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Abstract

Facial expressions during speech are especially useful
for understanding feelings. Moreover, they are impor-
tant also in the world of animation and video games be-
cause to make these more realistic, the animation has to
take into account real facial expressions. Motion capture
is useful for measuring realistic facial expressions. In
this research, to find the relationship between head and
eyebrow motion and pitch during Japanese speech, vari-
ous data was collected and analysed (e.g., comparing to
average of the head and eyebrow movement, comparing
the pitch peak ranking and the ranking of the amount
of head and eyebrow movement, observing the regular-
ity of head and eyebrow movement before and after the
high pitch point, etc.) Motion capture was used to cap-
ture the movement of the head and the eyebrows, and
Praat, acoustic analysis software, was used to analyze
the voice. MATLAB, mathematical software, was used
to express the motion capture data as numerical values
and to analyze them. As a result, there was no relation-
ship between eyebrow movement and pitch, before and
after of the pitch point in Japanese.

1 Introduction

Recently, the technology for making animation and
game characters has developed rapidly in Japan. Move-
ment of animated characters very closely mirrors human
movement. Facial expressions have especially important
meaning for animators, game creators, and viewers be-
cause people can feel emotion not only through speech,
but visually as well. Facial expressions are, of course,
very important not only in animation and game design,
but in real communication too. People have improved
their communication skills not only through words but
by sending and receiving information visually. Motion
capture systems are very useful to animators who are
converting human movement to animation. By using
a motion capture system, human movement can be ex-
pressed directly as digital data, and this has resulted in
dramatic developments in animation recently.

However, unnatural movements still exist in anima-
tion, especially those related to speech. The relationship
between the pitch of the voice and the movement of the

head and eyebrows has been investigated and noted for
English [1] [2], but, to our knowledge, it has not been
investigated for Japanese speech. In the animation of
Japanese characters, it is not known whether the move-
ment of the head and eyebrow is correct when the pitch
rises.

In this research, a motion capture system was used to
capture head and eyebrow movement during speech, and
Praat (open source audio-visual software for recording
and analysis of the voice) was used to analyze where the
high pitch is and whether a relationship exists between
the movement and the pitch. In this experiment, only the
vertical movement of the head and eyebrows were in-
vestigated, and only the high pitch points were analyzed,
even though there are at least five kinds of pitch contours:
rising, falling, flat, bell-shaped, and complex [3]. Since
Japanese is a natural language, a relationship is expected
to exist for Japanese speech because head/eyebrow mo-
tion and pitch have a close relationship in English [1].
This research could be useful for improving facial ex-
pressions and making head and eyebrow motion more
realistic in animation.

2 Past Research

In past research, Cave et al. [1] found that, for English
speaking subjects, 71% of rapid rising-falling eyebrow
movements were associated with F0 rises. Granstrom
and House [2] investigated facial gestures using mo-
tion capture. Their research focused on movements of
eyebrows, and tested the relationship between eyebrows
and pitch during speech with the idea that many facial
gestures used for communicative purposes do not affect
acoustics directly, but might nevertheless be connected
on a higher communicative level in which the timing of
the gestures could play an important role. The markers
used in motion capture were placed in 30 positions, for
example, eyebrow, cheek, chin, chest, nose, etc. Their
aim was to create an animated talking agent capable of
displaying realistic communicative behavior and suitable
for use in conversational spoken language systems, e.g.
a virtual language teacher.
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3 Method

3.1 Subjects
The subjects consisted of 11 native Japanese: 10 men
and 1 woman. The subjects were each from a differ-
ent hometown, and thus spoke a slightly different dialect,
but, as this research did not focus on dialect, only on the
movement of head and eyebrows at peak pitch points,
this was not an issue. The subjects didn’t know what the
purpose of this experiment was, and understood it was to
collect recordings of natural Japanese conversation.

3.2 Apparatus
The experiment setting can be seen in Figure 1. The mo-
tion capture system is VICON, ver.2.0. A Shure SM10A-
CN model headset microphone was used to record the
subjects’ voices, and an Audio-Technica AT-MA2 am-
plifier was used to amplify the sound from the headset
microphone and feed the signal to a Mac computer. A
wooden clapper was used to synchronize the audio and
motion tracking data.

Figure 1: Experiment setting

The motion capture system is technology that
records the movements of a real person or other objects
digitally. Motion capture systems are of three types: op-
tical, magnetic, and machine type. In this research an
optical motion capture system was used. The motion
capture system consists of the Vicon software that ana-
lyzes movement, markers that reflect infrared light, cam-
eras that produce infrared rays and capture the light from
markers.

The camera captures the position of markers applied
to the body. Care was taken not to put things on the body

that reflect light (e.g., metal objects) because the camera
would have misunderstood these objects as markers. In
this experiment, four cameras mounted on tripods were
used. All markers must be detected by two or more cam-
eras so that the three dimensional position can be cal-
culated. Thus, the system needs to be calibrated before
data collection, because it is necessary to understand the
position of all cameras relative to each other, and their
direction.

In the experiment, the markers were attached at ten
places. Three markers were attached on each eyebrow,
one marker was attached on the headset microphone, one
on the chest, and two markers were attached on the clap-
per. The marker positions are shown in Figure 2.

Figure 2: Marker positions

3.3 Procedure
3.3.1 Data Collection

This experiment was limited to subjects who could speak
Japanese natively. Each person was from a different
hometown. The subjects, wearing ten markers and a
headset microphone, talked natural Japanese to the re-
searcher about various topics and the data were recorded
and captured. Example topics were created, such as re-
cent news, a personal question for each of the subjects,
etc. and these can be seen in Table 1. The order of pro-
cedure in the experiment was as follows. At first, the
capture was begun by using VICON. Next, the recording
of the voice was begun by using Praat with a MacBook
Pro laptop computer. Before the conversation started, the
clapper was sounded, because the motion capture data
and Praat data were being recorded at the same time and
needed to be synchronized. If the conversation was fin-
ished or stalled, the recording was stopped. In the exper-
iment each subject provided four conversations.



University of Aizu, Graduation Thesis. March, 2008 s1120182 3

Sample of topic title
Thesis What is your topic?
Graduation travel Where do you want to go?
Life cycle What is your daily life cycle
Snow Did you change your car’s tires?
Kameda (boxer) Thoughts about press meeting

Table 1: Sample conversation topics used

3.3.2 Data Analysis

After the data collection, the audio data was opened with
Praat. After opening the edit screen, the voice data is
shown as a spectrogram, displaying the pitch. If the
range of the pitch is not suitable to display, it can be
changed. The time of the parts where the pitch goes
up was chosen for each sentence. The method of cal-
culating the time was by subtracting the point where the
pitch goes up from the time where the clapper is sounded
(see Figure3). This is an important point in the analysis.
Moreover, the mean pitch of each sentence was calcu-
lated because this was used to compare to the peak pitch
data.

Next, the CSM file that was recorded using mo-

Figure 3: Method of how to get time T

tion capture was read with MATLAB. The coordinates
of the markers to be analyzed (eyebrow and headset mi-
crophone) are obtained. The changes in the z-coordinate
were calculated between the chest center maker (CC)
and the headset microphone marker (HM) and each eye-
brow marker (LEC,REC). The distance L was calculated
only in z-coordinates because only vertical movement
was analyzed in this experiment. The data was analyzed

before and after 200ms from the high pitch point, be-
cause it would be difficult to see changes if only the time
T (at exactly the pitch peak) was analyzed. The follow-
ing values were calculated: peak pitch (Hz), mean pitch
of the each sentence (Hz), the vertical distance of HM to
CC, the vertical distance of each eyebrow (LEC,REC) to
CC, and the pitch ranking of each sentence. It was an-
alyzed whether there were some interrelations between
body movement and pitch.

4 Results

Three types of results are now presented. Table 2 shows
results of the test of whether the head and eyebrow posi-
tion is higher or lower than each sentence’s mean at the
peak pitch point. As seen in Table 2, both percentage are
almost the same. The head and the eyebrows do not tend
to be higher or lower at the peak pitch point. Table 3
shows whether the head and eyebrow positions are high-
est at the highest pitch point. Results do not show any
regular tendency because the total percentages were low.
Figures 4a and 4b are examples of examining the head
and eyebrow movement 36 frames before and 36 frames
after the highest pitch point because a relationship may
not be detected if one only analyzes the high pitch point.
It is clear that there is no relationship between the two
and this is also true in most other graphs of this data.

Head Eyebrow
Subject Higher

than
mean

Lower
than
mean

Higher
than
mean

Lower
than
mean

A 45.00% 55.00% 45.00% 55.00%
B 55.74% 44.26% 52.17% 47.83%
C 51.16% 48.84% 55.81% 44.19%
D 46.67% 53.33% 48.65% 51.35%
E 69.23% 30.77% 57.69% 42.31%
F 45.45% 54.55% 68.42% 31.58%
G 50.00% 50.00% 57.69% 42.31%
H 41.67% 58.33% 25.00% 75.00%
I 62.50% 37.50% 47.62% 52.38%
J 33.33% 66.67% 50.00% 50.00%
K 62.50% 37.50% 30.00% 70.00%
Average 51.20% 48.80% 48.91% 51.09%

Table 2: Probability of higher or lower than each marker
mean
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Subject Head Left eye-
brow

Right eye-
brow

A 36.84% 47.37% 42.11%
B 15.38% 38.46% 23.08%
C 18.18% 27.27% 18.18%
D 40.00% 30.00% 20.00%
E 14.29% 28.57% 14.29%
F 50.00% 16.67% 0.00%
G 33.33% 66.67% 16.67%
H 0.00% 50.00% 25.00%
I 44.44% 11.11% 22.22%
J 33.33% 0.00% 33.33%
K 18.18% 36.36% 27.27%
Average 27.64% 32.04% 22.01%

Table 3: Probability of whether the head and eyebrow
position are highest at the highest pitch point.

Figure 4a: Graph of distance from HM to CC showing
before and after the high pitch point for one sample
subject

5 Discussion
In this experiment, a relationship between head and eye-
brow movement during speech in Japanese could not be
seen. However, there are some points that had to be con-
sidered in this experiment. First, subject’s local accent
and dialect had to be considered. When the voice data
were analyzed, the pitch showed more clearly for people
who spoke standard Japanese than people who spoke a
local dialect. Second, some subjects felt nervous during
data collection. To record natural conversations, subjects
who were acquaintances of the researcher were chosen
in this experiment. However, some subjects could not
speak naturally because of the unfamiliar environment of
the motion capture room. Third, there might be a point

Figure 4b: Graph of distance from HM to LEC showing
before and after the high pitch point for one sample
subject

where the head and the eyebrows rise further before or
further after the peak pitch, though the results did not
show this when just the peak pitch point is seen. Further
research should address that point.

Ishihara [4] wrote that Japanese accent occurs in front
of the verb even if the subject and the object are moved
in the same sentences. This is a very important rule in
Japanese stress. For example, in (1) and (2), it can be
seen that the accent position is in front of the verb even
though the word position is changed. In English, the po-
sition of the accent can be easily changed though the po-
sition of the words is inflexible because of grammatical
rules (see (3), (4), and (5)). Thus, Japanese sentence-
level stress is predictable, but English sentence-level
stress is not predictable. It is thought that this is one
reason why the results were different from the English
results of Cave et al. [1].

Japanese-1 [
��������� ´	�
����� ] (1)

Japanese-2 [
������	�
 ´��������� ] (2)

English-1 [The cát sat on the hat] (3)
English-2 [The cat sát on the hat] (4)
English-3 [The cat sat on the hát] (5)

6 Conclusions and Future Work
In conclusion, there was no relationship between
head and eyebrow motion and pitch during speech in
Japanese.

Future research should consider classifying sentences
according to their type (e.g., doubt, affirmative, and de-
nial), and this may indicate a relationship between move-
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ment and pitch. Moreover, because it might be guessed
that the peak of head and eyebrow motion appears before
or after the peak pitch point, this point should be consid-
ered more deeply in future research. In English, there
is a relationship between pitch and head movement and
further research should elucidate the differences between
Japanese and English.
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