either viewed from the
front, left or right and that A must be on the left of objects B, C' and E on the
screen for time interval [0..5].

4 Operationalization

Rather than relying on straightforward discrete sampling techniques that only
partially represent the search space (e.g. by selecting a uniformly distributed
sampling of point configurations and evaluating them with respect to the prop-
erties [I]), our technique builds upon an interval-based evaluation of box config-
urations. Each region represented as an 8—dimensional box (camera parameters
and time) is evaluated w.r.t. the temporal satisfaction of each property. Due to
this interval representation, a property is either fully satisfied, partially satisfied
or not satisfied.
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4.1 Interval Constraint-Based Search

Interval arithmetic has been initially introduced by R. Moore [I0] to over-
come the limitations due to rounding errors and floating point representation.
Each real r is enclosed by two floating point values in an interval I such that
I=1Ja,b={reR|a<r<b}, with a,b € F (F represents the set of float-
ing point values). The classical operators over R can be redefined by enforcing
the fundamental property of containment. Let X and Y belong to Z (the set of
intervals), and let O be a binary operator on R. The interval extension of OJ is
given by XOV = Hull({zOy|x € X and y € Y}) where Hull(S) computes the
smallest floating-point interval enclosing the set of reals S. Functions and con-
straints are extended to intervals in a similar way by replacing the real operators
by their interval counterparts.

The introduction of interval-based constraint techniques [5] fairly improve
the exploration of the search space by using contracting operators that effi-
ciently prune areas not satisfying given constraints. In our approach, for each
property, we apply a constraint propagation scheme over the search space to
remove the inconsistent areas. Since the properties need to be evaluated over a
time interval, we rely on an extension of propagation techniques that manage
temporally indexed constraints [2]. Each resulting box is then tagged by the
property it satisfies, and a merging process is operated for all the properties to
fully characterize the search space (see Figure [2).

Given a query, we then select the appropriate boxes. Let ¢ represent a con-
straint (i.e. a property) and B the powerset of boxes, this selecting operator S

is defined as:
S(c) = {b € Ble(b)holds}

S(=¢) = {b € B|-c(b)holds}
S(er Aez) = S(er) N S(e2)
S(e1Veg) = S(er) US(ez)
S(Vx € D,c(z)) = ;ep S(cli))
S(3r € D, c()) = U;ep S(cli))

,.p,)

q q quﬁ/
/ .

R

t t
Boxes related to p, property Boxes related to p, property Merge of boxes

Fig. 2. The merging process. Two initial pavings are computed by interval-based con-
straint propagation over properties p; and p2 and merged together. Each area is then
fully characterized w.r.t. both properties (p1 A p2, p1 A —p2,—pl A p2 and —p1 A —p2).
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4.2 Adjacency Graph

After partitioning and characterizing the search space, the answer to a query
is solved by selecting the set of appropriate interval boxes, and constructing an
adjacency digraph from the boxes spatial and temporal adjacency. Each node
in the graph represents a box, and each arc either a spatial bound (s—arc)
between two boxes that share a common face in space, or a temporal bound t—arc
that share a connection in time. The graph is a digraph as t—arcs are directed
(i.e. the camera does not reverse in time). An example of such a graph is given
in Figure Bl A solution to the query is represented by a (possibly disconnected)
path in the graph. Given the desired nature of the camera path (either a static
shot, a free shot, or a constrained move such as panoramic or travelling), different
explorations of the graph can be performed. For example the computation of the
set of distinct paths in the graph offers a good overview of the shot possibilities.

..
s

q nEay R [ fffffffffffffffffffffffff :
7777777777777777777 = :

EiEat iyl [{ ”””””””””” =n HENES

) |

a N I

T I h
=—+ connection in time E solution box  t L 1 I S| ' t
I connection in space [
~~ possible camera path overlaps in space and overlaps in time

Fig. 3. A display of a space-and-time graphs: adjacency of boxes in space (vertical
axis) create s—arcs in blue, and adjacency in time (horizontal axis) create t—arcs in
red inside a graph where the nodes represent the boxes. Camera paths (in green) are
built by exploring the disjoint subgraphs. Classification is done by studying overlaps.

Furthermore the graph representation offers a convenient way to cluster dif-
ferent classes of solutions. The analysis of the relative locations of connected
subgraphs in the graph leads to multiple configurations:

— obviously if the graph is empty, the description is inconsistent and one needs
to remove some properties;

— if the graph is connected, there exists only one class of solutions (however
there exist multiple camera configurations/paths in this graph);

— if the graph is composed of multiple connected components (disjoint sub-
graphs), one needs to reflect the relative locations of their projections over
space and time:

e if the projections of two disjoint connected subgraphs overlap in time
but not in space, these represent different alternatives for a shot;

e if the projections of two disjoint connected subgraphs overlap in space
and not in time, these represent different camera sequences in time from
similar view points;
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e if the projections of two disjoint connected subgraphs do not overlap in
space and time, they characterize different viewpoints both in space and
time.

This reasoning is generalized for all disjoint connected subgraphs and provides
a straightforward way to explore different shots and edits.

5 Implementation and Results

Implementation has been achieved in C++, with Elisa interval solving libraryg.
3D data and environments are provided by Ogre3D engineﬁ. The preprocessing
cost of the scene is important both in space and time; for the average complex
scenes presented in figure @ handling 20 objects of interest with an average of
100 divisions on all dimensions, computation time is over 2 hours, and required
space is above 3.6 Gb. In regard, the computation of an answer to a query is
performed in less than a second for most queries.

Fig. 4. Successive intersections over the search space that illustrate the query shot3(p).
The boxes represents the areas for feasible camera configurations in space only.

6 Conclusion

In this article, we have proposed a spatio-temporal system for reasoning on the
cinematographic expressiveness of a virtual 3D environment. A logic-based for-
malism is proposed that enables universally and existentially quantified requests

2 http://sourceforge.net/projects/elisa/
3http://www.ogre3d.org/
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on possible positions and paths of a virtual camera in a 3D scene where locations
and movements of entities are known. This declarative process is illustrated on a
number of examples in a reasonable complex environment, and the process lays
the groundwork for a powerfull and expressive way to access the cinematographic
power of a dynamic 3D environment. This is the first time such a spatio-temporal
query system is proposed for virtual camera control. Possible applications are
found in film prototyping and semi-automated editing.
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Abstract. We present a strategy to solve the problem of light position-
ing in a closed environment. We aim at obtaining, for a global illumi-
nation radiosity solution, the position and emission power for a given
number of lights that provide a desired illumination at a minimum total
emission power. Such a desired illumination is expressed using minimum
and/or maximum values of irradiance allowed. A pre-process is needed in
which irradiance is computed for a pre-established set of light positions
by means of a random walk. The reuse of paths makes this pre-process
reasonably cheap. Different heuristic-search strategies are explored and
compared in our work, which, combined to linear programming, make it
possible to efficiently visit the search space and, in most cases, obtain a
good solution at a reasonable cost.

Keywords: Light positioning, heuristic search, irradiance, reuse of paths,
random walk.

1 Introduction

Inverse problems in lighting consist in deciding the lighting setting (number of
lights, emission power, light position, light shape, etc.) that allows to obtain a de-
sired lighting, having application in interior design, urban modeling, etc. In many
cases, the importance of indirect illumination (light interreflections between the
objects) in such problems makes it necessary to use a global illumination model
rather than a local one. Global illumination models, such as radiosity, consider
both direct and indirect illumination, in order not to miss realism.

We focus on the problem of light positioning in real environments composed
by diffuse objects, aiming at finding the position and emission power of the
lights which illuminate the environment at a minimum total emission power,
satisfying some given lighting requirements given in terms of wvalidity intervals
of irradiance. Dealing with these simplified diffuse environments, a radiosity
solution is appropriate to simulate the lighting. Since the lighting has to be
computed for many different light positions, we take advantage of the reuse of
paths in random walk radiosity.

The resulting constrained optimization problem is divided into 2 subproblems.
First, choosing the subset of light positions to be considered from a wide set of
authorized light locations. Second, for a given subset of positions, computing
the optimal emission power for each of them. The first subproblem is tackled via

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 128-[I39 2009.
© Springer-Verlag Berlin Heidelberg 2009



Heuristic-Search-Based Light Positioning 129

different optimization approaches, while the second subproblem is easily dealt
with using linear programming.

This article is structured as follows. Section 2 introduces previous work in
reuse of shooting paths and light positioning. The optimization problem is de-
fined in section 3. Section 4 describes how this problem is solved, while the
performed experiments are described in section 5. Finally, section 6 provides the
conclusions of our work, and some future research.

2 Previous Work

2.1 Reuse of Paths for Several Light-Source Positions in Radiosity

Radiosity [CW93] is a global illumination technique that simulates the multiple
reflections of light in a scene. Radiosity algorithms assume that the exiting radi-
ance of a point is direction independent, and, given a discretization of the scene
in patches, compute their irradiance. The irradiance of a patch is defined as its
incoming light power divided by its area. Monte Carlo shooting random walk
[Bek99] can be used to estimate the irradiances. Shooting paths are generated
from light sources, carrying each of the paths an equal amount of light power
which is distributed to the patches visited by the path.

From the idea of reusing paths in random walks applied to the solution of
linear equation systems [Hal94], the reuse of shooting paths in radiosity was
introduced for moving lights in [SCHO4]: shooting paths generated in a light
position could be used for the rest of positions, in a sort of each-for-all strategy.
Details about how this strategy works can be found in [CSHOS|, where it was
applied to light positioning by allowing the user to visually decide which was
the best location for a light.

2.2 Light Positioning

Kawai et al. [KPC93| presented a framework for designing the illumination in an
environment using optimization techniques applied to a radiosity-based system.
Their algorithm was flexible and fast, and considered light-source emission, re-
flectivities, and light direction as optimization variables, but not light positions,
which had to be fixed. The user was allowed to modify the constraints and ob-
jective function at each iteration of the algorithm. Inequality constraints setting
lower and upper bounds for the radiosity of a patch were allowed.

Elorza et al. [ER97] used standard genetic algorithms to search for the best
combination of number, position, and intensities of lights. Objective function,
which took into account the minimization of energy, was defined with respect to
the difference between the proposed solution and a desired user-defined illumi-
nation. A radiosity-based image synthesis system was used.

Marks et al. [MAB™97] dealt with light selection and placement for image
rendering, both standard and image-based. They allowed the user to intuitively
browse in order to select light positions and test the results.
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Jolivet et al. [JPP02] applied a Monte Carlo approach to the inverse lighting
problem, considering only direct lighting. Once defined the lighting wishes of
the designer via declarative modeling, they estimated using ray tracing the most
appropriate light positions in order to illuminate the desired areas.

Gumbhold [Gum02] tackled the problem of light positioning in the context of vi-
sualization, in order to maximize the information introduced by the illumination.
They used histogram Shannon entropy together with global maximization algo-
rithms to compute the optimal light locations, considering only direct illumination.

Ha et al. [HOQ6] created a tool which allowed the design of objective func-
tions and the application of several optimization techniques, including stochastic
optimization. The same authors presented in [HO07] an example-based design
system for local illumination lighting. Such a system allowed both declarative
and natural specification of lighting. Users were allowed to choose a desired
lighting from exemplar 2D images.

Some of the most recent work on light positioning has been applied to agron-
omy and botany. Ferentinos et al. [FA05] used genetic algorithms for lighting
design applied to greenhouses. They took into account only direct illumination.
Optimization was done considering number of point lights and power consump-
tion, and looking for a uniform distribution of the light. Delepoulle et al. [DRCOS]
also used genetic algorithms for light positioning, taking into account direct and
indirect illumination and including the coordinates of the light positions in the
solution codification. They aimed at obtaining uniform incoming light over the
plants in a grown chamber.

Finally, Pellacini et al. [PBMFQ7] presented an interactive system, with appli-
cations to computer cinematography, that allowed the desired lighting effects to
be easily painted in the scene. The system computed the parameters to achieve
the desired lighting via nonlinear user-guided optimization.

3 Problem Definition

3.1 Owur Approach to the Inverse Illumination Problem

Most approaches to the inverse illumination problems listed in section share
a common trait: they use heuristic search methods in order to try to find the
feasible illumination which minimizes some distance function to the desired final
illumination. In our opinion, these approaches present several shortcomings:

— The search space includes both light positions and light intensities, being
very costly to do an effective search in such a huge search space.

— The use of a simple distance function like, for example, the mean quadratic
distance between the illumination obtained for each patch and the desired
one, raises problems like the impossibility of specifying maximal or mini-
mal illuminations for a patch or set of patches, the difficulty of minimizing
the total cost of the illumination or even the obtention of negative values
of emission power for one or more lights. The attempt to fix these prob-
lems modifying the distance function and introducing constraints produces
complex search spaces with plenty of local minima.
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— The heuristic search processes need continuous illumination simulations to
evaluate the goodness of the successive proposed solutions. These simulations
are very costly if the illumination has to be computed from scratch, and very
inexact if only direct illumination is taken into account.

To tackle these problems, our proposal presents two novelties:

— A new formulation of the problem that substitutes the distance function to
be minimized by a set of constraints on the maximal and minimal illumina-
tion allowed for each patch and the maximal and minimal emission power
permitted to each light. Once fixed a set of light positions, the problem of
finding their emission powers observing all the constraints can be solved by
a linear optimization method. Moreover, the use of these methods allows
us to define a linear cost function to be minimized (total illumination cost,
for example). Thus, heuristic search is done only over the set of lights and
positions, not taking into account emission powers.

— Economical pre-calculation, thanks to path reuse (see [CSHOS]), of a basis
of values representing, for each patch, light, and position, the total power
arriving, directly or indirectly, to this patch for one power unit emitted by
this light located at this position.

3.2 Mathematical Definition of the Problem

According to our formulation, an instance of the inverse illumination problem is
given by the following:

— A scene S described as a set P = {p1,---,pp} of p patches. For each patch
pi, we define I;, the irradiance of p;, as the total amount of power arriving
to p; divided by its area A;.

— A set of lights L = {ly,-- -, }, each of them having characteristics as prize,
maximum emission power, or consumption. For each light I;, w; represents
its emission power, while cost; represents its cost per emitted watt.

— A set X = {z1,---, x4} of authorized light positions within S.

— A 3D-array F of p- m - ¢ real non-negative values in the interval [0...1].
For each p; € P, l; € L and x; € X, F; ;1 represents the contribution to
the irradiance of patch p; of each unit of light power emitted by light I; at
location z. Thus, given a subset LX = {l,,,... 1.} of K lights located

respectively at positions x,,, ..., Z,., we can express the irradiance of p; as:
k
L= Fiuw, W, (1)
j=1
— A set C ={c1,...,cq} of constraints. Part of them are used to describe the

desired illumination for the set of patches P (or a subset of it), having the
form «; < I; < (;, «;, B; being non-negative bounds. Additionally, there will
also be constraints limiting the power emitted by the lights, having the form
xi < w; < 9;, xi,0; being non-negative bounds.
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The problem can be stated as follows: given the sets P, L, X and C, the 3D-
array F, and given a positive integer K (the maximum number of active lights
allowed, which is given by the user), find a subset LX = {l,,,,...,lu} C L of
exactly K lights, their respective positions in X and their respective emission
DOWELS Wy, , - . ., Wy, i such a way that all the constraints in C' are satisfied and
the total illumination cost T' (objective function) (2) is minimized. Note that
some of the emission powers w,,, could be 0, so, in practice, the best solution
can have less than K active lights.

k

T= Z Wy, - COSty;. (2)

j=1

4 Solving the Problem — Approaches and Implementation

Diagram in Fig. [l describes the whole process of light positioning described
in this article. We will apply heuristic-search algorithms together with linear
programming in order to solve our optimization problem, which will be split
into 2 subproblems:

— For a given position subset, computing the optimal emission power for each
position in the subset.
— Exploring the search space.

Computing optimal emission powers. Given a subset s of light positions (a
state), we aim at knowing if we can assign an emission power to each position
observing the problem constraints. If such a power configuration exists (if s is a
valid state), we aim at obtaining the emission powers which minimize function T,
being such optimal emission powers and T recorded in s. Since this is a linear in-
equality system with an objective function to be minimized, linear programming
techniques, like simplex algorithm, can give us such optimal emission powers (if
existing). Moreover, since our problem always has “greater or equal” inequalities,
given by the minimum irradiance bounds, we can discard as non-valid the states
in which the irradiances corresponding to the maximum emission power allowed
for each position do not reach the minimum bound for some of the patches. This

RADIOSITY
SCENE RANDOMWALK/—— | BASIS OF RAD.
DEFINITION SOLUTIONS

\—T/—’

SET OF INITIAL
e COMPUTATION || —
CONSTRAINTS |~ |\vmaL sTATES SIAIES

=—){ LIGHT
ONFIG.

Fig. 1. The light positioning process
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strategy permits to avoid to run simplex on such states, resulting in a reduction
of the cost.

Choosing subsets of light positions. Let g be the number of authorized light
positions, and let K be the (maximum) number of lights allowed, this gives a
number of (%) subsets of K light positions (search space). It is not difficult to
see that the full exploration of the search space is unfeasible even for a moderate
value of ¢ and a small value of K. Different heuristic-search algorithms can
be applied in order to explore the search space in a reasonable time. Next we
describe the main approaches used in the work presented in this article.

We have used a hash map of states to avoid to deal with the same state
more than once. Repeated states are simply ignored by our search algorithms,
involving a noticeable reduction of the cost.

4.1 Local-Search Algorithms — Hill Climbing

Local search algorithms (LS) are used in problems formulated in terms of finding
a solution maximizing (or minimizing) a criterion among a number of candidate
solutions in the search space. Hill climbing algorithms (HC) are a relatively
simple kind of LS based on starting by a valid state chosen at random and
moving in the search space by slightly mutating the actual state to a better one.
The process stops when no mutation of the actual state is possible. Hill climbing
always finds a local minimum of the objective function, but such a value can be
far of the optimal. Fig. 2l outlines the basic HC algorithm. Next we will focus on
the 2 main parts in the algorithm above.

Choose initial valid state s
while s # null do

best=s

s= s.bestSuccessor()
endWhile

Fig. 2. Basic hill climbing algorithm

Choosing the initial valid state. A naive strategy to obtain the initial valid
state consists in just generating combinations of K light positions at random
and taking the first of such combinations that observes the constraints. Since
HC uses to perform better the closer the initial state to the optimal, we can easily
improve the performance of the algorithm by generating at random a number of
candidate valid states and taking as initial state the best of them (the one with
minimum emission power). It is worth to mention that, in order not to allow,
if the problem has no solution, infinite searches of the initial valid state, the
process is forced to abort after exploring a given number of light combinations
without obtaining a valid solution.

Choosing the best successor. Given a valid state s, we choose the best succes-
sor between a set S(s) of successors of s (or neighborhood of s). Such successors
are generated by applying mutations to s. A mutation of s is added to S(s) if
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it is a valid state with lower objective function than s. We mutate a state s by
replacing one of its positions by positions out of s. Two matters have to be taken
into account in the mutation:

— Which light position z; is to be replaced.
— Which light positions are to be considered to replace x;.

Regarding to the first issue, we have considered several heuristics, such as
taking the position with higher value of optimal emission power, the one with
lower optimal emission power, and a position at random. The results obtained
in our experiments show lower average value of the objective function when
replacing the position with a higher emission power. Thus, this is the heuristic
we have applied along this article.

Regarding to the second issue, we consider all the positions whose distance
to the replaced position is lower or equal than a given radius r expressed in grid
cell units. In section Bl we experiment different values of r and try to find which
values are the most appropriate.

Once the set S(s) has been determined, one of its elements has to be chosen
as the best successor of s. Two different ways of choosing such a best successor
have been considered:

— Choosing the successor with minimum value of the objective function. This
strategy is known as steepest ascent hill climbing (SAHC).

— Choosing the successor using a probability distribution on S(s). Reasonably,
the probability of a successor to be chosen is established proportionally to the

inverse of its objective function value. We refer to this strategy as stochastic
hill climbing (StHC).

In order to make HC more efficient, random restart is a commonly used strategy.
It consists in running HC n times, each from a different initial state (different
seed). We first generate and store a number N (N > n) of candidate valid states
(chosen at random), and then we choose as seeds the best n of them (the ones
with lower value of the objective function). We have used random restart hill
climbing (RRHC) in the experiments presented in next section.

4.2 Beam Search

Beam search (BS) is a heuristic search algorithm based on breadth-first search.
The initial level of the search tree is a set of n valid states chosen at random,
n being a preestablished value called the beam width. Successive levels of the
tree are generated by obtaining all the successors of the states in the current
level, sorting them by the value of the objective function, and taking only the
best n of them. The process ends up when the current level is empty. Since the
optimal state can be pruned, BS does not always find the optimal solution. Fig.[3
outlines the basic beam search algorithm.

The initial set of valid states is chosen by generating (at random) N candidate
valid states (N > n) and picking up the best n of them. The process is forced to
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Choose initial set R of n valid states
best=R.best() (S.best() is the state of R having minimum T )
do

set Q=10 // Q set of successors of states in R

for each state s; in R do

Q=QUS(s:)

endFor

R =best j states in Q (j =min(n,Q.size()))

if R not empty A R.best() improves best then best=R.best()
while R not empty
endWhile

Fig. 3. Basic beam search algorithm

abort after exploring a given number of states without obtaining a valid solution.
S(s;) stands for the set of successors of state s;. Successors are obtained in the
way described in section E11

5 Results

We consider undistinguished light sources, that is, all the lights will have the
same maximum and minimum emission power, and the same cost per watt.
Moreover, we have set the minimum emission power to 0. Given such simplifi-
cations, objective function T reduces to the sum of emission powers, while F
becomes a 2D-array. The 3 approaches seen in section F] have been tested:

— Steepest ascent hill climbing with random restart (SAHC)
— Stochastic hill climbing with random restart (StHC)
— Beam search (BS)

3 parameters have been considered in our tests:

— N, the number of states that are candidate to be the seeds of our searches.

— n, the number of seeds taken in both hill climbing and beam search.

— r, the maximum distance (in grid-cell units), when mutating states, from the
position ¢ leaving a state to the positions allowed to replace 1.

5.1 Experiments

Two different scenes, described next, have been used in our experiments.

In scene 1 (Fig. Bl (left)) we aim at having a minimum irradiance of 15W/m?
on the top of the tables (resulting in 512 constraints) using up to 4 lights of
500W at most. 164 positions for the lights have been considered, placed in a
regular grid on the ceiling and the upper part of the walls. This gives a total of
(154~ 29M states in the search space.

In scene 2 (Fig.[6 (right)) we aim at having a minimum irradiance of 15W/m?
on the top of the desks and a maximum irradiance of 15W/m? on the top of the
shelves (resulting in 576 constraints) using up to 4 lights of 500W at most. 384
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light positions have been considered, placed in a regular grid on the ceiling and
the upper part of the walls, giving a total of (33~ 892M states.

In order to evaluate the obtained results, objective function 7', time for obtain-
ing the N candidate states (;n;), and time for the search process (ts) have been
considered. Since a random factor is involved in the experiments (due basically
to the generation of the initial states), we have done 3 runs at each experiment,
and average values for the objective function and the running time have been dis-
played. All the runs have been done in a Pentium IV at 3G H z with 2G B of RAM.

Experiment 1: solution neighborhood. This experiment, on scene 1, aims
at finding the most appropriate values of parameter r. We have fixed n = 10,
taken a set of N = 200 initial solutions, and run the methods for » = (1,2, 3,4).
Table [[l shows the results. The time for generating the initial solutions does not
depend on 7, so we have omitted such a value. We see that in SAHC and BS the
best performance is obtained with r = 3. r = 4 gives the same value of T, but
at a higher search cost. SSHC behaves different, since the lowest values of T are
obtained with » = 1. This fact can be due to the stochastic nature of the search
process in StHC. We conclude that a value of » = 3 is appropriate for scene 1.
Moreover, we see that StHC has a worse performance than SAHC. So, we decide
to dispense with StHC approach in the following experiments.

Table 1. Scene 1. Testing the performance for different values of the radius r. Second,
fourth, and sixth columns stand for time in the search processes for the 3 methods,
while third, fifth, and seventh columns stand for the corresponding values of T'. These
results correspond to N = 200,n = 10.

ts SAHC|T SAHC|ts StHC|T StHC| ts BS |T BS
1| 26 sec. 749.2 | 30 sec. | 767.3 |29 sec. |754.4

2| 52 sec. 749.2 | 65 sec. | 767.3 |89 sec. |746.6

r = 3| 85 sec. 744 85 sec. 784 |191 sec.|742.8
= 4/ 106 sec. 744 108 sec.| 784.6 (221 sec.|742.8

Experiment 2: number of seeds. We have tested SAHC and BS for different
values of n and N, taking » = 3 in all cases. On scene 1, graph in Fig. @ (left)
shows, for SAHC, the behavior of T as n grows for 3 different values of N. We
note that SAHC works better the higher the value of n, but this behavior is less
pronounced when the initial states are very carefully selected (that is, with high
values of N). In such a case (see N = 200), T' does not practically change for the
different values of n. This fact seems to point out that the performance of SAHC
strongly depends on the initial states of the search process. A similar behavior
can be observed for BS in graph in Fig. @ (right).

An important issue to be considered is the relative effort we should devote,
with respect to the search stage, to generate the initial candidate solutions.
Graph in Fig. [l (left) shows how the search stage reduces T' (regarding to the
best initial solution) for different values of N in both SAHC and BS, taking
n = 13. Although T reduces less as N grows, such a reduction is significant in
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Fig.4. (left) SAHC: number of seeds (x-axis) vs. T (y-axis) for different values of
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Fig. 5. (left) Reduction of T' (y-axis) due to the search process for different values of
N (x-axis). (right) Running time (y-axis) for different values of N (x-axis).

all cases. Graph in Fig. [ (right) shows, also for n = 13, how computational
time varies as NN increases. This graph shows that in SAHC t; grows slowly
than ¢;,; (which grows linearly with N), while in BS ¢; can decrease in some
cases as N grows (note that t;,; is the same for both BS and SAHC). We can
extrapolate that from moderate values of N on, t;,; will be greater than ¢4 for
both approaches. We conclude that both the generation of initial solutions and
the search stage are important and cannot be missed in any case, and parameters
N and n have to be carefully adjusted for each problem. Fig. [d (left) shows the
best solution found for scene 1, where the minimum cost to arrive at such a
solution has been obtained by using BS with N = 100 and n = 13.

Similar results have been obtained experimenting with scene 2, in which the
higher number of authorized positions increases the cost with respect to scene
1. Fig. [6] (right) shows the best solution found for this scene, obtained by using
BS with N =45 and n = 12.
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Fig.6. (left) Best light-source placement found for scene 1 involving 4 lights. 164
authorized positions have been considered. T' = 744.0W (global minimum is 742.8W
according to the full exploration of the search space, which has taken several days
of running time). Beam search algorithm has been used for the search, with r = 3,
N = 100, and n = 13. tin; = 54 sec. ts = 204 sec. Time for computing the radiosity
solutions= 738 sec. (right) Best light-source placement found for scene 2 involving 4
lights. 384 authorized positions have been considered. T' = 742.9W (no full exploration
has been done because of the magnitude of the search space). Beam search algorithm
has been used for the search, with r = 3, N = 45, and n = 12. t;,; = 722 sec. ts = 336
sec. Time for computing the radiosity solutions= 2616 sec. Lights have been represented
in all cases with a size proportional to their emission power.

6 Conclusions and Future Research

We present a new formulation of the problem of light positioning. We establish
irradiance intervals for the patches in the scene, aiming at minimizing the total
emission power. Light positioning problem is solved by dividing each iteration
step into 2 subproblems: using linear programming to obtain optimal emission
powers, and using heuristic search over the authorized positions for the lights.
The lighting simulation preprocess has been done using radiosity random walk
with reuse of paths. Such a reuse allows to drastically reduce the cost for the
computation of the radiosity solutions for each of the light positions considered.

The search algorithms developed allow, at a reduced cost, to significantly re-
duce the value of the objective function with respect to the solution obtained by
simply selecting the best of a number of initial solutions obtained at random. Dif-
ferent experiments in order to establish good values for the parameters involved
in the searches have been done, although optimal parameter values probably
depend on the features of the input data (scene description and constraints).
Establishing the relation between the scene chosen and the optimal values of the
parameters deserves future research. Regarding to the search approaches used
in our work, beam search seems to be slightly superior to hill climbing, arriving
at the best solutions in less time.

Next we enumerate some points to be taken account in the future. First, we
will elaborate on the obtaining of the initial solutions for the searches, even
considering constraint relaxation or distances to constraint satisfaction. Second,
we plan to use other heuristic search algorithms, such as genetic algorithms or
particle swarm optimization. Third, not only position but also orientation of the
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lights will be taken into account. Finally, we will consider generalization to more
sophisticated environments, including complex-geometry objects and variable
lighting conditions as sun movement along the day.
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Cutaway Illustrations for Polygonal Models
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Abstract. We present a system for creating appealing illustrative cut-
away renderings. This system bases on simple sketch-based interfaces and
stylized rendering techniques for the study of elaborate 3D models. Since
interactive visualization technology found its way to the general public,
there is a demand for novel interaction techniques that allow easy explo-
ration of the displayed illustrations. Hence, our system lets users create
individual cutaway views to focus on hidden objects. At the same time,
important contextual information is emphasized by illustrative rendering
techniques.

Keywords: Cutaway, Sketch-based Interaction, Illustrative Visualiza-
tion.

Fig. 1. Exploration of an office building (a) sketching a circular cutaway (b) final
composite illustrative rendering including cutaways, transparency and ghostviews

1 Introduction

The advances of 3D interactive technology as well as novel rendering techniques
have enhanced the real time creation of detailed and appealing imagery of elab-
orate 3D models for a large audience. At the same time, the emergence of di-
rect touch-based interface technology has led to the creation of new interaction
metaphors. Consequently, new perspectives appear that involve users in the pro-
cess of content creation and modification. However, there is still a lack of suitable
user interfaces that make these technological achievements accessible to a general
public with little experience in 3D interaction.

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 1404151 2009.
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In recent years a wide variety of complex 3D models have become available.
At the same time grew a demand for interactive techniques that let users inspect
these 3D models in an interactive manner, in order to understand their structure.
In this case, exploration represents the opportunity to have a closer look into
the interior of the model. From our point of view, one major key element to
accomplish such an exploration is the possibility for users to cut away parts of
the 3D model. Secondly, the system must also be able to present and preserve
contextual information that underlines special characteristics and structures.

Such 3D models often consist of so many parts that the exploration can be-
come cumbersome. In order to examine the interior of a 3D model, users need
be able to expose hidden parts. One example is the study of a 3D model of an
office building that contains extensive details, like detailed pieces of furniture, as
illustrated in Figure [[(a). Without having further information about the inner
structure, users need intuitive and simple interfaces to be able to ”open” the 3D
model and to modify the resulting cutaway.

The purpose of our approach is to develop a system that allows regular users
to create and interact with appealing illustrations of divers virtual 3D models.
Our focus lies on the development of cutaway techniques that allow users to
explore the interior of a 3D model in a simple and efficient way. To achieve this
goal, we introduce novel sketch-based interfaces and smart widgets. In particular,
users generate such cutaways using simple gestures and refine the shape of the
cut afterward by means of repositioning and resizing operations.

To better convey, the resulting imagery is displayed using stylized rendering
techniques to permit users to focus on important properties, while preserving
the surrounding context information, as shown in the final rendering in Figure
[M(b). To create such a vivid rendering we use transparent representations and
highlight important contours of the modified 3D model.

In the following, we present in section 2l related work. In section [3]l we explain
our general approach, whereas in section @ we show in detail the generation of
the cutaway and we present the widget that is used to modify them. After that,
in section [f] we describe visualization techniques and we conclude in section

2 Related Work

2.1 Illustrative Visualization and Sketch-Based Interaction

Various research has been conducted on the creation of interactive technical
illustrations of complex 3D models. Gooch et al. [I] created appealing techni-
cal illustrations by enhancing functional characteristics of shape and structure
though drawing of silhouette curves. Silhouette curves and contours play an im-
portant role in shape recognition as Isenberg et al. [2] pointed out. We share
this argument and perform a contour extraction as well. Another important role
in technical illustration plays transparency. Diepstraten et al. [3] created techni-
cal illustrations containing opaque and non-opaque objects using depth ordered
transparency. Nienhaus et al. [4] went further and created non-photorealistic
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blueprint renderings using the so called depth peeling technique. Our depth-
ordered transparency rendering approach has similarities with the depth peeling
technique. In the contrary, we do not slice the object but rather reorder the struc-
ture of the 3D model in a view dependent visibility graph, which we present in
section .11

Sketch-based interfaces became popular in the area of freeform modeling.
Zeleznik et al. [5] and Igarashi et al. [6] showed that simple gestures and curves
are useful tools for creating and manipulating 3D geometry. We use a similar
approach to let the user specify regions on the surface that are meant to be
cut away. Apart from freeform modeling research, Schmidt et al. [7] proposed
a sketch-based interface that allows the user to compose widgets for 3D object
manipulation. We propose a widget with essential manipulation functionalities
as a graphical user interface for users during the modification of the cutaway.
This widget is located in proximity to the mouse cursor adopting the Marking
Menus approach by Kurtenbach [g].

2.2 Cutaways in 3D Data

A cutaway illustration is a popular and powerful method that allows users to
expose hidden objects of a complex geometry. There exist several different ap-
proaches that allow the generation of cutaways with polygonal and volumetric
models. However, a lot of existing research proposes interface solutions for inter-
active cutaways in volumetric data sets. In the contrary, there exist only a few
works that propose user interfaces for cutaways in polygonal 3D models.

Cutaways in Volumetric Data. McGuffin et al. [9] presented an interactive
system for volumetric objects, where users can create and manipulate cuts in-
side a volumetric object using additional interfaces and widgets. We use in our
approach similar cut shapes as proposed in their system, but unlike to our ap-
proach, they positioned the interface widget inside the 3D model. In another
approach McInerney et al. [I0] used 3D slice plane widgets as a 3D interaction
model for exploring volume image data. Chen et al. [I1] proposes a variety of
complex volume manipulation tools that allow drilling, lasering, peeling, as well
as cut and past operations. However, we want to provide simple interfaces, whose
functionalities are easy to understand.

Briickner et al.[I2][I3], Viola et al. [I4] and Wang et al. [I5] discus related
approaches to enhance the focus and guard context of an illustration. They
combined cutaways and non-photorealistic visualization techniques to smartly
uncover the most important information and to let the user interactively inspect
the interior of a volumetric data set. In our system, the aspect of context preser-
vation plays an important role as well as the use of transparency and contour
rendering techniques.

Cutaways in Polygonal Data. Basically, the creation of cutaways in volumetric
data sets is different from polygonal ones, since voxels have to be removed. There
exists several approaches that allow cutaway creation in polygonal data sets. Often
they use Constructive Solid Geometry (CSG) algorithms to create such cutaways.
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One early approach of cutaway creation by Viega et al. [16], the 3D Magic Lenses,
proposed a multi pass algorithm using clipping planes with flat lenses embedded in
a 3D environment. Another work by Coffin et al. [I7] proposes so called perspec-
tive cut-away views that define a cutout shape or choose a standard shape and
sweep it over the occluding wall segments to reveal what lies behind the surface.
Diepstraten et al. [I8] presented different methods to create cutaways in polyg-
onal data, including the Cutout and the Breakout techniques. However, we use
image-based CSG rendering techniques to create cutaways in polygonal data, as
Li et al. [19] and Burns et al. [20] presented in their approaches. We present our
implementation in more detail in section[43] In their work, Li et al. [I9] presented
a system for authoring and viewing interactive cutaway illustrations of complex
3D models that uses sophisticated data structures and animations. They propose
to create the cutaways in a automatic or semi-automatic interactive process and
provide very convincing results that limits users to predefined viewpoints, which
we want to avoid. Another method for automatically generating cutaway render-
ings of polygonal scenes at interactive frame rates was presented by Burns et al.
[20]. They use illustrative and non-photorealistic rendering cues as well, but do
not propose direct interfaces to users.

3 General Approach

The level of interactivity in traditional cutaway applications is usually reduced.
The possibilities to modify the resulting cutaway are often restricted. Most of
the time, users choose the part to be revealed from a list. Then, the system
creates automatically the cutaway from a meaningful point of view. In contrast
our approach enables users to proceed and modify cutaways by themselves. We
decided to use a sketch-based approach as an interface for the creation of a cut.

Performing a sketch allows users to cut the surface of an object. We think that
there is a strong semantic link between the drawing of a sketch and the cutting
of an object. We propose four different essential gestures, which we present in
detail in section [£11

After the initial cutting phase, the modification of a cutaway can be performed
via a smart widget that provides an essential variety of functionalities. The tools,
provided by the widget, follow the mouse cursor and are consequently easily
accessible. Users choose whether such a modification may influence only a local
cutaway or all the cutaways in the 3D model. If necessary, size and structure of
the global cutaway is adapted to avoid obstructions during editing.

In our approach, we focus on the creation of cutaway illustrations for polyg-
onal data, since it is the most common data representation of 3D information.
A lot of existing research about cutaways tend to work with volumetric data.
Nowadays powerful tools that allow the creation of highly complex 3D models
are available to the general public. Consequently, we need a sophisticated data
management to be able to create and modify cutaways in such 3D models, while
maintaining interactive frame rates. The reader will find more details about our
implementation in section
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To explore, to analyze, and to understand the functionality of a complex
3D model, it is not sufficient to only allow users to create a cutaway. At the
same time, illustrative and instructive visualization techniques are necessary to
preserve the general context, especially if whole parts are cut away or other parts
are still occluded. Therefore, we additionally use visualization techniques, like
transparency, contour shading, and ghostlines to emphasize invisible structures.

4 Interactive Cutaways

4.1 Sketch Gestures

Users create a cutaway using a simple sketch gesture. The system evaluates the
gesture and generates the corresponding cut. To conduct the cutting interaction,
users only need to know four basic gestures, which are the line, circle, corner
and the ribbon gesture. In the following, we present the different gestures and
the corresponding cutaways.

Line Gesture. The most simple gesture to cut through the surface of a 3D
model is a stroke of a straight line. It is similar to cutting a surface with a
knife, which is a common everyday life task. In that case the system creates a
narrow window cut aligned to the length and direction of the stroke, as shown
in Figure [J(a). Since the resulting cutaway might not reveal enough underlying
parts, users may edit it afterward using the tools presented in section 4.4l

Corner Gesture. Certainly users might want to create bigger cutaways right
away. To do so, they draw a vertical stroke followed by a horizontal stroke.
As a result the system creates a window cut, whose dimensions are relative to
the length of the vertical and horizontal stroke. The cutaway is positioned at
the center of the approximated rectangle, which is defined by the vertical and
horizontal stroke length, as we show in Figure B(b).

Circular Gesture. Another simple gesture consists of spherical-shaped sketch
line. The sketch can also be elliptic- or egg-shaped. The position of the spherical
cutaway is derived from the center of the circle sketch. The size of the circular cut
is determined by the vertical and horizontal dimensions of the spherical-sketch,
which we illustrate in Figure Z(c).

Ribbon Gesture. We want to let users also create wedge type cutaways. The
main characteristic of the wedge cut is its sharp edge that breaks into the object
and creates an opening with a certain angle. Therefor, we decided to represent
this cutaway as a ribbon shaped sketch. Furthermore the ribbon sketch unifies
the two parameters in one coherent movement, as one can observe in Figure[2{(d).
The vertical sketch line determines position and size of the edge, whereas the
horizontal one is used to calculate the opening angle of the wedge.

Additional cutaways could be imagined. However, the multiplication of possi-
ble gestures would make the interface more complex and would require a longer
learning phase for users.
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(a) (b)
(c) (d)

Fig. 2. (a) Line sketch with resulting narrow window cut, (b) corner sketch with re-
sulting window cut, (c) spherical sketch with resulting spherical cut, (d) ribbon sketch
with resulting wedge cut

Automatic Cutaways. We offer also the possibility to create automatic cut-
aways, as presented by Li et al. [I9]. Of course, users may manipulate these
cutaways afterward. The system provides a preview list of all parts of the 3D
model. Users select the part they are interested in, thus the system creates au-
tomatically all necessary cuts to expose the object.

4.2 Cut Shapes

Depending on the detected gesture and their position as well as their dimensions,
our system determines the resulting shape of the cutaway. Due to traditional
geometric illustration conventions, as denoted by Li et al. [19] and McGuffin
et al. [9], we focus on four basic shapes to create a cut; the spherical shaped cut,
the cubic shaped cut, the wedge shaped cut, and the tube shaped cut. Figure [
presents the different cut shapes with the resulting cutaway. All four cut shapes
can be effected using simple sketch-based gestures that are connatural to the
resulting cutaway. The tube shaped cut, presented in Figure B(d), is used for
automatic cutaways.

The previously described cuts for polygonal geometry, are generated using
image-based Constructive Solid Geometry algorithms, provided by the OpenCSG
library [21]. These algorithms basically combine two shapes by taking the union
of them, by intersecting them, or by subtracting one shape of the other.

Initially we have to adjust the depth of the cutaway to a default value that
corresponds to the depth of the bounding box. This might be considered as an
arbitrary choice, but it turned out that the resulting size represents an good
compromise. Users may change the depth of the cut at anytime using the wid-
get, which is presented in section L4l Furthermore, we provide continuous and
smooth animations to visualize the opening of a cutaway, which makes it easier
for users to follow the cutting procedure and to understand the spatial relations.
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Fig. 3. Cut shapes and their resulting cutaway, (a) cubic cut shape, (b) spherical cut
shape, (c) wedge cut shape, (d) tube cut shape

4.3 Cutaway Generation

To be able to create correct cutaways including geometric constraints that allow a
modification, the data of the 3D model has to be reorganized in a so called visibility
graph. The view dependent visibility graph, introduced by Li et al. [T9], organizes
the parts of the 3D model in structured layers. This is realized by determining
their visibility from the current viewpoint using multiple occlusion tests.
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Fig. 4. Example of the creation of a Visibility Graph

To create the graph, the relative and absolute visibility of an object is com-
pared in an iterative process. If one object is completely visible, it is added to
the current layer. If parts are occluded by another object and the relative vis-
ibility is consequently lower than the absolute one, the object is not added to
the current layer. The complete procedure is presented in scheme [4

4.4 Modifying the Cutaway

The possibility to manipulate the cutaway is important since solely automatic
creation leads often to unsatisfying results. Indeed, the system can hardly esti-
mate what users exactly want to see, since various kinds of cutaways are imag-
inable. However, we think that giving more control to the user may promote a
better understanding of the structure of the 3D model. Thus, good interaction
metaphors and interfaces are very important, such that users are able to easily
customize the cutaway to meet their needs. In our approach, we want to let users
directly modify the cutaways. More precisely, users should be able to reposition
and to resize the cutaways freely using simple interfaces.

We propose a smart widget as the graphical user interface (GUI). It ap-
pears next to the cursor like the Marking Menus, which were introduced by
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Kurtenbach et al.[8]. This way it is always easily accessible. This widget pro-
vides three basic selectable functionalities, which are illustrated in Figure Bl(a).
The first function allows translation of the cutaway in the x-y plane. The second
functionality resizes the cut in the x-y plane and the third option increases the
size in the z axis. To guaranty that the cut remains always visible to users, we
do not provide translation in the z axis. Instead users can increase the scale of
the cutaway in direction of the z axis.

(a) (b) (c)

Fig.5. (a) Widget representation in cutaway, (b) Multiple cutaways of a complex 3D
model containing various parts, (¢) Corresponding ID buffer

We allow the global modification of multiple cutaways as well as the local
modification of a selected one. Since for every part of the 3D model one par-
ticular cutaway object is created, every cut for every part can be modified in-
dependently. Users select the part they want to modify with a simple mouse
click. Subsequently, they can modify the cutaway of this part using the widget
as previously explained.

=] ot]  mef| sl

Fig. 6. From left to right, resizing the cutaway of the red box consequently modifies
the size of the cutaway of the green and brown box

We want to provide simple selection mechanisms, so that every visible part
of the 3D model is selectable. Hence users modify the cutaway of one part in-
dependently from other cutaways. To allow the cutaway selection we assign to
every part of the 3D model one unique ID. After that, the 3D model is rendered
using its assigned ID as a color, as shown in Figure B(b) and (c). After picking
on one part with the mouse, the system can retrieve the color at the pixel and
consequently the ID of the selected part. With that ID the system can imme-
diately refer to the proper data in the visibility graph and adjust position and
size of the selected cutaway.

When users modify one local cutaway the position and size of surrounding
cutaways are adapted due to constraints given by the visibility graph, which is
illustrated in Figure[G For example, if one local cutaway is resized by users other
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cutaways will also be resized, but only in the case where the boundaries of the
local cutaway intersect boundaries of another cutaway. As already stated, the
necessary information about surrounding parts, which have to be affected by the
modification, is provided by the layered visibility graph. The resulting transfor-
mations for surrounding cuts can be calculated easily, since our cut shapes are
represented though basic geometrical objects, as spheres, cubes and cylinders.

5 Illustrative Context Visualization

In the previous section we have shown that users can create and modify cutaways
of elaborate 3D models. However, they often need more information about in-
visible parts, to better understand the relationships between them. We divide
such occluded parts into two groups. The first group contains parts that are not
visible since they were removed by the cutaway. Parts of the second group are
still hidden by other geometry. Since these parts represent important contex-
tual information we want to visualize them in a way that the objects of interest
in the cutaway remain in focus. We use two basic rendering techniques. First
of all, the ghostview visualization displays parts that were cut away. Secondly,
a transparent rendering with contour enhancement depicts parts that are still
covered. Both techniques rely on the visibility graph structure to perform layer
dependent blending of all scene parts.

5.1 Layered Transparency and Contours

To create a transparent visualization of the 3D model we make use of the view
dependent visibility graph. Since all parts are organized in layers, depending
on their distance to the viewpoint, we consequently have information about the
visibility and the depth. We adapt the blending procedure to create a transparent
visualization. This is done by rendering each layer of the graph from back to
front and blending it with the previously accumulated layers. As a result, farther
parts appear more transparent than parts in layers closer to the viewpoint. This
procedure is illustrated in Figure[[l This process also increases rendering times
depending on the number of layers. However, the advantage is that all parts in
one layer appear similar, since they obtain the same level of transparency. We
illustrate this effect in Figure [Bfa).

One purpose of our approach is to create blueprint-like renderings that il-
lustrate parts of a 3D model in such a way that users can infer their function
and relation to other parts. Therefore, we benefit again from the visibility graph
structure and apply edge detection on each layer separately. To detect the con-
tours we use a standard Sobel filter on the diffuse Lambertian visualization.
After that, the system blends the resulting contours from back to front into the
final image. This blending approach is similar to the procedure we use to blend
the transparent layers (see Figure [M]). Since we use the visibility graph, we are
able to obtain correct contours for all parts in each layer. Furthermore, the parts
in one layer do not occlude themselves, hence they do not hide important in-
formation. As a result, the contours of closer parts appear stronger in the final
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image than the contours of parts that are located more distant to the viewpoint.
Parts from the same layer appear with equal contours.

To enhance rendering quality, we add contour information to the final blended
transparent image, which makes it easier for the user to differentiate between
different parts, as shown in Figure [{c).
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Fig. 7. Rendering pipeline to create transparent illustrations using the layered visibility
graph

(a) (c)

Fig. 8. Final renderings with (a) transparency, (b) illustration only with contours
(blueprint) and (c¢) adding contours information to the transparent rendering

5.2 Composite Visualization

After users created a cutaway to reveal hidden parts, as shown in the Figures
Bl(a) and (b), our system provides additional information about the context in-
side and around the cutaway. Our system combines the result with a ghostview
rendering that reveals the structures inside the cut, as illustrated in Figure[@(c).
Then, we use transparent rendering to display parts of the 3D model that are
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still covered. The final technical illustration presents multiple information about
different parts of the 3D model. It also provides at the same time contextual
information about the overall structure, as illustrated in in Figure Q(d).

(a)

Fig. 9. (a) Sketching the rectangular cutaway, (b) modifying the resulting cutaway, (c)
visualizing cut parts with ghostview, (d) final composite illustrative rendering of an
engine including cutaways, with transparent and ghostview rendering

6 Conclusion and Future Work

We presented new interaction and rendering techniques to create appealing il-
lustrative renderings for elaborate polygonal 3D models. First, users create cut-
aways in a novel and simple way using our sketch-based interaction technique.
Then, they modify the resulting cutaway using the smart widget. Finally, the
system enhances rendering to show more contextual information by represent-
ing invisible parts with transparency effects and ghostviews. With our approach
users easily explore a complex 3D model with simple interaction techniques and
obtain rich illustrative visualizations at the same time.

In the future we want to identify other simple gestures to provide more dis-
tinct manipulation of a cutaway. Furthermore we have to evaluate the usability
of our approach in a comprehensive user-study. We consider also to examine
different visualization techniques that enhance the visibility of a bigger variety
of characteristics of the 3D model, as for example the depth cue.

Such a system provides rich visualizations via simple interaction and facili-
tates the access to elaborate 3D content especially for non experienced users.
Regarding the long-term goal, our system opens new perspectives for 3D inter-
action by providing simple interface solutions for the general public.
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Abstract. The World in Miniature (WIM) metaphor allows users to
interact and travel efficiently in virtual environments. In addition to the
first-person perspective offered by typical VR applications, the WIM
offers a second dynamic viewpoint through a hand-held miniature copy
of the environment. In the original WIM paper the miniature was a
scaled down replica of the whole scene, thus limiting its application to
simple models being manipulated at a single level of scale. Several WIM
extensions have been proposed where the replica shows only a part of
the environment. In this paper we present a new approach to handle
complexity and occlusion in the WIM. We discuss algorithms for selecting
the region of the scene which will be covered by the miniature copy and
for handling occlusion from an exocentric viewpoint. We also present the
results of a user-study showing that our technique can greatly improve
user performance on spatial tasks in densely-occluded scenes.

1 Introduction

The World in Miniature (WIM) metaphor [I] complements the first-person per-
spective offered by typical VR applications with a second dynamic view of a
miniature copy of the virtual world. This second exocentric view of the world
helps users to understand the spatial relationships of the objects and them-
selves inside the virtual world. Furthermore, because the WIM is hand-held, it
can be quickly explored from different viewpoints without destroying the larger,
immersive point of view.

The WIM has been used as a unifying metaphor to accomplish many user
tasks including object selection and manipulation, navigation and path planning.
Object selection can be accomplished either by pointing directly at the object or
by pointing at its proxy on the WIM. By rotating the hand-held replica, users
can even view and pick objects that are obscured from the immersive camera
viewpoint. Once selected, objects can be manipulated either at the scale offered
by the WIM or at the one-to-one scale offered by the immersive environment.
The WIM can also include an avatar of the user that can be moved to change the
user location in the environment, providing camera control from an exocentric
point of view. Furthermore, since the WIM provides the user with an additional
scale at which to operate, the user can choose the most appropriate scale for any
given navigation or manipulation task.

A. Butz ct al. (Eds.): SG 2009, LNCS 5531, pp. 155 2009.
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Any WIM implementation has to address two key problems. On the one hand,
one must decide which region of the environment should be included in the minia-
ture copy. Early implementations put a replica of the whole environment in the
miniature, thus limiting its application to simple models like a single room. A
few extensions of the WIM have been proposed to handle more complex mod-
els [2J3l4]. These approaches use a miniature copy which includes only those
objects inside a region of interest, which can be scaled and moved either manu-
ally or automatically. These techniques allow the accomplishment of user tasks
at different levels of scale. However, current approaches either provide adhoc
solutions valid for a limited class of models, or assume the input scene already
provides some information about its logical structure, such as the subdivision of
a building into floors. On the other hand, WIM implementations have to pro-
vide some way to handle 3D occlusion. Regardless of the size and shape of the
region included in the miniature copy, bounding geometry such as walls must
be conveniently culled away to make interior objects visible. Early implemen-
tations relied solely on backface culling techniques [I], but these are suitable
only for very simple models; general 3D models require the application of more
sophisticated techniques for handling 3D occlusion such as cut-away views [5].

In this paper we present Dynamic Worlds in Miniature (DWIM), a new ap-
proach to handle complexity and occlusion in the WIM so that it can be used
in arbitrarily-complex, densely-occluded scenes. First, we propose to select the
region to be included in the miniature copy using a semantic subdivision of the
scene into logical structures such as rooms, floors and buildings computed auto-
matically from the input scene during preprocessing. The rationale here is that
matching the miniature copies with logical entities of the environment will help
the user to accomplish interaction tasks on the WIM. A logical decomposition
provides additional cues to better understand the spatial relationships among
parts of the scene, in addition to a more intuitive and clear view of the nearby
environment suitable for precise object selection and manipulation. Second, we
propose a simple algorithm to provide a cut-away view of the miniature copy, so
that interior geometry is not obscured by the enclosing geometry (Figure [II).

Fig. 1. Two examples of our improved WIM visualization. The miniature replica pro-
vides a cut-away view of a part of the model according to the user’s position.
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The main contributions of the paper to the WIM metaphor are (a) an al-
gorithm to automatically compute which region of the scene must be included
in the miniature copy which takes into account a logical decomposition of the
scene, and (b) an algorithm for providing a cut-away view of the selected region
so that interior geometry is revealed. These improvements expand the applica-
tion of WIM to arbitrarily-complex, densely-occluded scenes, and allows for the
accomplishment of interaction tasks at different levels of scales. The rest of the
paper is organized as follows. Section [ reviews related work on WIM exten-
sions, cell decomposition and 3D occlusion. Section [3 provides an overview of
the three main components of our extension to the WIM, which are detailed
in Sections 3.2 B3] and 34l Results of a user-study are discussed in Section [l
Finally, we provide concluding remarks and future work in Section [Bl

2 Previous Work

In this section we briefly review previous work related to the problem being
addressed (enhancements to the WIM metaphor) and to our adopted solution
(cell decomposition and occlusion management).

2.1 Worlds in Miniature

The WIM was proposed originally by Stoakley, Conway and Pausch [I] who dis-
cussed their application to selection, manipulation and travelling tasks. They
found that users easily understood the mapping between virtual world objects
and the proxy WIM objects. Unfortunately, using a replica of the whole environ-
ment in the miniature limits its application to simple models like a single room,
due to occlusion and level-of-scale problems. Several WIM extensions have been
proposed to overcome this limitations. The STEP WIM proposed by La Viola
et al. [3], puts the miniature replica on the floor screen so that it can be inter-
acted with the feet. The main advantage is the freeing of the hands for other
tasks. The method provides several methods for panning and scaling the part of
the scene covered by the miniature. The Scaled and Scrolling WIM (SSWIM) [4]
supports interaction at multiple levels of scale trough scaling and scrolling func-
tions. SSWIM adds functionally and hence complexity because the user has
to scale the model manually. The scrolling is automatic though when the user
moves to a position outside of a dead zone. This dead zone is a box centered
at the SSWIM. Chittaro et al. [2] propose an extension of the WIM to support
user navigation through virtual buildings, allowing users to explore any floor of
a building without having necessary to navigate. Unfortunately, it requires an
explicit identification of all the polygons on the different floors, which can be
a time-consuming task for complex models. Unlike previous WIM extensions,
we select the region covered by the miniature using an automatically-computed
decomposition of the model into cells.
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2.2 Cell and Portal Decompositions

A cell-and-portal graph (CPG) is a structure that encodes the visibility of the
scene, where nodes are cells, usually rooms, and edges are portals which represent
the openings (doors or windows) that connect the cells. There are few papers
that refer to the automatic determination of CPGs, and most of them work
under important restrictions [6]. Teller and Squin [7] have developed a visibility
preprocessing suitable for axis-aligned architectural models. Hong et al. [8] take
advantage of the tubular nature of the colon to automatically build a cell graph
by using a simple subdivision method based on the center-line (or skeleton)
of the colon. To determine the center-line, they use the distance field from the
colonic surface. Very few works provide a solution for general, arbitrarily-oriented
models with complex, non-planar walls. Notable exceptions are those approaches
based on a distance-field representation of the scene [9T0]. Our approach for cell
detection also relies on a distance field and it is based on the scene decomposition
presented in [I0].

2.3 Management of 3D Occlusion

Complex geometric models composed of many distinct parts arise in many differ-
ent applications such as architecture, engineering and industrial manufacturing.
Three-dimensional occlusion management techniques are often essential for help-
ing viewers understand the spatial relationships between the constituent parts
that make up these datasets. Elmqvist and Tsigas [11] analyze a broad range
of techniques for occlusion management and identify five main design patterns:
Multiple Viewports (using two or more separate views of the scene), Virtual X-
Ray (turn occluded objects visible), Tour Planners (a precomputed camera ani-
mation reveals the otherwise occluded geometry), Interactive Exploders (adopted
for the WIM in [2] through a floor sliding mechanism) and Projection Distorter
(nonlinear projections are used to integrate two or more views into a single view).

Virtual X-Ray techniques are particularly relevant to our approach as they
make the discovery task trivial and facilitate access to the potential targets by
selectively removing distractors. Distractors can be removed by turning them
semi-transparent or invisible [12]. Using transparency is particularly simple to
implement as it eliminates the need for identifying distracting objects, but ren-
dering semi-transparent objects increases the visual complexity of the scene
and the cognitive load to the user. Distractor removal techniques can be view-
independent [I3] or view-dependent [2JT4]. Here we only discuss view-dependent
techniques as they are more appropriate to reveal geometry on a hand-held
miniature. A number of algorithms for generating cut-away views are proposed
by Diepstraten et al. [5]. The proposed algorithms are both efficient and easy to
implement, although two important assumptions are made: they assume that the
classification of objects as interior or exterior is provided by an outside mecha-
nism, and that the cut-out geometry is convex. Fortunately, our decomposition of
the scene into cells with approximately constant visibility allows the application
of very simple algorithms to generate cut-away views.
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3 Owur Approach
3.1 Overview

We aim at improving the WIM metaphor by addressing three problems:

— WIM delimitation: given the current viewpoint location, we compute the
part of the scene to be included in the miniature copy and thus presented
to the user as a hand-held miniature. We use a polyhedron to represent the
region of the space covered by the WIM.

— WIM clipping: once the region to be included has been computed, we must
cull away the portions of the scene outside the selected region.

— WIM revealing: we provide a cut-away view of the selected region so that
interior geometry is revealed.

The algorithm for WIM delimitation proceeds through two main preprocess-
ing steps (described in detail in Section B2)): cell detection, where the scene is
discretized into a voxelization and then voxels are grouped into cells with approx-
imately constant visibility, and polyhedral approrimation, where a low-polygon
approximation of the cell’s boundary is extracted. Our decomposition scheme
produces cells which roughly approximate structural elements of the scene such
as rooms and corridors.

At runtime, the user will be presented with a WIM comprising only the scene
objects inside the current cell (the one containing the current viewpoint). Since
regions are detected during preprocessing, the clipping can be performed either
during preprocessing or at runtime. In the former case, we could clip the scene
geometry to each cell and store the resulting geometry. However, this approach
would add complexity to the integration with already existing applications using
their own scene graph. Therefore, we have adopted a runtime approach for clip-
ping the scene geometry to a polyhedral region. Our solution (described in Sec-
tion B:3)) can be seen as a particular case of CSG rendering (we must render the
intersection of the scene with the polygonal region) which can be implemented
easily on a GPU [15]. Finally, we apply a view-dependent cut-away technique
for removing the frontmost geometry of the cell so that internal objects are vis-
ible (WIM revealing). An important benefit of using cells with approximately
constant visibility is that they greatly simplify the WIM revealing problem: re-
moving the enclosing geometry will be enough to reveal interior objects. Note
that the presence of interior walls inside the miniature would complicate signifi-
cantly the algorithm for providing cut-away views. We describe a simple solution
(Section [34) with no extra cost which gives good results on the class of cells
produced by our decomposition algorithm.

3.2 WIM Delimitation

Cell Detection. Our approach for cell detection operates on a discrete repre-
sentation of the input scene. Thus we first convert the input model into a vox-
elization encoded as a 3D array of real values. This conversion can be performed
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Fig. 2. Cell detection on the test building: (a) original model (only one floor is shown
for clarity); (b) discrete distance field; (c¢) cell decomposition

in the GPU [I6]. Voxels traversed by geometry are assigned a zero value whereas
empty voxels are assigned a one value. Then we compute a discrete distance field
(Figure. Distance fields have been used for generating cell-and-portal graph
decompositions [9I0] as the valleys of the distance field approximately correspond
to the portals of the scene. We approximate the distance field using a 5x5x5 Cham-
fer distance matrix [I7] which requires only two passes through each voxel.

The grouping of voxels into cells is accomplished by a region-growing process
starting from the voxel having the maximum distance value. During this process,
all conquered voxels are assigned the same cell ID. We use negative values for
cell IDs to distinguish visited voxels from unvisited ones. The propagation of the
cell ID continues until the whole cell is bounded by voxels having either negative
distance (meaning already-visited voxels), zero distance (non-empty voxels) or
positive distance greater than the voxels at the cell boundary. When the growth
of one cell stops we simply choose a new unvisited maximum and repeat the
previous steps until all voxels belong to some cell (see Figure . Lastly, we
filter out small cells produced by geometric noise [10].

Polyhedral Approximation. We approximate each cell (consisting of a collec-
tion of voxels) with a polyhedron using the surface extraction algorithm proposed
in [I§]. Before the extraction, a dilation operation is performed for each cell to
include adjacent non-empty voxels. This step is required to include the geometry

enclosing the cell, such as walls (see Figures [3(c)] and B(T)).

3.3 WIM Clipping

At runtime, the user will be presented with a WIM comprising only the scene
objects inside the current region (the region containing the current viewpoint).
This can be seen as a particular case of CSG rendering, as we must render the
intersection of the scene with a polyhedral approximation of the current cell.
A coarse-level, CPU-based culling to the region’s bounding box can be used to
quickly discard geometry not to be included in the miniature. However, this
coarse-level clipping must be combined with a fine-level clipping to the polyhe-
dral cell. Fortunately, there are efficient algorithms for rendering CSG models
using the GPU [I9/15], whose implementation can be greatly simplified when
the CSG tree consists of a single boolean operation. The algorithm we propose
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is based on building a Layered Depth Image [20] of the polyhedral approxima-
tion from the current WIM viewpoint. Layered Depth Images (LDIs) can be
efficiently constructed using depth-peeling [21]. We use OpenGL framebuffer ob-
jects (FBOs) to render each layer directly into a depth texture. Since the WIM
delimitation algorithm tends to produce regions with very low depth complexity,
these regions can be encoded with just a few LDI layers and one rendering pass
for each layer (note that the LDI is build from a low-polygon description of the
cell’s boundary, which is geometrically simpler than the part of the scene inside
the cell). Once the LDI has been computed, the coarsely-culled scene is rendered
using a fragment shader that checks the fragment’s depth against the LDI and
discards outside fragments.

3.4 WIM Revealing

Note that our WIM clipping strategy does not solve the occlusion problem due
to enclosing geometry such as walls. Fortunately, it can be trivially extended
to keep enclosing geometry from occluding interior objects. The only modifica-
tion required is to offset frontface faces of the polyhedral region in the opposite
direction of their normals (i.e. increasing the d coefficient of the implicit plane
equation). In our implementation the offset was set to roughly the length of a
voxel. The resulting effect is that the frontmost geometry will be culled away by
the fragment shader, without sacrificing the outer context entirely (Figure [3(f))).
Due to the simple nature of the cells detected in the first step, this simple ap-
proach yields very good results at no extra cost.

4 Results and Discussion

We conducted a user-study to evaluate potential advantages of our WIM delimi-
tation and WIM revealing strategies in comparison with competing approaches.
We focused on selection and manipulation tasks performed in spatially-immersive
displays such as CAVEs. The test model was a three-story building with about
60 rooms and 150k polygons. Figure shows the results of the cell decomposi-
tion step on the test model, using a 1283 voxelization. The running time for the
cell decomposition was 6 seconds, including the voxelization, distance transform
and polyhedral approximation steps.

Concerning WIM delimitation, we compared our approach (based on auto-
matic cell detection) with a user-adjustable cube defining the part of the scene
to be included in the replica. Our adjustable-cube implementation is inspired in
SSWIM [4] with some modifications to match our VR system. At the beginning
of the task, the cube was centered in the user’s position and covered a fraction
of the model (in the experiments the cube covered about a 10% of the model).
Users were able to manually scale up and down the cube at constant speed (2.5
m/s for the experiments), using two Wanda buttons. Similar to [4], the cube
center was updated when the user navigated to a location farther away from
the initial position (we set the distance threshold to a 60% of the cube size).
The adjustment of the cube size and position only affected the WIM coverage;
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the apparent size of the WIM remained constant during the experiment (about
30 cm?). Regarding WIM revealing, we considered two options for distractor re-
moval: turning them invisible (using our z-offset approach) or semi-transparent
(using unsorted alpha blending with depthbuffer write operations disabled).
Given that our WIM delimitation strategy automatically matches the WIM
extents to the current cell, in the best case scenario one could expect DWIM
delimitation to have a positive impact on selection performance. In practice,
however, this may not be the case. On the one hand, DWIM’s lack of manual
adjustment can keep the user from finding a suitable level of scale for performing
the spatial task. On the other hand, DWIM’s cells include enclosing geometry
which might distract the user unless efficiently removed. We also expected the
WIM revealing strategy to have a varying impact depending on the WIM delim-
itation strategy and the amount of intervening distractors. In any case, render-
ing semi-transparent objects increases the visual complexity so we expected the
transparency option to have a negative impact on selection performance.

Apparatus. All the experiments were conducted on a four-sided CAVE with
active-stereo projectors at 1280x1280 resolution. The input device was a 6-DOF
Ascension Wanda and a tracking system with 2 receivers providing 60 updates/s
with 4 ms latency. The experiment was driven by a cluster of 2.66GHz QuadCore
PCs with Nvidia Quadro 5500 cards.

Participants. Eleven volunteers (1 female, 10 male), aged from 24 to 35, par-
ticipated in the experiment. Some participants (4) had no experience with VE
applications; 5 had some experience and 2 were experienced users.

Procedure. The task was to select some objects and move them to a target
destination represented by a sphere. Target destinations were chosen to be more
than 4 meters away from the initial position so that the task could be accom-
plished more efficiently using the WIM proxies rather than the actual objects.
Selection and manipulation in the WIM was accomplished using the virtual hand
metaphor. Users were requested to complete the task as quickly as possible. Users
were allowed to navigate at 2m/s constant speed using the wanda’s joystick.

Design. A repeated-measures within-subjects design was used. The indepen-
dent variables were WIM delimitation (adjustable cube, current cell) and WIM
revealing (transparency, z-offset), resulting in four combinations. Each partici-
pant performed the experiment in one session lasting approximately 15 min. The
session was divided into four blocks, one for each technique. Before each block
users were provided with a short training session which required them to com-
plete practice trials. We measured the time to complete the task, distinguishing
between selection, manipulation and navigation times (some users decided to
navigate to find a better view to accomplish the task).

Various options for WIM delimitation and rendering are shown in Figure Bl
Figure shows the replica covering the whole model. Note that this WIM
is not suitable for object manipulation due to occlusion and level-of-scale prob-
lems. Rendering the WIM with alpha blending (Figure does not provide
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Fig. 3. Different strategies for WIM rendering

a sufficiently clear view of the model and still provides a scale unsuitable for
object manipulation. Figures and show sample renderings with the ad-
justable cube. The result of our clipping algorithm (with transparency instead
of z-offset revealing) is shown in Figure Now the miniature includes only
the geometry inside the automatically-detected cell, providing a better scale for
accurate selection and manipulation tasks. Finally, Figure hows the final
output of our algorithm. The quality of the results can also be observed in the
accompanying videos (further results can be found in [22]).

Results. Results of the experiment are shown in Figure The two-way
ANOVA showed a significant effect (p < 0.01) for the WIM delimitation factor,
users performing much better (30% less time) with the WIM delimited auto-
matically to the current cell rather than manually with the cube. This result
was expected as our approach eliminates the need to manually adapt the WIM
extent to the task. We also found a significant effect (p = 0.04) for the WIM
revealing factor, and a clear interaction effect (p < 0.01) between delimitation
and revealing. When the WIM was delimited automatically to the current cell,
the choice of the revealing strategy had a significant effect, users performing
much better when removing occluding walls with the z-offset approach. This
seems to confirm our hypothesis on the limitations of the transparency option
for performing spatial tasks (see Figures and . However, when delimit-
ing the WIM with the adjustable cube, the revealing strategy had little impact
on overall user performance. Our explanation for this is that rendering the WIM
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with transparency resulted in higher visual complexity of the resulting images,
but this was compensated by the fact that users were not forced to perform a
fine adjustment of the cube to avoid occluding walls (see Figures and.

It can be argued that the chosen task favors our approach against the ad-
justable cube option because the initial user position was located in the same
room as the object to be manipulated. Therefore we conducted a second exper-
iment with identical setup except for the object to be manipulated, which was
moved to an adjacent room. This change implied that, when using our approach,
users were required to navigate to the target room, whereas for the adjustable
cube users were able to decide whether to navigate or to scale-up the cube.
We also chose a target room with less occluding objects to favor transparency
against our z-offset approach. Figure shows the results of the second ex-
periment. Despite being a worst-case scenario for our approach, we still found a
significant effect for WIM delimitation (p = 0.01), users performing better with
DWIM. Our explanation is that, in densely-occluded environments, scaling-up
the cube rapidly increased the number of potential distractors, adding occluders
from neighboring cells and keeping it from providing a clear view for carrying
out spatial tasks. We did not found though a significant effect for WIM revealing
(p = 0.1), probably because of the low number of occluders in the target room,
making the transparency option still usable.

Using correct (sorted) transparency through depth-peeling might improve the
clarity of the images, but the depth complexity (i.e. the number of layers and
hence the number of rendering passes) would depend on the complexity of the
objects inside the room, not on the complexity of the geometry enclosing the
room, as in our case. Furthermore, note that the cut-away view provides a much
more clear representation compared with the transparency-based option.

Runtime Overhead. We also measured the performance overhead of our tech-
nique. Since cells are detected during preprocessing, the WIM delimitation step in-
troduces no noticeable runtime overhead in comparison with the adjustable cube.
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Adjustable cube and transparency Adjustable cube and transparency
Current room and transparency Current room and transparency
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Fig. 4. Box plots for task 1 (left) and task 2 (right)
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WIM rendering requires (a) building the LDI of a low-polygon approximation of
the cell and (b) drawing the objects with a simple fragment shader. The LDI is
built using a FBO with the size of the WIM viewport, which is smaller than the
immersive viewpoint viewport. The overhead was found to be less than one mil-
lisecond, which had no noticeable impact on the application frame rate.

5 Conclusions and Future Work

In this paper an enhanced version of the WIM metaphor has been presented.
Our approach supports arbitrarily-complex, densely-occluded scenes by selecting
the region to be included in the miniature copy using a semantic subdivision of
the scene into logical structures such as rooms. The rationale of our approach is
that matching the miniature copies with logical entities of the environment would
help the user to accomplish spatial tasks. We have shown empirically that our
approach facilitates accurate selection and manipulation of 3D objects through
their WIM proxies, providing a clear, low-complexity view automatically adapted
to the user’s location. Our current system allows users to switch automatic WIM
delimitation on and off; when turned off, the WIM shows a miniature replica of
the whole scene, which can be more suitable for way-finding tasks at large scale
levels. Unlike other WIM extensions using continuous scrolling, our approach
preserves the extents of the miniature copy while the user remains in the same
room. The room center instead of the current viewpoint is used as pivot point
for hand-held manipulation and visualization of the miniature. We have found
this behavior to be less distracting to the users.

There are several directions that can be pursued to extend the current work. It
may be interesting to explore alternative visibility-aware decompositions of the
scene suitable for outdoor environments, enabling fast identification and removal
of occluding geometry, as well as cell decompositions requiring no preprocessing
at all. It would be also useful to allow the user to enlarge the WIM coverage by
incorporating rooms adjacent to the room containing the current position. This
can be easily implemented as the outcome of the WIM delimitation algorithm
is a discrete cell-and-portal graph representation of the scene.
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Abstract. Utilizing context information—e.g. location, user aspects, or hardware
capabilities—enables the presented generic framework to automatically control
the selection and configuration of visualization techniques and therewith provide
interactive illustrations, displayed on small mobile devices. For context-annotated
data, provided by an underlying context-aware world model, the proposed sys-
tem determines adequate visualization methods out of a database. Based on a
novel analysis of a hierarchical data format definition and an evaluation of relevant
context attributes, visualization templates are selected, configured, and instanced.
This automatic, interactive process enables visualizations that smartly reconfig-
ure according to changed context aspects. In addition to the generic concept, we
present real-world applications that make use of this framework.

1 Introduction

Handling, controlling, and processing of various, possibly huge amounts of data on
mobile devices will most likely be an upcoming trend in future. One example is the vi-
sualization of data on mobile devices, as already partially present in the form of mobile
navigation devices, where users query geographical data (maps) on their mobile clients
to retrieve various spatially referenced information. In general, such geo-mashup ap-
plications specifically make use of multiple geo-referenced data sources and generate
a combined, unified view of the data. With the evolution of smart, mobile devices and
data-sensor technology more and more data will become available and therewith enable
new use cases and applications.

Currently, applications which process and use huge amounts of data make high
demands on the underlying hardware infrastructure (processing power, network con-
nectivity, etc.) and in the same way on its operating users (overwhelming feature set,
non-intuitive user interface, etc.). Context-aware systems address this conflict of ad-
vanced applications and ease of use [1/213]]. They try to assemble context information
via locally integrated sensors—e.g. cameras, GPS antennas, inertial accelerometers, or
WiFi receivers—or utilize external data providers to request additional data, like com-
mon information databases. For example, mobile navigation devices may use GPS to
acquire its current location without requiring the user to interact with the device. In
addition to pure navigation scenarios more general information retrieval systems ap-
pear that support access of arbitrary data, e.g. an intuitive access to data using a spatial
context have become available via Google Earth [4] or Microsoft VirtualEarth [5]. Such
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location-based, context-aware applications are available for desktop computers; the next
challenge is to offer similar services for smart devices and provide mobile users with
information relevant to their current context.

We propose a system to generate interactive context-aware visualization of federated
data sources provided by an underlying context-aware framework. Systems that manage
heterogenous context data often make use of descriptive data formats and communica-
tion protocols as, e.g., the Nexus system [6]] makes use of XML and SOAP. In contrast to
common flat formats, hierarchical data schemas—as implemented by Nexus—have the
major advantage that even new or unknown data types are partially defined through their
base type(s). Our novel selection approach particularly takes advantage of an hierarchi-
cal definition to retrieve sematic information, even about unknown data objects, to select
and configure an adequate visualization out of a database of visualization techniques.
This way, the system is capable to visualize any kind of data available through a fed-
erated data source—e.g. sensor values, 3D geometry, simulation data, etc.—exceeding
most existing geo-mashup techniques in its generality to combine multiple heteroge-
nous data sources. In contrast to simple, very popular geo-mashup systems [4L5] our
system can, in addition to location, consider arbitrary context aspects and adapt the
visualization correspondingly. In particular, client-device aspects are analyzed so that
visualizations are appropriate for the utilized device—e.g. low-performance clients are
provided with prerendered images from the infrastructure or clients with limited con-
nectivity receive a reduced dataset—resulting in support for interactive context-aware
visualization on mobile devices. Because of fast-changing context attributes, e.g. po-
sition or viewing direction, of mobile users context-aware visualizations that support
interactive update rates are required and therefore hardware acceleration support, e.g.
using graphics processing units, is already considered within the entire system design.

1.1 Nexus: A Framework for Context-Aware Applications

A generic open-source platform for context-aware applications is foreseen within the
Nexus project [6]], where multiple, remote data providers contribute to a federated data
source, the so-called Augmented World Model (AWM) [3]. Data entities of the AWM
may be captured sensor data, automatically or manually generated data of real-world
objects, or data of virtual objects. This general approach places no restrictions on the
data (i.e. data type or data amount) provided to or from the platform, facilitating a
unified access to arbitrary data for context-aware applications.

In order to allow arbitrary services and applications to make use of the data, each
data type is defined within a specific XML type description, called Augmented World
Schema (AWS). The resulting complex, hierarchical schema definition contains basic
types, attributes, meta data, relations to other objects, etc. In the proposed visualization
service this schema definition plays an important role as it is used to interpret and find
adequate visualization methods for data entities within the federated data source. To
access the information contained in the AWM various data base queries are supported
and transparently distributed to the relevant data providers by the federation component
of the Nexus framework. Therefore, an efficient processing of, e.g., queries on entities
located at a given geo-referenced real-world position is ensured.
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2 Related Work

Context-aware systems and their applications are an active field of research, thus dis-
cussion on previous work is mainly concentrated on context-adaptive presentation.
Mackinlay shows a system that automatically generates 2D presentations of relational
data, thereby considering the effectiveness and expressiveness of the resulting visual-
ization [7]]. Sophisticated interactive 3D visualization which offers much more degrees
of freedom for presentation are not discussed. Senay and Ignatius present the Vista sys-
tem [8]; where the goal is to automatically generate combined visualizations from basic
techniques. Several rules are defined how visualizations can be combined to achieve the
most pleasant results. After definition of the input data, the system tries to find a pos-
sible visualization, considering the input data types and their correlation. Gilson et al.
make use domain knowledge in form of ontologies to generate information visualiza-
tions from domain-specific web pages [9]. In contrast to our context-aware approach,
both systems consider only the input data itself and static domain knowledge. In ad-
dition, the resulting visualizations are targeted for a single platform and do not offer
dynamic context-aware presentations. A system based on scene-graph concepts is pro-
posed by Reitmayer and Schmalstieg [10]. They present an extended scene graph that
is automatically adapted during an update phase based on specific context settings. We
propose a related concept, but focus on sophisticated visualization techniques and their
interactive adaptation on mobile devices. Mandez et al. [11]] make use of this system
to develop context-driven visualizations. In addition, we propose to use context infor-
mation to automatically find the most suitable visualization by performing a real-time
reevaluation on the available techniques, which is not foreseen in the technique pre-
sented in [10]]. A conceptual framework for context-sensitive visualization with focus
on recognition and handling of higher-order context is proposed by Jung and Sato [2].
The approach is envisioned for interactive applications, but do not support interactive
visualizations or real-time context-aware adaptation.

Further, many specific prototype applications and frameworks exist. Shibata et al.
propose a framework to develop mixed and augmented reality (AR) applications [12].
Thereby, they focus on location awareness, as typical for mixed-reality applications,
and computation load balancing for AR applications. Context-ware selection or config-
uration of visualization approaches are not considered. The development of a context-
aware tourist guide is presented by Cheverst et al. [[13]]. They propose to change the pre-
sentation according to context aspects like location history or user interests. However,
their proposed system is targeted for static non-interactive presentation of information
whereas we focus on interactive visualizations. An interactive prototype for a mobile
location-based information presenter is proposed by Burigat and Chittaro [[1]. Their
tourist guide application (LAMP3D) renders 3D VRML models interactively consider-
ing the location context, further context aspects are not analyzed.

3 Communication and Processing Infrastructure

A system that supports heterogenous mobile clients has to cope with limitations of these
devices. Computation power, network bandwidth, and limited storage are the most se-
vere ones. The proposed client-server system is designed to address these aspects. It
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Fig. 1. Overview of the communication and preprocessing infrastructure to support data process-
ing for mobile devices, implementing context-aware visualizations

supports processing of arbitrary input data and is based on a caching and preprocessing
concept to prepare data based on the client’s requirements and further context attributes.
The server acts as a communication endpoint for heterogenous clients and optimizes the
wireless transmitted data; it is further designed to work with multiple concurrently con-
nected clients in a way that preprocessing is only done once and cached for all clients.
For the processing of data queried from a federated source an appropriate technique is
selected, based on the user’s context, so that the resulting visualization data can effi-
ciently be handled by client devices. Figure[I] shows an overview of the system.

For the communication with an underlying context-aware platform—our implemen-
tation makes use of Nexus [6]—a descriptive communication protocol is used. In Nexus,
XML/SOAP requests are used to access the federation component, but such proto-
cols are inappropriate for direct communication with mobile devices, as they increase
latency—due to complex structure parsing—and the total amount of data transmitted.
In contrast, the server-based preprocessing—as illustrated in Figure [[—allows us to
preprocess the raw data once and cache it using a data structure that is more appropriate
for visualization purposes. Therefore, subsequent queries to the same data objects—
possibly form a different client—benefit form the cache and experience a faster server
response, as the underlying context-aware framework does not have to retrieve and fed-
erate data of possibly slow, remote providers.

The proposed generic system supports multiple techniques to process data objects of
the same or different type and amount via a plugin-like system. In the following, we dis-
cuss data processing for visualization on heterogenous mobile and desktop computers,
but the proposed client-server system may also be used to perform other not necessarily
visualization data processing.

3.1 Visualization-Technique Database

The server component has—in addition to the data queried form the AWM—access
to a database of visualization templates (V' D B) that implement different visualization
techniques, as depicted in the bottom of Figure[ll Each individual visualization template
available through the V D B has four functional parts:
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1. A function to query the template for appropriateness to visualize a specific data
type by providing the corresponding data schema.

2. Processor to handle raw data objects, provided by the utilized federation.

3. The implementation of the actual visualization technique.

4. 1/O routines to transmit/receive all required data of the template’s visualization.

These templates are utilized to preprocess and optionally calculate the final visualiza-
tion, dependent on the client and its current context, which is further detailed in Sec-
tion[3.2l The resulting binary data—either an intermediate binary representation of the
visualization data or even a final image of the visualization—is then transmitted via
a (wireless) network connection to the client. The server-based preprocessing and the
implementation of techniques are tightly coupled with the underlying scene graph [[14];
therefore visualizations are represented as partial scene graphs. The preprocessed in-
termediate data, transmitted to the client, can therefore be: raw data objects, standard
scene-graph nodes, extended scene-graph nodes, or images streams.

For the integration of a new visualization a template plugin which implements the
technique has to be made available on the server and, if intermediate visualization data
should be transmitted, on the client side. If a specific visualization technique is only
available on the server side, then the clients cannot process the technique’s intermediate
data and the server system reverts to basic image-stream transmission.

3.2 Technique Matching Utilizing XML Schemas

The mechanism to automatically select and configure appropriate visualization tech-
niques is based on a hierarchical data description, formulated via an XML schema. All
data objects stored in the AWM have to be defined within this schema. The AWS makes
use of substitutionGroup="..." attributes, and <extension base="..."/> tags to compose
extended object classes and attributes in a hierarchical manner. Figure 2] shows on the
left the definition for an URL attribute type, that can be used to describe an attribute
of a class object within the schema. Note that the resulting uri attribute can be inserted
wherever the schema requests a NexusAttribute as it is part of the substitution group.
Furthermore, it is based on (i.e. derived from) the basic string type. This hierarchy is
fundamental to the automatic selection, as for data types where no corresponding pro-
cessing template is available the system can iteratively cast the data to its base type and
try to find matching techniques until a basic type, e.g. string, is reached.

The entire evaluation process to find possible techniques in the V' D B that match the
requested data type is implemented via a sequential process, as depicted in the right part
of Figure[2l The illustration shows the data flow of each individual data element and the
resulting data, transmitted to the clients. For each element of the data-object stream that
is piped into the matching process from the AWM all available visualization templates
are queried to rank the usability to visualize their requested data type. Each template of
the V D B returns a scalar value to reflect the quality/appropriateness ¢; of the resulting
visualization, for the given type. Techniques with ¢; > 0 are assembled to a list of
possible visualizations. For data types where no corresponding visualization template is
available, i.e. all available templates return g; = 0, the automatic selection mechanism
makes use of the fundamental hierarchical structure of the AWS: the system iteratively

"



172 M. Eissele, D. Weiskopf, and T. Ertl

Data Object

Correspondin
XML Schema

<simpleType name="NexusUriType"> Schema Matching
<restriction base="string"/> - Query techniques
</simpleType> - Assemble list of
possible cadedates
<complexType name="NexusUriAttributeType"> l J%
<sequence> T :
<element name="value" . Context-Based
valu Single Scalar Technique Selection
type="NexusUriType"/> ’4._ ~ Consider data
<element ref="meta" minOccurs="0"/> - Float Type aspects (number of
data elements,...)
</ sequence> - Consider context of
</complexType> Multi Scalar client (screen size, ..)
tFloat Type ’4-
<element name="uri"
type="NexusUriAttributeType" . Preprocessing
substitutionGroup="NexusAttribute" /> - z?z;g;solidaﬁcﬂv
- Compiation of
— Visualizations
- Text Type

Transmission of one
or more Visualzations

Fig.2. XML schema matching. The left illustration shows a schema definition for an URL at-
tribute. On the right, the data flow path during the evaluation process for relevant visualization
techniques using XML-based data type descriptions (AWS) is shown.

casts the data objects to their base types and uses those to find matching techniques
until at least one techniques is found and inserted into the list of possible techniques.
As the attributes and classes defined in the AWS are based on only few basic types, e.g.
string, integer, float, etc., and for each of these a basic visualization is available, it is
guaranteed that the system can visualize all data provided by the AWM. However, the
quality and usability of the result is strongly dependent on the selected visualization.

3.3 Context-Aware Visualization and Real-Time Adaptation

For the selection process of appropriate visualization techniques the amount of data and
possibly other aspects, e.g. spatial distribution of the individual data elements, might
also be relevant. To consider these aspects in the selection process, all techniques in
the list of possible visualizations are provided with raw data from the stream of data
objects, generated by a query to the AWM. Afterwards, a combination of per-client
context information and properties of each technique—e.g. the amount of data objects
the method can visualize simultaneously—are used to decide which visualization is fi-
nally selected as most appropriate for the current situation. This process is summarized
as Context-Based Technique Selection in Figure [2l The necessary per-client context is
made available via an aggregation of data provided by the framework (tracking system,
web services, etc.) and data from local sensors (camera image, GPS location, etc.) of
the connected client. In order to support real-time context information, both sources are
synchronized to build the per-client context that is consistently available on the server
and client. The following Preprocessing step (see Figure R)) executes the selected tem-
plate’s function to prepare the data and, dependent on the context, transmits optimized
intermediate visualization data or an image stream to the client.
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The aforementioned system has been designed with the application of mobile visual-
izations in mind. However, real-time or at least interactive visualization that depend on
a possibly dynamic fast-changing context—e.g. a mobile users changes their position—
has to support a fast update mechanism to adapt visualization parameters or even change
the entire technique. Thus, visualizations might change although no additional data was
queried, so a continuous adaptation to dynamic context aspects is required. The entire
selection process can be repeated, if a changed context is detected, but this will intro-
duce a high latency for adaptations due to the costly schema matching.

High-frequency but moderate changes in the context, e.g. position or view direction
updates, are handled via parameter adjustments of utilized visualizations. For adap-
tation, each technique—implemented as sub scene graph—supports a specific scene-
graph traversal interface utilized to receive context updates. This way, visualization
techniques can adapt themselves to the changed situation. However, if the context has
changed tremendously, the previously selected visualization technique may no longer
be adequate to visualize the requested data.

Therefore, mainly static context information, i.e. data format and amount, is con-
sidered during the initial template selection and multiple visualizations from the list of
possible techniques are instanced. These are then attached to a context-sensitive switch
node, which is basically a context-aware group node where each child can be turned
on or off. In consistency with the update mechanism for visualizations, switches also
receive high-frequent context updates and can thus perform a context-aware selection
of preinstanced techniques, as described in Section[3.2] without a noticeable delay. The
continuous context updates are executed on the server, to adjust image-streaming clients
and cached visualizations, and on advanced clients that are able to process scene graph
structures locally. For drastic changes of the context, e.g. a changed display device, still
a server-side restart of the entire selection process is needed.

Weighting of individual context aspects for visualization-appropriateness evaluation
is flexibly implemented by each template and context switch in a way that access to all
attributes of the per-client synchronized context is available, e.g. position, view direc-
tion, screen size, etc. Based on these values the technique adapts its parameters resulting
in an adequate output; even sophisticated approaches as proposed in [[7] that automati-
cally generate different styles can be integrated. In addition, context switches can query
its children to retrieve their scalar appropriateness value ¢;. The returned normalized
values are sorted to adjust the selection of an optimal visualization, if required.

3.4 Rendering of Context-Aware Visualizations

The final rendering of the visualization depends strongly on the client device capabili-
ties and the available network connectivity. Several approaches exist to enable advanced
visualizations on smart mobile devices, namely: Remote Rendering, Render Local, and
Hybrid Rendering [15]]. Most research done for visualization on mobile devices focuses
on a single specific setup with known client devices and applications. In contrast, the
proposed system for context-aware visualizations supports diverse configurations and
is able to dynamically select the most appropriate one, dependent on the available con-
text information. For instance, client-device capabilities in terms of graphics hardware
support are considered in a way that if the device does not have hardware support,
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entire visualization including the rendering is performed by the server and the final
image stream is continuously transmitted to the client device.

As the implementations of all visualization methods are based on the same basic
scene-graph API, all three rendering modes can efficiently be supported: For rendering
locally on the client the required sub scene graph is transmitted with its required depen-
dencies and executed on the client side to render the visualization utilizing OpenGL.
In situations where the final rendering has to be performed remotely, the server exe-
cutes the sub graph within a so-called camera node, resulting in an image of the final
visualization using view parameters provided by the client’s context. This final image
is then optionally compressed and transmitted to the client, where it is displayed simply
by extracting and copying into the frame buffer. Specific visualization techniques of the
V' DB may support a hybrid mode where the computation is distributed between server
and client. This way, a sever-based preprocessing is used to build an optimized data
structure that is then transmitted to the client for calculating final visualization allowing
to minimize the amount of data that has to be transferred over network.

For evaluation of the proposed concept we integrated a number of different visu-
alization methods into our prototype, so that in addition to 3D geometry including
textures and shader programs, text strings, scalar, and vector data types are handled.
All other data types of the AWS are incrementally casted to their basic type and then
visualized using a text box with, if a real-world location is available, a geospatial ref-
erence pointer via a text-visualization (see Figure dh). Thus, the resulting geo mashup
of multiple heterogeneous data sources is more general as the interface offered by, e.g.,
GoogleEarth [4] as representation and interpretation of more complex data depends on
corresponding visualization template which can be implemented without restrictions.

Another important aspect rendering has to account for is the combined visualization
of multiple data types using different visualization techniques within a single image.
Simply adding the result of each technique to the final image can lead to artifact due
to, e.g., incorrect depth sorting. Therefore, all visualization techniques that generate
geometry—Ilike stream lines, glyphs, etc.—are required to write correct depth values to
the frame buffer. This way, visualization of opaque geometry can be intermixed with
each other. Visualizations that make use of (multiple) transparent primitives (like vol-
ume rendering) but do not spatially overlap with other visualizations, i.e. their bounding
boxes do not intersect, are also correctly rendered. The underlying scene graph automat-
ically detects transparent geometry and schedules its rendering after opaque objects in
a back-to-front sorted manner based on bounding boxes. However, for multiple semi-
transparent and spatially intersecting visualizations we accept small blending artifacts
due to partial incorrect depth sorting.

4 Applications and Evaluation

Two prototypical examples are implemented using the proposed system. A technical in-
formation and visualization system for a smart factory [16] where all data relevant to the
manufacturing environment is managed via the Nexus platform. Further a non-technical
geo-mashup application for a mobile outdoor scenario is presented. In [[17] we present a
non-generic context-aware visualization implementation for a specific scenario, which
could also be implemented using the proposed framework.
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4.1 Prototype Scenarios

To evaluate the proposed system together with partners from the field of advanced
manufacturing engineering a number of example visualization techniques were imple-
mented based on different basic concepts and deployed to different client hardware. The
dominant context aspects that influence the visualization are data type, position, view
direction, and client device capabilities. Furthermore, visualization often benefits when
the spatial context of the presented data is shown. This context-data is often provided via
virtual 3D models, but also real-time video streams are possible, as used in augmented
reality where position and direction define the point of view for rendering visualizations
as overlays to real-world views. Therefore, these visualization methods also support a
combined visualization of scientific data and real-world camera video streams. Nat-
urally, both content types—real-world and virtual—are adapted to the user’s current
position and direction to support AR setups.

The examined example scenario is targeted for the design, evaluation, and mainte-
nance of air ventilation systems, typically installed in laboratories or manufacturing
environments. In clean rooms, air flow is crucial to maintain the required conditions,
e.g. particles per cubic meter of air. Direction and speed of the flow or temperature are
only a few important aspects that have to be considered, especially within areas where
high-tech materials are processed. Simulation and visualization of these quantities are
used to optimize the production, but evaluation and maintenance of the conditions re-
quires expensive highly-qualified personal. In contrast, the proposed system can easily
present the relevant data or information—adequate for different tasks—within the re-
lated spatial context, so that even non-experts can interpret the data to some extent.

Figure Bh shows an interactive visualization of the simulated air flow within the
planned manufacturing environment. The simulation data is precomputed and stored
within the AWM and linked to its real-world position. The desktop application makes
use of the proposed framework to access and visualize the simulation data in combi-
nation with other data available in the AWM. The additional virtual 3D model of the
manufacturing environment helps users to understand the air flow inside. Additional
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Fig. 3. Context-aware data visualization for manufacturing environments. A visualization of air-
flow data is shown using stream ribbons in a) together with a virtual 3D model to provide a spatial
context of the data. A detail of the same data is depicted in b) using a mobile device.
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data, e.g. temperature inside the room, can be displayed using volume rendering to in-
vestigate possible relations between temperature values and air flow behavior. Due to
the utilization of graphics hardware, such a combined visualization still performs at in-
teractive frame rates even on moderate hardware. The total amount of data transferred
to the desktop client is dominated by high-detail textures and adds up in total to roughly
12MB for the visualization depicted in Figure 3.

In the desktop application real-world spatial context is artificially generated via a
virtual 3D model of the manufacturing environment. Also interaction, i.e. change of
viewing position and direction, is simulated via mouse interactions. Therefore, if the
quality of the provided context data is not adequate the resulting evaluation will not be
accurate. In contrast, using smart mobile clients the system is able to replace the virtual
environment with a camera image stream capturing the real-world conditions (see Fig-
ure3b and Figuredh). Therefore, users are able to interpret and evaluate the simulation
data within its relevant spatial context, misplaced interior or obvious simulation errors
are easily visible. Basically, the very same techniques as for the desktop client can be
used to display the data on mobile devices. Due to the limited OpenGL functionality
and performance of the utilized client device (TabletPC M1300, Intel 855GM 64MB
VRam) the system restricts itself to a limited number of stream ribbons to display the
air flow or color-coded surfaces for the scalar temperature values in order to keep the
visualization at interactive frame rates. The entire visualization is displayed in front
of a live video image that provides the real-world spatial context for the visualization.
The resulting visualization shown in Figure[3b runs at 20fps and requires an initial data
transmission of roughly 4MB to the mobile client for the entire scenario.

Mobile clients are also preferred for maintenance of the conditions inside the man-
ufacturing environment as rearrangements or other changes of the environment can be
detected. Even untrained users can easily benefit from such visualizations using their
off-the-shelf smart mobile device like phones or PDAs. The limited hardware of these
devices often force to render the visualization on the server and use image streaming
to transmit the final result to the client. For evaluation a camera-equipped handheld de-
vice (O? Xda Flame) is used to provide video-based real-world context (Figure @h) and
render the visualization as an overlay on top. However, due to restrictions like small
screen size visualizations are adapted or even different for the same scenario.

Apart form the presented indoor scenario, further fields of application are possible
whenever huge amount of heterogeneous data has to be evaluated. The main advantage
of the proposed system is the device independency and the focus on mobile clients
to allow operation within the relevant spatial context. An example of a sophisticated
mobile geo-mashup visualization is shown in Figure[@b. A multi-resolution height field
with 3D buildings and stream ribbons to show the air flow inside the city is rendered
remotely and presented on a mobile device.

4.2 TImplementation Aspects

As the entire system is based on the underlying open-source scene graph OSG [14], ex-
isting basic visualizations and even existing end-user applications can easily be adapted
to make use of the presented system. In addition, the scene graph and visualizations
utilize hardware accelerated OpenGL and are executed within multiple threads, there-
fore the server component greatly benefits from multi-core systems with hardware
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Fig.4. A mobile application for manufacturing-condition maintenance is shown in a), represen-
tative data samples are presented. An advanced geo-mashup scenario is depicted in b) where a
3D height field is combined with a flow visualization technique.

accelerated graphics hardware. Further optimizations of the scene graph—small-feature
culling, frustum culling, or state sorting—are automatically applied to visualizations.
The network communication is handled via a binary, streaming-capable file format. A
transfer of arbitrary scene-graph nodes and sub graphs or entire scenes are supported.
As the templates are designed to handle server and client tasks, the same binary visual-
ization code is used on both sides—if the system architectures match—which ensures
a consistent visualization. The system can easily be extended with new novel visual-
izations, which can be instantiated at runtime. Whenever the client receives data for
an unavailable template, the server might even transmit the binary plugin that matches
client’s architecture specified within the context data. This way, client applications can
automatically be updated to benefit from new novel visualization techniques to display
the heterogeneous data encoded within the transmitted scene graph structure.

5 Conclusion and Future Work

The proposed visualization approach makes use of a context-aware framework to ef-
ficiently interpret and analyze heterogeneous context-based data queried from a fed-
erated data source. In addition to the hierarchically defined data type the system also
considers further context aspects like geo-referenced position, viewing direction, user
preferences, client hardware, total amount of data, data entities within the current view,
and much more to select and configure visualizations deployed to the clients. The open
system thereby generalizes popular geo-mashup systems [5/4]] in a way that multiple
arbitrary data sources can be displayed via a generic data-visualization system, with
respect to arbitrary context aspects, not just a geo-spatial position.

The presented application shows the advantages and the flexibility of the system to
support mobile users with different qualification, different aims, and different hard-
ware in inspecting and understanding huge amounts of data. Mobile context-aware
presentation of various data enables future applications that support interactive high-
quality visualization adequate for the user’s current context.

In future work we will consider more context aspects and integrate further visu-
alization methods to show the full potential of the proposed system. The research will
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also include presentation techniques that consider the quality of context information and
context information at an higher level of abstraction like situation descriptions. Applica-
tions are expected that are able to transparently adapt to the users current situation—e.g.
in meeting, driving a car, out for lunch, etc.—and react in the most appropriate way.
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Abstract. The Organ and Augmented Reality (ORA) project has been
presented to public audiences at two immersive concerts, with both vi-
sual and audio augmentations of an historic church organ. On the visual
side, the organ pipes displayed a spectral analysis of the music using visu-
als inspired by LED-bar VU-meters. On the audio side, the audience was
immersed in a periphonic sound field, acoustically placing listeners inside
the instrument. The architecture of the graphical side of the installation
is made of acoustic analysis and calibration, mapping from sound levels
to animation, visual calibration, real-time multi-layer graphical compo-
sition and animation. It opens new perspectives to musical instrument
augmentation where the purpose is to make the instrument more legible
while offering the audience enhanced artistic content.

Keywords: Augmented musical instrument, Augmented reality, Sound
to graphics mapping, Real-time visualization.

1 Introduction

Augmented musical instruments are traditional instruments modified by adding
controls and mono- or cross-modal outputs (e.g. animated graphics) [TI2]. Aug-
mentation generally results in a more complex instrument (on the player’s side)
and a more complex spectacle (on the spectator’s side). The increased function-
ality and controllability of the instrument might eventually distort the perceived
link between the performer’s gestures and the produced music and graphics. The
augmentation might confuse the audience because of its lack of transparency. In
contrast, the increased functionality could enhance the perceived link.

We agree on the interest of musical instrument augmentation that extends
a traditional instrument, preserves and enriches its performance and composi-
tion practices. This article focuses on a rarely stressed use of augmentation that
increases the comprehension and the legibility of the instrument instead of in-
creasing its complexity and its opacity. Our research on output augmentation
follows the work on ReacTable [3], an augmented input for the control of elec-
tronic musical instruments. The ReacTable is a legible, graspable, and tangible

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 179-[I90} 2009.
© Springer-Verlag Berlin Heidelberg 2009
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control interface, which facilitates the use of an electronic instrument so as to
be accessible to novices. Its professional use confirms that transparency does not
entail boredom and is compatible with long term use of the instrument.

This paper presents the principles and implementation of the Glass Organ,
the augmentation of an historical church organ to enhance the understanding
and perception of the instrument through intuitive and familiar mappings and
outputs. It relies on the following main features:

— the visual augmentation is directly projected on the facade of the instrument
(and not on peripheral screens),

— the visual augmentation is aligned in time and space: the visual rendering is
cross-modally synchronized with an audio capture and the graphical projec-
tion is accurately aligned with the organ geometry,

— the augmentation does not affect the musician’s play. It can adapt to tradi-
tional compositions and deserves the creation of new artworks,

— the augmentation is designed to gain a better understanding of the instru-
ment’s principle by visualizing hidden data such as spectral sound analysis
and the spatial information distribution within the large instrument.

The aim of the Organ and Augmented Reality (ORA) project was to visually
and acoustically augment the grand organ at Ste Elisabeth church in Paris. This
project was funded by the city of Paris program for popular science “Science
sur Seine”. The aim was to explain in general sound and sound in space, with
specifics relating to the context of live performances. Concert were accompanied
by a series of scientific posters explaining the background and technical aspects
of the project. This project involved researchers in live computer graphics and
computer music, a digital visual artist, an organ player and composer, and tech-
nicians[] ORA has been presented to public audiences through two immersive
concerts, with both visual and audio augmentation. On the visual part, the or-
gan pipes displayed a visual spectral analysis of the music, inspired by LED-bar
VU-meters. On the audio side, the audience was immersed in a periphonic sound
field, acoustically placing listeners inside the instrument. This article focusses on
visual augmentation, the audio side is more detailed in [4].

2 Visual Augmentation of Instruments

The augmentation of a musical instrument can either concern the interface (the
capture of the performer’s gestures, postures, and actions), the output (the mu-
sic, the sound, or non-audio rendering) or the intermediate layer that relates
the incoming stimuli with the output signals (the mapping layer). Since our ap-
proach minimizes the modification of the instrument’s playing techniques, we

! In addition to the authors, participants included Nathalie Delprat, Lorenzo
Picinali, and Nicolas Sturmel. Videos of the event can be found on
http://www.youtube.com/watch?gl=FR&hl=fr&v=J1YVUtJsQRk or from the project
site http://vida.limsi.fr/index.php/Orgue_Augmentee
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Fig.1. ORA Concerts, May 15th and 17th, 2008

focus on the augmentation of the mapping and output layers that can be used
to enhance composition, performance, or experience.

On the composer’s side, Sonofusion [2] is a programing environment and a
physically-augmented violin that can be used for performing multimedia compo-
sitions. Such compositions are “written” through programing, and are controlled
in real-time by the performer through the additional knobs, sliders, and joystick.
Whereas this work interestingly addresses the question of multi- and cross-modal
composition and performance, it results in a quite complex control system. The
variety of control devices yields a multiplicity of possible mappings; therefore,
the correlation between the performer’s gesture and his multimedia performance
might seem arbitrary to the audience at times. Musikalscope [0], a cross-modal
digital instrument, is designed with a similar purpose, and is criticized by some
users for the lack of transparency between its visual output and the user’s input.

On the audience side, the Synesthetic Music Experience Communicator [6]
(SMEC) focuses on synesthetic cross-modal compositions that attempt to repro-
duce some of the visual illusions experienced by synesthetes. When compared
with Sonofusion, SMEC has a better motivation for the graphic renderings be-
cause they are based on reports of visual illusions by synesthetes. This work
however raises the question whether we can display and share deeply personal
and intimate perceptions. Is it by displaying visual illusions that we are most
likely to enhance the spectators’ experience?

Visual augmentation can also address the human voice. Messa di Vocce [7]
analyzes the human voice in real-time in order to generate a visual representa-
tion and interface used to control audio processing algorithms. The autonomous
behavior of the graphical augmentation of voice almost creates an alter ego of the
performer. Such an augmentation is less arbitrary than the preceding examples,
because it is governed by an “intelligent” program. Within these environments,
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the spectators are however immersed by a complex story which they would not
normally expect when attending a musical event.

3 Artistic Design

Visual Design. The visual artwork was designed to transform the instrument
so that it would appear both as classical and contemporary, and so that visual
augmentation would contrast with the baroque architecture of the instrument.
Church organs are generally located high on the rear wall of the building. The
audience faces the altar and listens to the music without seeing the instrument.
Even if one looks at the organ, it is rare to see the actual organist playing, result-
ing in a very static visual performance experience. During the ORA concerts the
seating was reversed, with the audience facing towards the organ at the gallery.
The acoustics of the church is an integral part of the organ’s sound as per-
ceived by the listeners. Through the use of close microphone capture, rapid
signal processing, and a multichannel reproduction system, the audience is vir-
tually placed inside the “organ” acoustic providing a unique sound experience.
To outline the digital transformation of the organ music, VU-meters are pro-
jected on the visible pipes, making a reference to many audio amplifiers. These
VU-meters dynamically follow the music and build a subtle visual landscape
that has been reported as “hypnotic” by some members of the audience. The
static and monumental instrument becomes fluid, mobile, and transparent.

Sound Effects & Spatial Audio Rendering. The organ is one of the oldest
musical instruments in Western musical tradition. It provides a large pitch range,
high dynamics, and can produce a great richness of different timbres; hence, it
is able to imitate orchestral voices. Due to the complexity of pipe organ instru-
ments, advances in organ building have been closely connected to the application
of new technologies. In the twentieth century electronics have been applied to
the organ (a) to control the key and stop mechanism of the pipes — the action
is electro-pneumatic — and (b) to set the registration, i.e. the combination of
pipe ranks. However, very little has been achieved so far for modifying the or-
gan’s sound itself. The ORA project directly processes the captured pipe organ
sound in real-time using a multitude of digital audio effects and renders it via
loudspeakers surrounding the audience. Therefore, the sound perceived by the
listener is a common product of the pipe organ’s natural sound, the processed
sound, and the room acoustics. Spatial audio rendering is capable of placing
inner sounds of the organ in the outer space, interacting differently with the
natural room acoustic, which adds a new musical dimension.

Augmented Organ. Miranda and Wanderley [8] refer to augmented instru-
mentd? as “the original instrument maintaining all its default features in the sense
that it continues to make the same sounds it would normally make, but with the
addition of extra features that may tremendously increase its functionality”. With

2 In scientific articles augmented instruments are often called hybrid instruments, hy-
perinstruments, or extended instruments.
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this in mind, the ORA project aims to enrich the natural sound of pipe organs
through real-time audio signal processing and multi-channel sound reinforcement,
to meet the requirements of contemporary and experimental music.

Audio signal processing algorithms require the capture of the direct sound of
the instrument. To minimize the effects of the room acoustics, multiple micro-
phones have been placed inside the organ’s case (section E]). The algorithms
consider that separate divisions of the organ have different tonal properties (tim-
bre, dynamics, and pitch range) and often contrast other divisions. The micro-
phone signals are digitally converted via multi-channel audio cards with low-
latency drivers; the real-time audio processing is implemented in Pure Data [9].
Selected algorithms include ring modulation, harmonizer, phaser, and granular
synthesis. Audio rendering used an 8-channel full-bandwidth speaker configura-
tion along the perimeter of the audience area with the addition of a high-powered
subwoofer at the front of the church, at the location opposite from the organ.

In recent years, a variety of multi-channel spatial audio systems have been de-
veloped, e.g. quadrophony, vector base amplitude panning (VBAP), wave field
synthesis, and Ambisonics. The proposed environment uses third-order Ambison-
ics for 2D sound projection in space. Ambisonics was invented by Gerzon [10].
While the room acoustic provides reverberation, essential to the sound of the
church organ, the presence of early reflections and late reverberation (inherent
to the acoustics of churches) deteriorates sound localization accuracy. Different
weighting functions, as described in [I1], have been applied before decoding to
widen or narrow the directional response pattern. However, the sound design
mainly deals with the reduced localization accuracy by focussing on non-focused
sounds and spatial granular synthesis.

Musical Program. The event was designed as an organ concert, with a bit of
strangeness added by a lively animation of the organ facade and live electronics
transformations of the organ sound. The musical program followed the path of a
“classical” program mixed with somewhat unusual digital augmentation. Pieces
of the great classical organ repertoire (Bach, Couperin Franck, Messiaen) were
alternated with a piece in 12 parts especially written by C. d’Alessandro for the
event (exploiting the various musical possibilities offered by the sound capture,
transformation, and diffusion system).

4 Architecture and Implementation

4.1 The Instrument

The instrument used for these performance is a large nineteen-century organ
(listed as historical monument), with three manual keyboards (54 keys), a pedal
board (30 keys), 41 stops, with mechanical action. It contains approximately
2500 pipes, of which only 141 are visible in the organ facade. The organ case is
inscribed in a square of about 10x10 m. Pipes are organized in 4 main divisions:
the “positif”, a small case on the floor of the organ loft, corresponding to the
first manual keyboard; the “grand orgue” and “pédale” divisions at the main
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level, corresponding to the second manual keyboard and to the pedal board; and
the “récit” division, a case of about the same size as the “positif”, crowning
the instrument, and corresponding to the third manual keyboard. The “récit” is
enclosed in a swell-box.

Five microphones were placed in the instrument divisions according to figure 2]
left. These divisions are relatively separate and somewhat sound isolated, so
that the near-field sound captured in one region was significantly louder than
that received from other regions. Therefore each region could be considered as
acoustically “isolated” for sound effects purposes.

4.2 Architecture

Preliminary tests of video projection on the organ pipes showed that the pipes,
despite their gray color and their specular reflections, were an appropriate surface
for video-projection. The visual graphic ornamentation of the organ was using
3 video-projectors: 2 for the upper part of the instrument and 1 for the lower
part (see figure B left). This figure also shows the rough locations where the
microphones were placed to capture the direct sound of the instrument.

The sound captured inside the instrument was routed to a digital signal pro-
cessing unit. Within this stage the captured sounds are processed and diffused
back into the church as described in section[3 Traditional and contemporary or-
gan music and improvisations were presented during the concerts. Classical organ
music was spatialized and the reverberation time of the church was altered, re-
sulting in the organ sound becoming independent from the organ location and
the room sounding much larger than the actual Ste Elisabeth church. During the
improvisation parts, the captured sounds were transformed and distorted apply-
ing real-time signal processing algorithms. As explained in section 4 sound
spectral analysis and sampling were used to compute the levels of the projected
virtual VU-meters. These values were sent to the 3D renderer, and used as pa-
rameters of the vertex programs to animate the textures projected on the pipes
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Fig. 2. Architecture of the installation: sound capture and video-projection
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and give the illusion of LED-bars. The right part of figure 2l shows the location
of the video-projectors and the main data connections.

4.3 Graphic Rendering

Graphic rendering relies on Virtual Choreographer (VirChor)E7 a 3D graphic
engine offering communication facilities with audio applications. The implemen-
tation of graphic rendering in VirChor involved the development of a calibration
procedure and dedicated shaders for blending, masking, and animation. The ar-
chitecture is divided into three layers: initial calibration, real-time compositing,
and animation.

Calibration. The VU-meters are rendered graphically as quads that are covered
by two samples of the same texture (white and colored LED-bars), depending
on the desired rendering style. These quads must be registered spatially with
the organ pipes. Due to the complexity of the instrument and its immobility,
registration of the quads with the pipes was performed manually. Before the
concert began, a still image digital photograph of the projection of a white image
was taken with a camera placed on each video projector, near the projection lens.
Each photo was loaded as a background image in Inkscapdl and as many quads
as visible pipes were manually aligned with the pipes in the editor. The amount
of effort for this work was only significant the first time. Successive registrations
(for each re-installation) amounted mostly to a slight translation of the previous
ones, since attempts were made to locate the video-projectors in similar positions
for each concert. The resulting SVG vector image was then converted into an
XML scene graph and loaded into VirChor.

During a concert, the VU-meter levels are received from the audio analysis
component (section [44]) and are transmitted to the GPU which in turn han-
dles the VU-meter rendering. GPU programming has offered us a flexible and
concise framework for layer compositing and masking through multi-texture frag-
ment shaders, and for interactive animation of the VU-meters through vertex
shader parameterization. Moreover, the use of one quad for VU-meter per visual
pipe handeled by shaders has facilitated the calibration process. Frame rate for
graphic rendering was above 70 FPS and no lag could be noticed between the
perceived sound and the rendered graphics.

Compositing. The graphical rendering is made of 4 layers: (1) the background,
(2) the VU-meters, (3) the masks, and (4) the keystone (see left part of fig-
ure [3). The VU-meter layer is a multi-textured quad, and the background and
mask layers are quads parallel to the projection plane that fill the entire dis-
play. Real-time compositing, homography, and control of background color are
made through fragment shaders applied on these layers. The keystone layer (4)
is a quad textured by the image generated by layers (1) to (3). The keystone
layer is not necessarily parallel to the projection plane. The modification of the
quad orientation is equivalent to applying a homography to the final image. This

3 http://virchor.sf.net
4 Inkscape is a vector graphic editor: http://www.inkscape.org
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transformation enables slight adjustments in order to align the numerical ren-
dering with the organ and compensate for any inaccuracies in the calibration
phase. This transformation could be automatically computed from views of a
calibration pattern [I2]. Elaborate testing has shown that the background, VU-
meter, and mask layers were perfectly registered with the physical organ, and
thus made the keystone layer unnecessary. The mask layer is used to avoid any
projection of the VU-meters onto the wooden parts of the organ, and to apply
specific renderings through the background layer seen by transparency.

Animation. The VU-meter layer is made of previously calibrated quads exactly
registered with all the visible pipes of the organ. The texture for VU-meter
display is made of horizontal colored stripes on a transparent background (42
stripes for each pipe of the Grand Orgue and Récit and 32 stripes for each pipe of
the Positif). The purpose of the animation is to mimic real LED-bar VU-meters
that are controlled by the energy of their associated spectral band (see next
section). The VU-meter levels received from the sound analysis and mapping
components are sampled to activate or deactivate the bars. The level sampling
performed in the vertex shader and applied to each quad was based on a list of
sampling values. Considering that the height of a VU-meter texture is between
0 and 1, a sampling value is the height of a transparent interval between two
stripes that represent 2 bars. A texture for 42 LED-bars has 43 sampling values.
The sampling values are then transmitted to the fragment shader that only
displays the bars below the sampled instantaneous value and the bar associated
with the sampled maximal value. The resulting perception by the audience is
that LED-bars are activated and deactivated.

Each virtual VU-meter receives the instantaneous value and the maximum
value for the past 500ms (typical peak-hold function). They are sampled into 3
values by the vertex shader: the instantaneous sampled value, and the sampled
values below and above the maximal value. These samples are sent to the frag-
ment shader that displays the texture between 0 and the first sampled value and
between the second and third sampled values (see right part of figure 3.
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Fig. 3. Multi-layer composition and VU-meter animation through sampling
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4.4 Analysis and Mapping

This section describes the real-time audio analysis and mapping for VU-meter
visualization. Most of the approximately 2500 organ pipes are covered by organ
case, while only the 141 of the facade are visible to the audience. As such, a
direct mapping of frequency played to visual pipe is not relevant, due to the
large number of hidden pipes. In the context of ORA, the main purpose of the
correspondence between audio data and graphical visualization was:

1. to metaphorically display the energy levels of the lowest spectral bands on
the largest pipes (resp. display the highest bands on the smallest pipes7

2. to maintain the spatial distribution of the played pipes by separating the
projected spectral bands in zones, corresponding to the microphone capture
regions and thereby retaining the notion of played pipe location,

3. to visualize the energy of each spectral band in the shape of a classical
audio VU-meter (as in many audio hardware amplifiers and equalizers). The
display was based on the instantaneous value of the energy and its last
maximal value with a slower refreshing rate.

Analysis. In order to estimate the mapping of sound level values to VU-meter
projection, pre-recordings have been analyzed (figure H]). This analysis allowed
us to roughly estimate the overall range of the various sections and to cut these
spectral ranges into different frequency bands, according to the evolution of
the harmonic amplitudes over frequency. The analysis resulted in a maximum
spectral range of 16 kHz for the Positif and Récit sections of the organ, and
12 kHz and 10 kH z for the central and lateral parts of the Grand Orgue.

Each spectral band is further divided into subbands corresponding to the
number of visually augmented pipes, i.e. 33 for Positif and Récit, 20 for the
lateral and 35 for the central Grand Orgue. The subbands were not equally
distributed over frequency range (warping) in order to gain a better energy
balance between low and high frequencies. For re-calibration the energy of the
lowest subband (the largest pipe) was used as reference signal.

Mapping. The real-time spectral analysis consists of three stages: estimation
of the power spectral density for each subband, mapping, and broadcasting over
IP. The concert mapping process is described on figure [l

5 Since only few pipes are visible, the exact note of a pipe was not necessarily falling
into the frequency band displayed on its surface.
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Power spectral density (PSD). The PSD is estimated via periodograms as pro-
posed by Welch [I3]. The buffered and windowed input signal is Fourier trans-
formed (Fast Fourier Transform, FFT) and averaged over consecutive frames.
Assuming ergodicity the time average gives a good estimation of the PSD. One
has to note, that through long term averaging the estimated subband levels are
not sensitive to short peaks, they represent the root mean square (RMS) value.
The decay of the recursive averaging has been set such that the VU-meter values
changed smoothly for visual representation. The actual averaging was such that
every incoming frame was added to the last three buffered frames.

Frequency band division. These periodograms are then transmitted as five 512
point spectra in order to correct the spectral tilt. The second part of the process-
ing performs the division of the Welch periodograms into 141 frequency bands.
Since the number of visible pipes in each section of the organ was inferior to
512 (resp. 33, 20, 35, 20, and 33) an additional averaging must be made in order
to map the whole frequency range to the pipes of the organ. According to the
spectral tilt, lower frequency bands (app. below 1.5 kHz) had more energy, thus
only 3 frequency bands were added for the biggest pipes, whereas up to 30-40
bands were added for the highest frequency range (app. above 8 kHz).

Calibration. The third and most critical part is the calibration of the VU-meter
activations through a scaling of the frequency band dynamics to values ranging
from 0 to 1. The null value corresponds to an empty VU-meter (no sound energy
in this frequency band), and 1 to a full VU-meter (maximum overall amplitude
for this frequency band). To calibrate the output, so that 0 would correspond to
no sound, we applied the pre-calculated decibel shifts computed from frequency
band analysis of the initial recordings. The 1 value corresponds approximately
to a 30 dB amplitude dynamic in each frequency band. After the shift, a division
by 30 is made so that every VU-meter would vary from the lowest to the highest
position on the associated organ pipe during the concert. This method raised
the following difficulties:

1. for each session, the microphones were located in a position slightly different
from the preceding one, thus slightly changing the various amplitude levels
due to the close proximity to different pipes,
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2. the mixing desk dealt with both audio effects and mapping, and due to the
slight presence of feedback between microphones and loudspeakers, maxi-
mum levels were configurated according to the 3D audio composition part
for every concert. This turned out to change the offsets of the VU-meter
calibration for each concert,

3. the dynamics of the pipes depended on the loudness of the concert pieces.
These variations resulted either in a saturation or in a lack of reaction of the
corresponding VU-meters,

4. the electric bellows system for pressurized air supply for the organ generated
a low-frequency noise,

5. even though the microphones were inside the organ, there was some interfer-
ence between the sound of the instrument and the sounds inside the church
(audience applause and loudspeakers). Some of the spectators noticed the
action of their hand claps on the visualization, eventually using this unin-
tended mapping to transform the instrument into an applause meter.

To cope with these problems, before the beginning of the concert, approximately
half an hour was devoted to the manual correction of the different shifts for each
pipe, with the air pressurizer switched on. In order to deal with the variations
of dynamics between the concert pieces, we decided to monitor the dynamics
of each organ section with a slider. Last, the applause effects were cancelled
through a downward shift of all the section sliders after each piece.

Broadcast. The third and last part of the process was the concatenation of all
frequency band values into a list. Values were scaled between 0 and 1 and dou-
bled, in order to give the spectator the impression of a real VU-meter with an
instantaneous value and a peak-hold maximum value. Hence two lists of 141 val-
ues were sent to the visual module through ethernet (current frequency bands
amplitudes and corresponding last maxima).

5 Perspectives

Technically, the geometrical and musical calibrations could be improved and
automatized. By equipping the instrument with fiducials, the quads could be
automatically re-aligned with the organ pipes if the video-projectors are slightly
displaced. On the mapping side, the background noise detection could be im-
proved by automatically detecting the decibel amplitudes of the different fre-
quency bands and calibrating the lowest values of the VU-meters. Automatic
individual maximum detection would allow for amplitude calibration so that the
VU-meters take the full range of graphical animation during the whole concert.

The ORA project has shown that the audience is receptive to a new mode
of instrument augmentation that does not burden the artistic expression with
additional complexity, but instead subtly reveals hidden data, and makes the
performance both more appealing and more understandable. This work could be
extended in several directions. First, graphical ornamentation could be applied
to smaller and non-static musical instruments by tracking their spatial location.
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Second, graphical visualization could concern other physical data such as air
pressure, keystrokes, or valve closings and openings that would require more
sensors in the instrument than just microphones. Visualization could also concern
the fine capture of ambient sounds such as audience noise, acoustic reflections,
or even external sound sources such as street noise.
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Abstract. When we construct a model of origami (a model of a folded
sheet of paper) in a computer, it is usual to represent the model as a
set of polygons having zero thickness. One of the typical characteris-
tics of origami is that there are many instances where multiple faces
are located on a same plane. In these cases, the usual z-buffer rendering
method fails as multiple faces have the same depth. Furthermore, many
penetrations between faces located close to each other frequently occur
when the origami is folded almost flat. However, it is difficult to remove
all such penetrations with moving or fixing the geometry of the model. In
this paper, we propose a new rendering method that solves these prob-
lems one at a time by using the OR matrix. This is a matrix constructed
from a crease pattern, and it represents the overlapping relation between
every two faces.

Keywords: computer graphics, rendering, origami.

1 Introduction

Origami is an ancient Japanese tradition that is both a play activity and an
art form involving the folding of a square sheet of paper. These days, origami is
becoming popular all over the world. To describe the folding process or to show
the folded shape of an origami, diagrams drawn by hand have been used for
long time. If we could use three dimensional computer graphics (3DCG) instead
of diagrams, it would help users to understand the shape of an origami more
accurately, because they would be able to see the model from arbitrary angles.
Hence we have developed a system that constructs a model of an origami in
a computer and displays the model on a screen[l]. In this system, the origami
model is represented as a set of polygons having zero thickness, as is commonly
the case for 3DCG systems. One of the characteristics of origami is that there are
many instances for which multiple faces are located on a same plane (or on very
near planes). In these cases, multiple faces have the same depth (or almost the
same depth). This causes problems, in that the usual z-buffer rendering method
fails to render the model correctly. The reasons for this problem are:

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 193-202 2009.
© Springer-Verlag Berlin Heidelberg 2009
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(1) Most origami pieces are folded flat (we call them “flat Origami”). Even
though the completed shape is not flat, there are parts where multiple faces
are located on a almost same plane. In these origami models, multiple faces
have the almost same depth in the z-buffer (FiglI).

(2) Some origami models such as a Twist Fold (Figl2) have a circle or multiple
circles in the overlapping order of faces. For example, the face (A) is on (B),
(B) is on (C), (C) is on (D), and (D) is on (A) in the folded shape in Figure
In this case, we cannot say which face is located lowest or uppermost.

Although problem (1) can be solved by using the painter’s algorithm (also known
as a priority fill) which draws faces in the order of face overlapping order or by
adding an appropriate offset to each face according to the overlapping order,
these methods cannot solve problem (2), namely that which face is located up-
permost is not defined. The problems we mentioned above exist in origami pieces
that are folded flat.

In the meantime, as the complete flat shape of an origami hardly looks solid
and it is difficult for users to understand the configuration (Fig[3(a)), it is desir-
able to modify the model to have solidity by unfolding it a little (open its edge
angles a little) as shown in Fig[B(b). We call origami in this state of being al-
most (but not completely) flat as “nearly flat origami” hereinafter. Although the
shape of nearly flat origami is helpful in understanding the corresponding config-
uration, many penetrations between faces commonly appear when the geometry
of the flat origami model is modified (Fig[3lc)).

Fig. 1. An example of origami pieces, ‘Crane’. As multiple faces are located on a same
plane, the z-buffer method fails.

D (©
© | ®

L

Fig. 2. The crease pattern and folded shape of a "Twist fold’
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Fig. 3. (a) Flat origami. (b) Nearly flat origami. (c) Nearly flat origami with penetra-
tions between faces.

To avoid this problem, we have to fix the geometry of the model by deter-
mining all penetrations and moving vertices correctly. This, however, becomes
difficult when many faces are located very closely in a small area as is often seen
in origami models. In this paper, we propose a new rendering method that solves
the problems mentioned above. With our method, a flat origami model, which
has a circle or multiple circles in the face overlapping order can be rendered
correctly and an origami model which has many penetrations between faces can
be rendered as if the penetrations are removed without modifying the geome-
try. The proposed method uses a matrix to represent the relative overlapping
relation between every pair of faces (we call the matrix the “OR matrix” here-
inafter) and the face ID buffer, which is a 2 dimensional array for storing face
IDs which are located uppermost at each pixel. The OR matrix can be obtained
from ORIPA[2], which is an application designed for building an origami model
from its crease pattern (we introduce ORIPA in the next section). The face ID
buffer has the same size as the frame buffer we use for rendering.

2 Related Work

Recently we can find many studies about origami. In 2006, 4OSME (The Fourth
International Conference on Origami in Science, Mathematics, and Education)
was held in Pasadena. As the name of the conference indicates, an origami is a
topic of science, mathematics, and education today. Nowadays, it is not unusual
to use a computer for studying origami.

Miyazaki et al. developed a system with which a user can fold a virtual origami
on a PC with a simple mouse interface [3]. The system keeps information about
the face overlap order during operation and renders the origami model using
Painter’s algorithm, referring to the face overlap order. Although this system
works well for some simple origami, the shape that this system can fold is limited
and a model that has circles in the face overlap order cannot be dealt with. Tachi
developed a system “Rigid Origami Simulator” [4] that simulates the movement
of folding an origami assuming that it is consists of a set of rigid polygons con-
nected by hinges. As this system uses polygons and renders the model using the
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(@ (b)

Fig. 4. (a) Main window of ORIPA with the crease pattern of Crane. (b) The image
of the folded shape generated by ORIPA.
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Fig. 5. (a) A simple crease pattern. (b) Side view of the folded one. (¢) The OR matrix.

standard z-buffer method, flat origami cannot be rendered correctly. FOLIO[I]
is a system that makes use of the concept in Miyazaki’s system. As FOLIO uses
a spring-mass model for representing the origami shape, the polygons slightly
change shape during operations. By allowing slight deformations, an intuitive
interface is realized and a user can easily build a complicated model. Our sys-
tem uses the same interface as FOLIO for modifying an origami shape, as is
mentioned in Section 3. As FOLIO also uses the standard z-buffer method for
rendering, the image of the origami in which multiple faces are located on a same
plane is incorrect as is shown in Fig[ll We also describe about the interface of
the system in Section 3.1.

ORIPA is a dedicated editor for inputting origami crease patterns that was
developed by Mitani2] (Figll). ORIPA has a feature that judges whether the
input crease pattern can be folded into a flat pattern. When the crease pattern
can be folded into a flat pattern, ORIPA calculates the folded shape and exports
the data. As our method uses the data exported by ORIPA, we will describe the
details of the data here.The data output by ORIPA contains 2 dimensional co-
ordinates, x and y, of vertices of a folded origami model. And it also contains a
2 dimensional matrix that represents the overlap relation between every pair of
faces. When the number of faces of an origami model is N, the size of the matrix
is N x N. The element m;; takes one of the 3 states as shown in Figlll ORIPA
also has a renderer to get an origami shape [5] (Figll(b)). But the method is
applied only to flat origami; our method can treat non-flat origami. By the way,
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the algorithm that applies gradations in the faces is used in our system (in
Section 3.3).

For example, the OR matrix of the Figlhla) (folded in three layers) becomes
Fig[l(c). Our method refers to this OR matrix to determine the overlap relation
between two faces. Although ORIPA itself has a feature to render the folded
shapes of the origami, it targets only flat origami. Our method targets not only
rendering the flat origami but also rendering nearly flat origami and non-flat
origami in a single system.

3 Method

The flow of our system is as follows:

(1) A user inputs crease pattern of target origami on ORIPA.

(2) System obtains the data of the folded origami which contains the coordinates
of vertices and the OR matrix from ORIPA.

(3) Based on the OR matrix and the position of the user’s viewpoint, the system
stores the ID of the face which can be seen from the viewpoint into each pixel
of the face ID buffer using the scanline algorithm.

(4) Render the origami model to the frame buffer based on the values stored in
the face ID buffer.

(5) As the need arises, the user changes the view angle or changes the shape
of the origami by rotating faces around the user specified edge, Then the
system updates the rendering window by taking steps from 3.

In the following subsections, we describe the details of our method.

3.1 Constructing an Origami Model

To construct an origami model as a set of polygons, we use ORIPA. Firstly, a
user input results in the crease pattern on ORIPA as shown in FigHl(a). As we
introduced in Section 2, ORIPA has a feature to calculate the folded shape of flat
origami from the crease pattern. We can obtain the following data from ORIPA.

— X and Y coordinates of vertices composing polygons of folded origami shape.
As we are assuming that the folded model is flat, coordinates are in 2D.

— The OR matrix that represents the overlap relations between every pair of
faces.

If necessary, the user can change the shape of origami by using a mouse. We
implemented the user interface in the same way as FOLIO. Firstly, the user spec-
ifies an edge as a rotational axis. Then a face rotates around the edge by a user’s
dragging operation (Figlt]). The associated faces also move at the same time
because neighboring vertices are connected by virtual springs. However, some
penetrations may occur after the operation because we do not check collisions
between faces.
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Fig. 6. User interface of modeling by our system

3.2 Render to the Face ID Buffer

During the user operation, we render the model to the face ID buffer referring
to the OR matrix. Firstly, we project each polygon of the origami model to the
face ID buffer and scan the pixels inside the polygon using the standard scanline
algorithm. If a value of the scanlined pixel is empty, the ID of the scanlined face
(assume the ID is i) is stored at the pixel of the buffer. If a value (assume j)
is already stored at the pixel, the m;;th element of the OR matrix is referred.
Then the ID (= %) is stored only if the value is “U”(Upper), which means that
the face F; is located upper than Fj. (When the view position is located at the
backside of the origami, in other words, the origami piece is viewed from the
backside, the operation mentioned above is inverted.)

3.3 Render to the Frame Buffer

After adopting the operation described in the previous subsection, the face 1D
that should be displayed at each pixel of the frame buffer is stored in the face
ID buffer. According to the face ID, we calculate the color considering the color
of the face and the direction of the normal. Then we assign colors to each pixel
of the frame buffer. To add shade, we multiply the pseudo brightness B’ of each
vertex of the polygonal faces. The value of B’ is set using the following equation

proposed by [5],

M-V +2

B':(l—wb)—l— 1

Wy (1)

M and V are the number of mountains and valleys, respectively, of folded
lines connected to the vertex on the contour of a face. This equation is based
on a generally experienced rule; the vicinity of the valley folded lines becomes
dark because little light reaches the area; on the other hand, the vicinity of the
mountain folded lines becomes bright. Since the values M —V of the inner vertex
can take the values -2 or 2 [6], the value of B’ becomes 1 — wy, or 1. The wy is
the weight of the parameter, and is set equal to 0.4 in our system. The color of
each pixel in a face is calculated by linearly interpolating the value of vertices
along the contour.

The method described until now does not use depth values (z values) of faces
but refers to the overlapping relation between two faces of origami models. Hence
even if a face placed below penetrates a face placed above, the penetration does
not affect the rendering results as shown in Fig[ll On the other hand, we have to
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Fig.7. (a) Rendered with standard z-buffer method. (b) Rendered by referring OR
matrix. (c) Rendered with edges.

take care when drawing contours of polygons onto the frame buffer. We cannot
use the depth value and it becomes invalid to draw with polygonal lines by
connecting contour vertices when a part of a line should be hidden by other
faces. So we extract boundary lines from the face ID buffer using the Roberts
filter. The extracted edges on the face ID buffer are translated to the frame
buffer. Fig[ll shows the example of the result.

3.4 Utilizing Both the OR Matrix and the Depth Values of Faces

In the previous section, we described a method that renders origami models with
reference to the OR matrix, but not using the depth values of faces. This is based
on the assumption that the model is flat or nearly flat origami. This approach
does not work well for non-flat origami or an origami which contains both flat
and non-flat states.

Hence we utilize both the OR matrix and the depth values of faces so that
the system can render both states appropriately. To enable this, we allocate a
z-buffer that stores the depth values of each pixel, the same as in the standard
z-buffer method. When the system renders a polygon, the depth value is stored
using the scanline algorithm. When the depth of the face is smaller than the
already stored value, the stored value is updated with the smaller value and the
face ID buffer is also updated with the face ID at the same time. At that time,
if the z value is close to the stored value, it means that the face already exists is
located close to the new face. In this case, we do not use the z buffer but refer to
the OR matrix to update the face ID buffer. Finally, the frame buffer is rendered
using the face ID buffer. The threshold of difference of depth between the two
faces for deciding which shall be referred to between the depth value or the OR
matrix was set to about 3% of the size of a sheet of origami, which was decided,
based on our heuristic.

4 Result

We implemented the three rendering methods, the z-buffer method that was im-
plemented in software (referred to hereinafter as the “Z-method”), a method that
refers to the OR matrix without using the z-buffer as described in subsection 3.1,
3.2, and 3.3 (referred to hereinafter as the “OR-method”), and the combination
of both methods as described in subsection 3.4 (referred to hereinafter as the
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Z-method

OR-method

ORZ-method

Simple fold Medal Organ

Fig. 8. Results of the methods. Tops are results with Z-method, the middles are with
OR-method. The bottoms are with ORZ-method.

“ORZ-method”) using Java. We evaluated these methods on a PC (CPU: Intel
Dual-Core Xeon 2.66 GHz x 2, RAM: DDR-2 FB-DIMM 9GB, GPU: NVIDIA
GeForce 7300 GT). The size of buffer we used was 2048 x 1536 pixels, and the
z-buffer had 32 bit depth. Figl8 shows the results of the rendered origami pieces
using 3 different methods; the Z-method, the OR-method, and the ORZ-method
respectively. We used 3 models (Simple fold, Medal, and Organ) and 2 states
(nearly flat, and non-flat) for evaluation.

We can see the Z-method failed to render the nearly flat origami with a lot of
noise (it is the motivation of our study) in Figl8 On the other hand, the results
using the OR-method are fine. Penetrations of nearly flat status of the Simple
fold shown in the result of the Z-method are eliminated, and the result looks
natural. However, the results of the non-flat origami are incorrect. The backside
faces that should not be seen are rendered in front. This problem of the OR-
method is solved by the ORZ-method. Although a geometrical conflict can be
seen in the middle image of Organ, all other models are rendered correctly. The
times required for constructiong the OR Matrices and rendering were shown
in Table [l The matrix calculation is done only once before the start of the
renderings. When the origami has n faces, the size of its OR Matrix becomes
n x n. Although the Z-method was fastest as expected, the difference was not so
great, and a model can be rendered in real-time rate with all 3 methods.

We also tested a unique origami model, “an Origami Tessellation”, that is a
flat origami including many circles in the face overlapping order. The crease pat-
tern of an origami tessellation is generated from a tiled plane as shown in Fig[Ql
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Table 1. Rendering time in milliseconds (average over 30 frames)

Simple fold|Medal|Organ
OR Matrix calculation 5 158 24
Z-method 241 472 277
OR-method 246 610 | 316
ORZ-method 254 646 | 346

number of Polygons| 48 | 129 | 60

OR-method ORZ-method

Fig. 10. Results of the origami tesselation

The details are described by Thomas Hull[7], and an application that generates
the crease pattern for the origami tessellation is available on the Weblg]. The
result of rendering this model is shown in FiglIQl Although the Z-method fails,
we can see that both the OR-method and the ORZ-method render the model
correctly.

5 Conclusion and Future Work

In this paper we have proposed a new rendering method that solves the prob-
lems of rendering origami models in which multiple faces are located on a same
plane or on very near planes by using the OR matrix. By referring to the OR
matrix, not using the z-buffer, we can also eliminate penetrations between faces.
We implemented our system on a computer and showed that our method can
generate appropriate images. The limitation of our approach is that we have to
firstly input the crease pattern on ORIPA. Also the crease pattern has to sat-
isfy the condition that it is foldable into a flat configuration. Although we did
not consider changes of topology of origami models during modification of the
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model, these would be supported if we could update the OR matrix at the time
of operation. As we use simple rendering algorithms in this paper, it would be
desirable to render origami more photo-realistically.
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Abstract. This paper aims to support the software development and
maintenance process with the assistance of a visual analytics tool pro-
posal. The proposal focuses on providing detailed information about the
software project structure, class relationships, class coupling, class level
metrics and source code. It discloses project structure details and offers
interaction techniques in order to quickly review source code classes and
obtain insight of their relationships and coupling. The data used in the
analysis and visualization has been extracted from Software Configura-
tion Management (SCM) tool repositories. Finally, a case study and the
results of applying our tool to several software project revisions are dis-
cussed.

Keywords: Visual Analytics, Software Visualization, Mining Software
Repositories.

1 Introduction

The proposal presented in this paper focuses on the application of visual ana-
lytics to software project structures, software class hierarchy, and software class
dependency through several revisions. It takes into consideration that most soft-
ware projects have not been well documented and that normally only the source
code is made available to developers. Without the documentation available, the
programmers when interested in modifying, updating or improving one of these
projects must comprehend the software project structure, hierarchy of classes,
relationships among them and class coupling. Our proposal design (figure [II)
is composed by a software repository miner, an evolution analyzer tool and a
visual analytics tool. The software repository miner with assistance of the soft-
ware evolution analyzer tool automatically extracts source code from software
project repositories, and applies software evolution analysis to collect relevant
information about software project structure, class hierarchy, coupling relation-
ships, class source code and other information to calculate class level metrics.
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tionships among classes

Then, the resulting data is processed and displayed by the visual analytics tool,
which uses several interaction techniques to support navigation, interpretation
of visual elements and understanding relationships among data elements in their
full context [I]. The user by means of interaction techniques can filter, trans-
form, browse and discover relationships, as well as inspect relevant source code
fragments.

1.1 Contributions and Structure of This Paper

The analysis performed by the software evolution analyzer is limited to Java
source code. Additionally, the visual analytics tool representations have been
designed for single inheritance programming languages. However, the contri-
butions of our proposal are of great value for project managers and software
developers in the understanding of software project structure, hierarchical class
relationships and class coupling. Moreover, it contributes to the comparison of
structure changes on software projects and among class relationships through
several revisions. The following are the most important contributions of this
proposal:

— The representation of software project structure and packages, hierarchy and
implementation relationships between software items. It visualizes the hier-
archical project structure using a nested packages representation and allows
filtering of hierarchical levels. This visualization supports the representa-
tion of the relationship between a class, its superclass and the interfaces. It
takes into account if the superclass and interfaces are located in the software
project under analysis, in the Java API or in an external library.

— A scalable visualization that integrates the inspection of class level metrics
and class coupling with source code browsing in one view.

The use of visual analytics on this proposal seeks to collaborate with project
managers and developers by supplying a means to reveal class relationships,
therein a quick method to inspect class code and get basic metric details. It
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provides views at all levels of a software project; the software project structure,
project packages structure, software item relationships, and source code. This
paper is structured in 5 sections, as follows: section 2 reviews related works,
section 3 discusses our tool proposal; section 4 presents a case study in which
our proposal is used to review a Java open source software project, and section 5
discusses the conclusions and future work.

2 Related Work

Visual Analytics facilitates analytical reasoning by means of automated analysis
techniques and interactive visualizations to synthesize information and derive
insight from massive, dynamic, ambiguous, and often conflicting data; detect
the expected and discover the unexpected; provide timely, defensible, and un-
derstandable assessments; and communicate assessment effectively for action
[2]. It can rather be seen as an integral approach combining visualization, hu-
man factors (e.g., interaction, cognition, perception, collaboration, presentation,
and dissemination) and data analysis (information gathering, data preprocess-
ing, knowledge representation, interaction and decision making) [3]. The fol-
lowing sections review related works about software evolution and software
visualization. Our proposal uses a software evolution approach for gathering
and analyzing data and software visualization techniques to synthesize infor-
mation, and provide an interactive means to discover relevant patterns and
relationships.

2.1 Software Evolution

Software evolution is the process of software change and improvement over years
and releases [4], while software evolution analysis is concerned with software
changes, their causes, and their effects [5]. Besides, Software Configuration Man-
agement (SCM) tools have traditionally been used to record changes in software
repositories; including time, date, affected modules, how long the modification
took and information about who performed the change [6]. SCM tools provide
mechanisms to extract project source code from several revisions that can be
used by the software evolution analysis process. SCM software repositories have
been the information source for several researches in mining software reposito-
ries [7]. A framework for mining software repositories that focuses on the data
available and its extraction according to user roles is proposed in [9]. A detailed
literature survey on evolutionary changes of software is presented in [7], which
takes into consideration the purpose of mining software repositories, the method-
ology employed in the mining process and the evaluation of the approach carried
out. The thesis carried out by Hassan [§] is a good reference to understand how
extracting information from SCM tools repositories helps to assist developers
and support managers.
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2.2 Software Visualization

Software visualization (Softvis) deals with program visualization (i.e. visual-
ization of software architectures, visualization of software evolution, and visu-
alization of software metrics and source code browsers), algorithm animation,
visual programming, and programming by example [I0]. It represents artifacts
related to software and its development process, including program code, re-
quirements and design documentation, changes to source code, and bug reports
[11]. Well-designed software visualizations allow navigating software repositories
and achieving an insight of what is going on in the project. A fundamental prob-
lem in visualizing software changes is choosing effective visual representations
or metaphors and making combinations that show different data perspectives
filtered by: developer, basic statistics about changes, size of the changes, activ-
ities carried out by developers, etc. [12]. The visualization literature offers an
extensive number of proposals to represent hierarchies. A classical hierarchical
visualization is Treemap, a space-filling visualization technique that represents
large hierarchical data sets via a two-dimensional rectangular map, providing
a compact visual representation of complex data spaces through both area and
color [I3]. This visualization and its variants have also been applied to the explo-
ration of hierarchical relationships in software systems [I4] The understanding
of software structural dependencies is critical in the maintenance of software
systems. Some proposals have engaged in the analysis of structural dependen-
cies using software items ranking. The idea behind this is to recognize potential
interesting classes to developers investigating source code elements [15]. Other
proposals have focused on the visualization of dependencies using a dependency
structure matrix [16] and still others propose an evolutionary approach applied
to the visualization of software item dependency [I7]. Many different authors
use distinct visual representations to address the visualization of metrics. One
of these representations uses a treemap variant for the visualization of software
metrics [I8], while another uses a representation called the evolution matrix [19].
Moreover, the visualization of metrics and software structure is carried using a
graph representation in [20].

3 Description

The intent of this investigation is to support software project managers and
developers regarding the project structure, inheritance and coupling relation-
ship among software classes. In addition it supports internal class cohesion, code
browsing, as well as basic static class level metrics such as LCOM2 and LCOM3
[21], SLOC, NOM, CBO-in and CBO-out coupling. We define CBO-in and CBO-
out as variants of the CBO metric [2I]. CBO-in measures the number of classes
that depend on the class under consideration and CBO-out measures the num-
ber of classes on which the class under consideration depends. The scope of
this research is limited to single inheritance programming languages. Our vi-
sual analytics tool is supported by two visualizations; one is committed to the
representation of software project structures, class and interface relationships;
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Fig. 2. Software project structure and class dependency

while the other is devoted to individual packages visualization, class inheritance,
class level metrics, class coupling and source code exploration. Software project
structures are hierarchical by nature; smaller packages are contained in larger
packages, and these by the software project itself. Our proposal for software
project structure visualization supports the representation of the relationship
between a class, its superclass and the interfaces it implements. It takes into
account if the class, superclass and interfaces are located in the software project
under analysis, in the Java API or in an external library. We have considered
the proposal presented in [I7] and redefined the class relationships as self-to-self,
library to library, Java API to Java API, self to library, self to Java API, library
to Java API, Java API to library, library to self and Java API to self. Self refers
to the project under analysis, library to an external library or another project
and Java API to the Java API itself. Moreover, we have also considered the
implementation of interfaces and classes, interfaces, enums and annotations as
the software items that can participate in inheritance and implementation. A
description of the visualization discussed above, at the class and interface level,
is presented on figure 2l It shows three packages containing i and c ovals linked
by black lines. Ovals labeled with c letters represent classes and ovals labeled
with i letters represent interfaces and the small black oval in one of the line
ends represents the linking to a parent class or to an interface. Furthermore, the
size of oval represents the number of relationships with other software items.
The visualization for individual packages uses a treemap representation for the
visualization of inheritance, table lens for the display of class level metrics, and
a graph representation for the CBO-in and CBO-out coupling, and source code
exploration. Software classes, in single inheritance languages, inherit characteris-
tics from their parents. Furthermore, classes also inherit characteristics from all
ascendants along the way to the root class of the given programming language.
Hence the decision of using a hierarchical representation for class inheritance
was straightforward.
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4 Case Study: Analysis of a Software Project Using
Views from the Structure to the Source Code

This section discusses the application of the proposal to jFreeChart, an open
source software project that was registered at http://www.sourceforge.net on
November 2000 and currently has nearly 900 classes and 1851 revisions.
jFreeChart is a visualization tool committed to the creation of business graphs,
and freely released with the full source code provided under the terms of LGPL.
The project is maintained by a team of nine developers. To test our tool proposal
we have downloaded and analyzed some randomly chosen revisions. First, we are
going to describe the tool that represents the structure of software projects, and
then we are going to discuss class relationships, class coupling and source code
browsing. The figure [l shows the representation of two software projects and
the Java API (the light brown area). One of the projects is jEdit (which is not
discussed on this paper) and jFreeChart. The Java APT is represented due to the
inherent dependency with the other software projects. This tool allows hiding
or showing software projects and packages. When the user selects a software
project, it can show all its packages; then the user is able to recursively expand
packages until it gets into the deeper level and classes are shown. Figure [8] shows
a global view of the representation where the package jfreechart.source is se-
lected. Once the user has selected the package jfreechart.source, the classes and
their parents are shown for inspection and analysis on the integrated represen-
tation view of inheritance, class level metrics and source code (it only includes
data of classes that belongs to the current project or the Java API). Then, the
user can search for a specific class using the search engine included on the visu-
alization or browsing the visual elements on the treemap representation either
the table lens. The user can select a class from the table lens using the metric

SoftRepository.jfreschart source

Fig. 3. Representation of two software projects and the Java API
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values as reference. Afterwards, when a class has been selected a semantic zoom
is performed on the item representing that class, and its attributes and methods
are shown. Figure [ shows on the right panel of the visualization the source code
of a class that has been selected from the table lens.

The source code view highlights the class coupling to other classes (CBO-out,
FANOUT in the table lens), and the semantic zoom, displayed on the left, shows
the methods and attributes of the selected class. Furthermore, the coupling is
represented on the table lens by emphasizing those coupled classes, and blurring
the other ones. In addition, attributes and methods of the coupled classes are
shown for further analysis. Moreover, we are interested on analyzing the most
coupled classes to detect those ones that could represent an issue during the
maintenance process. We start by filtering out the classes with highest coupling
values (CBO-out metric) to keep the most coupled ones, which could difficult
maintenance tasks. Then, we apply a decreasing order to the coupling values of
the resulting classes and the source code of each class is individually analyzed,
as well as its coupled classes. Figure [l depicts the most coupled classes of the
jfreechart.source package. It hides the source code and only displays those lines
that represent direct class coupling (CBO-out). Furthermore, after analyzing
those classes we discovered that they have been frequently modified or updated;
which is probably the main reason why they are strongly coupled. Project de-
signers, instead of just adding new methods or functionality to the same classes,
should have defined new classes to avoid strongly coupled classes. An important
discovery, is that the resulting classes, after applying the filter, do not have high
depth level values, resulting on less specialized classes. Consequently, it could
be beneficial that the new classes added to the project to increase functional-
ity inherits from other classes already present in the project. Furthermore, the
results provided by the cohesion metric are relatively high. Source code viewer
is located in the right of the visualization; it allows inspecting source code and
the classes to which the class under analysis is coupled. The source code viewer

1 Clear From level 1 to level 7

FANIN I FANOUT | Lcomz
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Fig. 5. Most coupled classes on the package jfreechart.source
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supports filtering out code lines to display only the object declarations of coupled
classes; when the user passes the mouse over an object declaration its associated
class attributes and methods are displayed on the right. In addition, if the user
clicks on the coupled class on the right all object declarations of class on the
left are highlighted. The visualization tool covers some concepts to be analyzed.
From left to right the analysis starts with an overview of the whole hierarchy
of classes followed by the table lens that display some basic software quality
metrics applied to the classes in the project. Finally, code inspection and direct
coupling improves the accuracy of the analysis and provide a quick method to
obtain details at the code level.

5 Conclusions and Future Work

Our visual analytics tool supports the understanding of software project struc-
tures, class relationships and source code to help managers and developers in
the maintenance and improvement of software systems. The tool proposal is
composed by a software miner and analyzer tool, and a software visualization
tool. The software miner tool extracts and analyzes evolutionary source code
from software repositories. The software visualization tool provides interactive
representations for the software project structure, the class relationships, class
coupling and class level metrics. Furthermore, we provide a means to review the
class source code, as well as a preview of the source code of coupled classes. Ac-
cording to our analysis described in the case study, it is easy to navigate through
the software project structure, review packages and sub-packages, explore class
inheritance and implementation, analyze class level metrics, and browse class
source code. Future improvements include the representation of coupling traces,
more complex coupling and cohesion metrics. Furthermore, our tool is intended
to evolve as a complete visualization tool to provide additional insights about
software project structures and software evolution.
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Abstract. We present Magnet Mail (MM), a visualization system to
retrieve information from email archives via a zoomable interface. MM
allows users to infer relationships among their email documents based
on searching keywords. The prototype interacts with a mass-market
email system and uses a magnet metaphor to simulate user interaction
with emails. The graphical implementation relies mostly on the Piccolo
toolkit.

Keywords: Email, Document Visualization, Magnet, Piccolo.

1 Introduction

Email is a popular means of communication among people, whether in the con-
text of personal relations or as a crucial tool for business and academia. It is
an inexpensive, fast an efficient mechanism of communication and therefore it
leads to a proliferation of its use. This creates a large amount of electronic data
in a inbox of a particular person so management problems arise when that per-
son faces the need of searching, comparing and understanding the similarity of
themes or topics in or intra-emails.

Most of the email interfaces provide little help to manage messages effectively.
In some way, they are limited on their usability because (a) they denote the use of
hierarchical folders and (b) they return results in a textual or list-based format.
Most of them do not provide proper hints about email similarities or patterns,
which can be dramatic when an inbox has a large collection of email messages
as it is normal nowadays.

It should be recognized however that recent steps have been taken in order to
add user-friendly features to common email interfaces, namely, sorting, filtering
and searching facilities. But still these developments are more just add-ons than
real solutions. Users want to easily navigate across large email collections and
to infer patterns so object manipulation is crucial for that matter.

In general, a document visualization system uses automated methods for in-
dexing documents from a large collection and presenting them graphically. One
of the goals is to provide users an efficient overview of contents and themes so

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 213-222 2009.
© Springer-Verlag Berlin Heidelberg 2009
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they can have a quick understanding of documents instead of forcing the reading
immediately. To do so, a straightforward strategy is to decompose documents
through statistical methods and then to generate vectors of meaningful repre-
sentations of data. The results are mapped into a sort of spatial form in the
visualization system, which by itself provides an interactive environment where
users can interact with data, redefining queries and so on.

In this paper, we propose Magnet Mail (MM), a document visualization sys-
tem related to the email paradigm. The organization of the paper is as follows:
Sect. 2 highlights related work, which is followed by the description of MM in
Sect. 3. Then in Sect. 4 we present preliminary tests and results and finally in
Sect. 5 we draw some conclusions and present future work.

2 Related Work

Most of the solutions to enhance interactivity with email client applications have
a close look at content of messages not just the header information. In terms of
data visualization, we can spot three major approaches:

— thread-based visualizations, as shown in the Thread Arcs tool [§].
— time-based visualizations, as shown in the Themail tool [IT] .
— social-network visualizations, as depicted in the Enronic application [4].

In the following we refer to some of the tools related to the above approaches.

In the Thread Arcs tool, relations among emails are visualized according to
threads of replies, shown as chain of emails that are related to each other. Each
message in a conversational thread is a node, which are ordered in a manner
that the oldest email is placed on the left and the newest on the right. Arcs link
each child to its parent (the email the child replies to). Hence the system can
highlight the progress of a conversation and a user can select an email in the
thread [§].

The EzMail tool [I0] is a multi-view interface for email messages running in
conjunction with an email client application. Messages are seen as components
of threads and it provides contextual information and conversational history.

Themail allows visualization of a personal email content over time. It relies
on the content of messages to build a visual display of interactions over time.
The interface shows a series of columns of keywords arranged along a timeline.
Keywords are shown in different colors and sizes depending on their frequency
and distinct conversations over time [I1].

Mailview is a tool that display emails in a chronologically based visualization.
It includes focus+context views, dynamic filters and coordinated views [3].

The Enronic email visualization and clustering tool unifies information visual-
ization techniques with various algorithms for processing an e-mail corpus (as a
motivating data set), including social network inference, message categorization,
and community analysis [4]. The Enronic application uses the Prefuse toolkit [5].

FaMailiar is a tool to visualize email data over time, focusing on discover-
ing communication rhythms and patterns. Some features include daily email
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averages, daily quality of emails, frequency of email exchanges, comparative fre-
quency of email exchanges [6].

Despite the important contributions of such tools, there is space for improve-
ment, in particular concerning user interaction. For instance, Thread Arcs is
based on a thread concept and most of common email users are not familiarized
with such concept. We are in favor of using a common day metaphor, easily
understandable, to display and manage email messages.

For that purpose, we were inspired by Dust and Magnet [I2] (which is also
based on the WebVIBE system [7]) to develop a new concept but totally focus
on the email domain. Dust and Magnet is a system that uses the zoomable user
interface toolkit called Piccolo [I] and applies a magnet metaphor to display
multivariate information. In the system, data are represented as particles of iron
dust and data variables are represented as magnets, and it provides interactive
techniques to display and manipulate data in the working area.

In respect to using Piccolo in the email domain, it is worth to mention a
semantically zoomable interface proposed by Diep and Jacob. This application
shows emails as rectangular nodes and allows users to drag them or pan the
entire viewing area [2]. Another example is the FaMailiar tool mentioned above.

3 Magnet Mail

MM is a document visualization system targeting email archives. With this new
approach we aim to reduce the user effort for searching and browsing email mes-
sages. MM enables a global overview of an email collection instead of providing
just a few block of results as many systems do. On the other hand, it provides
a comprehensible metaphor to interact with data. This implies the use of inter-
active and graphical capabilities, although the typical textual list-based format
is still preserved.
The main design challenges we set were:

— User-friendly interaction.

Searching keywords as a mechanism to infer relationships among emails.
Method to classify email importance.

— Representation of most common keywords in email messages.

Preview of email content as well as associated details.

3.1 User Interface

The magnetism metaphor is crucial for MM user interaction. In the MM in-
terface, magnets represent keyword strings and email envelops represent email
messages. We consider the following features:

Magnetism. Users are able to drag magnets in the visualization area. Each
magnet will attract or repulse emails according to its attribute value. The
higher the matched attribute is, the fastest the email is attracted to the
corresponding magnet. The magnitude of attraction between the magnet and
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the email envelop is computed via an attraction algorithm (see Sect. B]).
Also, users can reformulate keyword strings and magnet attraction values,
in order to get more detailed and filtering results.

Viewing. The viewing facilities include (a) zooming-out to get a better overview
of the display zone and zooming-in to get a closer and detailed view; (b) pan-
ning; (c) overall view of email items on display and consequently providing
context; (d) detailed view of emails contents; (e) mixing the typical list-based
viewing information with the graphical-style display.

Highlighting. Use of a color scale to highlight the importance of the emails
related to a particular magnet. The strongest the color attributed to the
email, the more important the email is in relation to the keyword the magnet
represents. Additionally, to check and markup results in order to distinguish
important emails. Hence, users can track and trace an email in the display
zone.

Data. To provide a ranking system, based on the term frequency, for the most
common searching keywords in emails. Thus, it is possible to compare the
similarity of themes or topics among emails. Additionally, users can benefit
from useful features available in Microsoft Outlook by linking a selected
email object with the Microsoft Outlook email message.

Fig. [ shows a screenshot depicting the MM implementation. The interface
is divided into four main areas: (a) graphical interaction area, where users visu-
alize graphical information and at the same time can interact with the system
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Fig. 1. A screenshot of the MM user interface: mails and magnets are located in the
interaction area, and there are a tabular view of results, a detailed view of a particular
email, and the overall viewing area from which we can pan or zoom the display in the
interaction area
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via zooming, panning and selecting features; (b) settings and results area, for
example to define a list of searching keywords and associated properties; (c) de-
tail area, with detailed information about selected items of interest; and finally
(d) overall view area to give spatial context to data visualization. For the sake
of screen space optimization, the settings and results area is divided into three
tabs: one tab for searching keywords, another one for MM settings and the last
one for list-based viewing of information.

3.2 Interaction

Magnets and emails. In the interaction area, there are as many magnets as the
number of keywords defined by the user (magnet=keyword).

Each magnet object is associated to three visual attributes: label (the key-
word), size, and color (a keyword will have a color scale associated). The size
of the object is proportional to the importance of the keyword. The bigger the
object, the stronger the keyword, and consequently more easily it will attract or
repulse email objects. If the user sets a negative importance to a keyword, then
the magnet object will repel emails containing that keyword.

The mail envelop represents a single email document. These objects are not
user-defined directly but they are a consequence of keywords. There are as many
email objects as the number of retrieved emails of the query.

After defining a keyword (see Fig. [2), the magnet is placed in the interaction
area, alongside the set of emails that match the query result. The keywords previ-
ously defined will attract or repel the returning results, based on the importance
they have. Initially, the email collection is placed at the same position, just as a
pile of documents. Then, it is the direct user manipulation of the magnets that
changes the location of each email. Users can grab and drag an email, as well
as magnets, so they play an active role in the process. For instance, with a new
positioning of the email collection, a user can easily figure out that the closer an
email is to a keyword, the greater the probability is that this particular keyword
is the most related to the email (among all returning results). Fig. 3 depicts the
notion of relationship between a keyword and emails.

Notice however that, if there are just few user actions and a couple of emails
have exactly the same frequency related to a particular magnet, then those emails
will stay at same position. To minimize such problem, when the user rolls the
cursor over an email envelop, it will have bigger shape and it is shown snipped
information. Hence, the email envelop is highlighted (see Fig. [).

Graphical and tabular visualization. As Fig. [Il shows, there are two comple-
mentary ways to visualize query results: graphical and tabular. In the case of
graphical visualization, the displayed results rely mostly on direct object manip-
ulation of magnets. For tabular visualization, retrieved results are displayed as
usual, that is, as a list-based view. Here, the results can be ordered according to
the search frequency of emails in relation to each magnet.

The idea of providing both types of visualization does not necessarily imply
that one overshadows the other. On the contrary, the goal is to be complemen-
tary. The graphical approach provides a user-friendly mechanism to analyze the



218 P. Castro and A. Lopes
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Fig. 2. Example of the magnet definition in tab Keywords: user defines the keyword
and associates an importance and color scale to each one
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Fig. 3. Example of the keyword windsurf represented as a magnet attracting or repuls-
ing various email documents. Snippet information about an highlighted email (right)
is shown when the user rolls the cursor over it.
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information but the tabular approach provides a more detailed information and
can be easily ordered.

Color scale. As mentioned, every keyword is associated to a color scale (see
Fig.[2). The scale is mainly used to set the color of email objects. By default, the
setting of color scale is an automatic process, but the user is entitled to change
it if he/she wants to. The color of each email object is defined on the basis of
the relationship email-magnet and the color scale of the keyword/magnet. The
stronger the color the more related the email is to the magnet. As far as magnet
color is concerned, it is used the "maximum” color of its scale.

The color scale to be used may change if the user demands in the tabular
view the sorting of frequencies in respect to a particular magnet. The new color
scale is the one of the selected magnet. But when there is no selected magnet,
the color scale is considered to be neutral. In this case, users can not infer the
importance of emails via color feature.

Example of interaction. Fig.[d presents some steps of interaction with MM, with
four screenshots of MM.

3.3 System Architecture

Having in mind a real usage, we have decided that MM would interact with a
mass-market email system, the Microsoft Outlook. Hence, the target file archives

=
e
I ( emails ave
e
o

Fig. 4. Example of steps of interaction with four MM screenshots. On top left, the
user drags the magnet previously set. Then, on top right, emails with some kind of
relationship with the magnet are attracted to the magnet as the user moves it. On
bottom left, the user realizes that the closer e-mail has a better ranking so probably it
is the most relevant e-mail of interest. Finally, on bottom right, the user can analyze in
more detail the chosen email.
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are Microsoft Personal Storage files (PST) and therefore MM data repository
stores the users’ email information originated from their personal folders.
When the user manipulates data in the interaction area, it is necessary to cal-
culate each object position (emails and magnets) in that area. To do so, pairs of
keyword and its importance value set by the user are stored in a keyword-vector,
and then a statistical algorithm of term frequency calculates the frequency-
vector. Basically, this algorithm obtains a vector of matched results of each
keyword string within each email message. Then both keyword and frequency
vectors are used to calculate the location of each email object in the interactive
area, alongside with the positioning algorithm that uses electromagnetism laws

(see Sect. [3.4]).

The graphical implementation of MM is also supported by Piccolo [I].

3.4 Magnetism Metaphor
In order to simulate the magnetism phenomena, we have set the following:

— Keywords play the role of magnets and email messages the role of particles,
which are attracted or repulsed.

— Each magnet creates a magnetic field to exercise a force over the particles.

— The force exert by a magnet varies from strong to weak according to a user-
defined parameter.

— A magnet influences the position of every particle that lies on its magnetic
field, but a magnet could not influence a position of other magnet shown in
the interactive area. Likewise, the position of a particle is influenced by all
magnets shown in the interactive area, but particles are not influenced by
the position and interaction to each other.

In the end, there is a net force due to the magnet field created by all magnets.
The positions of emails are then influenced by the exercised force. When moving
the magnets, the emails will be repeatedly pulled close together or pushed further
apart until the system comes to an equilibrium state. Once that is reached, we
obtain the new positions of all items in the interactive area. This can be mapped
as a graph, where the forces exerted by magnets are the edges and the emails
are the nodes, and therefore graph interactivity can be modeled with the help
of common force-based algorithms. We rely on mechanical and electromagnetic
laws, and we consider edges as springs and nodes as electrically charged particles.
More specifically, we use the Hookes and Coulombs laws [9] respectively.

4 Tests and Results

Evaluating a visualization system is a difficult task. We have not extensively
evaluated MM yet but we have carried out some preliminary tests with users. At
this point in time we are particularly keen on knowing how usable the prototype
can be and to figure out its potentiality.

The case study consisted of an MM experimentation, where a group of 30 users
aged from 21 to 30 years old have followed a case scenario task list. Additionally,
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the users have followed a MM video demonstration. Once they performed their
tasks, they were invited to fill in a simple questionnaire and to rate questions
from 1 (min) to 5 (max). Figure [ presents some steps of user interaction, with
four screenshots of MM.

This exercise allowed us to grasp major MM features, potentialities and pit-
falls. Just to give a glimpse, we present the average marks to the following
questions:

How easy you found to use this interface? — 3.91

How satisfied you were with the search results set? — 3.73
How ambiguous you thought the search results set was? — 3.36
How do you rate the time spent to perform a search? — 3.27
How do you rate the potentialities of Magnet Mail? — 3.27
How do you rate the Magnet Mail originality? — 4.09

S P L=

In general, it has been revealed that users classify MM as an useful and easy-
to-use tool, and highlighted its originality. The users also felt that the time to
return query results must be reduced, particularly when the email collection is
big. Also, they point out that color mapping is not as effective as it should be,
and the tabular view should include more complex grouping, filtering and sorting
features as one can experience with spreadsheets.

5 Conclusions and Future Work

We have presented a prototype to visualize email archives with emphasis on
user-friendly graphical interaction. It uses a common magnet metaphor, which
easily translates the relationship between searching keywords and related email
messages. Not only users can overview an email collection with no reading ef-
fort but to obtain details of email messages they query about. This is not the
usual scenario found in many other tools as they just use textual or list-based
representations of email collections. Additionally, with MM, users can rate the
importance of searching keywords they specify. Ultimately, they are able to play
an active role in managing and understanding their own email archives.

Based on the preliminary tests we have carried out with users, we found that
users are responsive to accept MM as an easy-to-use and original tool to analyze
email collections.

Nevertheless, there are a few problems we have to look at in the future. The
scalability is a major one: if a huge volume of search results is placed in the
interaction area, many icons would overlap, so it makes difficult to interact with.
In that respect, it is worth to study the idea of grouping emails. On the other
hand, there is a need to test other positioning algorithms in order to reduce its
time cost.

The use of color to codify emails and magnets is another aspect that requires
further improvement, even prior to an extensive evaluation task that needs to
be done. Finally, we are considering to extend the MM prototype to web-search.
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Abstract. The interactive creation of comics on the World Wide Web
has become increasingly relevant over the last few years as a way for am-
ateur creators to produce, share and distribute their comics. However,
web applications that allow this kind of creation still restrict users in-
teraction by not considering the repetition of previous elements across a
comics story. Moreover, they use very simple methods for creating new
content, therefore not allowing visually complex and rich comics.

In this paper, we present a solution that seeks to converge the creation
of web comics with the basic principles of traditional paper comics. To
that end, we propose a new approach that combines rich interaction
methods and geometric transformations for free hand drawings with a
retrieval mechanism based on calligraphic shortcuts, to retrieve previous
elements of comics.

Experimental evaluation with users demonstrated that our approach is
better suited for these problems than existent applications. Our solution
allows creating comics online with higher flexibility and efficiency, while
achieving visually more complex and rich content.

1 Introduction

Creating comics online is becoming increasely popular in an online amateur con-
text. Currently there is a growing number of web applications that allow a new
kind of anonymous comics artists. These authors can easily use this technology
as their only mean of production and distribution to a large number of worldwide
readers.

However, web applications for comics creation still show some limitations.
The most frequent technique for creating comics online is the arrangement and
annotation of images that can be picked up from a fixed and narrow predefined
group. These kind of techniques restrict users interaction on the reuse of previous
elements of the story and on the freedom of creation.

Current solutions are not providing a natural way to mimic the repetition
of elements, an inherent need of traditional comics. Also, by restricting users
interaction, these web applications are not allowing the creation of complex and
appealing comic strips, like those created using paper.

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 223-232 2009.
© Springer-Verlag Berlin Heidelberg 2009
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To overcome these limitations, we propose a new approach for creating comics
online, which builds upon the basic principles of traditional comics creation.
Our approach combines sketch retrieval using calligraphic shortcuts with rich
interaction methods for free hand drawing and editing. By using calligraphic
shortcuts to reuse previous elements, we aim to improve users experience in
traditional calligraphic retrieval mechanisms. The final goals of our approach
are to enable users to create comics in a more flexible and efficient way, while
instigating them to easily compose visually complex scenes.

The rest of this paper is organized as follows: Section 2 provides an overview
of related work in comics creation. In section 3 we describe our approach for
calligraphic shortcuts, by defining its concept and mechanisms, confronting it
with previous works. Section 4 presents experimental results from tests with
users. Finally we discuss our conclusions and future directions.

2 Related Work

With this work, we want that the creative process and the achieved results from
both methods of creating comics (traditional and online) converge. To that end,
we first studied some techniques for creating comics on physical format, i.e.,
paper. From previous work done in compiling and analysing these type of tech-
niques, we can see that the comics medium has a specific visual nature, defined
throughout the years by different artists [T2]. They have been using the same
visual conventions to represent information, such as, sound, speech, movement,
emotions and time, which constitutes the vocabulary of a universal language
for comics creation. In these studies, authors describe the narrative structure
of comics as a deliberate sequence of juxtaposed images, intended to convey in-
formation. Moreover, by analysing these studies and other narrative structures,
we observed that repeating visual elements throughout one or several comic
strips is a mandatory process, while creating traditional comics. In summary,
the existence of a visual vocabulary and the need for repetition along the story,
highlights the need for reusing visual elements.

Regarding comics in digital format, we studied Williams et. al. work [3], where
authors propose a comics creation interface to acquire unique story-scripts from
casual Internet users, called the ComicKit. This application allows users to create
comics by combining multiple visual elements available into the system database.
Users can pick the next element to insert into the story by searching images in the
database, using keywords. ComicKit uses the most frequent technique exploited
in this type of systems, the combination and manipulation of predefined images.
Comeks [4] and HyperComics [5] are other examples of this type of solution.
However, all of these systems fail in providing adequate support for the reuse of
previously created elements. Users can create elements (e.g., characters, objects,
etc.) by combining multiple images, but they cannot reuse them in the same or
in another comic strip. Additionally, these systems fail in allowing the creation
of visually complex comics, since users’ creativity is limited not by their skills,
but by the set of available images and by systems functionalities.
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Other solutions, like the Comics Sketch [6], tries to stimulate users to create
richer comic strips by supporting free hand drawing. Results available in the
website, show that users explore this kind of freedom and are able to draw more
complex comics than with the previously described solutions. However, Comics
Sketch does not provide any mechanism for the reuse of previous elements, failing
to help users on the creation of comics in a flexible and efficient way.

Looking at the majority of web comics creation systems, we can observe two
things. First, there is no support to allow the reuse of visual elements, a need
strongly inherent to the traditional comics creation process. Second, this type
of systems restricts users interaction and, by consequence, the visual richness of
resulting comic strips.

Our approach offers a new methodology for creating comics online, by com-
bining free hand drawing and editing with a calligraphic retrieval mechanism
based on shortcuts. This solution overcomes the main drawbacks of analyzed
works by allowing a richer visual composition and simple mechanisms to include
previous drawings in comic strips.

3 Calligraphic Shortcuts

In this section, we describe the concept of calligraphic shortcuts for classification
and retrieval of drawings, as a more flexible way of reusing previous visual elements
for comics creation. Our solution takes advantage of the use of a calligraphic in-
terface, to provide a seamless integration between creation and reuse, since users
can sketch to define new visual elements or to retrieve previous drawings.

3.1 Concept

From our previous work on drawing retrieval, we observed that users liked the
interaction paradigm very much (use of sketches as queries) in contrast to more
traditional approaches, based on query-by-example [7]. It is better suited to re-
trieve drawings because it takes advantage of users’ visual memory and explores
their ability to sketch as a query mechanism. This previous retrieval solution uses
an automatic visual classification scheme based on geometry and spatial relation-
ships (topology) to describe drawings and sketched queries. The new approach
presented in this paper is based on our previous work on drawing retrieval. We
still use geometry and topology to describe drawings and queries contents, but
we explore a new way of accessing drawings using calligraphic shortcuts.

While analyzing experimental evaluations of our previous work, we noticed
that users typically sketch a very small set of shapes to define a query, making
the comparison between a very simple query and a complex drawing difficult. We
believe that this behaviour can be explained by users expectations. Typically,
users draw the minimal common elements, but on the other hand, they are
expecting to get a large set of results semantically similar to the sketched query.
For example, if a user is searching for an air plane, he wants to see all the
available ones. So, he sketches a query with all the common features he knows
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from air planes, creating a visual abstraction of all the different instances he
knows. By sketching this query, the user is creating a visual meaning of air
plane, simplifying elements from all the others he is aware of. Unfortunately
the user does not know that there are a large number of air plane drawings
that do not share the geometric or spatial similarity with his mental and visual
abstraction.

To overcome this, we decided to extend our drawing retrieval scheme by mak-
ing the creation of visual abstractions explicit, i.e., allowing the creation of calli-
graphic shortcuts, somehow similar to what Mark Gross [8] did for the retrieval
of architectural buildings. With our new approach, when users store any draw-
ing(s) for future reuse, they can bind a simple sketch to it(them). Users are free
to create a simpler abstraction of the original drawing or any other association
that they deems logic. From this point on, a sketch of the calligraphic shortcut
can be used to retrieve the (complex) original drawings associated to it.

Figure [l illustrates an example of classifying and retrieving drawing(s) using
calligraphic shortcuts, in our web application. To classify a drawing, users select
any elements in the canvas, draw an additional shape (top right of (a) in Figure
@) and store both. Our application also provides a set of suggestions for short-
cuts, similar to what users are drawing. This can help users classify drawings
using previous shortcuts (bottom right of (a) in Figure [I) or to avoid similar
shortcuts, thus reducing ambiguity among shortcuts. Our suggestions include
previous shortcuts similar to the one being created, the list of most used and
the most recently created.

To retrieve the original drawings, associated to shortcuts, users can sketch a
query similar to the calligraphic shortcut ((b) in Figure[]) and then select the
desired drawing from the returned results (bottom of (b) in Figure[I]). Retrieved
drawings can then be edited using the potentialities of the system editor, to
match users needs (e.g. resize, change head or hands position, etc.). Additionally,
this new version of the reused element can be stored for later reuse.

trieval mode
| store selected sketches! | o Aamma

> 2 &
P . §
with shortcut? L @ E
Clear
Similar =~ Top Latest Search...

P

Fig. 1. Examples of classifying (a) and retrieving (b) using calligraphic shortcuts



Calligraphic Shortcuts for Comics Creation 227

As illustrated in Figure[Il, previous calligraphic shortcuts can be used to clas-
sify more than one drawing, allowing users to group, under the same shortcut,
any drawing they consider similar (e.g., cars, people, dialogue balloons). Draw-
ings can now be grouped into the same shortcut, if users consider they are similar
visually or semantically. For example, users can classify a group of very different
drawings using the same calligraphic shortcut, because they have a meaning tied
to emotions or any other abstract idea. With the use of calligraphic shortcuts,
original drawings are not only described by their geometry and topology, but
also by the meaning they have to users.

Additionally, to this new retrieval functionality using shortcuts, we also in-
cluded in our final solution the traditional retrieval method, developed before.
So, users can still retrieve previous visual elements by sketching queries similar
to drawings (and not to shortcuts). This way, our solution remains also valid for
users who do not see advantages in shortcuts or are not willing to classify visual
elements by sketching yet another drawing (the shortcut).

3.2 Architecture

The architecture of our approach for creating comics is composed of two modules:
the editor for the edition of comics (client side) and the retriever to support the
reuse of previous drawings (server side). In the retriever module, we use our
existing system for retrieving clip-art drawings, called Indagare [9I0], that offer
support for our traditional retrieval mechanism. To extend this solution with the
new calligraphic shortcuts, we added a top layer, responsible for creating and
recognizing calligraphic shortcuts.

This layer is a service module that offers three functionalities: new drawings
classification (with or without shortcuts), previous shorcuts suggestion and pre-
vious drawings retrieval. Our new service layer is invoked by the editor module,
when users want to classify or retrieve drawings into the current comic strip.
Figure Plillustrates the architecture of our retriever module, integrated with the
Indagare server.

Query T —————————————————-~"—
1 Retrieval :
Results | Service :
Query | :
—— e Suggestion i
Results Service i Retrieval events

created in editor
invoke the
appropriate service

_Results |
Indagare Server Classi
" assify Classify Service
|
S Aelbilll  Classify Shortcut
+— .
) Service
]

Retrieva Services Layer

Fig. 2. Architecture of the Retriever Module: Indagare and services layers



228 R. Lopes et al.

4 Experimental Evaluation

We developed a prototype for creating comics online, which combines our new
approach based on calligraphic shortcuts, for reusing visual elements, and a free
hand drawing editor, to support the rich creation of comics. This editor supports
operations such as, free hand drawing, elements transformations, visual layers,
strokes grouping, textual elements, zoom and computer assisted drawing. The
combination of all of these guarantees a new method for creating comics with
more flexibility, efficiency and freedom than current web applications.

To evaluate our overall solution, we performed experimental evaluation with
users using the resulting prototype (called ReCCO). We intended to evaluate
two aspects: first we wanted to test our shortcuts retrieval mechanism in the
context of amateur comics creation, against the most functional solution online.
Second, we wanted to evaluate our overall solution and see if it improves the
flexibility and efficiency during the creation of comics online.

To that end, we conducted a series of user tests, in which participants per-
formed a task in our prototype (ReCCO) and in another application, Comics
Sketch [6]. The task consisted in the illustration of a predefined scripted story,
composed of six frames. Users created the same story in both applications. How-
ever, while half of them created first in ReCOO and then in the Comics Sketch,
the other half did it in the reverse order. With this we tried to avoid biasing
results, since users learn how to do the task from one application to the other.
After users perform the task, we did a questionnaire and an interview to collect
their feedback about the applications evaluated.

We selected 8 participants who represent the adequate user profile of our
application. We preferred to perform tests with few “specialized” users, which
are used to create comics (in an amateur environment), than to collect a larger
number of users without any experience on comics creation. Selected users like
to create comics in an amateur context and are used to sketch in a computer,
using a mouse or a Tablet. Then, we divided the participants in two groups,
according to the order they will use each application. The group R/CS started
with our prototype an then Comics Sketch, while the CS/R group evaluated in
the reverse order.

Figure [3] shows values for creating each individual frame in the comic strip,
while Figure [ presents the time needed to create the entire comic strip.

These results demonstrate that, with ReCCO, users spent more time creating
the first frame than the following ones. This difference is due to the calligraphic
retrieval mechanism. We observed that in the first frame the majority of users
spent time drawing all visual content and storing the desired elements that will
be part of the overall story. In the following frames, these elements were already
created, and users only had to retrieve and reuse, saving time. Comparing now
both applications, we can see a significant difference in times for individual
frames and for the complete strip. On average, users take less 15 minutes in
the ReCCO system than in the Comics Sketch to create a complete comic strip.
This difference is explained not only by the new retrieval mechanism but also
by the edition techniques we have in our editor module, which allow a more
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Fig. 4. Creation times for the overall strip

powerful interaction. Indeed, while our system offers a large set of functionalities
to support free hand drawing creation and manipulation (e.g. visual layers, text
elements, computer assisted drawing, etc.), the other application only offers free
hand drawing and edition of stroke attributes, such as color or thickness.

We then tried to collect some measures for the retrieval mechanism. To that
end, we first defined a set of expected results through previous conditioned pilot-
tests. Figure [l shows the results achieved for the retrieval mechanism. As we
can see, we obtained results similar to the expected, regarding the number of
stored and retrieved elements. These experimental values demonstrate that the
calligraphic retrieval of previous drawings was understood and fully explored by
users.
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Fig. 5. Results for the evaluation of the retrieval mechanisms

In what concerns the comparison between the traditional retrieval mechanism
and the calligraphic shortcuts, our results are better than expected. All users
chose to always store drawings with a shortcut. Because of this, the vast major-
ity of sketched queries were shortcut related. Through our questionnaires and
interviews we were able to find the reasons for this behaviour. Users told us that
a simpler and more specific sketch is an easier and faster option for creating
retrieval queries, specially when one has to repeat the same several times in a
comic strip. Answers to our questionnaires showed that the calligraphic shortcuts
mechanism was well received, with 88% of users stating that shorcuts made the
drawing retrieval easier. Furthermore, 75% of the inquired participants agreed
that shortcuts allowed a better organization of stored elements. Even the 25%
that thought the process of creating shortcuts was difficult, chose to do it due
to its advantages.

The values we obtained for the number of accepted shortcuts suggestions
were slightly smaller than expected. We believe that further tests would improve
these results. These additional tests must account the continuous process of
reusing individual elements across multiple comic strips. As explained before,
the shortcut suggestion mechanism is aimed at a continuous and longer use of
our application.

Finally, the vast majority of the participants chose the comic strip created
with ReCCO as their favourite and most visually pleasing. The main reasons
behind this choice can be traced to the complexity obtained in the final frames.
Through observation we also noted that, with our prototype and due to the
presence of more operations, users became more demanding and detail oriented
with their comic strips. Figure 6 shows the same frame created by the same user,
using ReCCO and Comics Sketch.

Although, we did not evaluate the scalability of the solution, the retrieval
mechanism used [7] proved to perform well with large sets of drawings. In terms
of ambiguity among shortcuts, due to the increase in their number, we believe
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Fig. 6. Example of frames created during experimental evaluation with ReCCO (left)
and Comics sketch (right)

that the suggestion mechanism will obviate that. While users create new short-
cuts, our system is permanently searching the database for similar shortcuts
and showing them to users. This way, users can create shortcuts different from
existing ones, avoiding collisions and consequent ambiguity.

5 Conclusions and Future Work

In this paper, we described a new approach for creating and retrieving comics
online. This approach combines a rich creation model, based on free hand draw-
ing, with a calligraphic retrieval mechanism for reuse of previous elements. We
propose a new mechanism based on calligraphic shortcuts to make the retrieval
and reuse of previous visual elements easier. Experimental results show that our
solution allows users to create richer comics strips in a shorter time, than using
normal approaches without retrieval mechanisms.

Additionally, obtained results allow us to conclude that the calligraphic re-
trieval of previous drawings is a flexible and valid solution for the need of re-
peating elements during a comic strip. We also observed in the experimental
evaluation, that participants used the shortcuts retrieval mechanism in exclu-
sive, forgetting the traditional one. Thus, we can claim that the shortcut concept
is natural and advantageous to users, proving that, in a free drawing applica-
tion where elements are stored by users, the shortcut-based retrieval is the best
solution for reusing elements.

The co-existence of the calligraphic shortcuts mechanism with the traditional
one has caused some problems to users. Sometimes, queries were recognized
as being part of some complex drawings, and the system returns elements not
desired by users. This happens because users create very simple shortcuts that
can easily occur in a complex drawing. To solve this ambiguity, we can adapt
our approach to exclusively classify and retrieve drawings using shortcuts. Our
experimental results encourage us to take this option. However, further studies
would have to be conducted to account all the usability issues.
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Abstract. Volume datasets have been a primary representation for sci-
entific visualization with the advent of rendering algorithms such as
marching cubes and ray casting. Nonetheless, illuminating the under-
lying spatial structures still requires careful adjustment of visualization
parameters each time when a different dataset is provided. This paper
introduces a new framework, called feature-driven volume fairing, which
transforms any 3D scalar field into a canonical form to be used as com-
munication media of scientific volume data. The transformation is ac-
complished by first modulating the topological structure of the volume
so that the associated isosurfaces never incur internal voids, and then
geometrically elongating the significant feature regions over the range of
scalar field values. This framework allows us to elucidate spatial struc-
tures in the volume instantly using a predefined set of visualization pa-
rameters, and further enables data compression of the volume with a
smaller number of quantization levels for efficient data transmission.

1 Introduction

Volume datasets have become a primary representation of scientific data with
the advent of visualization algorithms such as marching cubes and ray casting.
Nonetheless, even with any visualization strategies, illuminating spatial structures
inherent in such datasets clearly needs careful adjustment of visualization param-
eters. For example, transfer function design has intensively been studied in the
computer visualization community since the late 1990’s [1], while we still need to
prepare different sets of visualization parameters when new datasets are provided.

This paper introduces a novel framework, called feature-driven volume fairing,
which transforms any 3D scalar field into a canonical form to be used as commu-
nication media of scientific volume data. The transformation is accomplished by
modulating arrangement of features in the volume, and thus allows us to easily
visualize the modulated data with a set of naive visualization parameters. The
key tool to our approach is the contour tree that enables systematic transfor-
mation of the given scalar field by accounting for the topological evolution of
isosurfaces. The actual fairing process consists of three modulation steps; topo-
logical modulation, geometrical modulation, and smoothing modulation. The
topological modulation transforms the given volume data so that the associated
isosurfaces never incur internal voids as the scalar field value decreases. This is
useful because we can intentionally discriminate such internal voids from their
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Fig. 1. Effects of volume fairing process for the nucleon dataset (of resolution 41%)
(http://www.volvis.org/). (a) An original volume dataset. (b) The dataset after topo-
logical modulation. (¢) The dataset after geometrical modulation. (d) The dataset after
smoothing modulation. Isosurfaces at uniformly spaced scalar field values (top), ren-
dered image with periodical accentuated opacity transfer function (middle), and the
corresponding contour trees while edges of internal voids are drawn in blue (bottom).

exterior layers in the rendering process after this modulation step. On the other
hand, the geometrical modulation accentuates significant regions while suppress-
ing the remaining regions, by rearranging their corresponding scalar field values
to be spaced rather uniformly over their entire range. Finally, the modulated
scalar field is smoothed out spatially by solving the Poisson equation based on
the discrete differences between a pair of neighboring voxels. This threefold mod-
ulation process also allows us to compress the size of the datasets for efficient
data transmission, just by cutting out a few lower quantization bits of all the
bits for the entire range of scalar field values.

Fig. [ presents the effects of our feature-driven fairing process for the nu-
cleon volume dataset, where the two-body distribution probability of a nucleon
in the atomic nucleus 0 is simulated. We can notice from the figure that the
modulated volume (Fig.[Il(d)) can systematically reveal its unique internal struc-
tures while we are likely to miss them in the original dataset since the internal
structures are occluded by multiple exterior isosurfaces (Fig. [[la)).
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Fig. 2. Schemes for transmitting scientific volume datasets. (a) The existing scheme.
(b) Our new scheme.

Unlike the existing volume rendering scheme (Fig. [2(a)), once the
sender/generator has successfully transformed the given volume dataset to its
canonical form using the volume fairing technique, the receiver/user can instantly
elucidate its associated features with a set of predefined visualization parame-
ters (Fig. B(b)). Providing effective data representation for this communication
model is the primary issue to be tackled in this study.

This paper is organized as follows: Section [ provides a brief survey on re-
searches related to this work. Section [3] describes an algorithm for transforming
the given volume dataset to its canonical form by modulating the arrangement
of features over the range of scalar field values. Section [ presents several exper-
imental results together with an application to the data compression. Section
concludes this paper and refers to possible future developments of this work.

2 Related Work

Our research can be thought of as an attempt to leverage topological filtering
for advancing collaborative volume exploration in distributed environments.

Facilitating collaborative volume exploration requires an effective way to share
among colleagues, feature structures acquired from target volume datasets. An
extreme case for this purpose is just to exchange resultant visualization images,
at the sacrifice of progressive exploration style. Geometry fitting and arbitrary
slicing have also been commonly used to provide an efficient interface for mu-
tual understanding of explicitly-extracted features. Many reports on topological
enhancements can be found in the literature, including topologically-enhanced
isosurfacing [2], solid fitting [3], and cross-sectioning [4].

However, to avoid excess cutout of information at the sender side, and to
expect further findings through the “first personal examination” at the receiver
side, volumes themselves still serve as most meaningful communication media.
Representative accompanying communication media used so far are transfer
functions [I], which can convey the acquired volumetric features implicitly in
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the form of color and opacity. Topological analysis has been used mostly in the
context of transfer function design [BJ6], whose merit lies in that the designed
transfer functions can delineate global structures in the volume as well as its
local features, thereby making good contrast with other transfer function design
methods that only allow for local features such as curvature [7].

3 Feature-Based Volume Modulation

This section presents an algorithm for transforming a given volume dataset to its
canonical form to provide a standard communication media for scientific data.
As described earlier, the volume fairing consists of three stages: topological mod-
ulation, geometrical modulation, and smoothing modulation. In the remainder
of this section, requirements for our approach are first described in Section B3]
and then the details of the algorithm are provided through Sections

3.1 Requirements

Here, we strive to summarize the list of requirements for the canonical represen-
tation of volume datasets in our framework. Our initial intention is to develop a
standard representation of scientific volume datasets for elucidating significant
features with a set of naive visualization parameters, even when the accompany-
ing features are imperceptibly embedded in the 3D volumes. This means that,
once a sender /generator successfully transforms the scientific volume data in such
a way, a receiver /user significantly reduces his or her amount of user interaction
for adjusting the visualization parameters. This will be the ideal communication
scheme for exchanging scientific data we are going to pursue in this study.

In the present framework, the predefined setting of visualization parameters
is assumed to be a set of scalar field values uniformly sampled over the entire
range when extracting isosurfaces using the marching cubes algorithm, and pe-
riodically accentuated opacity and uniformly changed color transfer functions
when rendering using the ray casting technique. This motivates us to elongate
the regions of interest over the range of scalar field values, so that we can identify
significant features even with the uniform sampling of the scalar field range.

The above transformation, which is referred to as geometrical modulation in
this paper, can optimize the distribution of feature regions over the entire range
of scalar field values. However, it cannot separate isosurfaces that compose a
multi-layered structure. This case incurs undesirable results in the above frame-
work since we cannot accentuate the internal features while suppressing their
exteriors using naive one-dimensional transfer functions. For making full use of
such naive transfer functions, our algorithm intentionally decomposes such a
nested structure into distinct exterior and interior isosurfaces. This modulation,
called topological modulation in this paper, rearranges the spatial structures in
the volume dataset by successfully eliminating the multi-layered isosurface struc-
ture while maintaining the global isosurface evolution. Nonetheless, these pro-
cesses cannot necessarily maintain the spatial smoothness in the volume data.
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We alleviate this problem by postponing a smoothing modulation stage by taking
advantage of the optimization process based on the Poisson equation.

This threefold modulation process will allow receivers/users to easily high-
light significant features of a given dataset only with a set of naive visualization
parameters, irrespective of what the sender/generator did in the volume faring
process beforehand. An outgrowth of this fairing process is the ability to reduce
the data size by simply cutting out a few lower quantization bits of all the bits
for the entire dynamic range of scalar field values. This consequently enables
efficient data transmission through the network.

3.2 Topological Modulation

The topological modulation transforms the topological transitions of isosurfaces
in order to eliminate inclusion relationships among significant isosurfaces at any
scalar field value. For that purpose, we introduce a contour tree representa-
tion [2I]] since it faithfully represents such topological transition of isosurfaces.
Fig. Bla) represents an example of such a contour tree representation while the
positions of the associated nodes, which correspond to topological changes in the
isosurfaces, are arranged from top to bottom as the corresponding scalar field
value decreases. Actually, the topological modulation is equivalent to converting
each downward branch of the contour tree in Fig. Bfa) (in blue) to an upward
branch (in orange) as shown in Fig.[B[(b). This is fully justified because the down-
ward branches inevitably introduce internal voids into some exterior isosurfaces
by taking account of their spatial embeddings into 3D space [3I6]. In addition,
this rearranged contour tree allows us to peel the given volume from outside
to inside by tracking the tree from bottom to top. For example, as shown in
Fig. Bl the internal void outlined in red has successfully been transformed to the
solid part.

scalar field value scalar field value

isosurface isosurface

(a) (b)

Fig. 3. Contour trees (a) before and (b) after topological modulation: (a) A downward
branch represents the topological transition where some isosurface is about to have
internal voids. (b) By converting the downward edges (in blue) to upward ones (in
orange), we can eliminate the multi-layered isosurface structure.
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The actual conversion process of the contour tree begins with identifying the
extremal node that corresponds to the outermost isosurface of the given volume
(Fig.Bl(a)). We then traverse the tree using this extremal node as a starting point,
and update the height coordinate of each intermediate node with its geodesic
distance from the starting node on the contour tree. This coordinate transfor-
mation along with an appropriate normalization of the height range will provide
us with the final topologically modulated contour tree (Fig.Bl(b)). Note that we
employ the algorithm in [5] for extracting the simplified version of the contour
trees, in order to delineate the global topological transitions of isosurfaces em-
bedded in the given volume data. Fig. [[(b) represents the nucleon dataset and
its contour tree after the topological modulation process.

3.3 Geometrical Modulation

The next task is to conduct the geometrical modulation, which elongates the
feature regions while preserving their relative order over the range of scalar field
values. This makes it possible to retrieve the important configuration of isosur-
faces by rather sparsely sampling the range of scalar field values. For finding
well-balanced distribution of such features over the range, we first suppose a
function y = f(z) that maps the current scalar field value z to its modulated
value y. The geometrical modulation begins with the preparation of an initial
linear mapping between x and y (Fig. @(a)), and its associated constant deriva-
tive (Fig. E(b)). The derivative is then accentuated around some specific feature
values by adding Gaussian-like kernel distributions accordingly (Fig. d{c)). The
final mapping y = f(z) between the original and modulated scalar field values is
obtained by integrating the above accentuated derivatives, followed by the nor-
malization of the modulated dynamic range of the scalar field values (Fig.d(d)).

In our framework, saddle critical values comprising isosurface splitting and
merging are used as feature values (in red in Fig. Hlc)) to be accentuated in
the volume fairing process. This is reasonable because we can illuminate the
spatial configuration of feature isosurfaces easily with the predefined setting of

new y Y Y =f ()
scalar|,.....__._.._ o new >
value derivative derivative scalar|~"" "
value
y=f"(x) i y=f(x)
X ————— X + + X . X
old scalar value old scalar value old scalar value old scalar value
(a) (b) (c) (d)

Fig. 4. Geometrical modulation. (a) An initial linear mapping between the old and
new scalar field values. (b) Its constant derivative. (c) The accentuated derivative by
adding Gaussian-like kernel function around the feature values (in red). (d) The final
feature-driven modulation of scalar field values.
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Table 1. Computation times (in seconds)

Dataset Size | Topological| Geometrical|Smoothing| Total

Nucleon 41° 5.06 0.01 0.18] 5.24

Analytic function 333 1.01 0.01 0.09| 1.11
Proton & hydrogen-atom 613 1.99 0.02 1.32| 3.33
Anti-proton & hydrogen-atom|129° 17.29 0.17 144.84|162.30

visualization parameters. Fig.[Ilc) represents the contour tree and its associated
visualization results after the geometrical modulation.

3.4 Smoothing Modulation

Basically, the volume fairing process has been done by modulating the associated
contour tree as described above, and then the scalar field value of each voxel is
changed accordingly by referring to the corresponding node on the modulated
contour tree. Nonetheless, only with this modulation, the resultant 3D scalar
field is not necessarily smooth enough, and thus contains unexpected artifacts
as shown in Fig.[Il(c). For removing such artifacts, we postponed an optimization
process based on the Poisson equation. Such optimization processes have been
introduced in the high dynamic range data compression [9], and further applied
to the compression of depth information such as the range image data compres-
sion [TOJTT]. The present approach, on the other hand, tries to develop a method
of smoothing out the input 3D scalar field while referring to the modulated
contour tree as guidelines for the coherent fairing.

The actual reconstruction of the 3D scalar field is accomplished by integrating
the given gradients while minimizing the associated integration errors. Solving
the following Poisson equation allows us to obtain the optimized 3D field of
scalar values f(z,y, z):

2 . of of of
V*f =divg, where g_vf_(am’ay’az)' (1)
Here, each of the partial derivatives can be obtained by calculating the discrete
central difference in the corresponding scalar field value. Note that, for solving
the Poisson equation in (), we introduce a Neumann boundary condition to the
outermost voxels of the given dataset. By solving the Poisson equation, we can
reconstruct the smooth 3D scalar field, as shown in Fig. [I(d).

4 Results

This section provides several experimental results to demonstrate the effective-
ness of the present framework. Note that all the given volume datasets are as-
sumed to have an 8-bit quantization representation (256 discrete levels) of the
scalar field values. Our prototype system has been implemented on a laptop PC
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Before fairing After fairing

Marching cubes Ray casting Marching cubes Ray casting

Fig. 5. (a) Analytic function dataset (of resolution 33%), (b) proton and hydrogen-atom
collision dataset (of resolution 61%), and (c) anti-proton and hydrogen-atom collision
dataset (of resolution 129%), before and after the volume fairing process. Isosurfaces at
uniformly spaced scalar field values (left), and rendered image with periodical opacity
transfer function (right) in each column.

with Intel Core2Duo T9500 CPUs running at 2.60GHz and 4GB RAM. Table [T
summarizes the computation times required for each of the three modulation
processes on the above computational environment.

4.1 Visualizing Modulated Datasets

Let us examine how the present volume fairing scheme will alleviate the need
to adjust the visualization parameters. For each case, we applied the marching
cubes algorithm for isosurface extraction, and the ray casting algorithm for illu-
minating internal structures. For extracting isosurfaces, we uniformly sample the
entire range of scalar field values to reveal isosurface transition. For illuminating
the spatial structures with cast rays, we employ an opacity transfer function
where hat-like elevations are placed at even intervals over the entire range of the
scalar field values. Note that the color transfer function is set to be a naive one
where the hue is uniformly changed over the scalar field range.

Furthermore, for each rendering process, we put more emphasis on voxels
having larger scalar field values because, in our setting, interior feature regions
have larger scalar field values than the exterior regions. For example, we assign
more alpha values to isosurfaces at larger scalar field values, and we augment
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Original

Fig. 6. Compression of the nucleon dataset by cutting off lower quantization bits. The
original dataset (top) and the modulated dataset (bottom).

the height of the hat-like elevation in the opacity transfer function as the scalar
field value increases.

Fig. Bl presents visualization results of the analytic function (Fig.[Bla)), pro-
ton and hydrogen-atom collision (Fig.[El(b)), and anti-proton and hydrogen-atom
collision datasets (Fig. Blc)), before and after the volume fairing process was
conducted. The modulated datasets can exhibit clear views of the configuration
of feature isosurfaces while the original dataset often fails to illuminate impor-
tant features in the associated rendering results. Note that the anti-proton and
hydrogen-atom collision dataset contains a fourfold nested structure of isosur-
faces, which has not been appropriately visualized so far without the use of more
visualization parameters for multi-dimensional transfer functions.

4.2 Data Compression

Our volume faring process provides a well-balanced distribution of scalar field
values, and thus the resultant canonical dataset can readily be compressed by
simply cutting out lower quantization bits for the scalar field values, while still
maintaining the global features embedded in the original dataset. Fig. [ rep-
resents the rendered image obtained from the original and compressed nucleon
dataset through the aforementioned setting of transfer functions. The figure in-
dicates that the important nested structure in the original dataset has been
obscured when the number of quantization bits is reduced to 4, while the mod-
ulated dataset still retains a clear view of such features in a reasonable manner.

5 Conclusion and Future Work

This paper has presented a new framework, called feature-driven volume fairing,
which allows us to illuminate the underlying features in the scientific volume
datasets with naive visualization parameters once the datasets have been ap-
propriately transformed to their canonical forms. The transformation has been
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accomplished by modulating the topological structure of the given volume first,
then by elongating scalar field ranges containing significant features, and finally
by smoothing the spatial distribution of scalar field values. Several experimental
results suggest that the present methodology has the potential to serve as an
efficient communication model of the scientific data through the network.

One interesting extension of this work is to accommodate more complicated
datasets such as multivariate and time-varying volumes. Smoothing non-grid
voxel samples with the Poisson equations should be handled. More sophistication
of the system interface also remains to be investigated. The implementation of
a more systematic data transmission together with the capability of demand-
driven data queries poses another potential extension of the present framework.

Acknowledgements. This work was partially supported by Grants-in-Aid for
Scientific Research (B) No. 18300026 and No. 20300033.
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Abstract. This paper introduces a gestural perceptual-based approach
to select objects, i.e., nodes and/or edges along paths. Based on known
results from perception research, we propose a model to detect perceptu-
ally salient paths formed by the Gestalt principles of good continuity and
closure. Then we introduce gestural interaction techniques that enable
users to select single or multiple perceptual paths, as well as resolving
ambiguities in selection. The result of a user study shows that our system
outperforms current techniques for path selection.

1 Introduction

Node-link diagrams are fundamental tools to visualize relational data. Objects
and their relationships are depicted as nodes and edges, respectively. Such dia-
grams are used in a large variety of application domains such as software engi-
neering, social network analysis, and data modeling.

Many algorithms for drawing comprehensive graphs by minimizing certain
aesthetic criteria such as edge crossing and bending [4] have been developed.
However, it is not always computationally feasible to find an optimum solution
that satisfies all criteria. Hence users often direct the algorithm by relocating
groups of objects (i.e., nodes and/or nodes) or imposing constraints [S[25/T9123].
Both alternatives require manual selection of object groups. Group selection is
also required prior to many standard operations such as deletion, translation,
annotation, changing properties, rotation, navigation [16] and zooming [6].

In graphical user interfaces, standard group selection techniques are shift-
select, rectangle selection, and lasso. Shift-select, i.e., clicking on objects while
holding the Shift key down, is impractical if the number of targets is large. In
rectangle selection, the user performs a drag operation along the diagonal of
the selection region. This technique works poorly in the graph domain, because
the frequent presence of nearby non-targets often necessitates subsequent de-
selection(s) or disjoint selection steps. Also, layouts are often non-axis aligned.
Lasso involves dragging a closed path around the targets, while avoiding inclusion
of none-targets. Auto-complete lasso [22] automatically closes the path as the
user performs a lasso, which makes it more efficient. As explained by the Steering
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law [I], lasso tends to be inefficient for path selection, especially for long paths,
since nearby distracters make the traversal “tunnel” small, which necessitates a
reduction of movement speed.

This paper introduces a new gestural path selection technique called GPSel.
Based on established models from perception research, we present an algorithm
to detect salient perceptual paths formed by the Gestalt principles of good con-
tinuity and closure. Then, we introduce gesture-based interaction techniques
which allow users to select (partial or complete) good continuity paths, multiple
paths, and resolving ambiguities. Finally we present a user study that shows
GPSel outperforms current techniques for visually salient groups.

2 Related Work

2.1 Perceptual Grouping in Graphs

Perceptual grouping is defined as the human ability to detect structure(s) among
visual items. The most fundamental approach for perceptual grouping is Gestalt
psychology, which is described via a set of principles [18]. This paper focuses on
two prominent principles: good continuity and closure. Good continuity states
that visual items which are along smooth curves are perceived as a group. Closure
states that the humans visual system tends to seek closed areas.

The good continuity principle has been used in graph drawing algorithm as it
significantly improves comprehension of graphs [2124] and recognition of short-
est paths [29]. It also has been used to make certain paths more apparent, see
Fig. [ Two important aesthetic criteria that are frequently employed by graph
drawing algorithms are to minimize the number of bends in polyline edges [28]
and to maximize the angular resolution [I5]. Angular resolution refers to the
minimum angle between two edges sharing a node. These criteria try to keep
paths as straight as possible. Hence, they create perceptual groups of objects,
i.e., nodes or edges, which conform to the Gestalt principle of good continuity.

Fig. 1. The effect of good continuity on graph comprehension. Perceiving the shortest
path between nodes x and a is significantly easier than that between nodes x and b.

2.2 Good Continuity Group Detection

Extracting linear and curvilinear structures from edges or dots has been in-
tensively studied both in computer vision and perception research. Studies in
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computer vision have suggested that grouping edges into (curvi-)linear struc-
tures is based on local rather than global straightness and smoothness [3U5JT4].
This idea has been supported by several experimental studies in perception re-
search [T2J9ITTIT0). Field et al. conducted several experiments to determine the
rules that govern the perception of good continuity groups [12]. The results
show that the ability to detect a path is significantly reduced when the relative
orientation between successive elements differs by more than 30°. Also, “end-to-
end” alignment of the elements significantly increases the observer’s ability to
perceive them along a path. Feldman presented a mathematical model for sub-
jective judgment of curvilinearity among three and four dots [9TT]. The model
is a gaussian function of angles between successive dots. Experimental results in
[10] suggests that perceived curvilinear configuration can be accurately modeled
using a local 4-dot window moving along the chain of dots.

2.3 Interaction Techniques for Path Selection

The standard techniques for selection in graphical user interfaces are rectangle
selection and lasso. However, these two techniques are not very well suited to
path selection. Several researchers designed techniques to target this problem.

Accot and Zhai introduced a novel technique where the user drags a continu-
ous gesture across all desired objects [2]. Their technique is time consuming and
error-prone when there are too many targets, the size of each object is small, or
the targets are spread over a large distance. Saund and Moran [27] developed a
technique for the selection of contour groups in freehand sketch editors, called
path tracing. In this technique, users can select a group by drawing a gesture
that traces an approximate path over the target group. This technique can be
applied in the graph domain. However, in the presence of nearby distracters the
gesture has to be similar in shape and size to the target path. Hence, similar to
Accot’s work [2], it is inefficient when selecting a long path.

A number of advanced graph editors provide semi-automatic path selection
techniques that leverage internal information in graphs. One commonly-used
approach is text querying where the user types in specific information about the
desired path and runs a query. This technique requires both the user and the
system to have a deep understanding of the content visualized in the graph.

Google Maps takes a more interactive approach in its Route Planning system:
the user types in a source and a destination address; the system computes and
suggests the fastest route between them. The user can then iteratively modify the
route by clicking on it and dragging the mouse/pen over a point (called a way-
point) on the desired route. After each modification, the system re-computes and
suggests a new route composed of shortest paths between waypoints (including
the source and destination). This technique is application-dependant and also
limited to selection of shortest paths. If the user has other criteria in mind (e.g.,
a path going through parks and green areas for cycling or the path with the least
turns) the technique will often require too many waypoints.

Dehmeshki and Stuerzlinger developed a system that introduces perceptual-
based object group selection techniques in a traditional desktop system, i.e. with
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a mouse as input device [7]. It utilizes a nearest neighboring graph to detect
(curvi-)linear groups, and proposes a set of click-based interaction techniques to
select among the detected group(s). Three key elements distinguish this system
from the new work presented here. First, the mouse-based system is based on
a model that depends also on inter-object distances, to be able to deal with
object clusters. This is not really appropriate for the graph domain. Second, the
system relies heavily on double- and triple-clicks, which is not appropriate for
pen-based systems. Lastly, the user interface of the mouse-based system selects
all groups that an object belongs to, but does not consider the direction of the
grouping. This increases the need to disambiguate the selection, which results in
more user effort. In the present system, the use of gestures with their inherent
directionality greatly reduces the effort to specify the group the user intends to
select.

3 GPSel: Gestural Interaction

3.1 Good Continuity Path Selection

To select a complete good continuity path, the user performs a straight gesture
crossing one of the end nodes, called anchor, in the same direction as the target
path. The technique uses a method to detect good continuity paths starting from
the anchor, which will be described later in this document.

To select a partial good continuity path, the user first selects the complete
path, then limits the selection by performing a second straight gesture across
the last target node and in the opposite direction of the first gesture. All objects
between the first and the second gestures remain selected, while objects beyond
the second gesture are de-selected. Figure 2 shows an example: in Fig. Bla, the
user makes a flick gesture over node N1 to select the diagonal path. In Fig. 2+
b, the path corresponding to the selection is highlighted. In Fig. 2-c, the user
performs a second gesture starting on node N2. As shown in Fig. 2d, nodes
between N1 and N2 remain selected, while nodes beyond N2 are de-selected.

Fig. 2. Good continuity path selection. a) The user performs a straight gesture crossing
node NI along the diagonal path. b) The path is selected. ¢) Performing a second
gesture starting on object N2 deselects objects beyond it, shown in d).
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3.2 Resolving Ambiguity in Path Selection

When a gesture corresponds to multiple good continuity paths, GPSel selects
all of them, and allows the user to disambiguate by performing another ges-
ture over a node that belongs to the target path. Figure [J illustrates an ex-
ample: performing a gesture over node N1 selects both good continuity paths
sharing N1; performing another gesture over node N2 deselects the undesired
branch.

NI N2

(a) (b) (c) (d)

Fig. 3. Resolving ambiguity. a) Targets are shown with thick borders. b) Performing
a gesture on N1 selects its two corresponding perceptual paths. ¢) A second gesture
over node N2 deselects the undesired sub-path, as shown in (d). Graph from [I7].

3.3 Compact Cyclic Path Selection

Our interaction technique also enables the user to select compact cyclic paths. In
its simplest form, a circular gesture in the interior region of a closed path selects
that path. If the gesture is performed around a node or over an edge, all objects
along the closed paths shared by that object are selected. This interaction tech-
nique works only for planar areas, i.e., no crossing edges. This is not a significant
limitation as planarity is by far the most important aesthetic criterion [24] and
hence one of the main design criteria for graph drawing algorithms. Figure @l
shows three examples of cyclic path selection.

(b) (c)

Fig. 4. Examples of Cyclic Path Selection. A circular gesture (a) in an interior area,
(b) around a node or, (c) on an edge selects the corresponding cyclic paths.



248 H. Dehmeshki and W. Stuerzlinger

3.4 Edges vs. Nodes Group Selection

The above interaction techniques select both the corresponding nodes and edges
by default. In order to select only nodes or edges, GPSel utilizes a marking
menu [20]. If the user holds the pen still for a short interval of time (approxi-
mately one third of a second) a marking menu with three items ‘select edges’,
‘select nodes’, and ‘select both’” appears under the pen’s tip. The user then selects
a menu option by making a straight gesture towards the desired item. Expert
users who know the location of an item can select it by immediately moving
toward the item before the menu appears.

4 GPSel: Detecting Groups

4.1 Good Continuity Group Detection

The algorithm computes a linear coefficient (LC) for each set of four nodes which
are along any paths that starts from the anchor node and is aligned with the
direction of the gesture. This coefficient indicates how strongly the nodes are
perceived as a straight line. LC is defined by:

(al1? + a2? — 2rala2)
252(1 — r2) ’

LC =exp <—

where al and a2 are angles between successive edges (see Fig. (), r and s are con-
stants. This is based on Feldman’s model for linear grouping of four consecutive
dots [I1]. For groups of only 3 nodes a simpler formula is used [9].

a?

Fig. 5. Illustration of parameters used in the definition of collinearity

We extended this idea to model arc groupings. In the above equation, we
substitute every inter-line angle o; by (a; — aavg) Where aa,g is the average
of all line angles «;’s. Hence, a uniform curvilinear path gets a higher grouping
coefficient than a sinuate path.

In an extra step, the initial collinear and curvilinear sets are repetitively
merged to form longer groups.

4.2 Compact Cyclic Path Group Detection

We employ an effective algorithm for detecting compact cyclic paths [26]. When
the user performs a circular gesture, the algorithm finds the closest node and its
closest edge to the gesture. Then it starts tracing a path from the detected node
and the edge. If there are multiple paths originating from a node, it selects the
edge that has maximum turning toward the gesture.
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5 Experiment

We conducted a within subject study to assess the efficiency of GPSel for se-
lecting good continuity paths in comparison to rectangle selection and lasso. We
considered rectangle selection and lasso as comparison points, since these are
the standard techniques supported by almost all graph editors.

Generating Test Graphs

Since we were interested in evaluating the performance of our technique in a
practical application context we focused on automatically drawn graphs based on
real data sets. The graphs were undirected and abstract. On average, they had 41
nodes and 46 edges. Figure 6l shows several examples. While randomly generated
graphs seem to be a feasible alternative, they are typically not representative of
real data.

Fig. 6. Example graphs used in the experiment

Tasks

In each task, the participants were shown a graph and asked to select targets
(a good continuity path or a closed loop) using auto-complete lasso, rectangle
selection, or GPSel. Targets and distracters were displayed in green and black,
respectively. If only targets were selected, a brief sound was played and the
experiment moved on to the next task. Selection time was measured from the
first pen down event after a graph was displayed to the time when the targets
were selected.

Hypothesis
We hypothesized that GPSel is significantly faster than lasso and rectangle se-
lection. The reason is that it requires only a flick gesture, whereas the other
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two require tracing the whole path in different ways. Moreover, the presence of
nearby distracters increases the difficulty of rectangle selection and lasso.

Experimental Design

We used a fully crossed within-participant factorial design. There were two in-
dependent variables: Selection Technique (GPSel, auto-complete lasso, and rect-
angle selection) and Target Length (small ~ 250, medium = 400, and large ~
750 pixels). The dependant variable was Selection Time. We used a 3x3 Latin
Square to counterbalance the order of selection techniques. Participants were first
trained for 10-20 minutes on all three techniques with 7 practice layouts. The
main experiment used 12 different graphs which were shown for each technique.
This sequence was then repeated 3 times. Hence, each participant performed a
total of 12 x 3 x 3 = 108 selections during the main experiment.

Apparatus

The experiments were conducted on a Tablet-PC with a Pentium M 1.6 Ghz
processor and 1 GB memory. Screen resolution was set to 1024x768 and a pen
was used as input device. The software was written in Python and Tkinter.

Participants

Twelve students from a local university campus were recruited to participate in
the experiment. None of them had used our technique before. Most of them were
unfamiliar with auto-complete lasso.

Results

The repeated measures ANOVA reveals that there is a significant difference
between techniques, Fb 20 = 4.32, p < 0.001. The mean selection time for GPSel
is 0.305 seconds, whereas the means for lasso and rectangle selection are 3.242
and 3.445 seconds, respectively, see Fig. [(FLeft. According to a Tukey-Kramer
test, only the difference between GPSel and the other two is significant.

ESmall
B Medium
I— |OLarge

e
N
Time (s)

0.5 11 —

0 - 0 —
GPSel Lasso  Rectangle GPSel Lasso  Rectangle

Fig. 7. Left: Comparing average Selection Time among Techniques. Right: The effect
of Targets Length on Selection Time for each Technique.



GPSel: A Gestural Perceptual-Based Path Selection Technique 251

There is a strong interaction between Selection Time and Target Length
Fy44 = 12.90,p < 0.001. While Target Length had no effect on GPSel, it dra-
matically increased lasso and rectangle selection time, see Fig. [d Right.

6 Discussion

The most likely explanation for the results is that GPSel requires considerably
shorter pen movement and hence significantly reduces the user’s effort. For rect-
angle selection, the user has to traverse at least the diagonal of the area covered
by the target group, while for lasso selection, the user has to traverse at least a
major portion of the circumference of the area.

The trial graphs ranged from small to average size. We believe that GPSel can
be easily applied to reasonably sized graphs, i.e, graphs that fit on a single screen
with readable labels. This is often defined to mean up to approximately 100
nodes [13]. While the computation in GPSel is affected with increasing degrees
for nodes, our pilot study shows that the delay introduced by the computation
is small enough to be unnoticeable.

7 Conclusion and Future Work

This paper introduces GPSel, a novel perceptual-based approach for path selec-
tion in graphs. This technique enables users to select perceptually salient paths
by just drawing gestures over nodes and edges. Our user study showed that it
outperforms current techniques for selecting complete salient paths.

As future work, we plan to extend the current system to facilitate selection
of groups with arbitrary configurations. Additionally, we will do a complete
user study to asses GPSel in other scenarios, such as partial and arbitrary paths
selection. Finally, we plan to investigate extensions to cover large graphs, directed
graphs, and graphs with different vertex types.
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Abstract. In this paper, we propose a novel interface for controlling crowd
animation. Crowd animation is widely used in movie production and computer
games. However, to make an intended crowd animation, a lot of agent model
parameters have to be tuned through trial and error. Our method estimates
crowd parameters based on a few example paths given by a user through a
sketch-based interface. The parameters include guiding paths, moving speed,
distance between agents, and adjustments of the distance (crowd regularity).
Based on the computed parameters, a crowd animation is generated using an
agent model. We demonstrate the effectiveness of our method through our
experiments.

Keywords: Crowd Animation, Sketch-based Interface, Agent Model.

1 Introduction

Recently, crowd animation has been widely used for movie production and computer
games. Using crowd animation techniques, a user can create an animation in which a
large number of characters move around and interact with each other for scenes such
as soldiers in combat, pedestrians on a street, stadium audiences, etc. Crowd
animation can be created using commercial or in-house animation systems. For the
majority of systems, an agent model [1][2] is used for controlling characters (agents).
An agent model controls individual agents based on application dependent rules such
as following a leader, keeping a distance between other agents, avoiding obstacles,
etc. As a result of the movements of individual agents, a natural crowd behavior is
generated. However, to make an animation, a user has to tune various parameters for
the agent model such as initial positions, paths, moving speed, distance, etc. These
parameters are usually tuned through a graphical user interface which the animation
system provides. Because a small parameter change can cause a drastic change in the
animation, and users cannot predict the result when they change a parameter, the
parameter tuning process can be very arduous work.

To solve this problem, we propose a crowd animation system in which users can
specify the parameters intuitively thorough a sketch-based interface using a pen-tablet
or mouse device (Figure 1). A user of our system is asked to give a few example paths
for the agents to roughly follow. The system automatically estimates parameters that
satisfy given paths. Based on the given paths, parameters such as guiding path,

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 253 20009.
© Springer-Verlag Berlin Heidelberg 2009
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(a) input paths (b) generated crowd animation

Tt 2 2 IR
==

Fig. 1. Overview of our system. The parameters for crowd control are estimated from a few
example paths that are given by a user (a). Based on the parameters and an agent model, a
crowd animation is generated (b). The user can make a crowd animation interactively.

moving speed, standard distance between agents, and distance deviation are computed.
By using the estimated parameters and the agent model, a crowd animation is
generated. Using our system, a user can make crowd animations interactively by giving
just a few example paths.

In this paper, we describe our interface design (Section 3), the parameters that our
method uses and how to compute them (Section 4), and our agent model (Section 5).
We also show experimental results and the effectiveness of our system (Section 6).

2 Related Work

Crowd animation is an important topic in the computer graphics field. There has been
a lot of research on crowd animation. As explained in the previous section, agent
models have been widely used in research [1][2]. More advanced crowd models such
as path planning, collision avoidance and vision-based control have also been
developed.

Currently, an animator can make a crowd animation using commercial animation
systems such as Maya, Max, or Softimage. However, they have to describe scripts for
a crowd model and for the user interface. This is a very tedious task. Recently, an
animation system specializing in crowd animation, MASSIVE [3], has been widely
used for movie production. MASSIVE employs an agent model that uses
sophisticated decision rule trees. A user can edit the decision rule trees using a
graphical interface. However, it is difficult to construct or modify these.

There has been research on user interfaces for controlling animated crowds. Ulicny
et al. [4] proposed a brush interface with which a user can specify parameters for
individual agents in a crowd by painting them. However, the parameter values that are
applied to these agents have to be set with a conventional interface. Moreover, the
user cannot specify crowd movements such as individual paths, speed, distance
between agents, regularity of crowd, etc., because those parameters not only depend
on agents but also depend on positions in the scene. Sung et al. [5] proposed a crowd
animation system in which a user can specify agent behaviors on each region of a
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scene. However, the user cannot specify parameters and behaviors which depend on
the agents themselves. Moreover, the user still has to specify rules and parameters for
each region manually.

There is also research into automatic estimation of crowd parameters. Several
research groups [6][7][8] proposed methods for making a crowd animation based on
movies of real pedestrians shot from above. Their methods estimate the moving
velocity and direction of each point in the scene. Agents are controlled based on the
computed vector field. Their method can make a natural crowd animation based on real
pedestrians. However, a user has to prepare a movie of pedestrians, which is difficult to
shoot. Jin et al. [9] proposed a crowd animation system in which a user can specify the
moving velocity and direction on any point in the scene. The system generates a vector
field for crowd control. These methods can control crowd movements such as paths
and widths of crowds. However, they cannot control detailed agent movements such as
distance between agents and regularity of agents, both of which our method can
control. In addition, our method determines such parameters based on the example
paths given by the user.

3 Interface Design

Our system is designed so that the user’s intention is reflected in the generated
animation. In this section, we describe the interface design and explain how it works.
The implementation is explained in the following sections.

A user of our system is asked to input one primary path and a few additional paths
as example paths for the crowd. The primary path (red path in Figure 1 (a)) specifies
the rough path of the overall crowd. The additional paths (blue paths in Figure 1 (a))
are for specifying the crowd behaviors or paths of individual agents in more detail.

First, a user can specify the initial distribution of agents by drawing an outline of
the region where the user wants to put the agents. The user then inputs one primary
path and any additional paths. The system generates a new crowd animation when the
user inputs new paths. The user can also undo and redo the paths. Therefore, the user
can create a crowd animation in an interactive manner.

The general path and moving speed are controlled by the primary path. The crowd
follows the primary path, and the moving speed of agents is based on the input speed.
The agents walk slowly where the user inputs the path slowly.

The distances between agents, regularity of distances, and individual paths are
controlled by the additional paths. First, the distances between agents varies based on
the width of all given paths. As shown in Figure 2, when the width of the paths is
wide, the agents spread out, and when the width is narrow, the agents get closer to
each other. We designed this interface because we can assume that users usually
intend to spread the agents out when they specify wide paths.

Second, the regularity varies based on the smoothness of the additional paths. As
shown in Figure 3, where the paths are rough (zigzag), the agents move irregularly,
which means that the distances between agents are not uniform. On the other hand,
where the paths are smooth, the agents keep the distances between each other
uniform.
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(a) spread crowd (b) close crowd

A

e

Fig. 2. Control of the distance between agents

(a) irregular crowd (b) regular crowd

Fig. 4. Control of paths of agents

We designed this interface because users intend to move agents irregularly when
they specify non-smooth paths.

Finally, the paths of individual agents are based on the additional paths. The path of
each agent is affected by the additional paths that are close to the initial position of the
agent. The more additional paths the user gives, the more they can control the
movements of the agents, as shown in Figure 4. The green paths in Figure 4 represent
the guiding paths generated for each agent. This is explained further in the next section.

Usually a user inputs at least one or two additional paths to specify the distance
and regularity. When users want to specify agents’ paths in more detail, they add
more additional paths.
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4 Crowd Parameter Estimation

This section describes our method for computing crowd parameters. We explain the
crowd parameters that are used in our method. We then explain how to compute them.

4.1 Crowd Parameter

We use an agent model [1][2] for controlling crowds. There has been research on
many possible types of parameters. In our agent model, we use the crowd parameters
that are shown in Table 1. All crowd parameters vary according to points along the
guiding paths, which means that the crowd movements vary during the animation. We
represent the varying parameters as a series of variables. The subscript k =1...K of
all parameters represents the index number of points where K is the total number of
points. Each agent is controlled by the parameters of the closest point. In addition,
some parameters vary depending on the agents, so each agent has a different value.
The subscript j=1...M of the parameters represents the index number of the agents

where M is the total number of agents.

Table 1. Crowd parameters

Name Variables Uniform or Individual
Guiding path P, ={p;p, 0k} Individual

Moving speed v Uniform

Standard distance to other agents i Uniform

Adjustment of distance to other agents Individual

ajk

4.2 Input Path

As explained in Section 3, the crowd parameters are computed from one primary path
and a number of additional paths given by the user. The paths that the user draws on
the screen are projected on the ground to compute the positions in the scene

coordinates. Q; ={q,-,l,"uq,-,k,--uq,-’,{} represents the points of the paths. The
subscript i =1...N represents the index number of each path where i=1 is the
primary path and i =2...N are the additional paths. The subscript k =1...K represents

the index number of the sampling points. Sampling points of all additional paths are

normalized based on the primary path so that the points of all paths are aligned with
the same number. The primary path also has T, :{ti’l,-n,ti’k,n-,ti’,(}, times when

each point is given (drawn) by the user.
For computing crowd parameters, the system computes smoothed additional paths

first. Q, = {ﬁi’l Qe K} represents smoothed additional paths computed from

Q, . The reasons that we use smoothed paths are explained later. There are a number
of methods for smoothing a path. We use a spring model in our implementation. On
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each iterative step, each sampling point is moved slightly to make the angle at the
point smaller, and to maintain the distance to the original path. By repeating this step
until the points converge, a smoothed path is computed.

The initial positions of all agents 0; and the number of agents M are computed

from the outline of the region that the user draws first. The system distributes agents
in the region with a fixed distance.

The crowd parameters are computed from o;, Q;, T;, and Qi. In the following

i°

section, we describe how we compute each parameter.
4.3 Guiding Path

The guiding path P; = {pj’l,n-,pj!k,---,pj’K} controls the moving path of each agent.

Each agent moves so that it follows the guiding path. Note that each agent may not
follow the guiding path exactly, since it is also affected by other factors such as
keeping a distance with other agents, and avoiding obstacles.

The guiding path for each agent is computed by blending given paths, which are
the primary path and all smoothed additional paths. We use the smoothed path instead
of original paths, because a user may input a zigzag path intending irregular crowd
movements but not intending a zigzag movement. Smoothed guiding paths are
suitable for most animations. The blending weights of all paths for each agent are
computed based on the distances between the paths and the initial position of the
agent. Individual agents are affected by paths close to them.

Computation of a guiding path is as follows. First, blending weights of all
smoothed paths for each agent is computed by

w: .

ey

1 _
M= Vi S
iJ

i,Jj

Wi
i=1

where /; ;is the distance between the j-th path Q ; and the initial position of the i-th

agent 0,. We decided to use an inverse quadratic function for computing weights.

The blending weights w; ; are computed by normalizing the weights. Finally, each
point of the guiding path p; , is computed by blending the positions of all paths with

their matching blending weights w; ;. This process is repeated for all agents j.

4.4 Moving Speed

The moving speed v, affects the crowd’s maximum speed. It is simply computed
from the user’s drawing speed of the primary path by using the equation,
ik ~1k-1

e s (2)
bk —tea
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4.5 Standard Distance between Agents

The standard distance between agents s, is for controlling the distance between
agents. This is a common parameter for all agents. The distance of each agent is
altered by the adjustment of distance a; ; which is explained next.

The standard distance s, is computed from the width of all paths as explained in
Section 3. First, the widths of the all paths w; are computed for each point k£ =1..K
on the primary path Q, . w, is computed by finding the farthest pair from

{ﬁi’k}(i =1---,K ) and by computing the distance between that pair. The standard

distance s, is then computed in proportion to w, as follows,

Sk = Sscale log ( wi + 1) * Smin - (3)

where s are the minimum distance and distance scaling, respectively. We use

min > Sscale

a logarithmic function to avoid s, becoming too big. s,,;, is set so that it prevents

n

collisions between agents. s . =2m is used in our experiments.

min

4.6 Adjustment of Distance between Agents

The adjustment of the distance a;, is an agent specific parameter to vary the

distances between agents. This parameter is based on the roughness/smoothness of the
additional paths as explained in Section 3. We compute the adjustment from the
distance between the original path and the smoothed path. If a given path is smooth,
this value should be close to zero. Otherwise, it becomes large.

Computation of adjustment of distance a;, is as follows. First, at each k-th point

of each j-th additional path, the distance d;, between the original path Q; and

smoothed path (_)l- is computed. Since the distance varies from zero to the maximum

distance on a zigzag path, to compute the maximum distance at each point, we find a
maximum distance within a path window & . « is computed so that the path window

becomes about two meters. The distance D, , is computed as follows,

D; ; =max (|qi,k—a —ql‘,k—a|""’|‘li,k ik |""|qi,k+0{ _ai,k+0{|) . “)

Second, the magnitude of adjustment at each k-th point A, is computed by taking the

average of the distance between the original and smooth paths. Finally, the adjustment
of the distance of the j-th agent at the k-th point a; ; is computed. To make variations

in response to the magnitude of A, , a random value from 0.5 to 1.0 is multiplied as

follows where random(a,b) is a random function.

N
A=) Dy /N, aj; = random(0.5,1.0) A, . (5)
i=2
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5 Crowd Animation

This section describes how our system generates a crowd animation using an agent
model. There are many variations of agent models [1][2]. We decided to introduce the
following three rules as controlling rules.

e Each agent follows a specific guiding path.
e Each agent keeps a specific distance from other agents.
e Each agent avoids obstacles.

On some agent models, a rule for making agents follow a leader is introduced.
However, instead of such a rule, we decided to use the first rule, because using
guiding paths can result in similar movements and a user can control the agents’ paths

more specifically by manipulating guiding paths.

f path f distance f avoid
j ’

For each agent, three kinds of forces: ;> and ; » are computed

based on the above three rules. f pa’hj is the force for making an agent follow a

guiding path. This is computed so that the agent moves toward the next sampling
fdislance

point of the path p; . ; 1s the force for making an agent keep their distance

from other agents. The distance constraint between two agents is computed by taking
an average of the distance parameters of the two agents ( j -th and j’-th agents),

eix e,
dj,j':'sj,k +% (6)
The force for the j-th agent £ ;s computed from all nearby agents as follows.

d. -
M |k, (X-»—X<) 1—# i |X-»—X<|< d . .
fdistance _ distance J J X, —X. f J J ﬁ I (7)
i J J °
=
| =X .| > .
0 lf|X1 X.1| —ﬁdj,.l

where ke 18 @ constant magnitude of force. S defines the range of nearby

agents. On our implementation, we use f=1.5. £ is the force for making an

J
agent avoid obstacles. This force is computed using a similar equation to equation (7).
Finally, the force on each agent f is computed by summing up all the forces.

On our agent model, an acceleration a;

; 1is computed from the force f; . The

position X ; and velocity v; is updated based on the acceleration a; . The velocity is

restricted by the maximum moving speed v, .
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where At is the time between the current frame and the previous frame. Orientation
of the agent r; is computed based on the velocity Vj,.

To render a character on the scene, we need a posture of the character in addition to
position x; and orientation r; . In our implementation, we simply use a walking
motion clip to represent the posture of each agent on each frame.

6 Experimental Results and Discussion

We have implemented the proposed method using C++ and OpenGL. The system
generates crowd animation interactively. We have done preliminary experiments to
show the effectiveness of our system. As well as the sketch-based interface, we also
developed a conventional interface for our system so that the user could specify the
crowd parameters of our methods directly with the mouse and keyboard.

To evaluate the effectiveness of our interface, we measured the times for creating a
crowd animation. Four undergraduate and graduate students participated in the
experiments. The subjects were asked to create a crowd animation that matched an
example movie using both our sketch-based interface and the conventional interface.
The subjects were asked to stop when the generated animation looked close enough to
the example movie according to the judge, and the time was measured. The example
crowd animations were created using our system in advance. On our experiments we
used two example animations: simple and complex. They are shown in the
accompanying movie.

Table 2. Average time for making a crowd animation (minutes : seconds)

Interface Simple crowd Complex crowd
Proposed interface 0:51 1:50
Conventional interface 10:00 30:30

Table 2 shows the results of our experiments. According to the results, our
interface is more effective than the conventional interface. Moreover, the more
complex the crowd movements, the more effective our interface is.

Currently our method is specialized for crowd animations where agents travel as a
group. In practical crowd animation, the agents perform various actions and interact
with each other (e.g., combat, conversation, reaction of audience, etc.). These kinds of
actions can be realized by user commands or behavioral models. User commands can
be given through a conventional interface or possibly a gesture-based interface. To
use behavioral models, complex rules and parameters have to be tuned by the user.
This would be difficult through a sketch-based interface. We developed the sketch-
based system explained in this paper, because we thought that a sketch-based
interface would be the most suitable for controlling a traveling group. As a future
work, we want to extend our system so that a user can give action commands to
agents through a sketch-based interface. A sketch-based interface for describing
behavioral rules is also an interesting future work.
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7 Conclusion

In this paper, we have proposed an intuitive sketch-based interface for controlling
crowd movements. We have implemented our method and demonstrated the
effectiveness of our interface. Currently, the main target application of our method is
for animation production. However, this technique can be used for various
applications such as computer games, communications across metaverses, behavioral
simulations and so on, because even non-professional users can use our interface very
easily. Our future work includes improvement of the agent model, addition of crowd
parameters and estimations, support for action commands through the sketch-based
interface, and addition of group parameters for animating multiple groups.
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Abstract. Recently, virtual worlds like “Second Life” have received a
lot of attention not only as environments that promote social interaction,
but also as media in which scientific research can be performed effectively.
In this latter aspect, they offer several advantages over traditional 3D
visual applications, such as the capacity of supporting true collaborative
endeavors in which real people, through the use of graphical avatars, can
simultaneously discuss and analyze data, thereby enhancing their col-
laborative experience. Unfortunately, processing capabilities of current
virtual worlds are limited when trying to visualize this data as 3D ob-
jects. External applications to solve this problem have been developed,
but their functionality is obscure and they require good understanding in
programming languages. To overcome these inconveniences for common
users, we have developed EML3D (Environment Markup Language 3D),
a markup language that provides a tool to manipulate virtual objects in
Second Life in an easy and stable way.

1 Introduction

With the advancement in 3D graphics processing, virtual worlds, which can be
defined as “electronic environments that visually mimic physical spaces” [I], are
being considered as one of the most promising tools to develop social and sci-
entific research. Depending on the virtual world system provider, the usage of
virtual worlds ranges from private company training operations to open social
interaction platforms. Recently, one kind of networked 3D virtual world is gain-
ing popularity among the people who have socializing as their primary objective.
These virtual worlds are getting more and more attention from the public not
only because of their social interaction potential, but also because of the capa-
bility to endow people with the power of creating and manipulating their own
environment or ecology [9]. The most popular of these general virtual worlds
is Linden Labs’ Second Lifd]] [16] , in which many individuals and corporations
have already created their virtual presence.

1 At the beginning of September 2008, just over 15 million accounts were registered. In
January 2008 residents spent a total of 28,274,505 hours “inworld”, and, on average,
38,000 residents were logged in at any particular moment.

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 263-272 2009.
© Springer-Verlag Berlin Heidelberg 2009
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In a virtual world, data have to be represented as 3D objects with certain vi-
sual attributes, and placed in certain appropriate positions in the environment.
Unfortunately, virtual worlds are limited in their capability to properly visualize
large-scale scientific data as 3D objects mainly due to processing restrictions
and implementation objectives. Other alternatives in the form of external appli-
cations and libraries have been developed to overcome this problem. However,
much of these libraries’ functionality is still obscure and they require a fairly
good degree of understanding in programming language to be properly utilized.

In order to facilitate the creation and manipulation of 3D objects in virtual
world environments (e.g. Second Life) for common users, we have developed
EML3D, a web service application tool which provides an XML based markup
language that allows the user to create and manipulate his/her virtual objects in
an easy, stable, and powerful way. The rest of the paper is organized as follows:
Section 2 provides a summary of the research work currently being done in
the virtual reality field. Section 3 describes EML3D in detail by explaining the
execution of two simple scripts. Section 4 introduces a real scientific visualization
case in with EML3D was used. Finally, we conclude the paper by giving an
overview of EML3D and the functional improvements that we are currently
implementing.

2 Related Work

While there are almost no tools that provide automatic and flexible content
creation for virtual worlds, e.g. for Second Life, researchers in the domain of
Virtual Reality (VR) have supplied this need by: (a) creating their own cus-
tomized virtually populated environments that suits their specific objectives,
(b) using well-known commercial 3D game engine technologies, or (c) using 3D
web standards such as X3D [I1] to fulfill their visual requirements.

To develop their own object creation and behavior models, most researchers
opted for constructing their own virtual environment and creating their own lan-
guages (some of them based on XML) to manipulate it. For instance, Biermann
et al. [2] proposed a very specialized semantic based method for creating and
manipulating parametric parts for complex VR object constructions. Piza et al.
[13] defined an interesting way to create spaces (or rooms) and objects based
on simple human-like instructions. Seo and Kim [I7] defined scenes through a
language called PVML and Python scripts. Their application defined several
primitives that could be created through their client interface (cube, sphere,
cone, and cylinder). Finally, Garcia-Rojas et al. [6] created a visual interface to
define scenes which virtual characters inhabit. This allowed users to create ob-
jects in their scenario without having to worry about their textual specification.
All these applications offer interesting solutions from the object manipulation
perspective, but they are available for their own particular environment only.

Looking at the advantages of 3D graphical interface provided by game engines,
other researchers have used them as their visual interface to implement their own
object behavior or environment manipulation solutions. Cavazza et al. [4] created
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scenarios using the Unreal Tournament engine [18], defining object behaviors
based on Al techniques and the interception of game events. In the case of
Herwig and Paar [7], they promoted a collaborative way to plan and visualize
landscape transformations using the Unreal Tournament engine as well. Game
engines offer very good functionality for content manipulation, but they are
generally restricted to their game rules and are difficult to distribute.

By using the power of 3D visualization standards over the web like X3D, yet
other researchers have addressed the issue of having distributable 3D content in
an efficient way. Jourdain et al. [8] proposed a way to overcome the collaboration
limitation in visualization tools through the sharing of X3D data through the
web. Farrimond and Hetherington [5] implemented a tool for students to create
their own church-like buildings. They make use of an XML based language to
define building characteristics like towers, navels, chancels, and so on. The XML
file is processed into a web 3D standard format file (either VRML97 [11] or X3D).
In general, web tools are limited to the type of collaboration paradigm offered
by the web itself and they lack the sense of co-presence that can be attained in
virtual worlds.

2.1 Some Solutions Already Explored in Second Life

According to Bourke [3], there is a growing demand for scientific collaborative
visualization as a shared experience. Nevertheless, in most cases, this visual-
ization lacks the more powerful interactions researchers implemented in their
individual proprietary software. In order to properly address these constraints,
there are several characteristics that any application that supports collaborative
scientific visualization in virtual worlds should have. Among them is the efficient
processing of raw data into visual entities. Bourke [3] developed some visualiza-
tion samples in Second Life including fractals and molecules, but faced several
problems regarding the storage and processing of raw data. This was mainly due
to technical restrictions of Second Life (size of object scripts and data arrays).
In order justify the benefit of using Second Life as a platform for scientific data
visualization, a way to overcome these world-internal limitations still has to be
found.

3 EML3D: Easy and Robust Object Manipulation in
Second Life

Since we were not able (or liable) to address the issue of improving process-
ing capabilities in Second Life, our development strategy focused on providing
an easy-to-use tool that would allow dynamic object creation, overcoming the
technical limitations of Second Life itself. EML3D’s objective as a language is
to provide a tool to the common user to define environment changes in Second
Life. These changes, performed through object manipulation, can be indicated
either by passive environment event handling or by active command execution.
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The EML3D instruction parser and executor are implemented as a web ser-
vice. This web service has a simple interface consisting of 4 methods: StartCon-
trol, ProcessScript, ExecuteScript, and StopControl, which have to be called in
that order. The StartControl method initializes a persistent Control Manager
object (i.e. the Control object), returning a SessionID number. This number is
used to uniquely identify the Control object that has been instantiated. Since
the EML3D web service stores different Control objects according to the num-
ber of users that have accessed it, once a user has initialized a Control object,
he/she must use the SessionID number to reference his/her own Control object
every time he/she wants to process and execute EML3D scripts (from now on,
scripts).

As long as the Control object is instantiated, the user can send and execute as
many scripts as desired. A script must be processed and stored before executing
it. Therefore, the user must call the ProcessScript method to load the script into
the Control object memory. Once the script has been processed, it can be exe-
cuted by calling the ExecuteScript method. In the case of having several scripts
to be executed, the user simply needs to call the ProcessScript - ExecuteScript
pair of methods for each script. EML3D provides two ways to load a script: either
as a new script or as an addition to what is already stored in the Control object
memory. When the user has finished processing and executing his/her scripts,
he/she must call the StopControl method in order to liberate the resources used
by the Control object and eliminate the Control object itself from the EML3D
web service.

3.1 EML3D Design Diagram

The functionality of EML3D was encapsulated into an object called the Control
Manager object. This object is in charge of: (a) parsing the script stream that
comes from the ProcessScript method and storing all its information in memory,
(b) retrieving the commands from memory and sending them to Second Life
to be executed, and (c) capturing the events that take place in Second Life and
processing them. Figure [lshows the design diagram for EML3D, which contains
the main components for the Control object and its main functions.

Once a request for Control object instantiation has been received in the web
service, it generates a dummy thread in order to keep the Control object alive.
The Control Manager object has four main components, which process and exe-
cute the scripts: the Script Parser, the Script State Execution Module, the State
Variables Storage, and the Visualization Module. The Script Parser is in charge
of parsing the script, so that it can be checked for syntactic or semantic errors.
As the script is being parsed, the Script State Execution Module converts the in-
formation found in the script into memory objects, which are stored in the State
Variables Storage. When the ExecuteScript method is executed, the ScriptState
Execution Module retrieves the objects from the storage and sends them to the
Visualization Module. This module, in turn, converts the visualization instruc-
tions contained in the objects into specific library commands that are sent to
Second Life to be executed. In addition, when an event is detected in Second
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Web Service Interface
Start and Stop EML3D Control
Execute EML3D Script Process EML3D Script
C EML3D Control Thread Management )
P

EML3D Control Manager

EML3D Script Parser A

I Parse EML3D script either in batch mode (File URL) or online mode (String variable) |

2N
Y EML3D Script State Execution Module v
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Through independent and consistency and create State
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Log Bots and Execute Commands Detect Events in the Virtual World

Virtual World Interface
Second Life

Fig.1. EML3D Design Diagram. The red arrow describes the execution of the Pro-
cessScript method, the green arrow describes the ExecuteScript method, and the purple
arrow describes the process associated with the detection of events in Second Life.

Life, this is passed to the Script State Execution Module to be processed, and
determine if objects need to be executed.

Our whole solution has been programmed in C sharp and we also offer the
possibility of using EML3D as a DLL library. The library we use to connect and
access Second Life is an open source initiative called libsecondlife, and can be
obtained at [10].

3.2 Creating a Sphere — A Simple EML3D Action Script

In order to introduce the power and ease-of-use of EML3D, we will give a rather
simple, yet complete example of an EML3D action script and explain the con-
cepts implemented in it. The script is shown in Figure [2

An EML3D script is an XML file that begins and ends with the eml3d tag.
As in the case of HTML, the EML3D script has two main parts: the head and
the body, marked by the head and body tags respectively. The head component
includes the definition of information that is necessary for EML3D to connect
to Second Life, whereas the body component includes the instructions to be
executed.

The following information must always be present in the head of any script:

— QOwner of the Script: EML3D allows users to specify who may execute scripts
in the web service through a simple text based security file. The owner tag
specifies the last name, first name, and password of the owner of the script.
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<eml3d>
<head>
<ovner lastname="Doe" firstname="John" password="password"></owner>
<server id=MSLY uri=n" type=wSLMi</servers
<creatorbot id="SLCREATOR" lastname="Doe" firstname="John" password="password"></creatorbot>
</head>
<body startImmediately="MYFIRSTTASK">
<task id="MYFIRSTTASK" serverid="SL" creatorbotid="SLCREATOR">
<sequential>
<action 1d="CREATE_SOMETHING">
<comwand name="CREATEPRIN">
= ue="HYF IRSTPRIN"></param>
" value="SPHERE"></param>
="POSITICNTYPE" value="RELATIVE"></param>
="POSITICN" value="0:0:2.5"></param>

<param n:
</ command>
<comnand name="DELETEPRIN">

<param name="ID" valus="NYFIRSTPRIN"></param>

</ conmand>
</action>
</sequential>
</task>
</body>
</eml3d>

Fig.2. A simple EML3D action script. The script only contains two instructions to
execute: a CREATEPRIM instruction, and a DELETEPRIM instruction.

If this information is not found in the security file, the user will not be able
to execute the file.

— Server Information: The server tag allows users to define to which virtual
world server they wish to connect. A script can contain more than one server
definition in it. Even though we currently support a connection to Second
Life (which is defined only by the value of SL in the type attribute), other
servers are also being considered and tested, like the Open Simulator initia-
tive [14].

— Creator Bot Information: In order to interact with Second Life, EML3D
has to use a “bot” (a computer-controlled avatar) to log in. In the creator-
bot tag, we specify the information needed to connect to Second Life: the
last name, first name, and password of the avatar. This avatar must have
been previously created to operate in Second Life and must have the proper
permissions.

The body component is mainly composed of tasks and perceptions. A task is
the minimum unit of execution from the bot point of view. In other words, any
command to be executed by a bot must be included in a task. A task must also
contain information about the creator bot that will be used to execute the task
and the server that the creator bot will log in. This scheme allows tasks in the
same script to be executed through different bots which increases its execution
performance. In order to immediately start the execution of a task, we include
a tag attribute in the body called startImmediately, whose value is the id of
the task that we want to get executed. In our example, we only have one task
called MYFIRSTTASK, so this task will be executed as soon as we call the
ExecuteScript method.

In order to add complexity to the execution of an instruction, EML3D im-
plements three tag structures that allow users to execute instructions either in
sequence, in parallel, or by random selection of one of a group of instructions.
These structures are defined by the sequential, parallel, and selected tags and
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mimic the functionality provided by our other application for agent control in
multimedia presentations, MPML3D [I2/1§].

A command is an individual visualization instruction executed in Second Life.
In our example, we have two commands: the CREATEPRIM command, which
creates a primitive in the virtual world, and DELETEPRIM, which deletes the
same primitive from the virtual world. These commands are embedded into a
structure called action. An action tag let users define sets of commands that will
be sequentially executed into a single unit. Actions allow an easier reference to
commands if, for example, users need to create or manipulate complex objects
as one.

3.3 Perceiving a Greeting — A Simple EML3D Perception Script

Task execution in EML3D is not only started by a direct request of the owner
of the script, but can also be triggered by an event in Second Life. In order to
allow events to be perceived in EML3D, we introduce two implemented concepts:
“perception” and “perceptor bots”. Figure [3]shows a sample script that makes
use of these concepts.

A perceptor bot is a bot that is logged in before any instruction of the script
is executed. Normally, this bot is also the creator bot, but that is not always the
case. To define a perceptor bot, we need to specify the id of a previously defined
creator bot, and the server to which it will attempt to log in. In the example
shown above, we have created a perceptor bot called SLPERCEPTOR, which is
the same as our previously created creator bot.

A perception is the minimum unit of event handling from the script perspec-
tive. Perceptions are composed by a set of event objects, which defines events
that can be captured from Second Life. In our example, we have defined a percep-
tion that contains only one event: the CHATCHANNEL event. This predefined

<eml3d>
<head>
<owner lasiname="Doe” firsiname="John" password="password”></owner>
{server id="SL" uri="" type="SL">{/server>
{creatorbot id="SLCREATOR™ lasiname="Doe” firstname="John" password="password”><{fcreatorbot>
<{perceptorbot id="SLPERCEPTOR" creatorbot id="SLCREATOR" serverid="SL"><{/perceptorbot>
</head>
<body startImmediately="MYFIRSTTASK">
<perception id="LISTEN">
<event [d="GREETING" type="CHATCHANNEL">
<condition variable="MESSAGE” value="Hello"><fcondition>
<condition variable="LISTENER" value="SLPERCEPTOR"></condition>
{fevent>
{/perceplion>
<task id="MYSECONDTASK” serverid="SL" creatorbetid="SLCREATOR” starton="LISTEN">
<{sequent jal>
<action id="SAY_SOMETHING">
{command name="SPEAK">
<param we="CHANNEL® value="0"></param>
<paran name="TEXT" walue="Hello. This is a nice primitive I created!"></param>
<param name="CHATTYPE® value="NORMAL"></param>

<feammand?
{faction>
</sequential>
{ftask>
</body>
<fenl3d>

Fig. 3. A simple EML3D perception script. In this script, the perceptor bot is the same
as the creator bot utilized. The bot answers to a “Hello” message, which is defined in
the perception. When the perception is “activated”, it executes the MYSECONDTASK
task by defining this starting condition using the startOn attribute of the task.
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Fig. 4. The result of the execution of both sample scripts (Figs. Bland [3) in Second
Life. Left side: A sphere is created by the creator bot (right). Right side: the perceptor
bot (same as the creator bot) answers to the greeting of the user by saying: “Hello.
This is a nice primitive I created!”.

event handler captures any message that passes through Second Life. Events can
be defined to be triggered depending on certain conditions like the content of
a message. In EML3D, this is specified through the use of condition tags. For
our CHATCHANNEL event, we have defined two conditions: (1) the intercepted
message must be the word “Hello”, and (2) the bot that listens to this message
must be our perceptor bot. When the perception is activated by fulfilling these
conditions, it can be used to execute a task through the use of the startOn at-
tribute. The value of this attribute should be the id of the perception that needs
to be triggered in order to execute the task.

The result of the execution of both the action and the perception scripts in
Second Life are shown in Figure El

4 Using EML3D in a Realistic Scientific Visualization
Case

As a virtual content creation tool for common users, EML3D has been proved
not only to be an easy-to-use alternative to complex programmable libraries, but
also as a stable solution for displaying (rather) large-scale data in virtual worlds,
thus facilitating collaborative visualization of scientific data. Currently, EML3D
is being successfully tested in our AstroSim project. AstroSim (Astrophysics
Simulation) was conceived as a joint research project between our institute
(NII), the National Astronomical Observatory of Japan, and the Institute for
Advanced Study in Princeton. The primary objective of the project is the de-
velopment of a Second Life based application, in which astrophysics phenomena
involving the simulation of stars’ kinematics can be visualized. Specifically, the
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Fig.5. A Globular Star Cluster Visualization in Second Life using EML3D. Users
can not only watch the actual simulation, but they are also immersed in it via star
manipulation. The avatar located at the center is the actual creator bot.

application supports collaborative visualization and easy data manipulation of
a scaled-down version of a globular star cluster evolution simulation for educa-
tional and presentational purposes. Figure [l shows an AstroSim scenario that
was generated by using EML3D.

5 Conclusions and Future Work

In this paper, we have presented EML3D, a web service application tool pro-
viding an XML based markup language that allows content producers to create
and manipulate virtual objects in an easy, stable, and powerful way. We have
also detailed the main functionality of EML3D by describing two simple scripts
and their execution results. The current set of commands offered by EML3D is
mostly object-level (i.e. are used for direct object manipulation in Second Life).
Due to limitations in the libsecondlife library software, some commands have
restricted functionality or could not be implemented at all. For example, direct
commands to control the environment’s weather or day time were not provided,
and we could not implement such functionality. Nevertheless, it is expected that
as the library gets more stable, we will be able to extend the capabilities of
EML3D by providing simple interfaces to actions that users can perform using
the Second Life client software.

Moreover, we are planning to extend the object level capabilities of EML3D by
creating a new set of functional tags, known as EML3DX (EML3D Extension),
which will include objects and attributes for creating complex object structures
and defining object behaviors and events.

To download our library, please refer to our web site at [I5].
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Abstract. In a lucid dream, a dreamer becomes conscious that she can
interact with and control events in the dream environment. Using gestu-
ral control devices and responsive video visualization of vocal interaction,
our interactive performance, dream.Medusa, invites four participants se-
lected from the observing audience to experience a simulated lucid dream.
The participatory nature of the dream.Medusa performance facilitates a
dialogical exchange between performer and participants in order to col-
laboratively create an aesthetic experience.

1 Introduction

Technologically mediated performance practice allows performing artists to cre-
ate interfaces that augment their voices [3] [7], and movements [I] [5], with re-
sponsive audio-visual content. “New media” performance often mixes traditional
artforms such as music or dance with digital content, using modern interactive
technology to allow an expertly rehearsed creative team of performers and tech-
nical staff to control and manipulate responsive multimedia elements.

Participatory performance systems, such as Sheridan’s iPoi [4] or Winkler’s
Light Around the Edges installation [9] add an additional layer of interactivity
to multimedia performance. Facilitating audience involvement, these works al-
low participating audience members’ behaviours to modify and manipulate the
development of the ongoing interaction allows audience members to experience
performances in new and exciting ways — not only as passive spectators, but
as active co-creators and collaborators, shaping and developing the performance
itself.

2 The dream.Medusa Performance

Originally created as part of an installation exploring the stages of sleep and
dreaming, our interactive work, dream.Medusa, is a participatory performance

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 275-278} 2009.
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which allows four audience members to share in the creation of an audio-visual
experience which is meant to evoke the qualities of a lucid dream [§]. The staging
environment and multimedia content is designed to be hypnotic and immersive.
Ethereal music, vivid imagery (videos of jellyfish moving rhythmically through
water) and a performance space draped in soft and welcoming fabrics are in-
tended to transport participants to a dreamlike state. As in a lucid dream,
participants drift in and out of control of their surroundings, at times being able
to enact change in their environment.

The four participants are selected from the audience, having no previous ex-
perience with the interface. Each participant controls an independent aspect of a
real-time video editing system which they interact with by manipulating deliber-
ately mysterious controller objects containing Nintendo Wiimotes. A live singer
(Taylor) affects the video playback using a visualization routine which maps
vocal timbre to colour, modifying the colours of the videos. The participants
are instructed to explore the interaction space, learning how their actions affect
the visualization over the course of the performance. Collectively, the group’s
interactions with the responsive environment and one another choreograph the
visual component of the performance.

3 Dialogue in Performance

From an artistic standpoint, using technology to allow participants to contribute
to the ongoing development of a live performance in a concrete and tangible way
is intriguing. From m experience and background as a performing musician, I
felt that adding a participatory component to my artistic practice would enable
me to explore the creative connection between performer and audience in a
unique manner.

I began my career in the performing arts in a very traditional way. I spent
many years studying and working as a singer, eventually choosing to specialize
in jazz and cabaret music. I felt that these genres gave me opportunity to engage
in improvisation and spontaneous expressivity. I enjoyed the close collaboration
between myself and my fellow musicians, as well as the ability to observe and
react to the feedback given by an intimate audience.

I began to feel that the most critical aspect of my role as performer was my
ability to engage my fellow musicians and my audience in a dialogical process —
each performance was uniquely shaped by the momentary experience of singing
that particular piece, with that particular group of musicians, in that particular
location in front of the individuals that formed that particular audience at that
particular time. Each performance was dependent not only upon the way I used
my voice to communicate via music, but as well by the way the audience received
that communication and responded in turn via their energy and attentiveness.

Wright et. al address this property of aesthetic experience, stating that “self
and others, technology and setting are creatively constructed as multiple centres
of value, emotions and feelings and the experience is completed simultaneously

! Here “I” and “me” refer to Robyn Taylor.
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by self and others, not determined solely by one or the other.” [I0], p.7. As a
musician, I feel that the most valid moments in performance occur when this
relationship between performer and audience is fully actualized, enabling the
artist to connect with her observers and share emotions in an authentic way. In
these moments, the very room feels alive, and the sense of complete absorption
in the creative experience is palpable.

4 Dialogue in dream.Medusa

Technologically mediated participatory performance, as well as being interesting
due to its potential for engaging participants in a form of creative play and ludic
activity [2] can be argued to be a literal interpretation of this dialogue between a
performer and her audience. The performer communicates via the tools of their
artistic craft, while the participants are afforded the opportunity to communicate
in response via the controller interface. Ideally, the emerging dialogue between
performer and participants could evolve in an improvisational fashion, allowing
the collaborative team to react and play off one another much as jazz musicans
‘jam’.

By giving several audience members the ability to literally co-create the per-
formance content in dream.Medusa, we hoped to enhance this interplay between
performer and audience in order to better illustrate and explore how the expe-
rience is shaped by their relationship. As well, we hoped that giving the partic-
ipants direct influence on the performance’s development would increase their
level of engagement and commitment to the performance process.

During a performance of dream.Medusa, dialogues emerge between the four
participants as well as between each participant and myself. The participants and
I sit closely together, well within view of one another. We can interact via gesture,
eye contact, or even whispers during the development of the performance. As the
performer, I am highly attuned to the behaviours of my participants. I attempt
to respond to their manipulations of the video, and adjust my vocalization in
reaction to their creative contributions as I would if they were fellow musicians.
Participants can choose to coordinate their interactions with myself or with one
another to create intentionally multi-faceted effects, or they can choose to act in
isolation. The action we take together shapes the character of the performance.
The collaborative medium gives untrained, novice participants the opportunity
to step beyond their role as audience members, and more clearly illustrates how
a performance is dependent upon a multitude of small contributions.

It is our goal that the dialogues which develop during dream.Medusa will
enrich the participants’ investment in the performance. We hope that the ability
to explicitly contribute and collaborate during the course of the performance’s
development increases the participants’ level of engagement, creative agency, and
sense of ownership of the aesthetic experience. We are now using dream.Medusa
to form part of a larger body of research investigating participants’ perception
of their experiences enacting collaborative performances in public spaces [6].
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Abstract. This paper is about the study on an artwork, a black-and
white drawing that has been expressed through a digital algorithm.
Black-white drawings were popular during the Chosun era (1392-1910)
reigned by kings and officials. The Oriental fine art, pursuing harmony
with nature, is expressed in a moderate and restrained way, hence anyone
would find it very soft and thus readily acceptable. Unlike the western
paintings that fill the canvus to the very full, the oriental paintings treat
even the blank space as a part making up a balanced painting. The
four gracious plants, a Maehwa blossom, an orchid, a chrysanthemum,
and a bamboo, used to be frequent subjects of gentlemen’s paintings
as they symbolized the virtues of the old times. This artwork features
Daegum, the decent traditional musical instrument which used to be
played in loyal palaces or guest rooms of prestigious officials’ residences,
and a bamboo which was a frequent motive of gentlemen’s paintings in
the past. Daegum and the bamboo, expressed in a modern style in this
work, make people appreciate the life that is full and rich. So, one can
say they have been used here to make this “well-being art.” The artist’s
intention is to be delivered through the sound of Daegum that carries
the spiritual values of the Oriental culture, the bamboo painting and the
spontaneous play by a computer.

1 Introduction

Based on the concept of this work, the bamboo was painted according to the
strength and the length of the breath of a Daegum player. Of the four gracious
plants, this work took the bamboo as its motive. Bending little by little but
not being broken to-tally, the bamboo was selected as it also keeps its leaves
green throughout the four seasons, empty inside and pointing up to the heaven,
which resembles the ancient gentlemen’s spirit. The bamboo forests, being full
of nature’s spirit and believed to cleanse body and mind, were considered good
places for meditation in leisure by Oriental people like Koreans, Chinese and
Japanese. In the era of digitalization, however, bamboos seemed to stay just
a traditional symbol. As people seek well-being in the modern culture, black-
and-white paintings and calligraphies have been gradually received and now are
being established as a culture on their own.

The very tool that draws the bamboo is also made of bamboo and is called
Daegum. In other words, the painting is not drawn on a paper using a brush but

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 279-282 2009.
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drawn by Dae-gum play, that is, according to the strength and the length of the
breath of a Daegum player. The sound of Daegum is clear and deep, just like the
spirit of the upright, incorruptible gentlemen who cared only about their nation
and the king. Daegum is one of the representative musical instruments that were
played in palaces during Chosun Dynasty. Literary men learned how to write or
paint, and also, how to play Daegum. It was taken as it was believed to cultivate
good minds, just like the four gracious plants. In the Oriental culture, if a person
plays a musical instrument, another person would paint a picture according to
what he feels as he listens to the music and tries to figure out the music player’s
thoughts and then they would talk about it together. In this work, the Daegum
player is the audience and the computer paints the picture in accordance with
the music played.

Fig. 1. A bamboo: (a) painting drawn by a brush; and (b) painting drawn by sound

2 The Interface and the System of the Instrument

2.1 The Structure of Daegum

1. The position on which the lips are placed, the breath is blown into and the
sound is Released from (the red part).

2. The end position of Daegum from which the cable of the microphone comes
out (the red part).

3. The holes where sounds can be tuned.

. p :ri' . ﬂ se ‘.})
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Fig. 2. The structure of Daegum

2.2 Design Development

Being a traditional musical instrument, Daegum is played out in a sitting posture
so that the player can calm himself/herself down. Just like a flute, it is blown
from aside. Chwigoo (the position where lips are placed on) should not be covered
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completely by lips but only by the lower lip so that the breath can be blown into
it. A bamboo is hol-low inside and therefore the sound resonates from within
and comes out of Chwigoo. So, the ultra tiny microphone is installed inside
Chwigoo, so that the computer rece-ives and recognizes the strength and length
of the breath of a player, and then classi-fies them into 5 different sounds. The
strength of the breath determines the shading of the ink and the length of the
breath determines the length of the bamboo’s knot.

Fig. 3. The artwork as it is drawn according to a performer’s play

3 Analysis System

The system has three parts, which are sound data’s I/O, Decibel Descriptor,
and Ac-tion Script which can display black-and-white drawing on the screen .
Generally, computer sound card has Audio Controller, ADC(Analog to Digital
Converter), and DAC(Digital to Analog Converter). In sound card, Audio Con-
troller execute the trans-fer or recording data. In addition, DAC convert the
digital to analog signal whereas ADC does the analog to digital. Computer use
the digital signal. However ADC con-vert the analog to digital data because
the input signal by microphone is an analogl. On the contrary, speaker use the
analog signal. However DAC convert the digital and analog because the output
signal from computer is a digital. Decibel descriptor quantize at digital sounds
using levels. And this control the drawing actions. this is a key in system because
this control the user voice at real-time. The input signal by microphone can dis-
play the various drawing as the user sound’s amplitude and time is different.
For example, the user sound’s amplitude is the higher, the drawing line is the

Soll;:ccanl
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Fig. 4. Procedures: (a) Block diagram; and (b) How to input computer signals
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thicker. The others, the user sound’s time is the longer, the drawing line is the
longer. Finally, we can display the bamboo’s steps like black-and-white drawing
on the screen using the drawing action(included the drawing position and angle)
quantized by Decibel descriptor.

4 Conclusions

Having been played by high-ranking gentlemen in Chosun Dynasty, Daegum,
these days, has still a limited access only by those who major in Korean tradi-
tional music. There were many trials and errors due to the limited experience
with Daegum. Without given musical notes, the artist’s intention had to be un-
derstood. In order to arrive at the image and the shape intended for the work,
the concept of the software had to be understood, which is also necessary to
comprehend i.e. social policies and cultural attempts that are realized through
software [I]. Su Dongpo (1036-1101), the famous Chinese artist, stressed that
“To paint a bam-boo, one has to first grow a bamboo in his mind and paint
it only when his mind is aligned with it.” The same bamboo can have a differ-
ent look and feel depending on who has drawn it. Likewise, depending on the
painter’s intention and emotional state, a painting could look or feel different.
Just like a hand-drawn picture cannot be re-peated or duplicated, any partic-
ipant can draw a different picture and express his in-tention as he listens to
different performers’ play. If we appreciate this work in the similar way, we get
close to the thoughts and lives of the painters of those times who used to draw
the four gracious plants. The painting in this artwork should be painted in a
leisurely way just like when one drinks tea after tea leaves have been sufficiently
soaked. Only then one can feel the deep taste and aroma and experience the
“well-being” art.
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Abstract. This is an interactive art work using with a table-top inter-
face. “Nyoro-Nyoro” are sprits living in your belongings like a wallet,
cell-phone and so on. They usually hide in your belongings. But, when
you put your belongings on the magic table which I made, they will show
you themselves like snails. But please carefully remember that they’re so
shy and they will hide quickly if you try to capture them.

Keywords: art, interaction, mixed realty.

1 Concept

This works aim to entertain people using with computer vision techniques.[I]
And it makes people feels there’re sprits (enjoyable characters) in your belong-
ings. “Nyoro-Nyoro” means a expression word of squirm sound in Japanese.

2 Description

There is a table wnich projected white screen from a LCD projector installed
ceiling.(Fig. [[) The top of this table is sensed objects with a infrared camera.
When audience comes and put his/her belongings on the table, A camera cap-
tures contour of his/her belongings. If there’re nothing to move in the capture
area which means the top of table in several seconds, Nyoro-Nyoro san, sprits
appear from his/her belongings. Actually sprits are just computer graphics im-
age and his/her belonging size decides their form. Sprits form consist of 2 kind of
parts, arms (with eye) and legs. These parts are decided automatically, depend-
ing his/her belonging contour. Arms (with eye) put on upper edge of contour
and legs put on lower edge of contour. Therefore, program makes various forms
even if it use simple parts.(Fig.[2]) After Nyoro-Nyoro san appearing, they waves
their arms and legs. Then audience enjoys their behavior. If audience tries to
get his/her belongings back, Nyoro-Nyoro san disappear quickly such as escape
from caputure because a camera always detects moving objects.

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 283-285] 2009.
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Fig. 1. Full View

Fig. 2. One appeared from a man’s necktie

3 Equipments

One white table with a milk surface acrylic screen. (w1500 x d750 x h700 mm,
changeable)

One Windows desktop computer with Flash Player and Visual Studio(.net
framework)

One LCD projector

One USB camera (attached a infrared filter)

Two infrared LED lamps

4 Setting

To sense infrared with camera, exhibition space is required darker or stable am-
bient lights without sun.(Fig. [3)
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1. Install a LCD projector and a USB camera to the ceiling.
2. Install infrared LED lamps under the table.
3. Project contents to the screen on the table.

PC

LCD projector

USB camera (infrared filtered)

infrared shadow image (input)

projection image (output)

infrared light beam

Table with a milk surface acrylic screen

2 infrared LED lamps

[ 1] [ 1]

Fig. 3. Setting diagram
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Abstract. We describe a design process of envisioning the ePaper (a future
newspaper appliance) through the use of two animated scenarios, each featuring
different usage and personal preferences. The animations have triggered
a creative discussion at Deutsche Telekom business functions on the ePaper’s
value as a future device.
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1 Introduction

1954, Humphrey Bogart as Linus Larrabee in the movie “Sabrina” makes a call from
a functional mobile phone, in the back of his limousine [1]. A few decades later,
mobile phone technology has saturated the market with market penetration exceeding
100% [2]. Mobile phones are perhaps the greatest example of recent technology’s
absorption into every-day life. However, a quick glance at the chronicle of printing
and printing processes reveals that, with its timeline of centuries, it has nonetheless
failed accommodate emerging technology to upgrade our reading patterns. Or is it us,
the readers, who are unwilling abandon the traditional paper format?

The ePaper is a dedicated mobile device, designed to mimic the appearance of
ordinary ink on paper [3], and to challenge the conventional printed newsletter
experience. We have joined this unique effort to apply virtual research and envision
the future use of the ePaper, via two animated scenarios, each featuring different
usage and user configured preferences. The design challenge was to outline the
advantages of this conceptual digital device, not as another model of momentary
superior gadgetry, but as an advanced alternative that offers an extraordinary
convergence between traditional print media and new technological potential, without
losing the appreciation of the inherent qualities of the printed page.

Our goal was to trigger a preliminary discussion on the ePaper’s value as a
potential device. In the following sections we share our working process on the
ePaper animations.

2 Design Process

We began our design process by identifying research questions in three key
directions: the ePaper’s conceptual form, its graphical user-interface and the

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 286 20009.
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scenarios that bind them together. Exploring these three directions enabled us to
synthesize and formulate our creative direction.

2.1 The ePaper’s Scenarios

We joined the ePaper project in the post conceptual analysis phase, in which initial
scenarios were proposed by DT-Labs. For two of these scenarios, we created short,
empathic storyboards that depict the persona’s projected use of the ePaper, closely
bound to projected behavior patterns, and realistic scenarios. The storyboards
illustrated simple interactions with the ePaper in the context of social settings.

The leading characters in the two scenarios are Karl, an enthusiastic entrepreneur,
and Otrto, a senior citizen. The scenarios demonstrate how both characters success-
fully integrate the new-found capabilities offered to them, into their daily routine.
Secondary characters and other ‘statistics’ were staged to strengthen the comparison
between the ePaper and the traditional newspaper.

Having profiled Karl, Otto, and the other characters, we approached the design of the
characters’ visual appearance according to pre-conceived creative guidelines (Fig. 1).

~

Fig. 1. Karl’s (L) and Otto’s (R) designed characters

2.2 The ePaper’s Conceptual Form

To simulate a forward-looking ePaper device was quite a challenge, and we rationally
pre-defined our focus on creating an emotional experience, rather than emphasizing
detailed functionality. We retained the ePaper vision as a conceptual design, rather
than enter the arena of full-blown product design.

Allowing design assumptions and ergonomic features, such as display size and the
e-ink technology, we sketched rough concepts to examine our direction and form for
the ePaper. Next, we rendered the selected design in 3D, in order to achieve a more
persuasive visual when juxtaposed with the 2-Dimensional character designs [Fig. 2].

2.3 The ePaper’s Graphical User-Interface

Continuing with our focus on the emotional experience, we designed a set of visual
content compositions that supported the scenarios’ flow, and the ePaper’s core
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features. Intuitive navigation, personalization, news aggregation, adaptive content,
media support and other features are sampled throughout the e-Paper demonstration
layouts. In order to achieve visual consistency, we based the layouts on a wireframe
grid [Fig. 2 shows two of the ePaper layouts].

\g,\\\\{\as\\“,\\ S

Fig. 2. ePaper conceptual form and layouts

2.4 Assembling All

When we finalized our research directions, we were ready to construct the animated
scenarios. For our envisioned ePaper and drawn characters we chose to incorporate
real-scene photos (train station, hotel lobby, club, cafe’, cinema and more) to enhance
the sense of feasibility, and to attain immediate recognition of location for the
observer. It was a creative decision to minimize the characters movement in the
animations in order to give a total spotlight to the ePaper’s positioning [Fig. 3 and
Fig. 4 show screenshots from the completed animations].

2002, in the sci-fi thriller Minority Report, a subway passenger scans an issue of
USA Today that is a plastic video screen, thin, foldable and wireless, with constantly
changing text [4]. We have an ePaper challenger!

09:00, 4
< 1 Lucky | subscribed ~ o
While waiting at Ea ' = to Ninety-minutes .

platform e3, Karl . magazine!
is thrilled to see

his fauorite team,

Bundesliga’s best

score this season,

on his ePaper.

Fig. 3. A Screenshot from Karl’s Animated Scenario
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19:15,

Otto meets Tanya
for a movie.

Fig. 4. A Screenshot from Otto’s Animated Scenario
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Abstract. We present a multi-modal video analysis framework for life-
logging research. Domain-specific approaches and alternative software so-
lutions are referenced, then we briefly outline the concept and realization
of our OS X-based software for experimental research on segmentation
of continuous video using sensor context. The framework facilitates vi-
sual inspection, basic data annotation, and the development of sensor
fusion-based machine learning algorithms.

Keywords: Artificial Intelligence, Information Visualization, Human
Computer Interaction, Visual Analytics.

1 Introduction

The Memex vision describes reviewing memories with an interactive workstation,
related illustrations show a head-mounted camera [I]. Civil [2I3] and military re-
search [4] alike have since advanced life-logging, a research domain focused on the
aggregation of digital personal memories and on their context-based indexing.
A motivation for the work reported here is to investigate how continuous digital
video (in contrast to still images) from wearables can be segmented into meaning-
ful chunks by exploiting contextual information from complementary measure-
ment streams—provided, e.g., by audio microphones, GPS receivers, infra-red
(IR) or MEMS inertial and pressure sensors.

We outline our implementation of a multi-modal video analysis framework
for visual inspection, annotation, and experimental development plus evaluation
of pattern recognition algorithms. Our focus here is a fundamental task com-
monly not addressed in problem-specific research papers due to scope restric-
tions, namely the systematic preparation of an infrastructure that facilitates
practical experiments in a data-intensive domain like life-logging.

A Drief state-of-the-art discussion follows that characterizes multi-modal anal-
ysis of continuous video in the life-logging domain and references a similar frame-
work suitable for the respective set of tasks. We outline our own concept and
implementation in Sect. 2] then discuss our work in Sect. [3

State of the Art. The SenseCam [B] project is a prominent reference for re-
search on sensor-equipped wearables to record daily life memories. A prototype

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 290-294 2009.
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records low-resolution still images (in the order of roughly 1,900 per day and
user) in regular intervals and upon events inferred from sensor data. It logs data
from an accelerometer and an IR sensor. Structuring still image collections here
means to find representative keyframes, form groups, and index data by context
categories [6l7]. Visual life-logs compiled with this device imply a relatively low
data rate in comparison to digital video, so still image-centric frameworks are
not per se useful when we aggregate > 15 frames per second. Classical video
summarization techniques [8/9] again may resort to cut detection in movies for
automatic segmentation—which does not hold for continuous video—and typ-
ically disregard additional information streams. Kubat et al. (2007) introduce
a software tool named TotalRecall] that facilitiates semi-automatic annotation
of large audio-visual corpora [I0]. The system aligns recordings from stationary
cameras and microphones for semi-automatic labeling. Our focus on experimen-
tal algorithm design for more diverse multi-modal logs from wearables may be
accomodated with slight adaptations, the functionality is broadly in line with
our requirements and goals. However, the tool is reserved for exclusive research
as it has not been released to the public.

2 Concept and Implementation

We assess that while a coherent framework with the desired characteristics is not
publicly available, most necessary components can be obtained from the open
source/public license communities (but different encodings and distinet work-
flows need to be interfaced for practical applications). Our working hypothesis
thus is that we can build a research toolkit with the problem-specific function-
ality using open software packages that run on a suitable common platform,
achieving consistent integration by adequate framework design and data man-
agement facilities.

Our development platform of choice is OS X since (a) OS X is fully POSIX-
compliant and is among the prime target platforms of open source scientific
computing projects; (b) the entire system UT is OpenGL-based and hardware-
accelerated; (c) native support for high performance linear algebra operations
is given; (d) a complementing focus on interface design issues should acknowl-
edge the prevalent role of OS X platforms in design-related disciplines. The
interdisciplinary origin of our software development efforts is elaborated on
in another publication [I2]. Our Cocoa-based implementation adheres to the
model/view/controller paradigm and is written in Objective-C/C++, which al-
lows seamless integration of libraries in the ANSI C or C++ dialects, in our
case most notably OpenCV (for feature extraction and analysis), FFmpeg (for
video decoding), and the C Clustering Library (for efficient clustering). Python
bindings allow quick experiments with a wide range of algorithms from the
Python-friendly scientific computing community. An example application shown
in Fig. Ml demonstrates the versatility of the Cocoa-based approach, where spatial

! Note the (unintended) analogy with our project name AutoMemento which was
defined independently.
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Fig. 1. An already implemented application based on our framework (labeled screen-
shot): (a) a cluster inspector, (b) a 3-D collage of detected ‘faces’, (c) a frame inspector,
(d) a map inspector, (e) ‘liquid’ videogram [I1] with position indicator, (f) several fea-
ture timelines with intermediate clustering results with experimental metrics being
tested on HSV, motion vector, and face occurence histograms as well as location; also
displaying a meta timeline with merged segments.

coordinates can be easily plotted via the Google Maps AP, A Decoder reads
input data, in the case of video is also accesses raw compressed-domain digital
video features (e.g., motion vector fields) and performs color space conversion.
The Indezer of our framework enables disk-cached random access and encapsu-
lates further feature extraction via a variety of custom Eztractor classes used to
calculate distinct problem-specific types of features from the available informa-
tion streams. A Clusterer partitions the time series with exchangeable similarity
metrics and constraint sets. It updates timeline visualizations during process-
ing for live progress indication. Timelines and multi-purpose inspection windows
are parts of our OpenGL-based UI system that uses a custom scene graph. The
Clusterer is yet to be complemented by a FlowAnalyzer for time series analysis
models like HMMs or echo state networks (ESNs) [I3] for dynamical pattern
recognition.

3 Discussion and Conclusion

The proposed system suits a pattern recognition-centric research domain like
life-logging in that it facilitates fundamental tasks like training set annotation,

2 The map hack assumes an Internet connection, bridges with Javascript within a
WebKit view, and is for demo purposes only. NB: The partially occluded logotype
in the research prototype screenshot should read Google Inc.
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feature extraction, and review of raw data with analysis results. Its architecture
and bindings accomodate experimental algorithm design for segmentation and
classification of multi-modal streams. Time series of data from various sources
(GPS, MEMS devices, IR, audio, but also weather data or incoming personal
messages) can be incorporated in the extensible system. The (frame-wise) disk
cache-based data management approach allows rapid data access within windows
limited primarily by disk space (we experiment with intervals of approximately
30 minutes of continuous video). This places constraints on the time scales that
can be considered, so super-sampling schemes have yet to be realized for long-
term recordings. Even without that, our software engineering approach already
represents a successful enabling step for a range of experiments in multi-modal
video analysis. Our current work on dynamical machine learning techniques mo-
tivates ESN [I3] integration into the framework. Beyond present OpenCV func-
tionality, in future research we also seek to add as feature streams the results of
advanced computer vision techniques. These may exploit GPU hardware acceler-
ation for, e.g., fine-grained motion vector estimation, foreground vs. background
image segmentation, structure from motion, or ego-motion estimation.
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Abstract. This demonstration presents a real-time virtual reality (VR)
system that has primarily been used as a tool for simulating and negoti-
ating transportation-related designs. Visualization creation and presen-
tation methods are briefly described. Case studies include applications to
infrastructure, traffic, and environmental planning, as well as evacuation
analysis. An emphasis is placed on using VR as a tool for translating
technical information to non-experts and, ideally, enabling members of
the public to better participate in decision making.

Keywords: VR, transportation visualization, real-time simulation.

1 Introduction

The closer a model can come to appearing real, the less interpretation is nec-
essary. Here we will explore the use of virtual reality as a common visual and
experiential language for discussing and improving civil engineering design.

Virtual reality is usually described as a technology that allows users to inter-
act with a simulated world. Leaving the hardware aside, VR can also be defined
in terms of human experience, and the sense of being present in an environ-
ment [I]. Recent work in transportation visualization is evolving from a focus
on how projects look towards a desire to see how they actually work [2]. Partic-
ularly when VR is utilized for conveying a sense of presence, an understanding
of the nature of movement through and evacuation from public spaces can help
demystify large-scale project plans. As transportation infrastructures and en-
vironments are shared resources, the goal is to create interactive VR models
that are able to not only improve designs, but also lift barriers to non-expert
participation in the planning process.

2 Methods

2.1 VR Space Design

The development of a 3D real-time VR software program called UC-win/Road
[3] provided the engine and interface for simulation creation. As a first step in

A. Butz et al. (Eds.): SG 2009, LNCS 5531, pp. 295-298] 2009.
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creating a virtual environment, terrain data and road alignment design informa-
tion are imported. Road cross-sectional elements are designed and applied to the
road network, and intersections are automatically generated. The 3D space is en-
hanced by models, textures and the adjustment of visual options such as weather
and sun position. Traffic agents are automatically generated on roads and human
agents move through space on pre-defined routes. Models can be animated and
preparing several 3D data sets allows changes to be shown sequentially.

2.2 Presentation

The VR space can be observed within the software’s interface on a desktop PC.
Free navigation in real-time allows users to observe the 3D environment from
any location and angle. Scripts and scenarios are designed to present planning
alternatives and driving situations. Video, image, and sound output are also
possible. For basic simulations, vehicles act as intelligent agents and obey traffic
rules. Yet when a car is controlled by an external device, the user can drive freely
through a road network or scenario, and a responsive VR space enhances the
user’s sense of presence. Such devices include gaming pads, steering wheels and
pedals, and full-size driving simulators.

3 Case Studies

3.1 Large-Scale Infrastructure and Traffic Planning

A 1 x 1 mile square digital model of downtown Phoenix, USA assists urban plan-
ning research and provides a platform for interdisciplinary discussion (Figure 1).
Buildings are modeled prior to construction, and scenarios can predict, for ex-
ample, how traffic will build up during future events at the convention center
and opera house.

The Daishi Junction project simulated a new interchange and nearby con-
struction on the route between Tokyo and Kawasaki, Japan (Figure 1). Road
alignments were input so that the plans could be analyzed for safety from a
driver’s perspective. Road signs were edited and tested out virtually within the
interface in order to improve their placement and visibility in real life.

Fig. 1. Large-scale Infrastructure and Traffic Planning: Digital Phoenix Project by UC-
win/Road III [] (left), Simulation Carried Out at the Daishi Junction and Ventilation
Place [5] (right)
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3.2 Environmental Design

A VR model of Sakai City, Japan is being developed in order to gain consensus for
an “Eco-town” urban revitalization project. The visualization includes a realloca-
tion of road space for greener transportation methods including an LRT and bus
lines, and pedestrian and bicycle paths (Figure 2). The model is edited for presen-
tation at monthly meetings where citizens can attend and voice their opinions.
Similarly, the Ministry of Water Resources in Shanghai created visualization
data to gain approval and grant money for an environmental remediation project
in the Yunnan province (Figure 2). A model of the environment as it could look in
its natural state helped convince authorities to invest in cleaning up polluted areas.

Fig. 2. Environmental Design: Sakai City Oshoji LRT Project VR Data [6] (left), 3D
Exhibition of North Grand Canal Ecological Rehabilitation [7] (right)

3.3 Evacuation Analysis

Evacuation visualization was performed to assuage safety concerns prior to the
construction of a 6 km long tunnel connecting Qingdao and Huangdao, China
(Figure 3). Results from an evacuation analysis program, EXODUS [8], were
imported into the VR platform. Evacuation routes and real-time location coor-
dinates were then shown in 3D space to replicate accident scenarios.

Similarly, a reassessment of tunnel infrastructure in Japan has included an-
alyzing and simulating the behavior of different age groups in crisis situations

Fig. 3. Evacuation Analysis: Qingdao JiaoZhou Bay Tunnel Project [9] (left), Simula-
tion of an Evacuation in an Aging Society using 3D VR [10] (right)
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(Figure 3). With a growing elderly population, pedestrian dynamics have shifted
and of particular concern is mobility in evacuation. The tunnel environment was
created in VR space and safety measures, such as repainting doorways, were
proposed to improve the calculated evacuation times.

4 Conclusion

Various kinds of visualization can contribute to designing safer and more sus-
tainable spaces. VR modeling, particularly with its interactive component, can
enable non-engineers to understand transportation and environmental plans in a
way that might not be possible through more static visual presentation methods.
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