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Foreword 
 
The International Gesture Workshop is an interdisciplinary event where researchers 
working on human gesture-based communication present and exchange ideas and 
advanced research currently in progress, on gesture across multi-disciplinary 
scientific disciplines. This workshop encompasses all fundamental aspects of gestural 
studies in the field of Human-Computer Interaction and Simulation, including all 
multifaceted issues of modelling, analysis and synthesis of human gesture, 
encompassing hand and body gestures and facial expressions. A focus of these events 
is a shared interest in using gesture in the context of sign language analysis, 
understanding and synthesis.  Another stream of interest is the user centric approach 
of considering gesture in multimodal human-computer interaction, in the framework 
of the integration of such interaction into the natural environment of users. In addition 
to welcoming submission of work by established researchers, it is the tradition of the 
GW series of workshops to encourage submission of student work at various stages of 
completion, enabling a broader dissemination of finished or on-going novel work, and 
the exchange of experiences in a multi-disciplinary environment. 
 
Submissions include papers, posters and demonstrations.  
 
GW2007 is the 7th European Gesture Workshop in the GW series initiated in 1996. 
Since this event, the Gesture Workshops have been held roughly every second year, 
with fully reviewed post-proceedings typically published by Springer-Verlag. 
 
In GW2007 53 contributions were received, of which were accepted 15 full papers,16 
short papers and 10 as posters and demos.  
 
Two brilliant key-note speakers honoured the event with their presentations: Dr. 
Andrew Wilson, member of the Adaptive Systems and Interaction group at Microsoft 
Research, and Prof. Joaquim Jorge, Associate Professor of Computer Science at 
Instituto Superior Técnico (IST/UTL), the School of Engineering of the Technical 
University of Lisboa, Portugal 
 
 
 

Miguel Sales Dias 
Workshop Chair 
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Gesture Recognition Based On Elastic
Deformation Energies
(Extended Abstract)

Radu-Daniel Vatavu1,2, Laurent Grisoni1, and Stefan-Gheorghe Pentiuc2

1 Laboratoire d’Informatique Fondamentale de Lille, Villeneuve d’Ascq 59650, France
2 University Stefan cel Mare, Suceava 720229, Romania

radu.vatavu@lifl.fr,laurent.grisoni@lifl.fr,pentiuc@eed.usv.ro

1 Introduction

We present a gesture recognition method based on deformable shapes and cur-
vature templates. Gestures are modeled using a spline representation that is
enhanced with elastic properties: a gesture trajectory as a whole or any of its
parts may stretch or bend. We regard such an approach as well-suited for deal-
ing with the inherent variability of human gesture execution. The results of our
gesture classifier are demonstrated with a video-based acquisition approach.

2 Gesture acquisition and representation

Hand gestures are acquired using a video camera that monitors a working table
with a homogeneous blue background as figure 1 illustrates. The gesture tra-
jectory corresponds to the forefinger of the user’s hand while it is pointed. We
perform data simplification followed by Catmull-Rom spline modeling in order
to reduce and attenuate small variations that may occur in gesture execution
and that may affect the performance of classifiers at later stages (figure 2).

Fig. 1. Gesture acquisition from a top-view mounted video camera.

3 Elastic deformation approach to gesture recognition

Deformation based approaches for curve matching consider transformation of
one curve into another by minimizing a performance functional of energies in
accordance with elastic theory [1, 2]. A curve is looked upon as a chain of con-
nected elastic springs with infinitesimal lengths. Figure 3 illustrates this idea



2 Gesture Recognition Based On Elastic Deformation Energies

Fig. 2. Acquired gesture trajectory in red and spline representation in green (control
points displayed) for three gesture trajectories (rectangle, star and triangle shaped-
like).

for a star shaped-like gesture. Each string may be subjected to stretching and
bending. Similar curves should need small energy variations for transforming one
into the other while different curves would require bigger deformation costs.

Fig. 3. Spline model for gesture as a chain of elastic springs

Let C̃1, C̃2, . . . C̃k be a set of gesture templates representing k gesture types.
We classify a new gesture C as being of type j if j = mini=1,k

{
µ2

[
C, C̃i

]}
where µ represents the alignment cost functional. Complexity of the classification
algorithm is O(k × n ×m) where n and m are the sampling resolutions of two
gesture splines. Testing and processing was carried out on a dual core P4 2.66GHz
machine at a rate of 25fps and with an image resolution of 320x240 pixels. The
CPU load varied around 30% for the entire running mainly due to the video
acquisition part. Average data dimensions for n and m were of order 250 points
(for a maximum time frame window for gesture execution of 5 seconds).

4 Conclusions

We presented a method for gesture recognition that is potentially able to include
the inherent variability that always comes with gesture execution.
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Approximation of curvature and velocity using adap-
tive sampling representations - application to hand ges-

ture analysis 

Sylvie Gibet, Pierre-François Marteau  

VALORIA, Université de Bretagne Sud, Campus de Tohannic, rue Yves Mainguy,  
F-56000 Vannes, France 

{Sylvie.Gibet, Pierre-Francois.Marteau}@univ-ubs.fr     

The representation and the accurate understanding of human gesture is a crucial and 
challenging problem which was raised in several research fields, including animation 
of embodied agents, sport sciences, medicine or vision-based recognition. In recent 
years, the huge development of new technologies for motion capture has made the 
analysis of human motion feasible, and yielded to data-based methods for gesture 
classification, retrieval, and computer-generated animation.   

This paper describes a new approach to analyze hand gestures, based on an ex-
perimental approximation of the shape and kinematics of compressed arm trajectories. 
The motivation of such model is on the one hand the reduction of the gesture data, 
and on the other hand the possibility to segment gestures into meaningful units, yield-
ing to an analysis tool for gesture coding and synthesis. 

In this work, as we are mainly interested in visual gestures, which are gestures that 
draw the 3D space, we express them by 3D Cartesian trajectories. These gestures 

are most of the time conveying meaningful information, as in sign languages gestures, 
or expressive gestures like dance or musical gestures. They can be characterized by 
their shape (change of curvature), as well as by their kinematic specificities. In sign 
language gestures for example, the signer can draw the shape of the symbol as an 
icon of some aspect of the object or the activity to be symbolized. Expressive gestures 
may also implicitly contain some velocity or acceleration profiles. In particular varia-
tions in velocity are responsible for the aggregation of samples in some areas of the 
trajectories.   

We propose in this paper to study both these spatial and kinematics characteristics, 
computed on arm end-point trajectories in a reduced representation space. A new 
method is proposed for computing an approximation of the curvature and velocity 



 
characterizing arm trajectories. This method is applied on compressed data, obtained 
from an adaptive sampling algorithm. This algorithm extracts discrete target patterns 
from raw motion data, for a given compression rate. Given a desired trajectory, we 
already showed that the targets patterns can represent in an optimal way the original 
trajectory.   

We show that the measures of the distance between adaptive samples and velocity 
estimated at these points are respectively correlated to the instantaneous curvature 
and tangential velocity directly computed on motion capture data. These approxima-
tions can therefore be used as an alternative to represent both the shape and the kine-
matics of end-point trajectories. Based on these correlation results, we propose a way 
to identify kinematic segments on arm end-point trajectories. We also show that this 
analysis tool can be applied on multidimensional data. 

These measures provide an efficient way to automatically segment gestures. An in-
terpretation is given for the segmentation of sign language gestures. It is also possi-
ble, based on this method, to use the identified segments as input of our generation 
system. 



Motion Primitives for Action Recognition

P. Fihl, M.B. Holte and T.B. Moeslund
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1 Introduction

Automatic recognition of human actions is a very active research area due to its nu-
merous applications. A widely used approach is to do recognition directly on image
data. These methods either represent an action by data from all frames constituting the
action or by a number of smaller temporal sequences, e.g. atomic movements [1], dy-
namic instants [4], and key-frames [2]. Since image information can not allways be
extracted reliably in every single frame the general idea is that approaches based on
finding smaller units will be less sensitive compared to approaches based on an entire
sequence of information.

In this paper we address action recognition using temporal instances (denoted prim-
itives) that only represent a subset of the original sequence. We define primitives as
instances with significant motion and an action is defined as a set of primitives. This
approach allows for handling partly corrupted input sequences and does not require the
lengths, the start point, nor the end point to be known, which is the case in many other
systems. The focus of this work is five one-arm gestures representing the actions: point
right, raise the arm, move right, move left, and move closer. The approach can with
some modifications be generalized to body actions. Figure 1 illustrates the system.

Fig. 1. System overview.

2 Action recognition system

Our primitives are based on motion and we extract this motion by generating double
difference images. When doing arm gestures the double difference image will roughly
speaking contain a ”motion-cloud”. Noise in the double difference image is reduced by
a region growing approach in combination with a hysteresis threshold and the result is
one connected motion-cloud. We model the motion-cloud compactly by an ellipse. The



length and orientation of the axes of the ellipse are calculated from the Eigen-vectors
and Eigen-values of the covariance matrix defined by the motion pixels. We use four
scale and translation invariant features to represent this cloud. Each incoming frame
is represented by the four extracted features and each feature vector is classified as a
particular primitive or as noise based on a Mahalanobis classifier. This classification
of a sequence can be viewed as a trajectory through the 4D feature space where the
closest primitive (in terms of Mahalanobis distance) is found at each time-step. After
processing a sequence the output will be a string with the same length as the input
sequence and each letter of the string will represent a primitive (or noise).

During a training phase a string representation of each action to be recognized is
learned. The task is now to compare each of the learned actions (strings) with the de-
tected string. Since the learned strings and the detected strings (possibly including er-
rors) will in general not have the same length, the standard pattern recognition methods
will not suffice. We therefore apply the Edit Distance method [3], which can handle
matching of strings of different lengths. The edit distance is a deterministic method but
by changing the cost function of the method to represent the likelihoods of the primi-
tives we make it a probabilistic method. Furthermore we normalize the edit distance to
account for different lengths of the action-strings.

3 Results
The recognition rate was tested on a set of 550 action-sequences (11 persons doing 10
repetitions of each action). Two test scenarios were used. In the first scenario the start
and stop times of the action were known. The sequences in the second scenario con-
tained gesture-like motion both before and after the performance of the action so that
the start and stop times of the action were unknown. Figure 2 shows the confusion ma-
trices of the two tests. The overall recognition rates are 88.7%. and 85.5%, respectively.

(a) Known start and stop time. (b) Unknown start and stop time.

Fig. 2. The confusion matrices for the recognition rates (in percent) without added noise (a) and
with added noise (b). Zero values have been left out to ease the overview of the confusion.
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Modeling Human Gestures Using Hidden
Bayesian Network

Myung-Cheol Roh and Seong-Whan Lee
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1 Introduction

The researches on human gesture recognition have been focused in many fields,
such as human-robot interaction applications and surveillance systems. To date,
the need for such systems is increasing with the number of cameras installed for
the purpose of human gesture recognition and surveillance.

Many methods and tools for human gesture recognition have been researched.
One of the highlighted and commonly used tools is the HMM. The HMM has
been successfully adapted in many applications, such as gesture recognition, sign
language recognition. Recently, the CRFs (Conditional Random Fields) typically
have been shown to outperforms the HMM[1].

In order to understand a gesture, domain knowledge and causal relationships
between different features should be considered, since human gestures have com-
plex characteristics. However, HMM and CRF do not provide a efficient method
for articulating expert beliefs about the dependencies between different features
and domain knowledge. One of the useful tools for handling these problem is the
Bayesian Network (BN) which facilitates the combination of domain knowledge
and data, articulates expert beliefs about the dependencies between different
variables and is a natural graphical tool for dealing with the problems that
occur throughout applied mathematics and engineering, uncertainty and com-
plexity[2][3][4].

2 The Proposed Models

We presents two BN models for human gesture recognition. The first model is
structured so as to observe several past states in a time window. All the nodes
of w time slices are conditioned the ‘Gesture’ (root) node. By the chain rule of
probability and the conditional independence relationships, the joint probability
of all nodes in the network is as follows:

P (G,N1(t− w), N2(t− w), · · · , Np(t))
= P (G)P (N1(t− w)|G)P (N2(t− w)|N1(t− w), G) · · ·
= P (G)P (N1(t− w)|G)P (N2(t− w)|G), · · ·



where G represents the ‘Gesture’ node, and Np(k) represents a feature node at
time k. The score for a kth gesture, Gk, is defined as follows:

Score(Gk, Obs) =
∑

T
t=1P (Gk, N1(t− 1), · · ·Np(t))

where T is the length of the sequence and Obs is the input observation sequence.
However, since complex or long gestures may have many variations, they

cannot be modeled efficiently using the model. Thus, we also proposed an HBN
(Hidden Bayesian Network) model which is structured so as to consider hidden
nodes, which can model more complex gesture. The HBN has an hidden node for
each time slice, and which is conditioned to the gesture node. This model is so
structured as to consider hidden nodes which increase the description capability
of time states. Each time slice is conditioned by the hidden node and the gesture
node. Therefore, the joint probability of all nodes in the network is as follows:

P (G, H(t− 1),H(t), N1(t− 1), N2(t− 1), · · · , Np(t))
= P (G)P (H(t− 1)|G)P (H(t)|G)P (N1(t− 1)|H(t− 1), G) · · ·

where H(k) is a hidden node at time k.

3 Experimental Results and Discussion

To validate the proposed methods for human gesture recognition, we made ex-
periments on the KUGDB[5]. 6 gestures of 10 subjects, ‘bending a waist’, ‘walk-
ing at a place’, ‘raising a hand’, ‘sitting on a chair’, ‘standing up from a chair’
and ‘waving a hand’ are used. We simply used mean vectors of optical flows as
features, which are estimated at four sub-regions which are top-right, top-left,
bottom-right and bottom-left regions of the foreground. According to the ex-
periments, the CRF, BNTW and HBN achieved 86%, 92% and 94% recognition
accuracy, respectively.

Human gesture have complex characteristics and the BN is a natural and
appropriate tool for modeling these complexity. In this paper, we proposed two
modeling methods for human gesture using the BN. The extension of the model
can be used to more complex and various human gesture analysis.
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On the parametrization of clapping

Herwin van Welbergen and Zsófia Ruttkay

Human Media Interaction, University of Twente Enschede, The Netherlands
{welberge,ruttkay}@ewi.utwente.nl

1 Introduction

Recently we have been interested in creating embodied conversational agents
(ECAs) with believable expressive verbal and nonverbal behavior. One of the
applications is the RVT: an ECA in the role of a real physiotherapist, capable of
’acting out’ the exercise sequences the user is supposed to do. This virtual trainer
is reactive: she perceives the performance of the user, and adapts her reactions
accordingly. The reaction often involves change of tempo of the exercises to be
performed. In such exercises subtle timing and lifelikeness of the motion is of
primary importance: we want to be sure that the user mimics the motion of the
RVT to the detail, otherwise it may not achieve the envisioned positive effect,
or may be even harmful. The RVT - similarly to real trainers - accompanies
some of the exercises with counting, to emphasize the required tempo. In this
paper we address the issue of change of tempo of rhythmic motion, particularly
exercises involving the movement of the arms and hands, like clapping. Our goal
is to find the consequences of a change of the tempo on other characteristics of
the motion in order to be able to generate (physiotherapy) exercises. We discus
subtle characteristics and synchronization and timing strategies discovered in
analysis of clapping of two subjects.

Analysis of rhythmic limb motion has been done in biomechanical research.
However, such research is typically performed in very constrained environment
in which one movement characteristic is tested extensively. We do our measure-
ments in a un-obtrusive environment and aim to obtain insight on a wider range
of characteristics, on an abstraction suitable to be used as control parameters in
motion generation. With the result we have found, we plan to extend existing
work on model based gesture synthesis with whole body involvement, variability
and parameterization.

2 Setup of the experiments

Two subjects were first asked to clap and to count from 21 to 30 in while clapping,
further called ’free clapping’. Then, the subjects were asked to clap to the beat
of a metronome and to count while clapping, further called ’metronome driven
clapping’. The metronome is set at 30, 50, 70, 90, 110, 150, 180, 210 and 240
beats per minute. The subject had to clap twelve times at each tempo, after
which the tempo was increased. The subjects were recorded using both optical
motion capture and video camera.
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3 Results

Inspired by the movement phases identified in gestures [2], we decompose a
single clap into four phases. The hands can be held in their starting position in
an pre-stroke hold phase. During the stroke phase, the hands move together. The
hands can then be held together in an optional post-stroke hold phase. In the
retraction phase, the hands move back to their initial positions. The phonological
synchrony rule states that the moment of peak gesture effort (in the stroke phase)
of a gesture precedes or ends at the phonological peak syllable of the speech. For
both subjects this rule was validated.

Our experiments have shown that clapping movement is often sped up just
by making the path distance shorter, keeping the average speed and the relative
timing of clapping phases the same. If this speedup strategy is used, the path
distance decreases linearly with the clapping speed. The average movement speed
on the path is quite constant and does not change with the metronome tempo.
The value of this speed is depended on the movement phase (retraction or stroke)
and on the subject (or his/her clapping style), but it does not vary much between
hands. At 30 bpm, one of the subjects made use of a pre-stroke as a slowdown
strategy.

Involvement of the whole body is crucial to make an animation believable
[1]. We found that clapping is clearly a whole body motion. Movement related
to the clap is perceived on the head, torso and even down to the knees. At a
higher tempo, fewer body parts are perceivably involved.

The stability of the symmetry of rhythmically moving limbs depends on the
mass imbalance between them and the clapping frequency [3]. We found that
this was valid for rhythmic clapping as well: the standard deviation of the phase
difference between hands, φ, increased with the clapping frequency. We observed
no significant increase of the mean of φ with the clapping frequency. In an in-
phase finger tapping task, it has been shown that right-handed individuals lead
the tapping with their right finger [3]. However, such asymmetry often disappears
when the task is constrained to a metronome. Both our right handed subjects
lead the clapping with their right hand. The metronome did not seem to effect
the mean φ: similar mean φ values were found for free clapping and metronome
driven clapping.
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1 Introduction  

This paper describes preliminary results of a research performed in the framework of 
the Enactive project (EU IST NoE Enactive). We designed and performed a compara-
tive experiment in which the motion of a real musician, a clarinetist, was compared to 
the respective virtual character, using techniques developed for human gesture analy-
sis. This methodology allows us also to make a comparison between virtual and real 
motion, and to evaluate if the high level information conveyed by motion, and charac-
terized by these qualitative measures, are maintained in the virtual reconstruction of 
the musician. Results of this experiment allow to identify the reasons of the descreas 
of the motion quality in the virtual character, to improve, consequentely, the believ-
ability of the reconstructed motion and to compare different rendering techniques. 

2 Methods and Results 

In this study we recovered a clarinet player movement by exploiting only six markers: 
two for the ends of the clarinet, and the remaining four for the head, right shoulder, 
right hip and right knee of the player. The amount of data provided by this set of 
markers is insufficient for a traditional motion recovery method. For this reason we 
took advantage of the possibility to associate a strict priority level to each constraint 
[2].  

The qualitative analysis was performed using the EyesWeb Expressive Gesture 
Processing Library [1] (www.eyesweb.org) developed by InfoMus Lab – DIST on the 
video of the clarinettist and the videos of the virtual character. Two main factors were 
identified as conveyors of unbelievability in the reconstructed motion: the occupation 
of the surrounding space with local unbelievable postures, and the fluidity of motion.   

Three set of movies have been realized following the results of the qualitative 
analysis, modifying the constraint or the number of data iteration in the IK algorithm. 
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Results of the analysis on the first set of movies show us a higher rate of segmenta-
tion in the motion of the virtual humanoid that means a general lower fluidity of the 
motion. An overview of the segmentation analysis is represented in the table below. 

 
 Movie  Number of motion 

phases 
Real subject movie. Real 10 

Off Line Algorithm 17 First set of movies  
Real Time Algorithm 16 

1 Iteration 11 
2-3-5 Iterations 13 

Second set of movies 

10 Iterations, Off line 13 
Off Line Algorithm 12 Last set of movies 

with posture correction Real Time Algorithm 16 
 
 Using the second definition of fluency we could also identify the reason of such 

higher segmentation rate. In fact, the lower part of the body is generally not perform-
ing any relevant motion, motion is concentrated on the arms and torso, while legs 
have just to compensate equilibrium; instead in the real subject the lower body part 
follows the upper body part in any period.  

The results of the space occupation analysis identify in the motion of the virtual 
legs the main responsible of unbelievable motion. In fact due to the centre of gravity 
constraint the reconstructed human has a motion reduced to vertical oscillations, on 
the contrary legs motion of the musician is generally closed with small local varia-
tions in order to follow the upper body motion. 

The methodology here presented is an innovative and precious complementary tool 
to believability studies that are currently often based on analysing solely viewer feed-
back through questionnaires.    
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Extended Abstract: In this paper a functional framework for the micro-analysis of 
speech and body movements in face-to-face interaction will be described. This 
framework consists in a set of functional categories – the conversational signals– and 
strategies (cf. Rodrigues, 1998, 2003) resulting from a synthesis of categories and 
principles developed within Ethnometodologic Conversational Analysis, Discourse 
Analysis and Contextualization Theory. Recent studies regarding multimodality were 
also taken in account (cf. Kendon, 1994; McNeill, 1992; Poggi, 2006; Poggi, Cirela, 
Zollo, Agustini, 2003). 

Based on this theoretical background, different aspects of the relations between, on 
one side, communicative and expressive body movements (head and trunk 
movements, gestures, gaze, facial expressions like smile and eyebrow raising) and, on 
the other side, the verbal modalities they accompany (words, parts of words, clauses, 
hesitations and prosody) were described. For this purpose, speech and movement 
units were isolated, identified and interpreted within their context, always considering 
a) the relations between functions, forms and meanings of the different nonverbal 
modalities, b) the relations between functions, forms and meanings of these nonverbal 
modalities and the parts of speech they refer to, and c) the relations between 
functions, forms and meanings of verbal and nonverbal modalities of the different 
interaction partners.  

As it has already been proved for face-to-face interactions (Rodrigues, 2006, in the 
press), every movement (and non-movement) of body parts accompanying speech, 
performed both unconsciously and in order to communicate, can assume different 
functions at the same time at different interactional levels. The levels considered were 
the level of the social relations between interaction partners, the level of the logical-
argumentative development of the theme, the level of the articulations between parts 
of speech and the level of modality, concerning emotions, attitudes and expectations. 
It could be stated that several nonverbal modalities performed by the speaker at one 
moment of interaction, do not necessarily have the same functions: for instance, a 
gesture can be made in order to close a theme; the upwards orientation of gaze, 
simultaneously performed to this gesture, can be a signal of speaker’s intention to 
continue (maintain) the turn, while the head-nods, also performed at the same time, 
can show speaker’s agreement with the hearer, or a reinforcement of the idea 
expressed before. In relation to the verbal modalities, it happens in the same way: a 



linguistic element (or set of elements) can be used for instance to close a preceding 
theme and to maintain the turn; the prosodic features of this same element can 
simultaneously convey  speaker’s attitude (mental state) in relation to what has been 
said and done or in relation to what he is going to say. In this way, both verbal and 
nonverbal modalities are polisemic and polifunctional.  

In order to explain this, a micro-analysis of a segment of a face-to-face interaction 
between three participants will be described.  This micro-analysis provides some  
information on how speech and body movements function regarding their 
coordination, formal tendencies, that is, which kind of functions are more alike to be 
performed by which modality, if simultaneously performed movements of different 
modalities have different conversational functions, or if they collaborate in the same 
direction, contributing to redundancy. 

This proposal for a multimodal micro-analysis of speech and body movements also 
offers the possibility of creating a notation scheme with the abbreviations of forms 
and the corresponding functions attributed to them considering context. This scheme 
is useful, as it facilitates the systematization of analysis results. Any further analysis 
can contribute to improve or confirm the reliance of the results obtained.  

This micro-analytic framework can be applied not only in all disciplines that deal 
with different aspects of face-to-face interaction or human communication, such as 
Linguistics, Psycholinguistics, Social Psychology, Communication Sciences, 
Anthropology, Ethology, and Artificial Intelligence, but also in areas where body 
movements play an important role in the enactment of emotions, like Dance, Theater 
and Music. 
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Abstract. In this paper, we present a Vision-Based Interface guided
by the user gestures. The advantage of our system is that it is built
over a motion capture system that recovers the body joints positions of
the user’s upper body in real-time. From the computed joints positions
we make this data spatially invariant by normalizing limbs positions and
sizes, only using the limbs orientations. From limbs orientations, the user
posture is represented by an appropriate representation of all the limbs in
a histogram. Cumulating the posture histograms we represent a gesture
in a temporal invariant form. Finally, using this gesture representation,
the performed gestures are classified for generating the desired computer
events in real-time.

Key words: Vision-Based Gesture Recognition

1 Representation of human postures

Previously to recognition, the user’s movements are obtained through a real-
time vision-based motion capture system [1]. Using the computed 3D positions
of the involved body joints, we address the main problems in the gesture recogni-
tion challenge: temporal, spatial and style variations between gestures. Temporal
variations are due to different gesture speed between different users. Spatial vari-
ations are due to physical constraints of the human body such as different body
sizes. Style variations are due to the personal way in which a user makes its
movements.

To cope with spatial variations we represent each body limb by means of a
unit vector. The idea is to represent the user’s body posture as a feature vector

? This work has been supported by the Spanish M.E.C. under project TIN2004-07926
and the Ramon y Cajal fellowship of Dr. J. Varona.
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composed by all the unit vectors of the user’s limbs. Formally, the representation
of the orientation of a limb, l, is

ql = (u+
x , u−x , u+

y , u−y , u+
z , u−z ), (1)

where u+
x and u−x are respectively the positive and negative magnitudes of the

x-component of unit vector, ux, note that ux = u+
x − u−x and u+

x , u−x ≥ 0. The
same applies for components uy and uz. Therefore, we build a histogram of
limbs orientations which represent the complete user’s limbs orientations. We
propose two forms to build the histogram. The first one is by cumulative limbs
orientations and the second one is by linking limbs poses. The main difference
between the two representations depends on the considered gesture set. The
cumulative representation is more robust to tracking errors, but the set of rec-
ognized gestures is much reduced. On the other hand, the linked representation
allows the definition of more gestures, although it is more sensible to errors in
the estimation of the limbs orientations.

Temporal variation is managed using a temporal gesture representation. A
gesture is composed by several body postures, and then the gesture represen-
tation feature vector is composed by the cumulative postures involved in the
gesture.

An important goal of this work is that the human-computer interaction
should be performed using natural gestures. A gesture is natural depending on
the user experience. To cope the style variations, before the recognition process
starts the system asks the user to perform several of the allowable gestures in
order to build a user’s specific gestures models in real-time.

Finally, for the recognition phase, we choose the Bhattacharyya coefficient in
order to complete the process, as a distance for comparison between the current
gesture and a gesture model.

2 Conclusions

The most important contribution of this work is that we have defined two ges-
ture representations, capable to cope with variations between gestures in differ-
ent users and performances, making also possible the recognition in real-time.
The complete system has been tested in a real-time application, a gesture-based
videogame control, and the results obtained state that the presented approach
for gesture recognition performs well (84.95% for the cumulated representation
and 87.69% for the linked representation).
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Introduction 
Vision-based automatic sign language recognition has many applications. We are de-

veloping an interactive electronic tutor for young deaf children, to practise sign lan-

guage vocabulary. This means we want to achieve real-time, vision-based, robust, 

person-independent sign language recognition of isolated signs. Varying results have 

been obtained in the past with HMMs and Markov chain models. In our project, we 

do not model signs, but use automatic feature selection to find the best representation 

of a sign. Other unique features are use of 3D information, an adaptive skin model to 

find the hands, and Dynamic Time Warping for synchronising signs. 

The task of our system is to give feedback to a child as to whether the sign it 

made was correct or not. This means that, rather than distinguish a set of signs from 

each other, our recognition system must distinguish each sign from everything else – 

other signs, but also incorrect versions of the same sign. This amounts to building a 

set of one-class classifiers, one for each sign in our vocabulary.  

The system consists of several components that take care of recording the 

signs, extracting certain features, matching corresponding parts of different signs, and 

calculating the probability that a sign was correct. Figure 1 shows an overview.  

 

System Components 
Signs are recorded with two calibrated digital cameras. We use an adaptive skin 

colour model that can cope with different conditions. With this, we divide time frames 

of a sign movie into skin and non-skin pixels. The skin blobs are tracked through sub-

sequent frames. Several properties are extracted from the blobs. Position information 

from both cameras is used to calculate the 3D position. All properties are extracted for 

Figure 1: Flow diagram of the sign recognition system. Input from the 

2 cameras is combined to 3D features in the feature extraction step. 
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each time frame of a sign movie. A feature is defined as one property at one time 

frame. 

To be able to compare the feature values of different sign movies, we must 

synchronise the movies. We use Dynamic Time Warping (DTW) to find the corre-

sponding time instances of two sign movies. To find the correspondences between all 

movies, we use one movie as a reference. All sign movies are mapped onto this refer-

ence movie; through it, we can then find the corresponding time instances in all mov-

ies. This enables us to build a feature value distribution for each feature. 

For each sign in the vocabulary, a classifier is trained using automatic feature 

selection. A feature is selected if its value distribution in the training set is such that 

values of the target class are clearly separate from values of the other classes. 

During recognition, a classifier compares the selected features of the query 

movie to the distributions from the training set. If enough features fall within a certain 

range of the corresponding distribution, the sign is deemed correct. 

 

Results 
Our vocabulary consisted of 120 Dutch signs. 70 persons made these signs once in 

front of the cameras, wearing long-sleeved clothing. The background was black and 

lighting was diffuse. 

We tested the system using seven-fold crossvalidation. Each time, 60 persons 

were used for training and 10 for testing. Overall, a recognition rate of 95% was 

achieved with 5% false positives. Recognition time for one sign was 50 ms on a 1.5 

GHz processor, making the recognition system feasable for real-time applications. 

 

Conclusion 

We present an automatic sign language recognition system that is real-time 

and person-independent. Its unique features are an adaptive skin model, calculation of 

3D features, DTW on a reference sign movie for synchronising signs, and automatic 

feature selection for finding the best sign representation. The system is able to gener-

alise well over different persons, which is troublesome for many other systems. It is 

meant to be used in schools for the deaf. It will be tested in a real-world setting in the 

spring of 2007. 

Future steps include improved tracking by combining information from both 

cameras, extracting handshape features, and detecting the start and end of a sign 

automatically. 
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Extended Abstract 

In this paper we present a new approach to real-time and rotation invariant hand pose 
detection, which is based on a novel technique for computing the best hand skin pro-
file. This skin profile is used to classify each pixel in the current video frame as be-
longing to the skin color or to the background and corresponds to a group of 3D line 
segments (vectors), where the control points are important HSV (Hue-Saturation-
Value) 3D coordinates extracted during the skin capture stage. The runtime pixel 
classification is evaluated by measuring the distance of each pixel HSV 3D cylindri-
cal coordinates to each one of formed vectors of the current skin profile. A space 
transformation, from HSV cone to HSV 3D cylindrical coordinates, is performed due 
to the Hue component discontinuity around the 360º, found in the HSV model, which 
would prevent any direct arithmetic comparison between Hue values. After 
skin/background segmentation, we construct efficient and reliable scale and rotation 
invariant hand pose gesture descriptors, by introducing an innovative technique, re-
ferred to as “oriented gesture descriptors”. These descriptors correspond to grayscale 
image representations of the hand gesture captured during gesture acquisition. Finally, 
hand pose recognition is computed using a template matching technique, which is 
light invariant [BD05], between the acquired gestures/descriptors and the current 
tracking gesture. The system takes into account the fact that a moving hand, in a dy-
namic light environment, can present several variations of the predominant skin-tone, 
instead of just using a single color tone as a reference, such as in [MOC06]. To ac-
quire the Skin Profile, the user selects a region of interest in the captured image. As-
suming a general conversion from RGB color-space to HSV color-space, we convert 
these components to cylindrical coordinates (HSV 3D coordinates) for every pixel in 
the captured region of interest, to avoid Hue discontinuities while comparing. The 
start vector of our Skin Profile corresponds to the HSV 3D coordinates of the pixels 
which have the minimum and maximum z values. This model is improved iteratively 
with additional points by computing the distance of every other pixel’s 3D coordi-
nates, which lie in the calibration region, to each one of the formed vectors of our 
growing profile. For each pixel and for each profile vector, the resulting distance is 
compared to a predetermined threshold value ε, which will allow us to specify the 
level of discrimination for each one of the compared coordinates. If distance d is 
above the predetermined threshold ε, then the newly evaluated point is added to our 
profile, being placed between the points of the compared profile vector, forming a 
new vector. As a final step of our skin profile creation algorithm, we use the Douglas-
Peucker [DP73] simplification procedure, using the same ε threshold value, in order 
to reduce the number of 3D points of the profile, for efficiency purposes. During 



runtime, for each pixel in the current video frame, we compute the minimum distance 
between the corresponding 3D coordinates of each pixel and each one of the formed 
vectors of the current skin profile, obtaining a binary mask of the current video frame, 
where 1 corresponds to skin areas (distances below ε) and 0 to background areas 
distances above ε). By applying a recursive filter based on connected components 
evaluation, we are able to track connected areas. We assume that the object which 
outlines the largest area corresponds to the hand we want to track. A Gesture Descrip-
tor is a grayscale version of a gesture, scaled to a maximum size of n x n pixel, without 
does not compromise the initial aspect ratio of the acquired gesture pose. The descrip-
tor’s data is the n x n grayscale image patch (gi) centered at (xc, yc). We introduce a 
novel concept of oriented gesture descriptors, by using the gesture’s orientation histo-
gram to compute the patch’s main orientation. This orientation histogram is computed 
based on horizontal and vertical derivatives of the image patch. We create the final 
rotation invariant descriptor (gr), which can be found by applying a rigid body trans-
formation (a rotation using the pre-computed main orientation) to the gi grayscale 
patch. Irrespective to the orientation of patch descriptor gi, the invariant gesture de-
scriptor gr, is the version of the former always oriented towards the patch´s main di-
rection. The gesture matching is accomplished using a template matching technique 
which is light invariant and uses the invariant image grayscale templates. This tech-
nique uses the image average and standard deviation to obtain a normalized correla-
tion value between the current gesture tracked and the ones in the gesture database. 
During runtime, gestures are matched using an effective yet simple descriptor classi-
fication algorithm, based on a binary identification value that is obtained by evaluat-
ing certain regions of the image in relation to its average. This classification scheme 
boosts the template matching procedure, since it reduces the number of template can-
didates in the database.  To obtain a final result, in what concerns the tracked gesture, 
we have used an occurrence histogram approach based on a fixed time window. For 
each frame of this time window, we construct a statistical vector, where each position 
corresponds to each one of the loaded gestures in the database. In this vector, we have 
an accumulated sum of correlation values obtained for a given descriptor, as well as 
the number of occurrences for this descriptor. We compute the current matched ges-
ture by finding the descriptor which possesses the highest correlation value in this 
histogram, taking also into consideration the number of occurrences. The paper pre-
sents some results of efficient hand pose gesture recognition, with examples taken 
from the handling of Portuguese Sign language signs in use cases of spelled language 
recognition. The gestures are identified even if they present rotations changes (to 
some degree specified by the user) in contrast with the ones in the gesture database. In 
these examples, we also explore the scale invariant property of our gesture recogni-
tion algorithm. The presented work discusses also the development of multimodal 
human-computer interaction, based on hand pose gesture recognition, to be applied in 
other interaction scenarios, such as in industrial augmented reality frameworks.  
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In the context of the research undertaken on gestural man machine commu-
nication and on signs language’s (SL), we are interested in the study of image
processing tools able to automate part of the video annotation and then to build
gestures recognition systems. Here, the gestures should be performed naturally,
without of any constraints. Hands’ movements are thus very fast in particular in
SL, and one of the major problems is to find a robust tracking method. In this
paper, we present an enhanced tracking method using particle filtering.

Tracking of body parts : Human motion tracking needs accurate features de-
tection and features correspondence between frames using position, velocity and
intensity information. In our approach, the feature correspondence is achieved
using statistical estimators via a particle filter for the head and the two hands.
As the particle filter models the uncertainty, it will provide a robuste framework
for the tracking of the hands of a person communicating in french sign language.

Particle Filter (PF): aims at estimating a sequence of hidden parameters
xt from only the observed data zt. The idea is to approximate the probability
distribution by a weighted sample set : {(s(0)

t , π
(0)
t ) . . . (s(n)

t , π
(n)
t )} with n =

1, . . . , N numbers of samples used. Each sample s represents one state of the
tracked object with a corresponding discrete sampling probability π.

The state is modelled as st = [x, y, ẋ, ẏ, ẍ, ÿ]t, the position, velocity and accel-
eration of the sample s in the observation at time t. Three states are maintained
during the tracking, one for each body part tracked. We track the head and the
hands separately, each of those areas is represented by one sample set. In the
prediction phase, the samples are propagated throught a dynamic model : a first
order auto-regressive process model xt = Sxk−1 + η, where η is a multivariate
Gausian random variable and S a transition matrix.

We use the particle filter applied in a color based context to achieve ro-
bustness against non rigidity and rotation. The observation density p(zt|xt) is
modelled as a skin colour distribution using the histogramm back-projection
method.

In the particle filter, a resampling step is used to avoid the problem of de-
generacy of the algorithm, that is, avoiding the situation that all but one of the
importance weights are close to zero. A stratified resampling is used, because it
is optimal in terms of variance.



To maintain a good representation of the posterior probability, one may
iterate the algorithm a certain amount of time. But this leads to an over-
representation of the possible local maximum. This is caused by the weighting
function applied at each iteration. The annealed effect provides a mean to apply
the weighting function to the sample set smoothly.

With the Multiple-object tracking comes the problem of data association
which makes the problem harder than single object tracking. We use the “ex-
clusion principle”, in order to not allow two targets to merge when their config-
uration become similar. First we compute the posterior density for each tracker
then we use it to penalize the measurement of the other trackers in a second
computation of the posterior density.

Evaluations were conduct on a sequence of a person signing a story in the
french sign language. We are here interested in testing the robustness of our
approach against high dynamics motion variation and body part occlusions.
Such a language is a tracking challenge as the tracked targets are very similar,
the performed gestures have got a lot of dynamic variations, the targets are
relatively often occluded and it’s a long sequence (3 000 frames).

As expected the APF achieves a better robustness against strong dynamic
variations than the PF and in the same way against local maxima.

We have estimated the frame to frame tracking that is to say if a link between
two physical objects detected at two consecutive time instants is correctly com-
puted or not. We have performed evaluations with a different particle number
2000, 3000 and 6000 to outline the behavior of the filter. The optimal number of
particles is around 3000 for the hands and around 6000 for the head, numbers
that correspond to the size (in pixels) of those areas. For each filter the survival
diagnostic has been evaluated and reflects those results.

The error in position has been computed from the euclidean distance between
the computed position and the ground truth. Error peaks are caused by situa-
tions where the hands and head are very close to each others or merely occluding
each other and move away under heavy acceleration. However the trackers do
not miss their target a long time, they re-find them quickly. With a threshold of
50 pixels of distance (the tracker miss the target), one counts 224 errors for the
head (7,4%), 25 and 79 for each hand (1,7%) on the 3000 images.

Conclusion and perspectives : We have presented a procedure to perform
a visual tracking of very similar objects using particle filter with a simulated
annealing update. An evaluation shows the improvement of this method com-
pared to the original one. The results are promising, but a better multi object
framework has to be developed to reduce labels mistakes.
Starting from these results, a study on the hands’ shape changes is undertaken,
being based on various measurements like motion, Cartesian geometric moments
and features of texture. Thanks to these works, we wish to build tools to help
signs’ langage analysis and to integrate these tools in our software of video’s
annotation’s to make the annotation’s task easier than by hand.
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1   Introduction 

Sign language is one of the most natural means of exchanging information for the 
hearing impaired. It is a kind of visual language via hand and arm movements 
accompanying facial expressions and lip motions. In China, there are more than 20 
million people with hearing disability. Whereas most hearing people cannot 
understand sign language, it is appealing to direct efforts toward electronic sign 
language translators. Moreover, sign language recognition provides a research 
platform for Human-Computer interaction (HCI). 

The reports about sign language recognition began to appear at the end of 80’s. 
Up to now, one of the problems in Sign Language recognition is to collect enough 
data. Data collection for both training and testing is a laborious but necessary step. 
Furthermore, in order to realize signer-independent recognition system, the 
self-adaptation is an effective technique. But there are too many sign words in sign 
language, so it is impossible to request a new signer perform so many signs to adapt 
the system to him. The lack of the data makes the research, especially the large 
vocabulary signer-independent recognition, very formidable. This paper focuses on 
this problem. 

2   Method  

First, we extract the basic units in Chinese Sign Language. There are not ready-made 
basic units in Chinese Sign Language. We must find them by ourselves. It is difficult 
to look up in the dictionary directly, so we employ the method of clustering.  

Firstly, one CHMM is built for each sign word. Secondly, we cluster all the 
states of these CHMMs. In order to reduce the number of the classes, we split one 
mean vector into three parts, namely position & orientation (P&O), left hand shape 
(LH) and right hand shape (RH). The clustering algorithm must be able to find the 
appropriate number automatically. We implement this procedure based on the 
modified k-means algorithm.  

We can find a subset of sign words that includes all basic units of three parts. We 
collect the samples of the signs in this subset. Each component of these samples is 
used as a basic unit. According to the codebook, we can combine the new samples 
based on the data of these units. 



If the lengths of the three samples are different, we select the medial length as 
the length of the new sample and the other two samples are warped according to this 
length. Because the gestures are static, the simple linear translation is competent for 
this job. The generated new samples are used as the adaptation data to modify HMMs.  

The MLLR approach to signer adaptation requires an initial signer independent 
continuous density HMM system. MLLR takes some adaptation data from a new 
signer and updates the model mean parameters to maximize the likelihood of the 
adaptation data. The other HMM parameters are not adapted since the main 
differences between signers are assumed to be characterized by the means [1]. The 
transformation matrix W is obtained by solving a maximization problem using the 
Expectation-Maximization (EM) technique [2]. 

3   Experiments 

To verify the generalization capability of the proposed method, some experiments are 
performed based on a vocabulary with 350 static sign words. Experimental data are 
collected from 6 signers represented by A-F. Each signer performs 350 isolated 
words for 4 times. Using the approach of cross validation test, 20 groups’ data 
samples from five signers are used as the training samples.  
    With the clustering method, we get 107 basic units of P&O, 69 basic units of 
LH and 95 basic units of RH. All these units are included in 136 sign words. 
Based on one group data of these signs from the other signer, we generate the 
adaptation data of 350 sign words (Generate). 

One group data of 350 sign words from the other signer are used as adaptation 
data (Ungenerate). And another group data from the same signer are referred to as the 
unregistered test set. The recognition results are shown in Table 1. 

Table 1. The recognition results of 350 sign words 
 New 
Signer 

Without 
MLLR 

MLLR 
(Ungenerate)

MLLR  
(Generate)

A 61.7% 81.8% 78.1% 
B 64.0% 85.2% 83.3% 
C 59.4% 80.6% 75.7% 
D 68.0% 84.6% 80.5% 
E 59.7% 79.4% 74.6% 
F 59.1% 78.5% 74.4% 

Average 62.0% 81.7% 77.8% 
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Introduction

This paper presents both a qualitative and quantitative analysis of styled motion
gesture data. The temporal, spatial and structural di�erences between styled ges-
tures are confronted with the phenomenons described in the literature dedicated
to sign language phonology [1]. It is already well-known that gesture style mod-
i�es the temporal and the spatial aspects of gestures. In this paper, we address
how style may also in�uence the structure organisation of some lexical units.
We then brie�y present new insights for taking into account both the spatio-
temporal and structural variations induced by style in existing gesture speci�-
cation frameworks.

Motion Data

The motion data on which we conducted the study has been obtained thanks
to an original motion capture process [2]. The capture sequences have been
performed by a professional deaf instructor. The sequences are mainly composed
of a succession of lexical units. These sequences depict the same weather forecast
presentation. The di�erence among the sequences is in the emotional content
the signer was asked to mimic during the gesture performance. Three gesture
sequences have been used in this study: in the �rst one, the signer was asked to
be neutral, for the second one, the signer was asked to mimic anger, and for the
third one, weariness.

Qualitative and Quantitative Characterization of Style

A motion gesture analysis has been performed over the styled motion sequences.
The study addresses the structural, temporal and spatial aspect of the gesture
sequences, and takes its theoritical inspiration from sign phonology dedicated
studies [1].

We brie�y present the main insights introduced by the gesture analysis and
how they �t in our gesture speci�cation and generation framework. Figure 1
depicts the overall organisation of the framework.



Fig. 1. Overview of the styled gesture gesneration process �cloudss are crossing brittany
in the morning�

1. At the phrase level, by introducing gesture phases and specifying di�erent
classes of gestures { preparation, retraction, partial retraction, stroke and

hold }, we are able to represent gesture phases in a more accurate and
realistic fashion;

2. At a phonological level, structural phenomenons, such as weak drop or hand
inversion are taken into account by considering the surfacing process as a
constraint satisfaction problem (CSP);

3. Proximalisation/distalisation is handled at a gesture level by expanding or
shrinking the trajectories of end e�ectors involved in a gesture. This opera-
tion rely on inverse kinematics (IK) algorithms;

4. By specifying explicit timing relations between timing units and gesture ar-
ticulators, we are able to specify faithful descriptions of gestures. In addition,
time warp patterns provide realistic timing deformations between styled ges-
tures.

We are currently working on validating each block of the generative frame-
work by implementing relevant demonstrators. a future step will consist into
arranging every block in a consistent general demonstrator.
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Abstract 

Limsi recently initiated a signing avatar project called Elsi1 with the purpose of 
generating French Sign Language (LSF) in the direction of the French deaf 
community. It is being built upon enhanced linguistic bases in order to make the 
discourse level more consistent and acceptable. 

 
LSF is the French deaf community's first language. Linguistic studies of LSF show 

a heavy and consistent use of the "signing space", i.e. the portion of space in which 
the signs are performed. Let us look at the following example: “Limsi has two 
buildings: no. 502 and no. 508.”. The first part of the sentence above would be signed 
with two occurrences of the same sign [BUILDING] performed in different locations, 
thereby giving the two locations a special relevance in the signing space.  Each of 
them would then in turn be pointed at as a reference to the corresponding building, 
immediately followed by its number. 

Therefore, while modelling the signs of the language, i.e. at the lexical level, all the 
possible context-driven variations must be considered as they are fully part of the 
language. At the discourse level, sentence construction rules must also account for 
the extensive use of space of LSF – and indeed all sign languages. Current computer 
models like SigML for the lexicon (a computer-friendly representation based on 
HamNoSys) and HPSG for syntax seem to lack some of these crucial features, hence 
our wish to suggest a new approach to sign language representation. 

 
We decided the evaluation process would be incremental, so that each step forward 

is guaranteed the reliability of its basis. To do so, an avatar animation platform is 
presently under development at Limsi. Any automatic sign production should abide 
by the SL linguistic constraints. Diagram 1 sketches out the structure of the Elsi sign 
production software. 

Sentence generation (M1) is based on a model of the signing space (K2), and uses 
knowledge base containing useful spatio-temporal structures (K1), a common feature 
of LSF that will not be discussed in this paper. We use a simple representation of the 

                                                           
1 ELSI: Elsi is Limsi's SIgner 



2      Michael Filhol, Annelies Braffort and Laurence Bolot 

signing space for now. It allows production of isolated gap clauses with predefined 
format. Signing space contains the signed elements that are useful and their respective 
locations, orientation and size... The gap clauses we use include both manual and non-
manual signs and depend on variables. Production is then carried out by signing the 
units back to back. 

The sign generation module (M2) uses knowledge base (K3) which contains the 
signs description which account for context influences, spatial relevance, discourse 
genre or "intonation". This description uses geometric constraints. Signs are no more 
regarded as sets (tuples) of universal parameters like in Stokoe-based approaches, but 
rather as dynamic spatial geometric figures. A description may build any useful set of 
geometric objects like planes or points in space, then constrains body segments so that 
they move according to the sign being described.  

Elsi –the avatar– is made of a bone skeleton, on which a skin is mapped.  The 
skeleton and the skin are built under dedicated animation software (3dsMax), and then 
exported (K4) so that they could be fed into the animation module. The predefined 
and generated parts of the signed production are also built under dedicated animation 
software, then exported in an XML format (K5).  This output simply lists the different 
orientations for each bone throughout time.  In the animation engine (M3 module) the 
skin automatically follows the animated skeleton, bending and stretching at each joint 
being taken care of real-time. Between each sequence, bone orientations are 
interpolated.  To avoid bones moving through one another, a software collision-
avoidance planner is under study. 

 

 

Fig. 1. Structure of the ELSI animation platform. 

The lexical and sentence generation modules are under development. The 
animation module is close to being achieved. A qualitative evaluation is planned in 
the next months on gap clauses. Once the three modules will have been tested enough 
to be considered functional, we will start integrating bank on spatio-temporal 
structures and generating the corresponding sign sequences.  This of course is to keep 
increasing the automation and capabilities of the software. 
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Abstract. This work aims to recognize signs which have both manual and non-
manual components by providing a sequential belief-based fusion mechanism. 
We propose a methodology based on belief functions for fusing extracted 
manual and non-manual information in a sequential two-step approach.  

Keywords. Sign language recognition, manual and non-manual signs, hidden 
Markov models, belief functions 

1 Introduction 

In sign languages, the message is contained not only in hand motion and shapes 
(manual signs, MS) but also in facial expressions, head/shoulder motion and body 
posture (non-manual signs, NMS). Most of the Sign Language Recognition (SLR) 
systems concentrate on hand gesture analysis only. There are only a couple of studies 
that integrate MS and NMS for SLR (see [1] for a review). We propose a 
methodology for integrating manual and non-manual information in a sequential 
approach. The methodology is based on (1) identifying the level of uncertainty of a 
classification decision, (2) identifying sign clusters, and (3) identifying the correct 
sign based on MS and NMS.  

2 Sequential Belief Based Fusion 

The sequential belief based fusion technique consists of two classification phases 
where the second classification phase is only applied when necessary. The necessity 
of applying the second phase is given by the belief functions defined on the 
likelihoods of the first bank of HMMs. The uncertainty calculated from those beliefs 
is evaluated and resolved via the second bank of HMMs. These uncertainties between 
classes are used to identify the sign clusters in which the second bank of HMMs are 
capable of discriminating. A sign cluster is defined as a group of signs which are 



       

similar and the differences are either based on NMS or variations of the MS. Our 
automatic cluster identification method is based on the hesitation matrix.  

3 Experiments 

The experiments are conducted on eNTERFACE’06 sign language database [2] which 
includes both manual and non-manual signs. There are eight base signs that represent 
words and 19 variants which include the variations of the base signs in the form of 
NMS. Since we concentrate on the fusion step in this paper, we have directly used the 
processed data from [2] where sign features are extracted both for MS and NMS.   

Table 1. Classification performance 

Models  
used 

Fusion  
method 

Cluster 
identification 

Test 
Accuracy 

HMMM No fusion - 67.1 % 
HMMM&N  Feature fusion - 75.9 % 
HMMM&N 4   HMMN  Sequential belief-based fusion Automatic  81.6 % 

 
To model the MS and NMS and perform classification, we trained three different 

HMMs. The first one is trained for comparison purposes and the last two are for the 
first and second steps of our fusion method: (1) HMMM, uses manual features; (2) 
HMMM&N, uses manual and non-manual features, and (3) HMMN, uses non-manual 
features. The accuracies of different fusion techniques are summarized in Table 1. We 
obtain the highest accuracy, 81.6%, with the sequential-belief based fusion.  

4 Conclusions 

We have proposed a technique for integrating manual and non-manual signs in a sign 
language recognition system. The first novelty of this approach is the decision 
mechanism which ensures that if the decision at the first step is without hesitation, the 
decision is made immediately. The second novelty is the clustering mechanism: the 
sign clusters are identified automatically at the training phase which makes the system 
flexible for adding new signs to the database by just providing new training data. 
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Abstract. In this paper, we document and discuss a number of interface 
explorations conducted while building a cable-array robotic sculpture in the 
form of a flexible fiberglass flying Manta Ray. We also offer a conceptual 
design space comprising three axes: mapping, frame of reference, and interface 
location.  
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1   HRI Axes and our Explorations 

Over the past year, students and faculty at the Rochester Institute of Technology 
collaborated on a cable-array robotic kinetic sculpture in the form of a Manta ray that 
"flew" through a three-story atrium. By lengthening and shortening computer-
controlled suspension lines operators could create the simulation of a Manta 
swimming through the air. 

This abstract will discuss a number of human-robotic interface issues [1] that arose 
during the design, construction, and programming of the system. In our designs, we 
explored gesture sensing [2] and joystick-driven interfaces. We will use a three-axis 
design space comprised of Motor Mapping, Frame of Reference, and Location to 
discuss and compare our interface schemes and to illuminate some potentially 
interesting issues and new interfaces for future consideration. 

The Motor Mapping axis of our conceptual framework has two extremes: natural 
(human-intuitive) mapping and mechanical (machine-informed) mapping. This axis 
captures the range of cognitive effort required to translate operator intentions into 
machine-executable instructions. The two extremes of the Frame of Reference axis 
are operator observation and teleobservation. This axis captures the effect of point of 
view on the interface. The third orthogonal axis of our HRI design space, Location, 
goes from operator-at-interface, where an operator must go to the interface to operate 



the device, to interface-at-operator, where the operator's physical location is relatively 
unconstrained. This axis captures the effect of operator freedom on the interface. 

Our first prototype used an Essential Reality P5 Data Glove to scroll a webpage 
around a virtual mosaic of web pages. The natural mapping of hand-position to page-
position made great sense in theory [3], but in practice, it proved unworkable due to 
the P5 Glove's multiple sources of error (sensor jitter and position skew). In terms of 
our design space, the Mapping was natural (albeit error prone) in that the display 
echoed the movement of the glove. The Frame of Reference was teleobserved, since 
all of the action was happening in an electronic space. Finally, the Location was 
(unfortunately) operator at interface: the system failed if we moved more than a few 
feet from the sensor tower and controlling computer.  

In the second interface scheme, we chose to forgo natural mapping in favor of a 
relatively easy-to-implement machine-oriented linkage based on bend sensors in the 
fingers of the P5 glove. As the operator curled and extended his or her fingers, the 
interface software sent commands to the motors to reel out, stop, or reel in. Our 
finger-sensing interface was machine mapped for a quicker and less error prone 
implementation. Furthermore, our physical package was prone to frequent failure due 
to tangled fishing lines and had no remote control functionality that made it fully 
operator observed and operator-at-interface. 

Our last interface scheme allowed us to move from machine-mapped thumb 
movements to naturally mapped thumb movements that translated intuitively into 
Manta movements and corresponded well with the operator's natural perception of 
Manta movements. By mapping the three axes of the Xbox 360 joystick movement to 
the three spatial axes of the rectangular atrium and by mapping degree of joystick 
deflection to speed, it became possible to use thumb movements that made sense. This 
latest scheme was a major advance over the prior interface because it allowed the 
operator to gesture "I want it to go that way," with arbitrary vigor. Thus, this scheme 
has a relatively natural mapping, is moderately operator-observed and moderately 
interface-at-operator. 

Our own experience as builders and performers leads us to speculate that while 
engineers often begin by conforming to machine-imposed constraints, it is at the 
natural and interface-at-operator poles, that the operator feels more like a performer 
performing than an operator controlling, and the robotic system feels more like an 
extension of the human body. Our experience demonstrating this system at the (re)Actor, the 
First International Conference on Digital Live Art presented as part of HCI2006 also leads us to 
observe that a Manta Ray dancing at a disco provides a remarkably good opportunity 
for exploring human-computer gestural interaction and for discovering novel 
engineering challenges. 
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Extended abstract 

The EU-IST Project TAI-CHI (Tangible Acoustic Interfaces for Computer Human 
Interaction) investigates a new generation of tangible interfaces, Tangible Acoustic 
Interfaces (TAIs). TAIs exploit the propagation of sound in physical objects in order 
to localize touching positions and to analyse user’s gesture on the object, both from a 
low-level, quantitative point of view and from a high-level qualitative one. Designing 
and developing TAIs consists of exploring how physical objects, augmented surfaces, 
and spaces can be transformed into tangible-acoustic embodiments of natural 
seamless unrestricted interfaces. The ultimate goal of the TAI-CHI project is therefore 
to design TAIs employing physical objects (also including complex-shaped everyday 
objects) and space as media to bridge the gap between the virtual and physical worlds 
and to make information accessible through large size touchable objects as well as 
through ambient media. 

In this framework, a relevant aspect for the success of TAI-based interactive 
systems is their ability of processing expressive information, i.e., information related 
to the affective, emotional sphere conveyed by users through non-verbal channels 
[1][2]. In other words, such information is what Cowie and colleagues call “implicit 
messages” [3] or what Hashimoto calls KANSEI [4], and it is often conveyed through 
expressive gesture [5]. We call Expressive TAIs a subset of TAIs endowed with the 
special ability of extracting, analysing, and processing such emotional, affective, 
expressive content. Expressive TAIs are based on high-level multimodal analysis of 
users’ gesture on or approaching the TAI. They are thus a novel generation of human-
computer interfaces combining the naturalness of vision and touching gesture with the 
power and the impact of human non-verbal expressive, emotional communication in 
experience-centric tasks and collaborative applications.  

This paper presents and discusses a concrete example of high-level analysis of 
expressive gesture on Expressive TAIs: hand gestures on a TAI surface are analysed 
and classified according to two major dimensions of Rudolf Laban’s Theory of Effort 
[6][7], the Space and Time dimensions. Hand gestures have been tracked and 
segmented by means of multimodal integration of visual and acoustic tracking 
techniques. A collection of expressive features including eccentricity of a gesture, 
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time duration, peak velocity, impulsiveness, spatial length, and directness index have 
been extracted in real-time from each segmented expressive gesture. SVM classifiers 
with probability estimation have been used for classifying each gesture as direct or 
flexible, quick or sustained. Expressive gestures have then been mapped on a 2D 
abstract Laban’s space, and further analysed with respect to the occupation of such 
space along time. 

Results have been exploited in public events in which the developed techniques 
have been applied and evaluated with experiments involving both experts and the 
general audience. In particular, the high-level expressive gesture processing models 
and algorithms have been exploited in prototypes for the IST2006 Convention, 
Helsinki, November 2006 (grand prize as best booth of the Convention), and for the 
science exhibition “Cimenti di Invenzione e Armonia”, held in the framework of 
Festival della Scienza (International Festival of Science), at Casa Paganini, Genova, 
Italy, 26 October – 7 November 2006 (more than 2500 visitors). 

The techniques introduced in this paper have been implemented as software 
modules for the new EyesWeb XMI platform (available at www.eyesweb.org), which 
explicitly supports extended multimodal and cross-modal processing, especially for 
high-level gesture analysis. Software modules are included in a new version of the 
EyesWeb Expressive Gesture Processing and Machine Learning Libraries. 
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Extended Abstract 

 

Information Technologies (IT) professionals require new ways of interacting with 

computers using more natural approaches. A natural paradigm of interaction is one 

that doesn’t need any intrusive devices, which may be confusing to users, therefore 

distracting them from their main goal. Computer Vision, as an example, has enabled 

these professionals to explore new ways for humans to interact with machines and 

computers. The adoption of multimodal interfaces in the framework of augmented 

reality is one way to address these requirements. The main benefit of using a system 

of this kind is the provision of a more transparent, flexible, efficient and expressive 

means of human-computer interaction.  Since multimodal interfaces offer different 

possibilities of interacting with the system, errors and time of action can be reduced, 

improving efficiency and effectiveness while executing a certain task. Our work 

envisages the creation of a tool for architects and interior designers which allows, via 

multimodal interaction (gesture and speech), designers or clients, to visualize the 

implementation of real size furniture using augmented reality. The tool is capable of 

importing, disposing, moving and rotating virtual furniture objects in a real scenario. 

The users are able to take control of all actions with gestures and speech, and to walk 

into the augmented scene, seeing it from a variety of angles and distances. This paper 

exploits some previously obtained knowledge, namely the MX Toolkit library 

[DBS*03]. This library conveys a platform, which allows the programmer to combine 

multimodal interfaces with 3D object interaction and visualization, applied to 

augmented reality scenarios. Since the final goal of this paper was the creation of an 

augmented reality computational application we have integrated a previous developed 

Augmented Reality Authoring tool, based in MX Toolkit, the Plaza [S05]. Plaza is a 

3D AR authoring module that allows the user to manipulate and modify 3D objects 

loaded from a predefined database either in a VR environment, in an AR scenario or 

in both. The proposed logical architecture of the system is depicted the picture below 

and can be divided in two modules: Plaza, responsible for Augmented Reality 

authoring and Speech Recognition and the Gesture Recognition Server, responsible 

for Hand Gesture recognition. Both modules use the MX Toolkit library and 

communicate through the TCP/IP COM module. The Gesture Recognition Server also 

maintains a Gesture Database, which will be used at runtime for gesture matching. 

 



 

Fig. 1. – System Architecture Diagram. 

The system supports several user profiles that can be created using the Gesture 

Recognition Server, either online or offline. Each profile corresponds to different 

gesture templates, since segmentation conditions may vary from user to user (skin 

tone, hand size, etc.). For each command, there is an associated hand pose gesture and 

a voice command. This ensures the possibility for the user to choose between issuing 

a command from gesture or speech. The application works in real-time and is able to 

detect and track static hand poses and hand movements, using them to control and 

manipulate all objects in the scene. To determine the usability of the system we 

developed a task-based test, were subjects would perform simple geometric 

transformations applied to virtual models using gesturing and voice interactions. Our 

goal was to determine which interface the users preferred and why. We applied the 

same test three times using different multimodal interfaces (voice, gestures and 

voice/gestures). It was revealed that the use of the two interfaces in conjunction was 

definitively the best way to interact with the system reducing in 20% (average) the 

time to complete the predetermined task. Most of the users preferred the speech 

interface to activate simple commands like “Move” and “Rotate” or to modify the 

speed of the interaction. On the other hand, the hand gestures interface was commonly 

used to transform the objects (rotating and translating). In some cases we had to 

calibrate the skin profile of the subjects because of the different skin tones. 

Nevertheless, all users conclude that the use of two interfaces together is the most 

efficient way to use the system. 
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1 Introduction

We present a model for the definition of conversational agents that exhibit dis-
tinctive behaviors. It means that even if the communicative intentions and/or
emotional states of two agents are exactly the same they will behave in a differ-
ent way according to their general and current behavior tendencies. Differences
will be noticeable both in the signals chosen by the agents to communicate and
in the quality of behavior.

Humans communication involves verbal and non-verbal behaviors. People
communicate through several modalities like face, gestures, posture. The same
beliefs and goals can be communicated in different personalized ways, and the
interaction with other people will be always influenced by personal behavior
tendencies. For example we are able to give a quick but usually very precise
definition of the general behavior tendency of a person: we say “this person
never moves, she is expressiveless” or “he is very expansive and gestures a lot
while talking” and so on.

That is the idea we want to capture with the concept of Baseline for virtual
agents. On the other hand there can be some events or situations in which one’s
basic tendencies change, and one gesture in a greatly different way. For example
a person that never does hand/body gestures while she talks may change her
behavior if she is very angry at someone. We embody the current tendency of
behavior with the concept of Dynamicline of a virtual agent.

2 Baseline and Dynamicline

We would like to capture the idea that people have tendencies that characterise
globally their behavior, but these tendencies can change in situations rising after
some particular events. To encapsulate this global and local qualities we have
introduced the concepts of Baseline and Dynamicline, which both contain infor-
mation on the agent’s modalities preferences and expressivity but with different
time span: while the Baseline is the overall definition of how the agent behaves
in general situation, the Dynamicline is the local specification of the agent’s
behavior (for example during a given agent’s emotional state).

In our model, Baseline and Dynamicline do not only differ by their meaning
(global vs local behavior tendency) but also by the fact that the Baseline is an
input parameter, that is, it is used to define some characteristics of an agent,



II

while the Dynamicline is automatically computed by the system at runtime,
depending on the current agent’s communicative intention and/or emotional
state.

We define the Baseline by the couple (Mod,Expr) where:

– Mod : it represents the agent’s degree of preference of each available modality.
If for example we want to specify that the agent has the tendency to mainly
use hand gestures during communication we assign a high degree of prefer-
ence to the gesture modality, if it uses mainly the face, the face modality is
set to a higher value, and so on.

– Expr : Expressivity of behaviour is an integral part of the communication
process as it can provide information on the current emotional state, mood,
and personality of thr agents [WS86]. We view it as the “How” the physi-
cal behaviour is executed. Starting from the results reported in [WS86], we
have defined and implemented [HMP05] a set of parameters that affect the
qualities of the agent’s behavior

Figure 1 outlines how the Dynamicline is computed at runtime. The data
in input is the actual agent’s communicative act or emotional state. So, each
time a new communicative intention and/or emotional state arrives in input,
our system will compute a new Dynamicline for the agent.

The Dynamicline computation is done in the Dynamicline computation mod-
ule of Figure 1. Here the modalities preference and the expressivity parameters
of the Baseline are modulated depending to the agent’s actual communicative
intention and/or emotional state. The influence of emotional states on the use
of modalities and expressivity have been defined starting from the studies of
Wallbott [Wal98] and Gallaher [Gal92] and have been tested in previous works
[MBP05]. For example, an angry emotional state increases the degree of pref-
erence of the gesture modality, the speed, amplitude and energy of movements,
and decreases the fluidity.

Fig. 1. The agent’s Baseline, communicative act and/or emotional state determine the
computation of the agent’s Dynamicline
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Extended abstract

In our current research on music-related gestures (http://musicalgestures.uio.no), we have
had a particular focus on the spontaneous gestures that listeners make to musical sound.
This has been motivated by the belief that perception and cognition of musical sound is
intimately linked with mental images of movement, and that a process of incessant motor
imagery is running in parallel with listening to, or even just imagining, musical sound. We
have called this motormimetic cognition, and see evidence for this in a number of research
findings as well as in our own observation studies. Furthermore, we believe hand
movements have a privileged role in motormimetic cognition of musical sound, and that
these hand movements may trace the geometry (i.e. elements such as pitch contours, pitch
spread, rhythmical patterns, textures, and even timbral elements as shapes) as well as
convey sensations of effort of musical sound, hence the focus in this paper on geometry and
effort in the gestural renderings of musical sound.

There are many different gestures that may be associated with music. Using the
Gibsonian concept of affordance, we can thus speak of rich gestural affordances of musical
sound. For practical purposes we can in this paper think of two main categories, sound-
producing gestures (such as hitting, stoking, bowing) and sound-accompanying gestures
(such as dancing, marching, making various movements to the music), as well as several
sub-categories of these. The distinction between these two main categories as well as their
sub-categories may not always be so clear (e.g. musicians make gestures in performance
that are probably not strictly necessary for producing sound, but may be useful for reasons
of motor control or physiological comfort, or have communicative functions towards other
musicians or the audience).

But in order to carry out more systematic observation studies of gestural renderings, we
have proceeded from giving subjects rather well-defined tasks with limited gestural affor-
dances onto progressively more open tasks with quite rich gestural affordances, meaning
proceeding from studies of air-instrument performances where subjects were asked to
make sound-producing movements, to what we have called sound-tracing studies where the
musical excerpts were quite restricted as to their number of salient features, on to what we
called free dance gestures with more complex, multi-feature excerpts and rather general
instructions to subjects about making spontaneous gestural renderings based on what they
perceived as the most salient features.

The idea of gestural rendering of musical sound is based on a large body of research
ranging from classical motor theory of perception to more recent theories of motor in-



volvement in perception in general, and more specifically in audio perception, as well as in
music related tasks in particular.

Obviously, auditory-motor couplings as well as the capacity to render and/or imitate
sound is not restricted to hand movements, as is evident from vocal imitation of both non-
musical and musical sound (e.g. so-called beat-boxing in hip-hop and other music and scat
singing in jazz). But the focus on hand movements in our case is based not only on innu-
merable informal observations of listeners making hand movements to musical sound, but
also on the belief that hand movements have a privileged role from an evolutionary point of
view and from a general gesture-cognitive point of view. Furthermore, we believe that a
listener through a process of translation by the principle of motor equivalence, may switch
from one set of effectors to another, revealing more amodal gestural images of musical
sound.

It seems quite clear that even novices can make gestures that reflect reasonably well
what is going on in the music when asked to mime sound-producing actions, although ex-
perts tend to make more detailed renderings as reported in. Also when listeners were asked
to draw gestures they felt reflected the musical excerpt they heard, there was reasonable
agreements as long as the excerpts did not have more than one or two prominent feature,
e.g. an ascending pitch contour or an ascending pitch contour combined with various
ornamental ripples, and greater disagreement when the number of concurrent prominent
features was increased, e.g. excerpts with several concurrent textural elements. A sub-
sequent similarity rating of the resultant sound-tracings seems to have confirmed these
agreement and/or disagreements. In the case of 3-dimensional bi-manual movements to
sounds, we got even more varied results, something that we would expect given the greater
choice in effector use and feature focus.

Rather than despair because of these increasingly divergent, and also often rather ap-
proximate, gestural renderings of musical sound, we shall in the following see how the
elements of geometry and effort may be understood as intrinsic to the perception-action
cycle spontaneously at work in musical experience, and furthermore try to see how gestural
renderings of musical sound may be understood as a means for intentional focus in listen-
ing, and may even be put to active use in the exploration of musical sound.

It is generally accepted that music is a multidimensional phenomenon in the sense that
music has elements such as rhythm, tempo, intensity (often referred to as dynamics) pitch,
melody, accompaniment, harmony, timbre, texture, etc., and that these elements in turn may
be differentiated into a number of sub-elements. This is one of the reasons for the above-
mentioned rich gestural affordances of musical sound, as listeners may attend to, and ges-
turally render, any single or any selection of such musical elements. Also, elements that
from a music theory perspective may be thought of as separate, may be fused in actual per-
ception, such as in the well known interdependence of perceived intensity and timbre. This
dimensional fusion may even extend to dimensions that 'are not really there', i.e. we may
see what the authors of have termed a 'spill over' effect, e.g. that a crescendo may also be
perceived as an accelerando by some listeners although the tempo was in fact constant.

Although the elements of geometry and effort are inseparable in the sense that we can
not have images of geometry (e.g. pitch change, timbre change, etc.) without some image of
effort, and conversely, can hardly have images of effort in music without images of move-
ment in space, it is strategically convenient to separate these elements here in order to get a
more clear impression of what features listeners focus on in various gestural renderings of
musical sound.
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Introduction: The understanding of different bowing strategies can provide key
concepts for the modelling of music performance. Such model can be applied in
music pedagogy or in the design of novel musical interfaces.

We previously reported the study of three standard bowing techniques in
violin playing [1]. In particular, we discussed issues on gesture ”continuity”.
This concept relates to the fact that an expert violinist is able to play several
subtle variations between two bowing techniques, e.g. Détaché and Martelé. We
showed in [1] that such a wide range of variation can be directly tracked in
the bowing dynamics and described with features derived from bow acceleration
profiles.

In this paper, we elaborate on this topic of gesture continuity in violin playing.
Slow bowing generally requires a relaxed right arm. Nevertheless, it is usually
recognized among bowed string players that rapid, repeated bow strokes can
require the right arm to be tensed up. Such strategy is usually used to achieve a
given rhythm, or to perform tremolos. Hence, from the players’ viewpoint, there
are different, possible arm movements to perform cyclic, repetitive bowings. We
here test this hypothesis with the study of an accelerando/decelerando, i.e. bow
strokes performed with an increasing/decreasing frequency.

Related works: We hypothesize that players can change their bowing gestures
to perform high bowing frequencies. Several studies in motor control dealt with
the reorganisation of coordinative patterns, e.g. gait shifting. In particular, Kelso
studied the abrupt phase transitions in human hand movements according to the
cycling frequency [2]: when increasing the frequency of an out-of-phase motion,
human’s finger movements shift to an in-phase motion. Winold et al. [3] first
studied coordination issues in cellists’ bow and arm movements. They concluded
that increasing tempi produced a proportional scaling of strokes amplitudes and
durations and did not notice any change in within-limb coordinations.

Method: We recorded the movements, bow pressure on strings and audio from
two advanced violin and viola players from McGill Schulich School of Music.
They performed an accelerando from medium paced Détaché to a tremolo ”as
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fast as possible” tied with a decelerando back to medium paced Détaché on one
fixed note. Movements were recorded with a Vicon System 460 optical tracker,
and bow pressure with a custom sensor designed at Ircam.

Results and Discussion: The analysis of bow motion showed the existence
of two types of bow velocity and acceleration profiles, therefore defining two
bowing gestures: for lower bow stroke frequencies, bow velocity is close to a
square shape, for higher frequencies it shifts to a smooth, almost sinusoid shape
(Figure 1 left).

The arm joint angle profiles follow a similar change. Moreover, arm joint
angles also indicates the possible existence of a later, within-limb change of
coordination. In the case of the violin player, the elbow and the wrist first
start in out-of-phase and shift to in-phase to achieve the fastest part of the
accelerando/decelerando (Figure 1 right).

Interestingly, the effect on sound is more subtle. A spectrum analysis does
not reveal any clear concomitant change to the dramatic change in the bow
velocity profile. We can argue that this similarity in sound is intended by instru-
mentalists, adjusting unconsciously other parameters, so that the abrupt change
in bowing gesture is not hearable. However, we may also hypothesize that this
change in bowing gesture has still an effect on finer timbre aspects (e.g. tran-
sitions between notes). This exploratory study is currently completed with the
measurement and analysis of more players to validate the hypothesis of a change
in arm coordination.
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Fig. 1. Left: Change in bow acceleration. Right: Possible change in limb coordination.
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1    Introduction 

 

This paper presents the first results from our recent project on the recording and analysis 

of multimodal data from musicians in an ecological environment (a concert auditorium). 

The analysis concerns the emotional behaviour of musicians during a music performance. 

Two ongoing experiments are presented, which are the result of a joint work carried out at 

in the framework of the EU-IST project HUMAINE (http://emotion-research.net). The 

first experiment aims at investigating which gestural, acoustic, and physiological cues 

characterize musicians’ emotional processes in two different contexts: (i) when the 

musicians are induced by a psychologist into a specific emotional state (ii) when they are 

instructed to communicate the same emotional state to the audience. A form of 

autobiographical memory technique was chosen because its effects persist. It is known 

that speech deliberately manipulated to express emotion is not the same as speech 

naturally coloured by emotion. Our study is the first to consider whether the same applies 

in music. The second experiment focuses on the synchronization processes which are 

involved in the communication of the emotional content betweens musicians. Current 

work includes the study of synchronization problems, both intra- and inter-personal (both 

between musicians and between musicians and the audience). The paper focuses on the 

problems encountered, and on the design of the set-up needed to achieve multi-modal and 

continuous measurements of the musicians during their performance.  

 

2   The Experimental Setup and Multimodal Archive 

 
We designed and implemented an experimental setup in the auditorium of Casa Paganini 

(www.casapaganini.org), the new site of the InfoMus Lab in Genova, at the occasion of 

the Paganini International Violin Competition (see Fig.1). Our goal is to build a reliable 

archive of synchronized multimodal data useful for testing the emotional processes in 

musical performance. To achieve this, we needed to design an environment for the 



acquisition of synchronized multimodal data from two violin performers. Toward this 

aim, we decide to use different types of video-cameras, microphones, and special 

physiological sensors (the BioMuse system designed by Ben Knapp). For the generation 

of the multimodal archive, we developed a distributed network of computers running the 

EyesWeb XMI open software platform, each dedicated to a subset of the recording 

streams. The result was a synchronized recording of all the streams of multimodal data. 

We obtained an archive of 1500 GB of multimodal high quality data which is the start for 

subsequent investigation. 

 

 
 

Fig. 1 Setup for the Premio Paganini project 

 

 

 

3    Ratings studies with human participants 

 
The part of the experiment involving the audience was a real concert, where a subset of 

the measurements were shown and explained to the audience in real time during the event. 

The violin player selected from the semifinalists from International Violin Competition 

Premio Paganini was asked to perform the selected Bach canon, four times, with the four 

different emotions: anger, sad, joy, and serenity (verbal instruction was used in this case). 

Among the audience, 31 spectators performed a rating test in which they were asked to 

rate the intensity of each emotion (on a scale from 0 to 10). Analysis shows that all the 

expressed emotions were recognized by the audience: all intended emotions received 

higher mean ratings. To complete the analysis with between-subject measurements, we 

computed the number of emotion classes successfully recognized by each spectator. We 

found that only 20% of the spectators succeeded in recognizing all the emotions, but that 

90% recognized at least one emotion.  

In sum, the results showed that several spectators recognized some emotional content but 

sometimes the emotion did not match the emotion intended by the performer. The 

musician, directed with verbal instructions, thus succeeded partially in conveying 

emotional content during her performance. These results should be confirmed and 

extended by subsequent analysis on the multimodal data coming from the larger 

multimodal archive. 
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1    Introduction 

 

This paper presents a pilot experiment for the perceptual validation by human subjects of 

a motion segmentation algorithm, i.e., an algorithm for automatically segmenting a 

motion sequence or a dance fragment in a collection of pause and motion phases. Such 

validation of algorithm is a main issue in the development of multimodal interactive 

systems having human action and in particular human movement and expressive gesture 

as main input channel. The discussed experiment is part of a broader research at DIST-

InfoMus Lab aiming at investigating the non-verbal mechanisms of communication 

involving human movement and gesture as primary conveyors of expressive emotional 

content. Research is carried out in the framework of the UE IST Network of Excellence 

HUMAINE (Human-Machine Interaction Network on Emotion). 

 

 

2   Motion Segmentation  

 
Our expressive gesture analysis is carried out in a multilayered conceptual framework 

moving from low-level physical measures (e.g. position, speed, acceleration of body 

parts) toward descriptors of overall motion features (e.g., motion fluency, directness, 

impulsiveness) [2]. In such framework, motion segmentation occupies a central place 

since expressive qualities are extracted from segmented motion phases, and, at a higher 

level, extracted from the relationships between segments, including both motion and 

pause segments. Some expressive features rely on the temporal duration of motion and 

pause phases in relation with the total duration of the movement: e.g. fluidity and 

impulsiveness, which are taken as exemplary expressive cues on the present study. A 

movement (e.g., a dance fragment) performed with frequent stops and restarts (i.e., 

characterized by a high number of short pauses and motion phases) will result less fluent 



than the same movement performed in a continuous way (i.e., with a few long motion 

phases.).  

 

 

3    Perceptual validation of motion segmentation 
 

The experiment aims at the perceptual validation of the EyesWeb motion segmentation 

algorithm based on the Quantity of Motion measure. The QoM measure is related to the 

overall amount of motion which is evaluated by integrating in time the variations of the 

body silhouette (called Silhouette Motion Images). An adaptive threshold on QoM is then 

employed to automatically individuate movement strokes and therefore to segment 

movement in motion and pause phases. The purpose of the experiment was to compare the 

output of the algorithm with the judgements of 11 naïve human subjects, age between 20 

and 30 (n=11). These subjects were asked to indicate the motion and pause phases they 

perceived in a video set of two dance fragments by pressing the space bar of the computer 

keyboard during all the pause duration and to release it when they were thinking that the 

pause was over (Onset/Outset detection). These fragments consisted in the presentation of 

two different interpretations of the same choreography by a professional dancer: the first 

time the dance was performed in a fluent and smooth way, while the second performance 

was impulsive and jerky. The dances were recorded with a video camera placed in front of 

the stage. Subjects’ ratings were collected and then compared with the results obtained 

with the QoM-based algorithm. 

 

 

3    Results and future steps of investigation 
 

The comparison between subjects’ ratings and the output of the QoM-based segmentation  

showed that the developed algorithm performs a good detection of the most significant 

pause and motion phases in a pattern of movements and in particular in a dance fragment. 

It also appeared that subjects segmented dance sequence with equal ability in both types 

of performances. However, some delays in pause start detection appeared in the smooth 

performance and not in the hard one, Expressive features of the motion itself could then 

interfere with the segmentation process especially when pauses are close from one to 

another.  

We plan to investigate such interference between the expressive content conveyed by the 

dancer and the motion segmentation process by subjects by considering learning effects. 

We wonder whether (i) the motion segmentation evolves in time after a certain number of 

trials or if it remains constant since the beginning of the task and (ii) if the expressive 

content (hard or smooth) could influence such learning process. The obtained results 

should give new guidelines for improving motion segmentation algorithms able to 

emulating human perception. 
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Abstract. We present an approach for quadriplegic users to control mobile 
devices. Although several assistive technologies provide disabled users with 
computer or wheelchair control, there are still enormous interaction and control 
gaps to bridge: mobile device control is one of them. An EMG-based solution is 
presented as well as the system’s requisites, problems arisen and proposed 
solutions. 

Keywords: Accessibility, Electromyography, Quadriplegic, Mobile Device  

1   Introduction 

We are used to communicate with computers through keyboards and mouse pointer 
devices. Although several non-conventional input modalities appeared in the last few 
years the traditional approaches are still overwhelming. For any physically full-
capable individual there are several input modalities to choose from and it's a personal 
choice to use keyboards and mouse pointer devices to operate with computers. A part 
of the population, due to physical impairments, isn't able to choose and is often 
incapable of operating with electronic devices. 

1.1   Spinal Cord Injury 

Spinal cord injury (SCI), or myelopathy, is a disturbance of the spinal cord that results 
in loss of sensation and mobility. Spinal cord injuries can affect the communication 
between the brain and the body systems that control sensory, motor and autonomic 
function below the level of injury. The injury location influences the dysfunction 
degree the person will experience. The eight vertebrae in the neck are named cervical 
vertebrae. Depending on its vertebral level and severity, the individuals with 
tetraplegia experience a loss of motor and/or sensory functions in their head, neck, 
shoulders, upper chest, arms, hands and fingers. Injury between C1 and C4 is usually 
called high tetraplegia, while injury between C5 and C8 is called low tetraplegia. A 
person with low tetraplegia may still have partial motor/sensory function in his 
shoulder, arms, and wrists. A person with high tetraplegia has greater movement and 
respiratory limitations but normally still detain facial muscles control. 



1.2   Context and Motivation 

The limitations imposed by spinal cord injuries deprive the injured individuals from 
operating electronic devices like computers or mobile devices. Besides the drastic 
quality of life reduction directly imposed by the impairments, individuals also face a 
communication shutdown as they are often incapable of operating devices that make 
possible to communicate with others (computer, cell phone, PDA). It is a world wide 
concern to restitute disabled users communicative and control skills to improve their 
life quality. Although several assistive technologies have been developed to overcome 
some of the severe spinal cord injuried individuals limitations, there are still 
enormous gaps to bridge. To improve disabled users’ interaction with personal 
computers and the surrounding environment the most successful approaches are based 
on Eye-Movement, Brain function, Residual muscle capacities, breath, voice, among 
others. Although several severe impaired individuals can control a mouse pointer in a 
desktop PC, the usage scenario is limited and full of restrictions. Also, the actual 
systems are not suitable for mobility and do not take into account the real scenarios in 
a motorly disabled individual daily life. 

3   Electromyographic Texting 

Goals. Our goal is to offer quadriplegic individuals the basic control of a cell phone 
(including messaging; making, receiving and rejecting calls; managing the contact 
list) by using their residual muscle capacity as an input mechanism. 
The Users. To develop a system suitable for quadriplegic individuals we had to study 
their life habits and accommodation scenarios. It is clear that most of the control and 
communication solutions do not take into account the user’s daily habits and needs. 
Motor disabled users cannot move themselves properly and, in most cases, cannot 
change body position nor pick a cell phone or other device. 
Why Electromyography? By using this technique (EMG) we can focus on a wide 
target group (as any voluntarily contracted/moved muscle can be monitorized) and be 
exhaustive (explore the capacities the user has to offer while keeping the system 
usable and simple). Once again, Electromyography provides the setup liberty and 
adaptation to all the scenarios providing the necessary mobile device interaction tool. 
Furthermore, with an EMG based solution we can develop a solution that is 
independent from a display and offers the real scenario adaptation we looked for. 
System Design. We present a system where one can control computer applications 
through muscle contractions. For that purpose we need to collect the myographic 
signal (with surface Ag/AgCl differential electrodes), process it, detect muscle onset 
and act accordingly with the pre-defined action. 
Use Scenarios. To develop an effective and useful mobile device control system we 
had to consider real scenarios, particularly, considering the target population: sitting 
in a wheelchair or bed (with visual feedback and higher control) and lying in a bed, 
whether turned up or to the side (with voice feedback and reduced control). Only by 
considering these scenarios we can aim at a truly accessible control interface, 
requiring minimal aid from caretakers. 
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This article emphasises the importance of natural gestures and describes the 

framework and the development process of the “Signs Workshop” CD-ROM, which 
is a multimedia application for the promotion of early communication skills of 
children with developmental disabilities. Signs Workshop CD-ROM was created in 
the scope of Down’s Comm Project, which was financed by the Calouste Gulbenkian 
Foundation, and is the result of a partnership between UNICA (Communication and 
Arts Research Unit of the University of Aveiro) and the Portuguese Down Syndrome 
Association (APPT21/Differences).  

This project’s main objective was to research (and translate into an interactive 
multimedia application) examples of natural gestures from the Portuguese culture, in 
order to ensure the expansion and flexibility of its use by parent, educators and 
therapist who care for children with developmental disabilities, particularly children 
with difficulties in the development of speech. 

Children with developmental difficulties, especially those with Down Syndrome, 
present changes in the development and use of language, with particular emphasis at 
the speech development level [1] [2] [3] [4]. Hence, the subsequent difficulties to 
communicate surface since the pre-verbal stage, which result in a general tendency to 
show passivity in communicating and in a low ability to take initiative towards 
interacting with other individuals. 

The Sign Communication Systems or Sign Language Systems, when organized in 
symbolic or coded signs, are examples of the Augmented Communication Systems 
frequently used [5]. In effect, in the specific case of children with Trisomy 21, the 
Augmented Communication System designated as Total Communication 
(simultaneous use of signs and language) is intensively used as a temporary system of 
transition during the early stages of speech development. This transition temporary 
system is particularly appropriate to children who did not initiate speech exercise 
around the 12-18 months of age, and who, in consequence, present signs of frustration 
by their incapacity of being understood by parents, siblings or other individuals [5]. 

The research made by the APPT21/Diferenças team, with the objective of 
standardizing the signs to include in the CD-ROM, was gathered among Portuguese 
population (continent and islands) with diagnosed Down Syndrome, who, in an early 



age, uses or has used, at some point, Total Communication (simultaneous use of 
natural gestures and speech). To achieve its goal, the team produced an inventory 
built from existing national and international approaches: American Sign Language, 
Portuguese Sign Language Book, Portuguese Makaton, “See & Say” of the Sarah 
Duffen Centre of Portsmouth, and also information gathered from the experience of 
the APPT21/Differenças therapist team [6] [7] [8]. After analyzing the returned 
inventories, the team proceeded with the data treatment: the suggested signs were 
added to the initial inventory, and others were modified according to the parents and 
therapist’s recommendations. At the end of the research, the team was able to gather 
and standardize 184 signs. 

After the Signs Workshop CD-ROM development, many children with 
developmental disabilities have started using it, within the context of their 
personalized Early Intervention Programmes. These programmes aim at promoting 
early communication skills, cognition and motor development and include the use of 
natural gestures as a Total Communication System. The familiar context is the main 
focus of this intervention: both family members and the child are introduced to the 
natural use of gesture as an effective support of the spoken word. 
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Design of virtual environments for ergonomics has gained considerable re-
search interest in recent years. Many tools have been developed to perform er-
gonomic analysis in a virtual environment, for example: Jack, SAMMIE, MAN-
ERCOS, SAFEWORK, Delmia and RAMSIS.

Those tools are commonly used by designers to perform occupational er-
gonomic analysis on a virtual mock-up, by immersing a virtual human controlled
by direct or inverse kinematics. Within the above applications, the humans mod-
els cover about 90% of the population, but other humans with extra specificities
are unfortunately excluded, especially physically disabled persons.

A new tendency aims to provide databases [3] covering an even wider range
of population including persons with disabilities. Each record of such database
contains information concerning anthropometry, joints limits, common postures
and task specific behaviors for a singular person. Those data allow to display
the problems that each recorded individual is predicted to experience.

However, recorded behaviors cannot easily be extrapolated to new tasks or
custom individuals. After a presentation of the requirements for ergonomic anal-
ysis, we propose a framework which aims to overpass those restrictions.

To perform ergonomic analysis, the first step consists in providing a descrip-
tion expressing relevant ergonomic aspects of the environment. While many of
the existing tools are integrated in Computer Assisted Design software and rely
on accurate and complex geometric models, our workplace description only fo-
cuses on a functional view using a gesture based representation.

The next step concerns the integration of the virtual human in the environ-
ment. When creating virtual humans, there are varying notions of virtual fidelity,
depending on the application [1]. Interactive ergonomics necessitates to integrate
various information such as anthropometric data, functional ability, admissible
joint angles, maximum strengths, but also physiological data like recovery time
or fatigability. To model disabilities, a set of specific constraints is used to alter
the synthesized motion.

Finally, ergonomic analysis can be performed at severals levels. We propose
three analysis levels: the task level, the postural level and the dynamical level.
At the task level, empirical laws permit to evaluate the ergonomics of a specific
task from preliminary information without any simulation process. The occu-
pational level requires a postural or a motion simulation process to analyze the
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successive poses of the human during a specific task. The dynamical level deals
with the forces and torques implied by the motion. Physiological analysis can
then compute the impact of the motion on the human.

To perform ergonomic analysis on a disabled person’s workplace, we propose
an analysis-synthesis framework which allows to synthesize motor tasks from
physical information while providing ergonomic relevant information at each of
the analysis three levels.

As proposed, the virtual human’s physical information are represented by a
set of motion constraints, divided in three categories: global task constraints,
kinematic constraints and physical constraints. The framework is divided in two
parts. The first one concerns synthesis and transforms the selected interaction in
a motion respecting the specified constraints. The second part exploits the infor-
mation provided by the synthesis part to perform different levels of ergonomic
analysis.

We have developed a physical environment by integrating an existing dy-
namic simulator supported by a virtual reality platform called ARéVI. Simple
environments, responding to physics, can already be defined using simple geo-
metrical primitives. We are currently working to enhance the objects description
using the Smart Object framework.

A virtual human prototype, capable of pointing objects, has also been im-
plemented using the sensori-motor model described in [2]. The simple motion
primitives will be combined for simulating more complex tasks.

This paper aims to present our preliminary work on a framework for er-
gonomic analysis of a disabled person’s workplace.

Our perspectives are to concretize this framework and confront it to a use case
provided by ergonomists. We are planning to apply the framework to the sensori-
motor model with respect to natural control laws. Having a constraint compliant
model, we will experiment our gesture based approach to model disabilities.
Finally, we wish to evaluate our model using a real case study provided by
experts in ergonomy.

References

1. N. Badler. Virtual humans for animation, ergonomics, and simulation. Nonrigid
and Articulated Motion Workshop, pages 28–36, 1997.

2. S. Gibet and P.F. Marteau. A self-organized model for the control, planning and
learning of nonlinear multi-dimensional systems using a sensory feedback. Applied
Intelligence, pages 337–349, 1994.

3. J.M. Porter, K. Case, R. Marshall, D. Gyi, and R. Sims neé Oliver. Beyond Jack and
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Abstract. We present a body space based approach to improve mobile device 
interaction and particularly, on the move performance. The human body is 
presented as a rich repository of meaningful relations which are always 
available to interact with. Preliminary studies were carried and validate 
mnemonical body shortcuts as a new mobile interaction mechanism.  
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1   Introduction 

Mobile devices interaction differs from the usual interaction with desktop 
computers due to their different physical characteristics, input/output capabilities and 
interaction demands. The interaction while mobile is different because users' visual 
attention is not always focused on the device, making eyes-free and low-workload 
important characteristics to create a suitable mobile interface. Also, there is a core of 
applications that are used recurrently, and their menu access is often too slow due to 
the limited input capabilities. This implies the growing importance of shortcuts: users 
need fast application access. As voice shortcuts have a low recognition rate and low 
levels of social acceptance, key shortcuts don’t provide any auxiliary memorization.  

To overcome mobile shortcuts issues and ease on-the-move mobile device 
interaction, a gestural input technique is proposed. Gestures are a natural and 
expressive method of human communication and are often combined with body hints 
to empathize an idea (i.e. reaching the heart to show an emotion).  

2   Proposed Approach 

We propose the creation of mnemonics based on the association between 
applications and the body space. Mobile gestural interaction has to be strongly based 
on a high recall of commands and the human body with its meaningful associative 
space offers the needed, and always available, mnemonical cues. For example, the 
user should be able to trigger a clock with a gesture towards the wrist or open the 
music player with an approximation to the ears.  

Task Analysis. In order to capture the actual panorama considering shortcuts in 
mobile devices, 20 individuals were interviewed and observed. The task analysis 



consisted on a first part with questions about current habits on mobile phone 
interaction and in a second part where users were asked to reach the most used 
applications and contacts. It was found that 75% of the interviewed used key 
shortcuts, while none used voice shortcuts due to its social constraints and low 
recognition rates. An average of 5 key shortcuts is used, where 93% of the users 
execute them on a daily basis. Users with more programmed shortcuts reported 
difficulties in their memorization. In user observation, results show that people 
needed an average of 4 keystrokes to access the 3 most used applications and 5 
keystrokes to call the 3 most used contacts. Key shortcuts seem to be used but 
observation results reflect a large number of keystrokes. Users often make mistakes or 
simply forget to use them and apply menu selection. 

System Requirements. The system should be able to produce a shortcut after a 
recognized gesture. Some of these gestures can be predefined but the user has to be 
able to build personalized ones. Those gestures are intended to be associated with 
body space and store a meaningful body mnemonic to help in its future recall. 
Feedback is important and should be also personalized, giving the user the possibility 
to choose visual, speech, audio or vibrational feedback.  

RFID Body Shortcuts. To validate our approach we developed a RFID-based 
prototype able to associate body parts (through sticker tags) with any given mobile 
device shortcut (i.e. an application or a call to a certain contact). We selected RFID 
technology to apply our approach because it provides direct mapping, easing the 
creation of body shortcuts.  

Evaluation. The prototype was evaluated with 20 users in a controlled 
environment using a Pocket LOOX 720 with a compact flash ACG RF PC Handheld 
Reader. In the first stage of the evaluation the users were asked to select the five most 
frequently tasks effectuated with their mobile phones and associate them both with a 
body part and a mobile device key (in their own mobile device). Considering body 
shortcuts, it is interesting to notice that 89%, out of 18 users, related message writing 
with the hand, 88%, out of 17 users, related making a call to their ear or mouth and 
91%, out of 11 users, related their contacts to their chest, among other meaningful 
relations. An hour later, the users were asked to access the previously selected 
applications, following both approaches (body and key shortcuts). For each of the 
approaches the users were prompted randomly 20 times (5 for each application). 
Although several users selected already used key/application relations, 50% (10 users) 
made at least one error, with an average of 9% errors/user. Considering body 
shortcuts, only 15% (3 users) made a mistake with an average of 0.8% errors/user.  

 3 Conclusions and Future Work 

We presented a work in progress to improve shortcut execution in a mobile context 
focusing on the body space as a meaningful target for interaction. A RFID-based 
prototype was developed and evaluated. The conducted user studies showed that body 
mnemonics, besides meaningful, and sometimes universal, are easily recalled and 
surpass traditional key shortcuts.  The work will continue with focus on feedback, 
shortcut personalization and user acceptance issues.  
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The teacher’s non verbal communication surely has a determining role in the 

regulation of the socio-emotional and relational climate in class and in the 

transmission of feedback and of prejudice [1], thus affecting also the learning level of 

the students.  

The goal of the present work is to study the effects of gestures directly on the 

cognitive processes of the listener, conveying more information in addition to words. 

In particular, along with McNeill’s model [2], we believe that facilitation effects are 

predictable on the student’s comprehension and memorization processes, when the 

teacher uses iconic gestures. While under this point of view the efficacy of deictic  

and symbolic gestures is recognized, studies on iconic gestures are more 

contradictory.  

In this paper we will try to evaluate the effects of the teacher’s iconic gestures and to 

identify which elements make those gestures more or less useful for the students. 

Some evidence seems to confirm the possibility that iconics help the listener, but it is 

unclear what are the elements that make gestures more or less useful.  

Goldin-Meadow [3] suggested that gestures semantically redundant with cooccurrent 

speech make students’ understanding easier, while they hinder this process when they 

convey a different meaning from the one conveyed by words.  

But we have to consider that Goldin-Meadow mainly studied the effects of deictic 

gestures, through which the speaker merely points at the referent: here gesture-speech 

mismatch arises when a gesture shows a different referent from that of the speech. 

Iconic gestures convey much information that is not expressed by cooccurrent words 

and the way in which they represent referents can be very complex. Therefore, beside 

the presence of mismatches, many factors contribute to make these gestures more or 

less helpful to the listener: the prominence of the information the speaker decides to 

convey through the gesture; the degree of similarity between gesture shape and 

physical characteristics of the referent; the vividness of gesture, etc.  

According to McNeill’s [2] observation that children produce many more Character 

Viewpoint gestures than Observer Viewpoint ones, we hypothesize that they also 

understand and remember better words accompanied by these gestures.  

We carried out two studies to estimate the effects of the iconic gestures in general and 

specifically of their viewpoint on the students’ memory of words and short stories. 

In the first study we estimated the effects of iconic gestures and of their viewpoint on 

the students’ memory of words. 

As predicted by our hypothesis, we found that the students with teachers who 

communicate only by speech (without gesture and signals of other modalities) 

obtained lower scores in words memory tests, in all class grades. 
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Moreover, as C-VPT gestures are more accessible to children [2], the observation of 

C-VPT gestures while listening at words enhanced the students’ performance in 

memory tasks: students more frequently retrieved both words accompanied by C-VPT 

signals. The effects were limited to younger students: results show that C-VPT 

gestures seem to be of higher communicative power than O-VPT gestures for younger 

children, and that multimodality is less necessary in older students. 

In the second study we wanted to estimate the effects of teachers’ iconic gestures and 

their viewpoints on the students’ comprehension and memory of short stories. 

Data analysis in this study about viewpoint effects in story recall seems to confirm the 

decrease, during cognitive development, of the C-VPT positive effects. 

Also for memory of story task, C-VPT gestures help younger students more than 

older ones. Moreover, as in the previous task, teacher’s gestures seem to be more 

helpful for lower class grades students that in N condition performed significantly 

worse. 

Both studies show that the communicative value of iconic gestures already found for 

adults, and specifically of the gesture viewpoint, [4];[5];[6], is even higher for 

children. Moreover it results that younger children take advantage of the additional 

information provided by iconic gestures more than older ones, and that the advantage 

provided by character viewpoint in younger children holds not only on the production 

side, as found by McNeill [2], but also on the comprehension side.  

Finally, the results of our studies and the analysis of the videotapes confirm that the 

best way to assess the communicative effectiveness of iconic gestures is a semantic 

analysis that allows to consider the type of information they specifically convey. On 

this ground it will also be possible to re-assess the communicative effectiveness of 

gestures also in adults, for which the viewpoint does not seem as important. 
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1 Introduction

Sound spatialization has been explored as a musical tool by many composers and
a number of systems have been developed for controlling the position of sounds
in space. Even in the simplest implementations, sound spatialization is a multi-
dimensional application and with the development of more complex systems
incorporating modeling of sound source and room parameters the number of
controllable parameters has increased dramatically. Surprisingly, the interfaces
for controlling these systems have remained generally unchanged and so in most
cases using gesture to control spatial parameters is generally restricted to the
most common tasks, such as placing a sound source in 2-dimensional space.
On top of this, the actual interfaces to these systems generally consist of a
2-dimensional display with only mouse- or joystick-based input. Yet, it is the
multi-dimensional nature of sound spatialization that makes it interesting for
gesture control – giving rise to the question of how we control large parameter
spaces in an intuitive manner.

This paper describes ongoing development of various systems for the ges-
ture control of sound spatialization. This includes the development of standard
gesture tracking systems, e.g. data gloves and position trackers, and also novel
methods of control based on musical performance gestures and new gesture con-
trollers. The final goal of this work is to develop general methods – as well as
specific implementations – for allowing gesture control of spatialization systems
which can be used in real-time during concert performances. In particular, we
are focussing on those aspects of the control of spatialization which are not
common practice, that is, we focus less on current control of position of sound
sources and instead develop systems which allow for gesture control of sound
source parameters and room model parameters.

2 Controlling spatialization parameters using gesture

In order to determine how we can best offer gesture control of sound spatial-
ization, we began by examining existing spatialization systems to determine the
types of control parameters which they offer. These systems range in complexity



from sound source panning systems to complex positioning and room model sys-
tems such as ViMiC[1]. These parameters form the basis for our examination of
the control of spatialization. Some examples of parameters include sound source
position and orientation, source presence, room size and reverb time[2].

A number of issues arise with the control of sound spatialization, which must
be dealt with in order to arrive at an effective system. These issues can arise
from the spatialization system itself, or from the gesture control system. In par-
ticular we are concerned with issues such as the continuous or discrete nature
of variables (whether control or spatialization variables), the resolution of con-
trol, the frequency of parameter updates, the integrality and separability[3] of
control and spatialization variables and the cognitive load placed on the per-
former by the system. Along with these general issues, there are a number of
issues which specifically relate to the controllers for spatialization and which
must be examined when designing new gesture control systems. These include
the use of absolute or relative positioning systems, the use of current or ballistic
control, whether the sensing methods used have a return-to-zero feature or not,
the choice of isometric or isotonic sensing, and the provision of feedback to the
performer.

One example of a system which we have implemented to allow for control
of spatialization is that of a pressure-sensitive floor, which is used to control
spatialization parameters using the position of the performer’s center of mass.
Motion capture of cello performance has shown that this is a continous, slowly
varying parameter, primarily in one dimension. This makes it suitable for con-
trolling single spatialization parameters which do not need to change quickly
over the course of the performance. While this control parameter could be used
to change the position of a sound source, it would result only in a sound which
moves slowly from side to side in a repetitive manner over the course of the piece,
which may not make for an interesting or useful effect. Also, in such a case, if
the performer were to try and use this interface to deliberately steer a sound
this would result in extra loading on the performer which might distract from
their performance. On the other hand, using this control to manipulate a sound
source parameter such as brightness allowed control over the system without
requiring as much thought on the part of the performer. This presentation will
include examples of other control systems which we have developed to allow for
gesture controlled sound spatialization.
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