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Preface

Research on the multifaceted aspects of modeling, analysis, and synthesis of hu-
man gesture is receiving growing interest from both the academic and industrial
communities. On one hand, recent scientific developments on cognition, on af-
fect /emotion, on multimodal interfaces, and on multimedia have opened new
perspectives on the integration of more sophisticated models of gesture in com-
puter systems. On the other hand, the consolidation of new technologies enabling
“disappearing” computers and (multimodal) interfaces to be integrated into the
natural environments of users are making it realistic to consider tackling the
complex meaning and subtleties of human gesture in multimedia systems, en-
abling a deeper, user-centered, enhanced physical participation and experience
in the human-machine interaction process.

The research programs supported by the European Commission and sev-
eral national institutions and governments individuated in recent years strategic
fields strictly concerned with gesture research. For example, the DG Informa-
tion Society of the European Commission (www.cordis.lu/ist) supports several
initiatives, such as the “Disappearing Computer” and “Presence” EU-IST FET
(Future and Emerging Technologies), the IST program “Interfaces & Enhanced
Audio-Visual Services” (see for example the project MEGA, Multisensory Ex-
pressive Gesture Applications, www.megaproject.org), and the IST strategic ob-
jective “Multimodal Interfaces.” Several EC projects and other funded research
are represented in the chapters of this book.

A wide range of applications can benefit from advances in research on gesture,
from consolidated areas such as surveillance to new or emerging fields such as
therapy and rehabilitation, home consumer goods, entertainment, and audio-
visual, cultural and artistic applications, just to mention only a few of them.

This book is a selection of revised papers presented at the Gesture Workshop
2003, the 5th International Workshop on Gesture and Sign Language-Based
Human-Computer Interaction, held in Genoa, Italy, during April 15-17, 2003.

The International Gesture Workshop is a forum where researchers working
on gesture-based interfaces and gestural interaction present and exchange ideas
and research currently in progress, with a crossdisciplinary focus. GW2003 was
the fifth workshop after the 1996 Gesture Workshop in York (UK), considered
as the starting event. Thenceforth, International Gesture Workshops have been
held roughly every second year, with fully reviewed postproceedings typically
published by Springer-Verlag.

As an indicator of the continuously growing interest of the scientific com-
munity in gesture-mediated human-computer interaction and human-language
technology, a large number of high-quality submissions was received. The pro-
gram included invited talks, oral presentations of long and short papers, presen-
tations of posters, and demonstrations: around 90 contributors from 20 different
countries offered a broad overview of the state of the art in many research fields
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related to gesture-based communication. Over 170 delegates attended the work-
shop.

This workshop was organized by the InfoMus Lab at the DIST, University
of Genoa, and was supported by the aforementioned EC IST MEGA project
and by the Opera House Teatro Carlo Felice of Genova. We wish to thank Gen-
naro Di Benedetto, Sovrintendente of the Teatro dell’Opera Carlo Felice and his
staff (with particular thanks to Rita Castello, Graziella Rapallo and Giampaolo
Sperini), APT Genova and Agenzia Regionale per la Promozione Turistica della
Liguria, the invited speakers Frank Pollick (Department of Psychology, Univer-
sity of Glasgow, UK) and Shuji Hashimoto (Department of Applied Physics,
Waseda University, Tokyo, Japan), the Scientific Committee, the session chairs,
Barbara Mazzarino and the other members of the Local Organizing Commit-
tee (Roberto Chiarvetto, Roberto Dillon and Paolo Coletta), the staff and the
students of the DIST InfoMus Lab who helped in the organization, and all the
presenters and attendees. We thank also Martino Musso (Lever) for the support
to the organization of the event, Eidomedia and NumenSoft.

November 2003 Antonio Camurri
Gualtiero Volpe



International Programme Committee
and Book Reviewers

Daniel Arfib
Nicola Bernardini
Annelies Braffort
Roberto Bresin
Antonio Camurri
Giovanni De Poli
Anders Friberg
Sylvie Gibet

Rolf Inge Godgy
Marianne Gullberg

Shuji Hashimoto
Richard Kennaway
Marc Leman
Pierre-Frangois Marteau
Gildas Menier
Catherine Pelachaud

Isabella Poggi
Frank E. Pollick
Timo Sowa

Johan Sundberg
Daniel Thalman
Leon van Noorden
Gualtiero Volpe
Ipke Wachsmuth

Marcelo Wanderley

CNRS-LMA, Marseille, France

Media Innovation Unit, Firenze Tecnologia, Italy
LIMSI-CNRS, Université de Paris Sud, France
KTH, Stockholm, Sweden

InfoMus Lab, DIST, University of Genoa, Italy
CSC, DEI, University of Padua, Italy

KTH, Stockholm, Sweden

Valoria, Université de Bretagne Sud, France
Section for Musicology, University of Oslo, Norway
Max-Planck Institute of Psycholinguistics,
Nijmegen, The Netherlands

Waseda University, Tokyo, Japan

University of East Anglia, Norwich, UK

IPEM, Ghent University, Belgium

Valoria, Université de Bretagne Sud, France
Valoria, Université de Bretagne Sud, France
LINC, Paragraphe, IUT of Montreuil,

University of Paris 8, France

Dipartimento di Scienze dell’Educazione,
University Roma Tre, [taly

Department of Psychology, Glasgow University,
UK

Artificial Intelligence Group, Faculty of Technology,
University of Bielefeld, Germany

KTH, Stockholm, Sweden

EPFL, Lausanne, Switzerland

European Commission, DG Information Society
InfoMus Lab, DIST, University of Genoa, Italy
Artificial Intelligence Group, Faculty of Technology,
University of Bielefeld, Germany

Faculty of Music, McGill University, Canada



Table of Contents

Foundational Issues

Gesture Analysis: Invariant Laws in Movement ........................ 1
Sylvie Gibet, Jean-Frangois Kamp, and Franck Poirier

The Features People Use to Recognize Human Movement Style .......... 10
Frank E. Pollick

Multimodal Analysis of Expressive Gesture in Music

and Dance Performances ... .. ...ttt 20
Antonio Camurri, Barbara Mazzarino, Matteo Ricchetti,
Renee Timmers, and Gualtiero Volpe

Correlation of Gestural Musical Audio Cues

and Perceived Expressive Qualities .............. ... 40
Marc Leman, Valery Vermeulen, Liesbeth De Voogdt,
Johannes Taelman, Dirk Moelants, and Micheline Lesaffre

Gestural Imagery in the Service of Musical Imagery .................... 55
Rolf Inge Godgy

The Interaction of Iconic Gesture and Speech in Talk ................... 63
Judith Holler and Geoffrey Beattie

Conceptual and Lexical Factors in the Production of Speech
and Conversational Gestures: Neuropsychological Evidence .............. 70
Carla Cristilli and Sergio Carlomagno

The Communicative System of Touch. Alphabet, Lexicon,

and Norms of Use . ... 77
Isabella Poggi, Filomena Cirella, Antonietta Zollo,
and Alessia Agostini

Some Issues in Sign Language Processing ............. ... ... ... .. 90
Bruno Bossard, Annelies Braffort, and Michéle Jardino

Multimodality and Gestures in the Teacher’s Communication . ........... 101
Giorgio Merola and Isabella Poggi

Deixis in Multimodal Human Computer Interaction:
An Interdisciplinary Approach .. ...t 112
Alfred Kranstedt, Peter Kiihnlein, and Ipke Wachsmuth



X Table of Contents

The Analysis of Gesture: Establishing a Set of Parameters ..............
Nicla Rossini

Gesture Tracking

Holistic Body Tracking for Gestural Interfaces .........................
Christian Lange, Thomas Hermann, and Helge Ritter

Recovering Articulated Motion
with a Hierarchical Factorization Method ............ ... .. .. ... ....
Hanning Zhou and Thomas S. Huang

An Experimental Comparison of Trajectory-Based
and History-Based Representation for Gesture Recognition ..............
Kenny Morrison and Stephen J. McKenna

Tracking of Real Time Acrobatic Movements by Image Processing. .......
Ryan Cassel and Christophe Collet

A Dynamic Model for Real-Time Tracking of Hands
in Bimanual Movements . .............i it e
Atid Shamaie and Alistair Sutherland

Gesture Recognition

Robust Video-Based Recognition of Dynamic Head Gestures in Various
Domains — Comparing a Rule-Based and a Stochastic Approach .........
Gregor McGlaun, Frank Althoff, Manfred Lang, and Gerhard Rigoll

Remote Vision-Based Multi-type Gesture Interaction ...................
Christian Brockmann and Heinrich Miiller

Model-Based Motion Filtering
for Improving Arm Gesture Recognition Performance ..................
Greg S. Schmidt and Donald H. House

GesRec3D: A Real-Time Coded Gesture-to-Speech System

with Automatic Segmentation and Recognition Thresholding

Using Dissimilarity Measures . .........oouuneineeneiienn..
Michael P. Craven and K. Mervyn Curtis

Classification of Gesture with Layered Meanings .......................
Sylvie C.W. Ong and Surendra Ranganath

Handshapes and Movements:
Multiple-Channel American Sign Language Recognition.................
Christian Vogler and Dimitris Metazas

Hand Postures Recognition in Large-Display VR Environments .. ........
Jean-Baptiste de la Riviére and Pascal Guitton



Table of Contents

Developing Task-Specific RBF Hand Gesture Recognition . ..............
A. Jonathan Howell, Kingsley Sage, and Hilary Buzton

Developing Context Sensitive HMM Gesture Recognition................
Kingsley Sage, A. Jonathan Howell, and Hilary Buzton

Database Indexing Methods for 3D Hand Pose Estimation ..............
Vassilis Athitsos and Stan Sclaroff

Gesture Notation and Synthesis

Experience with and Requirements for a Gesture Description Language
for Synthetic Animation ... .s:ss saeeeassms saoms smempens srsmasmensons
Richard Kennaway

The Development of a Computational Notation for Synthesis
of Sign and Gesture ... ...... ...ttt
Kirsty Crombie Smith and William Edmondson

Gesture in Style ........couniiii e
Han Noot and Zsdfia Ruttkay

Gestural Mind Markers in ECAs .. ...
Isabella Poggi, Catherine Pelachaud, and E. Magno Caldognetto

Audio Based Real-Time Speech Animation
of Embodied Conversational Agents ............... ... ...,
Mario Malcangi and Raffaele de Tintis

Neo Euclide: A Low-Cost System for Performance Animation

AN, PUDPDEELY w55 0w siv s0m w5 mmimio s o7 @50 o sn b 5a a6 o6 a 08 508 30 5,88 8 31§ 08
Samuele Vacchi, Giovanni Civati, Daniele Marini,
and Alessandro Rizzi

Multimodal Gestural Interfaces

Gesture Desk — An Integrated Multi-modal Gestural Workplace
0L SONTHEHALION: v« scmwensmmemsmmemens smems smsms smsmmess amsmsssinssss
Thomas Hermann, Thomas Henning, and Helge Ritter

Gesture Frame — A Screen Navigation System

for Interactive Multimedia Kiosks ........... ... ... ... ...,
Yinlin Li, Christoph Groenegress, Wolfgang Strauss,
and Monika Fleischmann

Intuitive Manipulation of a Haptic Monitor
for the Gestural Human-Computer Interaction.........................
Hidefumi Moritani, Yuki Kawai, and Hideyuki Sawada



XII Table of Contents

Gesturing with Tangible Interfaces for Mixed Reality ................... 399
José Miguel Salles Dias, Pedro Santos, and Rafael Bastos

A Procedure for Developing Intuitive and Ergonomic Gesture Interfaces

For HOCL . oot 409
Michael Nielsen, Moritz Storring, Thomas B. Moeslund,
and Erik Granum

Evaluating Multimodal Interaction Patterns

in Various Application Scenarios ............c.oviuiiiiiniiiinenaan. 421
Frank Althoff, Gregor McGlaun, Manfred Lang, and Gerhard Rigoll

Imitation Games with an Artificial Agent: From Mimicking
to Understanding Shape-Related Iconic Gestures ... .................... 436
Stefan Kopp, Timo Sowa, and Ipke Wachsmuth

Gesture Components for Natural Interaction with In-Car Devices ........ 448
Martin Zobl, Ralf Nieschulz, Michael Geiger, Manfred Lang,
and Gerhard Rigoll

Gesture in Multimedia and Performing Arts

Analysis of Expressive Gesture:
The EyesWeb Expressive Gesture Processing Library ................... 460
Antonio Camurri, Barbara Mazzarino, and Gualtiero Volpe

Performance Gestures of Musicians:
What Structural and Emotional Information Do They Convey? .......... 468
Bradley W. Vines, Marcelo M. Wanderley, Carol L. Krumhansl,

Regina L. Nuzzo, and Daniel J. Levitin

Expressiveness of Musician’s Body Movements
in Performances on Marimba . ............ ... .. .. ... ... ... ... 479
Sofia Dahl and Anders Friberg

Expressive Bowing on a Virtual String Instrument ..................... 487
Jean-Loup Florens

Recognition of Musical Gestures in Known Pieces and in Improvisations .. 497
Damien Cirotteau, Giovanni De Poli, Luca Mion, Alvise Vidolin,
and Patrick Zanon

Design and Use of Some New Digital Musical Instruments............... 509
Daniel Arfib, Jean-Michel Couturier, and Loic Kessous

Analysis of a Genuine Scratch Performance............................ 519
Kjetil Falkenberg Hansen and Roberto Bresin

Conducting Audio Files via Computer Vision.......................... 529
Declan Murphy, Tue Haste Andersen, and Kristoffer Jensen



Table of Contents XIII

A Video System for Recognizing Gestures
by Artificial Neural Networks for Expressive Musical Control ............ 541
Paul Modler and Tony Myatt

Ghost in the Cave — An Interactive Collaborative Game

Using Non-verbal Communication ...............ooiiniiiininen.... 549
Marie-Louise Rinman, Anders Friberg, Bendik Bendiksen,
Demian Cirotteau, Sofia Dahl, Ivar Kjellmo, Barbara Mazzarino,
and Antonio Camurri

Author Index ... ... 557



Gesture Analysis: Invariant Laws in Movement

Sylvie Gibet, Jean-Frangois Kamp, and Franck Poirier

Valoria, Université de Bretagne Sud, Campus de Tohannic, rue Yves Mainguy
F-56000 Vannes, France
{Sylvie.Gibet,Jean-Francois.Kamp, Franck.Poirier}@univ-ubs. fr

Abstract. This paper presents gesture analysis under the scope of motor control
theory. Following the motor program view, some studies have revealed a num-
ber of invariant features that characterize movement trajectories in human
hand-arm gestures. These features express general spatio-temporal laws under-
lying coordination and motor control processes. Some typical invariants are de-
scribed and illustrated for planar pointing and tracing gestures. We finally dis-
cuss how these invariant laws can be used for motion edition and generation.

1 Introduction

With the massive development of Human-Computer Interaction (HCI), new systems
try to take advantage of the expressive power of gestures. At first, gesture interaction
has been reduced to simple command interfaces. More recently, techniques such as
capturing body movements, recognizing and interpreting human actions, and animat-
ing virtual humans, have given rise to a number of virtual reality applications with
more natural interfaces. In such applications, the produced gestures should be per-
ceived as natural and should follow biomechanical or psychomotor laws characteriz-
ing human movement.

This paper presents gesture analysis results under the scope of motor control the-
ory. The analysis leads to the identification of significant parameters that characterize
some classes of gesture (simple pointing, point-to-point and rhythmic gestures), ex-
tracted from real data in the Cartesian space. The main issues are regarded as a way to
understand the mechanisms underlying the control and coordination of movement,
both in terms of general principles involving central processes of task planning and in
terms of peripheral processes emerging from the bio-mechanical system. We examine
the principles that can be expressed as invariant features in movement trajectories, the
most well-known ones being the Fitt’s law and the Two-Third Power law. The over-
view is restricted to planar pointing and tracing movements, with patterns which are
not previously learnt. We don’t intend to demonstrate that these laws prefigure organ-
izational principles explicitly used by the Central Nervous System (CNS) to produce
movement, but we give some elements that can be used for motion edition or genera-
tion in Human Machine interaction or computer animation.

A. Camurri and G. Volpe (Eds.): GW 2003, LNAI 2915, pp. 1-9, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2 Motor Control Theories

During the last decades, two main classes of control theories have been developed.
The first one, related to the motor program concept, assumes that there exists a cen-
tral instance of control which exploits an internal representation of motion to deter-
mine the appropriate motor control. The second class postulates that the processes
responsible for motor control can be found in the organization of the biomechanical
system itself rather than in imposed laws.

2.1 Motor Program

The motor program concept has been introduced by the cognitive science community
[1]. It can be defined as the ability to build a set of organized commands in space and
time before performing gesture. This notion support the hypothesis that there is no
sensorial feedback during the execution of motion. For instance, goal-based gestures
such as pointing gestures highlight some kind of pre-programmed activity, the corre-
sponding motion being executed without visual or proprioceptive feedback. To take
into account longer motion and also parametrical features, this notion of motor pro-
gram has been replaced by Generalized Motor Programs (GMP) [2], [3], referring to
a set of generic rules associated to specific motion classes. These rules could be is-
sued from a learning process, mapping the efferent command, the sensory feedback,
the environmental context and the result of the action. GMP partially explain invari-
ant properties characterizing motion which could be coded in general schemes, the
adaptation to the performing context being realized by the instantiation of specific
parameters. The search for the invariant properties has given rise to the setting of
motion laws which are presented in section 3.

2.2 Biomechanical Properties of the Effectors

Other approaches suggest that limb dynamics and biomechanical properties can con-
tribute significantly to motion control. Within this point of view, the dynamical sys-
tem paradigm considers that the control processes responsible for the formation of
trajectories are not explicitly programmed, but are emerging properties of the dynam-
ics of the system itself.

According to the equilibrium point hypothesis, movements arise from shifts in the
equilibrium position of the muscles. The motor program specifies a succession of
discrete equilibrium points [4]. Between two equilibrium points (targets), motion is
generated according to the dynamics of the mechanical system. Several equilibrium
point models have been proposed. The most weel-known is the Bizzi model [5], in-
spired from the Feldman model. These models are essentially exploited for discrete
multi-point tasks, or for elliptical trajectories generated from the specification of via-
points under isometric conditions. After observing that discontinuous displacement of
equilibrium points did not lead to the production of realistic motion, Hogan suggested
that these equilibrium points follow a virtual trajectory, thus forcing the muscular
forces to satisfy this constraint [6].
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Numerous research studies have been carried out for cyclic or rhythmic move-
ments. The concept of Motor Pattern Generation MPG has been developed for respi-
ratory movements or locomotion [7-8]. These MPG explain the activity of neuronal
circuits easily identifiable.

Other theories lying on nonlinear dynamical systems try to show the importance of
accounting for physical properties in generating motion. They have given rise to
models of coordination structures including a set of nonlinear oscillating systems
mutually coupled. But as opposed to MPG models, the oscillators are not directly
associated to specific neural structures [9-10].

3 Invariant Laws

Despite the great variability of gestures, some invariant features of the motor per-
formance have been highlighted in the past years. The enhanced hypothesis is that
these spatio-temporal invariants express general laws underlying the organization of
motricity. Several kinematic laws characterizing human volunteer movements have
been proposed by cognitive scientists or neurophysiologists. These laws are satisfied
for a large variety of gestures, including goal-directed gestures such as simple or
multiple pointing gestures, but also repetitive cyclic gestures in two or three dimen-
sions. Without trying to give an exhaustive view of these laws, we present in this
paper the most typical invariants of movement trajectories. They include invariance
of velocity profile, Fitts’ law showing a relationship between kinematics and geomet-
rical properties of the trajectory for pointing movements, two-third power law for
rhythmic tasks and minimum jerk expressing smoothness of trajectories.

The presented laws have been highlighted from real signals captured with a pen on
a graphical WACOM A3 tablet.

3.1 Invariance of the Velocity Profile

Multi-point movements produce velocity profiles whose global shape is approxi-
mately bell-shaped. Moreover, this shape presents an asymmetry which depends on
the speed of the movement. As the speed increases the curve becomes more symmet-
rical until the direction of the asymmetry is reversed [11-13]. This law is shown in the
figure 1 for pointing gestures with different speeds and distances to the target.

3.2 Isochrony Principle and Fitts’ Law

The principle, originally established by Freeman [14], and known as the Isochrony
principle, expresses the invariance of the execution duration of a movement in rela-
tion to its amplitude. It has been observed that there exists a spontaneous tendency to
increase the velocity of the motion according to the distance to run, when no con-
straint on the mean velocity is imposed.
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Fig. 1. Two velocity profiles: low speed (max = 80 cm/s ; distance to target = 10.3 cm) and
high speed (max = 120 cm/s ; distance to target = 46.6 cm) for pointing gestures.

In this line of research, the Fitt’s law has quantified this constancy in time duration
for rapid movements between targets in a plane. First experiments, realized by
Woodworth [15] and then by Fitts [16] consisted in executing back-and-forth move-
ments with a pen, the distance between the targets and the width of the targets being
varied over experiences. The Fitts’ law (1) that can be referred to the task’s index of
difficulty I, expresses the relation between the duration of motion 7, the amplitude
required A and the target width W.

T=a+bl, =a+b.log2(%) )

A ©))
T=a+b.10g2(W+CJ c=%2[17] or c=1[18]

where a and b are constants determined in an empirical way.

This law is illustrated in the figure 2, for simple pointing gestures. In these ex-
periments, the distance to the target varies from 10.3 cm to 38.4 cm and the target
width W is constant.

The Fitt’s law can be verified in diversified contexts for pointing gestures requir-
ing a good accuracy of the hand endpoint. It is extensively used in its original form
(1) or in variant forms (2), in particular to investigate the relative performance of
devices used in Human-Machine interfaces. It can be extended to other classes of
motion, as for example multi-scaled pointing gestures [19], [20].

3.3 Two-Third Power Law

For handwriting and drawing movements performed in a plane, studies by Viviani
and Terzuolo shown that there is a relationship between the kinematics of elliptical
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* FPitt’s law / - linear regression
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ngz 2A 4/5'w
Fig. 2. Fitts’ law: 45 pointing measurements (W = 2 cm and A = 10.3 cm ... 38.4 cm). Linear
regression of Time against log, 2A/W gives a slope of 0.19. Correlation coefficient between
measurements and linear regression = 0.9.

motion and the geometrical properties of the trajectory. This has given rise to the so-
called Two-Third Power law [21-22] that establishes a relation between the angular
velocity @ and the curvature C of the end-effector trajectory (3).

2
w(t) =kC(t)? 3
Or equivalently :
v(t)=kR(t)’ where B :% (4)
v(t) = 1/58(1) +92(1) )
v(t)’ 6)

R(t

= 030 - 3050)

where v(¢) is the tangential velocity and R(¢) the radius of curvature.
A more recent formulation of this law extends the validity of the original law, for a
wider class of movements [23]:

R®) Y
vit)=K| ——— with O <a< 1 and K> 0 @)
1+ aR(t)

The exponent [ takes values close to 1/3 (for adults). Figure 3 illustrates the
power law for human elliptical movements.

The 2/3 power law has been suggested as a fundamental principle that the CNS
may employ to constrain trajectory formation. Viviani supposes that complex move-
ment can be decomposed into units of motor action. He suggests that the portions of
movement over which the factor K is approximately constant correspond to chunks of
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motor planning. Thus, the velocity gain factor K can be used as a parameter to seg-
ment complex movements. In the case of tracing movements of ellipses with a given
size and speed, K is constant during all the pattern ; its value depends among other
factors on the frequency of the movement and on the eccentricity of the ellipse. For
more complex graphical patterns with several loops, it is possible to identify several
units corresponding to these loops.
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Fig. 3. Top left: human elliptical movement in the plane. Top right: tangential velocity and
curvature displayed on the same scale. Bottom: log of tangential velocity versus log of R*
where R* = R/ (1+ a R), a = 0.01. Linear regression of log V against log R* gives a slope of
0.32=1/3.

Supporting evidence for the power law has been provided in a large variety of
studies. However, the law is most of the time obeyed for planar drawing patterns of
relatively small size.

3.4 Smoothness Considerations

The Minimum Jerk model proposes another interpretation to motor production, pro-
viding a solution to the problem of trajectory formation. For point-to-point move-
ments, it ensures that among all possible solutions for generating a trajectory, the
motor control system chooses the one that maximizes the smoothness of the move-
ment. This solution complies with the minimization of a global cost function C, ex-



