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ABSTRACT 

Speech communication involves normally not only 
speech but also face and head movements. In the 
present investigation the visual correlates to focal 
accent and to confirmation in Swedish are studied 
and a computational model for the movements is 
hypothesized. The head movements are recorded 
with the Qualisys MacReflex motion tracking 
system simultaneously with the speech signal. The 
results confirm earlier results that the head 
movements that co-occur with the signalling of 
focal accent in the speech signal will have the 
extreme values at the primary stressed syllable of 
the word carrying focal accent independent of the 
word accent type in Swedish. The nodding that is 
signalling confirmation is signalled by means of a 
damped oscillation of the head. The head 
movements in both cases may be simulated by a 
second order linear system and the different patterns 
are two of the three possible solutions to the 
equations. 

1. INTRODUCTION 

In face-to face communication speech is normally 
supplemented or accompanied with different 
gestures such as eyebrow and head movements and 
in some cases the gestures actually replace the 
speech signal [1, 15]. A detailed study of  these 
phenomena may provide insight into how the 
communication by different modalities is related to 
each other and how the movements of the head look 
like [2, 3, 4]. 

These natural movements seem also to be of great 
importance for man-machine communication when 
we are using a talking head as a computer interface 
[2, 3, 4, 14]. It looks quite unnatural if we are only 
animating the lips to the segmental flow. In these 
applications we need facial expressions, head and 
eyebrow movements for the interaction. Some of 

these movements act as turn-taking signals [2, 12, 
14]. During dialogues and reading, the facial 
movements, and head movements such as 
expressions nodding, are important for the 
understanding of communication [5]. 

Studies show that in the visual domain there is a
difference between focused and non-focused speech 
and the fundamental frequency manifestation has 
some visual equivalent in different gestures [9, 4]. It 
is also shown that the head movements that co-occur 
with the signalling of focal accent in the speech 
signal will have the extreme values at the primary 
stressed syllable of the word carrying focal accent 
independent of the word accent type in Swedish [6].  

In this investigation we will study the head 
movements that are signalling focal accent in read 
speech and the head movements that are signalling 
confirmation. New information in a sentence will 
have the focal or sentence accent [8].   

The main purpose of this investigation is to simulate 
the movements by a biologically motivated 
computational model. Experimental data collected 
in the experiments are used to calculate and simulate 
the model. 

2. EXPERIENTAL DESIGN 

���� Technical Equipment 

For recording, we used the Qualisys MacReflex [10] 
motion tracking system. During the recordings, the 
movements of a set of markers placed on the face of 
the speaker are simultaneously registered in three 
dimensions. The markers are 4 millimetres wide and 
reflect infrared light, making them visible and easily 
trackable by IR-sensitive cameras. The system uses 
four cameras to recover the full 3-D motion of each 
marker, operating with 60 frames per second. A pair 
of spectacle frames is used as fixation points. The 
set-up is illustrated in Figure 1. 
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Figure 1.  The positions of the reflecting markers during the 
recording. 

���� Focal accent in read speech 

A set of utterances containing three main stresses 
was constructed in such a way that each main stress 
was either a monosyllabic word or a disyllabic word 
carrying the tonal word accent-I or a disyllabic word 
carrying the tonal word accent-II. In reading these 
sentences each speaker systematically assigned the 
focus to different positions of the utterances by 
imagining that she/he answered different key 
questions. The original sentences were: 

• En man vann en ål. ”A man won an 
eel.”, monosyllabic, accent-I words. 

• Mannen vinner ålen. ”The man wins 
the eel.”, disyllabic, accent-I words. 

• Mamman lånar nålar. ”The mother 
borrows needles.”, disyllabic, accent-II 
words. 

The sentences were read in five randomly ordered 
sequences by 3 male speakers.

���� Confirmation 

In this study we want to investigate and understand 
how humans use head gestures such as nodding 
“yes” or shaking “no” with the head. We reproduced 
a communicative scenario as close as possible to the 
natural dialogue. In order to study these 
communicative head movements a conversation 
between two subjects as a question-answering was 
prepared. The head movement of the subject who is 
answering the questions was recorded. In answering 
the “yes” questions, subjects would just use a nod as 
an answer.

���� Measurements 

The coordinates for the markers were measured in 
order to get the horizontal (x), vertical (y) and the 
depth (z) movements of the head. The acoustic 
signal that is synchronized with the movements of 

the markers is used in order to relate the movements 
to the segmental flow and to the manifestations of 
the fundamental frequency contour. 

3. DATA ANALYSIS 

We obtain the 3D trajectories for each of the marker 
points as the output of the tracking system. As we 
focus on head movement, the coordinates for one of 
the markers in the middle of the spectacles were 
measured. The software-package “WaveSurfer” [13] 
is used for analysing speech and movement data 
files collected by the Qualisys MacReflex system.  

Figures 2 and 3 illustrate some “typical” head 
movements of one of the speakers. The 
spectrogram, the fundamental frequency contour 
and the head movement patterns in vertical direction 
(y) are shown.  

The speaker uttering two sentences containing one 
main stress each is shown in Figure 2 and Figure 3. 
In these two sentences, "nålar" and "vinner" are 
disyllabic words carrying the tonal accent-II and 
acent-I respectively.  

Figure 2.  Typical head movement in vertical (y) direction with 
the fundamental frequency contour and spectrogram from the 
sentence, ”Mamman lånar NÅLAR.”, containing the stressed 
word NÅLAR. 

Figure 3. Typical head movement in vertical (y) direction with 
the fundamental frequency contour and spectrogram from the 
sentence, ”Mannen VINNER ålen.” ", containing the stressed 
word VINNER. 
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The figures show that the focal accent is manifested 
in accent-I words by means of a rise of the 
fundamental frequency in the main stress syllable, 
Figure 3. In accent-II words (the prime prosodic 
characteristic of Swedish compounds), the rise will 
occur in the syllable carry secondary stress, Figure 
2.

The head movement patterns in vertical direction (y) 
are down and up. The head movement pattern’s 
extreme point is synchronized to the primary 
stressed syllable of the focused word irrespective of 
whether the focused word carries the tonal accent-I 
or accent-II [11]. 

The following figure illustrates some “typical” head 
movements in absence of the acoustic speech 
signals such as nodding “yes”. The head movement 
pattern in vertical direction (y) is shown in Figure 4. 

Figure 4.� �The head movements during nodding or “yes”-
answering. 

4. THE COMPUTATIONAL MODEL 

An attempt was made to account for the data in 
terms of a simple dynamic model of head-neck 
movement. We assumed that the head movement 
observed reflected some of mechanical and 
physiological constraints under which the speech act 
occurs. Below the proposed model will be further 
illustrated by means of an elementary dynamic 
model of the head-neck. We model a damped mass-
spring system.  

Figure 5. Mass with spring and damper mechanism. 

The simple damped mass-spring system is shown in 
Figure 5. The head-neck control system can be 
considered to have one degree of freedom and to be 
characterized by a certain mass m, damping constant 
c and spring stiffness k. The displacement y(t) when 
a muscular driving force f(t) is applied to it is 
governed by the standard equation of motion.  

)(�������� =++ ��� (6.1)

Where dots represent differentiation with respect to 
the time variable t. The observations suggest a 
functional model for head-neck control system, 
which generate a shape of head movements during 
speech. The shape of the head movements suggests 
that it can be approximated by the response of the 
second-order linear system. This system is 
represented by following equations with three 
different solutions, (Equation 6.2). 
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( )�������� ⋅== 2���� βα

The head-neck control system performs a head 
movement in vertical y direction for the utterance 
containing the focused word. In order to reach its 
target positions in such a sequence a time-varying 
force must be applied to it. For simplicity we 
deliberately neglect the physiological constraints on 
the rate at which muscular force is known to 
develop and make the value of this force constant 
for the movement of the head.  

For our system, the exponential terms are of the 
form �

�
�⋅−α and we are particularly concerned with 

the asymptotic behaviour of solutions to the system. 
An exponentially changing is created for β =1 in 
the Equation (6.2) corresponds to the critically 
damped transient function. Thus, we assume that the 
head motion during speech has a shape similar to 
the step function response of a critically damped 
second order linear system. It may be represented 
by:

( ) ( ) ( )      21 ������ −= (6.3)

Where ( )�� is a function of time of following shape: 
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Where T is the start time to the second unit step 
function, γ  and α  are parameters characterizing 
the second order linear system as the amplitude and 
rate of change of motion. 

According to the assumption made, we should be 
able to use a system controller to have a stable head 
movement simulation of the head movements of the 
utterances containing focal accent [11]. In Figure 6, 
and 7 the results of the simulations are presented.  

Figure 6.��The simulation of the utterance:” mamman lånar 
NÅLAR.".

Figure 7. The simulation of the utterance:” mamman lånar 
NÅLAR."

Our model also can be used to calculate the head 
nodding. For the case of the head movements 
related “yes” answering. Since the damping forces 
that dissipate the vibrational energy of the system 
are very small we assume that the system is 
underdamped, β <1 in the Equation (6.2). The 
solution to a generalized underdamped system 
impulse response is shown below in Figure 8.  

Figure 8.  The simulation of the head movements for the "JA" 
(“Yes”) manifestation. 

5. CONCLUDING REMARKS 

Based on our study, communicative head 
movements seemed to be highly synchronized to 
one’s own speech. In order to realize 
communicative behaviours in talking head system, 
one has to understand the basic mechanisms of face-
to-face communication. Synchronization between 
participants is aided by the number of channels we 
have at our control to convey information to our 
partners. We have examined some communicative 
movements in form of head nodding signalling 
agreement and head movements that co-occur with 
focal accent or new information. As is shown 
confirmation of the model is done by comparing 
experimental data collected with estimated data 
using our model. 

We calculate the head movement marked focal 
accent by building a second-order equation 
involving a set of parameters, then solving these 
equations. The obtained equations describe its 
constraints on the movement curve. It can calculate 
one direction at a time. Our computational model 
approximates the oscillation frequency of the head-
neck movement as a function of muscle tensions i.e. 
a mass- spring-damper system that is represented by 
a second-order system.  

Developing a model for head movements using 
second order system is not a new task. According to 
previous studies, the contour of the voice 
fundamental frequency is the consequence of 
control of vocal cords vibration [7, 16]. They 
suggested an approximate function model of pitch 
control in speech production and the whole process 
of the F0 contour have been described as a 
quantitative model. To be noted is that our model 
for the head movements follows the same line of 
thought as that for the F0 contour during speech. 
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