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ABSTRACT

An audio-visual intelligibility score is generally
used as an evaluation measure in visual speech
synthesis. Especially an intelligibility score
of talking heads represents accuracy of facial
models[1][2]. The facial models has two stages
such as construction of real faces and realization
of dynamical human-like motions.

We focus on lip movement synthesis from in-
put acoustic speech to realize dynamical motions.
The goal of our research is to synthesize lip move-
ments natural enough to do lip-reading.

In previous research, we have proposed a lip move-
ment synthesis method using HMMs which can in-
corporate a forward coarticulation e�ect and con-
�rmed its e�ectiveness through objective evalua-
tion tests.

In this paper, subjective evaluation tests are per-
formed. Intelligibility test and acceptability test
are conducted for subjective evaluation.

1. INTRODUCTION

In research of human perception, the integration
of auditory and visual modalities has been inves-
tigated by tests of audio, visual, and audio-visual
speech intelligibility. These intelligibility scores
are evaluated by not only a natural human face
but also a synthetic talking face. Especially the
intelligibility score of talking heads represents the
accuracy of the facial models . The accurate syn-
thesis of talking heads needs to be elaborately
re-synchronized with input acoustic speech sig-
nals, lip synchronization. The lip synchroniza-
tion of talking heads are normally realized for
the text-to-(audio-visual) speech systems, where
the visual parameters for the lip movement syn-

thesis are prepared in advance. However the vi-
sual parameters can be synthesized from the in-
put acoustic speech signals using the correlation
between auditory speech and visual facial param-
eters. This speech-to-lip movement synthesis can
save the transmission bit rate of facial images in
multimedia communication.

Thus we focus on lip movement synthesis to real-
ize dynamical motions from input acoustic speech.
The goal of our research is to synthesize lip move-
ments natural enough to do lip-reading. If such
elaborate lip motions can be synthesized, hearing
impaired people may be able to recover auditory
information by reading the visualized lip motion.

Mapping algorithms from acoustic speech sig-
nals to lip movements have been reported based
on: Vector Quantization(VQ) [3][4] and Gaus-
sian Mixtures [5] These methods require extensive
training sets to account for context information.
The required audio-visual data increases in pro-
portion to the time length over the preceding or
succeeding frames.

A di�erent approach uses speech recognition tech-
nique, such as phonetic segmentation [6] and Hid-
den Markov Model (HMM) [7][8][9][10]. These
methods convert the acoustic signal into lip pa-
rameters based on information such as a pho-
netic segment, a word, a phoneme, an acous-
tic event and so on. The HMM-based method
has the advantage that explicit phonetic infor-
mation is available to handle coarticulation ef-
fects caused by surrounding phoneme contexts. In
speech recognition, the forward or backward coar-
ticulation e�ects are generally dealt by using with
biphone or triphone HMMs. However these bi-
phone and triphone models require a large speech
data and extensive training.

In previous work, we have proposed an HMM-
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based lip movement synthesis method that is
driven by a speech recognition process and that
incorporates lip movement coarticulation e�ects.
Moreover it has been veri�ed that the proposed
method is more e�ective than the conventional
VQ method by the objective tests.

However, it is important to con�rm the perfor-
mance by not only objective evaluation but also
subjective evaluation. Therefore subjective eval-
uation tests are performed in this paper. In ad-
dition to the intelligibility test, we adopt the ac-
ceptability test in line with subjective evaluation
of audio speech synthesis.

2. SPEECH-TO-LIP MOVEMENT
SYNTHESIS METHODS

We introduce the speech-to-lip movement syn-
thesis methods before describing the subjective
evaluation tests. We describe conventional VQ-
based and the HMM-based methods, then de-
scribe the proposed context dependent HMM-
based method.

2.1 VQ Method

The VQ-based method maps a VQ codeword vec-
tor of an input acoustic speech signal to visual
parameters frame-by-frame.

The VQ-based method generates both audio and
visual speech VQ codebooks by training data.
Each audio VQ code is assigned to the output
visual parameter VQ code by the training.

In the synthesis process, an acoustic codeword
vector for input auditory speech is selected
to minimize the distance between the acoustic
speech parameter and an acoustic codeword vec-
tor of the acoustic speech VQ codebook. Then
the output visual parameters are retrieved as a
visual speech VQ code associated with the input
acoustic codeword vector.

The visualized lips images are reconstructed by
the visual parameters.

2.2 HMM Method

The HMM-based method maps from an input
acoustic speech signal to lip parameters through
HMM states determined by the Viterbi alignment.
The Viterbi alignment assigns an input frame to

the optimal HMM state by maximizing the like-
lihood of input acoustic speech. In this paper,
phoneme HMMs are used so that the combination
of phoneme HMMs can produce any utterance se-
quence.

The HMM-based method is composed of two pro-
cesses: a decoding process that converts an in-
put acoustic speech signal to a most likely HMM
state sequence by the Viterbi alignment and a ta-
ble look-up process that converts an HMM state
to corresponding lip parameters. The lip param-
eters for each HMM state in the look-up table are
also trained using the Viterbi alignment.

2.3 SV-HMM Method

we have proposed a new HMM-based method tak-
ing into account the succeeding viseme context,
which is called the Succeeding-Viseme-HMM-
based method (SV-HMM-based method).

This proposed HMM-based method produces vi-
sual parameters through incorporation of coartic-
ulation information. In speech recognition, coar-
ticulation e�ects are generally dealt using HMMs.
Biphone or triphone HMMs are modeled as de-
pending on preceding and succeeding phoneme
contexts. However, the number of the biphone
or triphone HMMs is the squared or cubed num-
ber of the monophone HMMs so that the training
for all models requires large amounts of acoustic
speech data. Moreover, collection and prepara-
tion of such large corpora of synchronized audio-
visual data is quite expensive.

On the other hand, the proposed method contin-
ues to use the monophone HMMs of context inde-
pendent models but synthesizes visual parameters
with context dependency. The proposed method
generates context dependent visual parameters by
looking ahead to context independent HMM state
sequence.

Although coarticulation e�ects are bidirectional,
the focus in this paper is on forward coarticula-
tion because estimation errors in the HMM-based
method are a�ected more by forward than back-
ward coarticulation.

Moreover, the use of visemes reduces the number
of context dependent lip parameters. Visemes are
de�ned by the distinguishable postures of the vis-
ible mouth articulation, associated with speech
production. The postures of the mouth in the
same places of articulation can not be distin-



guished. Visemes of succeeding phonemes have a
strong coarticulation e�ect on current visual pa-
rameters.

The training algorithm of the SV-HMM-based
method di�ers from the HMM-based method with
context independent lip parameters only in its use
of the viseme classes of succeeding phonemes. The
training and synthesis steps are as follows.

Training Algorithm

1. Prepare and parameterize data of synchro-
nized acoustic speech signals and 3D lip po-
sition data.

2. Train the acoustic phoneme HMMs using the
training acoustic speech parameters.

3. Align the acoustic speech parameters into
HMM state sequences using the forced
Viterbi alignment.

4. Classify all frames into viseme classes by
looking ahead to succeeding phoneme con-
texts.

5. Average synchronous lip parameters for the
frames associated with the same HMM state
and the same viseme class of the succeeding
phoneme context.

Synthesis Algorithm

1. Align an input acoustic speech parameters
into an HMM state sequence using the
Viterbi alignment.

2. Determine the viseme classes of the succeed-
ing phoneme contexts at each frame.

3. Retrieve the output lip parameters associ-
ated with the HMM state and the viseme
class.

4. Concatenate the retrieved lip parameters as
a lip movement sequence to synthesize the
visualized lips.

3. SUBJECTIVE EVALUATION
EXPERIMENT

In the previous section, the Euclidean error dis-
tance gave an objective distance between the syn-
thesized lip parameters and the original lip pa-
rameters. However, it is not certain whether these
values reect the error perceived by a viewer.
Therefore we performed subjective tests to evalu-
ate the quality of the synthesized lip motion. In
the �eld of speech processing, standard subjec-
tive testing consists of two procedures: the in-
telligibility test and the acceptability test. The

intelligibility of speech test quanti�es the amount
of transmitted information perceived by the sub-
jects. The acceptability of speech test deals with
perceiver judgements of naturalness. Both of
these preliminary tests were used to assess the
quality of the lip movement synthesis.

3.1. Intelligibility Test

In this paper, the intelligibility score is de�ned as
the percentage of all syllables that were identi�ed.
The test was performed by four normal Japanese
subjects unfamiliar with lip-reading.

3.1.1 Method

Subjects

Ten young adults participated in the experiment.
The subjects were all native speakers of Japanese,
and they have normal hearing and normal or cor-
rected vision. They were volunteer students of
NAIST.

Stimuli

The stimuli were CVCV nonsense Japanese
words. They are selected out of the 102 disyl-
labic nonsenese words list, which is reported by
the project which aims to standarize the evalu-
ation of the intelligibility of Japanese synthetic
speech[12]. The second syllable in the list is se-
lected from all the Japanese syllables whose vow-
els /a/,/i/,and /u/. The vowel of the �rst syllable
in the list was the same as the one of the second
syllable except for eleven C/a/C/i/ syllables. The
lip movement synthesis methods are evaluated us-
ing the second consonant of the disyllable, which
have been veri�ed to reect well the intelligibility
of the normal sentence[13].

The 102 nonsense words were recorded by a video
camera for this subjective evaluation. The other
326 word audio-visual data for construction of
HMMs and VQ codebooks was recorded by the
3D position sensor system. The data consists of
3D positions of the markers.

The test audio data was digitized at 12kHz with
16 bit resolution. The length of each word is al-
most 2 second.

The trial words are conducted considering the dis-
tinction of the visual lip shape out of the non-



sense words list. Audio-visual perception stud-
ies for Japanese show that Japanese speakers rely
less on visual speech information than do En-
glish speakers[14][15]. However another report de-
scribes that the intelligibility of only the bilabial
consonants show 90% even in the Japanese. More-
over Sekiyama et al.[16] have investigated the con-
sonant ranking to do easy lip-reading. The result
shows the consonant /w/,/p/,/h/,/py/, /m/ are
easy to be recognized.

We selected the 9 stimuli out of the 102 words
list for the subjects. The consonants are selected
from three category of /w/, the bilabial conso-
nants, and the other consonants except bilabial
consonants unaccustomed lip-reading.

The synthesized visual parameters are visualized
by the ICP 3D lip model[11]. The orientation of
the lips was �xed frontally. The lips were synthe-
sized at 125Hz. The actual output 25Hz frames
were constructed by lip parameters averaged in
every �ve frames.

Experimental Design

The presentation is classi�ed as the �ve synthesis
methods ; lip image sequence from natural hu-
man visual parameter, synthetic VQ, synthetic
HMM, synthetic SV-HMM visual parameters. In
the intelligibility test, the stimulus by the HMM
and SV-HMM methods are prepared without the
forced Viterbi alignment.

The noise comtaminated speech is presented for
the purpose of degrading the estimation from au-
dio speech. White Gaussian noise was added
to degrade the acoustic speech signal. The
Signal-to-Noise Ration are selected the identi-
cal conditions to the ICP intelligibility tests[11],
�18;�12;�6; 0; 6dB. Then another SNR �1 is
added for evaluating visual only speech synthesis.

For presentation, the trial words are repeated
by the synthesis methods and Signal-Noise-Ratio.
Therefore the words arranged in random order.

Procedure

Subjects viewed the stimuli on a color moni-
tor. Stimulus presentation and response collec-
tion were controlled by a computer. Subjects were
given an audio-visual stimulus by pushing Enter
or Space keys by themselves. They were asked to
look at visual speech and listen without concen-
trating to the audio utterances.
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Figure 1: Result of the Intelligibility Tests

3.1.2 Results

Fig. 1 shows the /C-V/ intelligibility scores for
the original and the SV-HMM-based method at
di�erent levels of acoustic degradation. The audi-
tory and visual stimuli synthesized from the orig-
inal lip position and using the SV-HMM-based
method gave higher intelligibility scores than the
purely auditory stimulus. This suggests that both
natural and model-based lip synthesis enhanced
intelligibility.

3.2. Acceptability Test

3.2.1 Method

In the acceptability test, we investigate the di�er-
ences among the synthesis methods by focusing
on the naturalness of the synthesized lip move-
ment. The indicators of the naturalness may be
the smoothness of synthesized lip parameters or
the synchronization between the lip shapes and
the audio speech. The acceptability score is eval-
uated by the criterion whether the synthesized lip
movement is as natural as a human lip motion.

Subjects

The subjects for the acceptability tests were used
the identical group of intelligibility tests.

Stimuli

The test utterances were composed of 3 Japanese
words out of the 3D position data. The words
were randomly selected out of 100 test words. The



3 words are presented two times randomly

The synthetic visualized lips were created using
the same ICP 3D lip model software.

Experimental Design

The presentation is classi�ed as the �ve synthesis
methods ; lip image sequence from natural hu-
man visual parameter, synthetic VQ, synthetic
HMM with forced Viterbi alignment, synthetic
HMM, synthetic SV-HMM with forced Viterbi
alignment, synthetic SV-HMM visual parameters.

In the same manner as the intelligibility test, the
presentation order of the words was chosen at ran-
dom. To imagine the human lip motion, the clean
acoustic signal is provided to the subjects in ad-
dition to the visualized lips.

The Mean Opinion Score (MOS) (IEEE Recom-
mendation, 1969) was used as the measure to eval-
uate the naturalness of the synthesized lip move-
ment. The MOS is the most widely used subjec-
tive quality measure for evaluating telephone sys-
tems and speech coding algorithms. The subjects
assigned scores on a �ve point scale de�ned by
Japanese category labels analogous to excellent,
good, fair, poor, and bad.

Procedure

Subjects viewed the stimuli on a color moni-
tor. Stimulus presentation and response collec-
tion were controlled by a computer. Subjects
were given an audio-visual stimulus by pushing
Enter or Space keys by themselves. In evaluat-
ing the lip movement synthesis, subjects were in-
structed that the displayed lip movement should
be marked excellent when it had natural enough
to be human lip movement.

3.2.2 Results

Fig.2 shows the mean opinion scores. Scores for
the VQ-based method, the HMM-based method,
and the proposed SV-HMM-based method were
2.97, 3.42, and 3.17, respectively. However, the
di�erence in mean MOS over the synthesis meth-
ods shows no signi�cance with the F-test. The
result might be caused by the very small number
of test utterances, and by an insu�cient number
of subjects. Moreover the visualized lip model
is somewhat limited, as it uses a cartoon anima-
tion whose parameters are �ne-tuned to a speci�c
speaker. In the future, the acceptability test will
be further investigated while improving the data
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Fig. 2: Result of the Acceptability Tests

and the visualization tool.

4. CONCLUSION

In this paper, subjective evaluation tests are per-
formed for speech-to-lip movement synthesis. In-
telligibility test and acceptability test are con-
ducted for subjective evaluation.

The subjective evaluation did not show the e�ect
of the proposed method clearly; this will be in-
vestigated under better experimental conditions
in the future.

In synthesis, the HMM-based method has the in-
trinsic di�culty that the precision of lip move-
ment synthesis depends upon the accuracy of a
Viterbi alignment. The Viterbi alignment deter-
ministically assigns a single HMM state for each
input frame. Incorrectly decoded frames of the
HMM state sequence may give rise to wrong lip
shapes. This problem could be solved by ex-
tending the Viterbi algorithm to the Forward-
Backward algorithm, which can take all the HMM
state sequence probabilities into account.
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