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Abstract. Some distinctive mouth shapes are formed when Japanese words and
phrases are uttered. Because people who have acquired a skill of Japanese lip-
reading know these characteristics, they can read lips movement. To realize the
machine lip-reading, we propose a method which detects the distinctive mouth
shapes from Japanese-speaking images based on their techniques. We define six
mouth shapes as the distinctive mouth shapes, and the mouth shape images are
used as template images. To detect the mouth shapes in utterance images,
template matching is applied. Waveforms of similarity which are calculated by
the template matching show some characteristic forms. Thus, we detect the
mouth shapes from the waveforms. We carry out some experiments using
Japanese words, and confirm effectiveness of the proposed method from the
results.
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1 Introduction

Lip-reading is one of the important communication means for hearing-impaired
people. In the lip-reading, a content of utterance is understood by movement of
speaker’s lips, etc. In recent years, some researches for realizing the lip-reading with
information processing technologies have been pursued. This is called “machine lip-
reading”. It is used as a complementary technology to improve speech recognition,
and the research of lip-reading for supporting communication with the hearing-
impaired people is being pursued.

Generally, in the machine lip-reading, several images (frame images) of the lips
region are taken using a camera or similar devices during a speaker is uttering. Digital
image processing is performed on the frame images, and features about changes in
mouth shape and movement of lips are calculated during an utterance. For example, a
method which uses optical flow generates the features from velocity vectors[1]. A
method which uses mouth shape changes generates the features from aspect ratio of
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the lips region[2,3]. In addition, a method which uses images of the lips region
generates the features from the images by template matching[4].

On the other hand, we found that people who have acquired a skill of lip-reading
(“lip-reading skill holder” is used hereafter) stare at the mouth shape of speakers
when reading lips. In addition, some distinctive mouth shapes are formed
intermittently when uttering Japanese phones'.

Thus, as the first step for realizing the machine lip-reading by modeling the lip-
reading skill holder, we proposed a method in which knowledge of the lip-reading
skill holders is logically materialized and the distinctive mouth shapes are processed
using computers[5]. In this proposal, we defined six mouth shapes as “Basic Mouth
Shape” (BaMS), and they are /a/, /i/, /u/, /e/, /o/ and closed mouth. In addition, there
are some specific phones in which the formed mouth shape is different from the
mouth shape of the vowel. We defined these mouth shapes of the specific phones as
“Beginning Mouth Shape” (BeMS). For example, a closed mouth which is formed
when we utter “ma” or “pa” is one of the BeMS. We defined the mouth shapes that
are same as the mouth shapes of the vowel as “End Mouth Shape” (EMS).

After that, we defined some codes for each mouth shape of the BaMS as “Mouth
Shape Code” (hereinafter called MS Code). We also proposed an expression method
of the BaMS using the MS Code. Because the BaMS are formed sequentially when
we utter arbitrary words, we defined an expression of the sequence of the BaMS using
the MS Code as “Mouth Shapes Sequence Code” (MSSC). Furthermore, we defined
the mouth shape patterns of all Japanese phones using the MS Code. We call the
mouth shape patterns of the MS Code “Phone Code”. As the result, it is possible to
convert words to the MSSC[5].

We consider that it is possible to read lips if the BaMS are detected from Japanese-
speaking images. We propose a detection method of the BaMS from Japanese-
speaking images. To detect them, we adopt template matching which assumes the
BaMS to the template images.

2 Detection of the Basic Mouth Shape

As for the movement of the mouth shape, it is a repetition of changes from a certain
BaMS to another BaMS when Japanese is uttered[6]. Similarity for each BaMS is
calculated by the template matching. On the waveforms of the similarity, a partial
waveform is flat in the term in which the EMS is formed, and a partial waveform
forms convex in case of the BeMS[7]. These characteristics of the waveform are
utilized to detect the BaMS. The BaMS is defined as (1), and each symbol expresses
mouth shape /a/, /i/, /u/, /e/, /o/ and closed mouth, respectively. The BeMS is defined
as (2), and the EMS is defined as (3)[5].

BaMS={A,1,U,E,0,X} Q)
BeMS ={I1,U,X} )
EMS={A,I,U,E,0,X} 3)

' The length of voice equivalent of one short syllable is called “mora”, and the voice is called
“phone”.
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2.1 Detection Method of the End Mouth Shape

As mentioned above, the partial waveform is flat during the EMS is formed. Here, the
similarity of the n -th frame and the mouth shape m(e EMS ) is expressed as

R (m,n). Therefore, if (4) is satisfied for Vm, the n-th frame is assumed “EMS

frame” (TH is a threshold of the similarity). For all frames speaking Japanese, it is
determined whether each frame is the ESM frame or not.. Accordingly, it is able to
divide an utterance term between the “EMS terms” and the others, and we call the
latter term “BeMS term”.

AR (m,n)| <TH @
AR(m,n)=R(m,n)~R(m,n-1) 5)

2.2 Detection Method of the Beginning Mouth Shape

The BeMS are not mouth shapes formed by all means unlike the EMS”. Therefore an
idea is necessary to detect the BeMS. We know that a partical convex waveform is
formed when the BeMS is formed from our previous study[7], and the mouth shapes
are detected using this characteristic.

At first, each similarity is analyzed in the BeMS term. In a term
n,<n<n,(n,<n,) (see Fig. 1) in which (6) is satisfied, if (7) or n,—n, >N, is
satisfied, the waveform in the term is considered as an upward slant to the right. Here,
D and N, are thresholds of the similarity and number of the frames, respectively.

Mg Mg Mg

Fig. 1. The convex waveform which is formed when the BeMS is formed

AR(m,n)>TH (6)

2

n

AR(m,n)| >D @)

2 A phone which is uttered without the BeMS is called “Simple Mouth Shape Phone™, and a
phone which is uttered with the BeMS is called “Couple Mouth Shapes Phone”.



A Detection Method of Basic Mouth Shapes from Japanese Utterance Images 611

Next, in a term n <n<n,(n,<n,<n,) in which (8) is satisfied, if (7) or
n,—n.>N, is satisfied, the waveform in the term is considered as a downward-
sloping.

AR(m,n) <-TH ()

Finaly, if (4) and n,—n, <N, are satisfied in a term n,<n<n,—1, it is
considered to be formed a BeMS between the 7,-th frame and the 7,-th frame from
the waveform. Here, N, is a threshold of number of the frames.

These processes are applied for each mouth shape of the BeMS, and peak value
R, (m) is calculated by (9). The R, (m) is used for detection of the BeMS.

R, (m)= max(R(m, n,), R(m,n,+1),--,R(m,n, —1)) 9)

3 Experiment for the Detection of the Basic Mouth Shape

To evaluate the method we proposed, we carry out some experiments to detect the
BeMS and the EMS. The experiment contents are as follows:

1. Detecting the EMS from words that are composed by the Simple Mouth Shape
Phone.

2. Detecting the BeMS from simple words that are composed by the Couple Mouth
Shapes Phone.

3. Detecting the BaMS from words

Configuration of equipment carrying out the experiments is shown in Fig. 2.
Images around mouth of a subject are taken with a digital video camera (hereinafter
called DV camera), and the images are transferred to a PC.

Subject @

Fig. 2. Configuration of the experiments

DV camera  A/D converter

During the experiments, distance between the DV camera and the mouth of subject
are kept constantly, and the subject utters without moving head. Because the size of
mouth is kept constantly and the horizontal and vertical movement of mouth is
minimized. Before detecting the mouth shapes, the BaMS images which are used for
the template are taken (see Fig. 3). In this experiment, the size of the frame images is
assumed 640 X480 pixels, and the size of the template images is trimmed to 495 X375
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pixels. When the template matching is performed, the images are converted into gray-
scale images, and normalized cross-correlation is applied. The thresholds of constant
to detect the BeMS and EMS are shown in Table 1. The first mouth shape and the last
mouth shape of an utterance are assumed the closed mouth, and these two mouth

shapes are not targeted for the detection.
A 1 U 0 X
Table 1. The thresholds of constant

Fig. 3. Template images

TH D N, N,
0.02 0.06 3 4

3.1 Detection of the End Mouth Shape

The words used in this experiment are shown in Table 2. Each word is uttered five
times. From the mouth shapes for which the averages of the similarity are greater than
0.6, up to two EMS having the highest and the second value are selected. In the selected
BaMSs, it is decided whether the EMS which should be detected is included or not.

Table 2. Test words and its MSSC to detect the EMS

# Words (Japanese syllabary) MSSC

1 ATSUGI -A-U-I

2 KOPPU -0-X-U

3 KOKESHI -0-E-I

4 ENPITSU -E-X-I-U

5 KONPAIRU -0-X-A-I-U

The detection rates of EMS are shown in Table 3. The detection rates of each EMS
which is included in the MSSC are shown in the column of “Detection rates”, and the
column of “As the highest similarity” shows the detection rates of the EMS which is
detected as the highest average similarity. As a whole, the average detection rate of
the EMS which was included in the two selected BaMS was 98.9%, and the rate
which was detected the EMS as the highest similarity was 95.6%. We consider that
these results are satisfactory. An example of the waveforms of the similarity is shown
in Fig. 4. The horizontal axis of the chart shows the frame number, and the vertical
axis shows the similarity R. The range of R is between -1.0 and 1.0, and 1.0 shows
the best similarity. In addition, vertical lines in the chart separate the BeMS term and
the EMS term. The ESM terms are shown with an arrow, and the previous terms are
the BeMS term.
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Table 3. Detection rates of the EMS

# Words Detection rates  As the highest similarity

1 ATSUGI 100.0% 100.0%

2 KOPPU 100.0% 100.0%

3 KOKESHI 100.0% 93.3%
4 ENPITSU 100.0% 95.0%

5 KONPAIRU 96.0% 92.0%
Average 98.9% 95.6%

1.0 T T T T T

Similarity (R)

0.0 ! ! ! !
0 20 40 60 80

Frame Number

Fig. 4. Waveforms of the similarity about the test word “KONPAIRU”

3.2 Detection of the Beginning Mouth Shape

We choose simple words that are composed with two phones because detection of the
BeMS is the purpose in this experiment. The test words are shown in Table 4. Same
as the experiment of the EMS, the BeMS are detected from five utterances.

Table 4. Test words and its MSSC to detect the BeMS

# Words (Japanese syllabary) MSSC  # Words (Japanese syllabary) MSSC
1 ASA -AIA 6 ASE -AIE
2 NIWA -IUA 7 UME -UXE
3 UMA -UXA 8 ASO -AUO
4 KAMI -AXT 9 IMO —IXO
5 GAMU —-AXU
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The detection rates of the BeMS are shown in Table 5. As a whole, the detection
rate of the BeMS was 93.3%, and the rate which was detected the BeMS as the
highest peak value R, was 88.9% (the column of “As the highest similarity”). We
also consider that these results are satisfactory. An example of the chart is shown in
Fig. 5. In the BaMS term which is shown with an arrow, the waveform of X forms
convex. As aresult, X is detected.

Table 5. Detection rates of the BeMS

# Words Detection rates  As the highest similarity
1 ASA 100.0% 100.0%
2 NIWA 100.0% 100.0%
3 UMA 100.0% 80.0%
4 KAMI 80.0% 80.0%
5 GAMU 100.0% 100.0%
6 ASE 100.0% 100.0%
7 UME 100.0% 80.0%
8 ASO 60.0% 60.0%
9 IMO 100.0% 100.0%

Average 93.3% 88.9%

Similarity (R)

OAO 1 1 1 1
10 20 30 40 50 60 70

Frame Number

Fig. 5. Waveforms of the similarity about the test word “UMA”

3.3 Detection of the Basic Mouth Shape

The test words are shown in Table 6. Same as the previous experiments, the BaMS
are detected from five utterances. Each detection rate is shown in Table 7. “Detection
rates” shows the detection including the BeMS and the EMS, and the column of
“False detection rates” shows the detection rate of the wrong BeMS which is not
formed in the term. The detection rates were uneven, but the average detection rate of
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the BaMS was 75.6%as a whole. The average detection rate of the BeMS was 67.3%,
and the average detection rate of the EMS was 79.4%. These results are lower than
the previous results. On the other hand, the false detection rate was 4.0%. Besides, the
detection rate was 0.0% in some words. An example of the chart is shown in Fig. 6.

Table 6. Test words and its MSSC to detect the BaMS and the EMS

# Words (Japanese syllabary) MSSC
1 KATATSUMURI -ATA-UXU-I
2 KAWAKUDARI -AUA-UIA-TI
3 KAMISHIBAI -AXIXA-I
4 ASESUMENTO -AIE-UXE-IUO
5 SUPOTTORAITO -UX0-U-0IA-IUO
Table 7. Detection rates of the BaMS
# Words Detection Detection Detection False detection
rates rates of BeMS rates of EMS rates
1 KATATSUMURI 68.6% 100.0% 56.0% 13.3%
2 KAWAKUDARI 85.7% 50.0% 100.0% 0.0%
3 KAMISHIBAI 100.0% 100.0% 100.0% 0.0%
4  ASESUMENTO 68.9% 53.3% 76.7% 6.7%
5 SUPOTTORAITO 55.0% 33.3% 64.3% 0.0%
Average 75.6% 67.3% 79.4% 4.0%

Similarity (R)

MOM T >

OAO 1 1 1
0 20 40 60 80 100 120 140

Frame Number

Fig. 6. Waveforms of the similarity about the test word “KAMISHIBAI”
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We consider the cause that the detection rates of the BeMS and the EMS lowered.
The underscored MS Code of the BaMS which have low detection rates are shown in
Table 8. As a result, it may be said that the detection rates lower about [/ and U .
However, all I and U are not low. As a result of analysis, we recognized two
cases.

Table 8. The BaMS of low detection rate

Words MSSC
KATATSUMURI -AIA-UXU-I
KAWAKUDARI -AUA-UIA-T
KAMISHIBAI -AXIXA-I
ASESUMENTO -AIE-UXE-IUO
SUPOTTORAITO -UXO-U-OIA-IUO

DW= |3

Firstly, there are two mouth shape images about only U . One is an image in which
teeth appear, the other is an image in which teeth do not appear. When we utter
phones such as “SU”, “TSU” or “NU”, the teeth appear in the image. For this reason,
we consider that the detection ratio falls.

Secondly, in the case the mouth shape of the BeMS is similar to the next mouth
shape of the EMS, it is difficult to detect the BeMS. For example, it is difficult to
detect U of the BeMS such as “SO” or “TO”, because the mouth shapes of U and
O are similar. So, we have to consider the solution to these problems.

4 Conclusion

In this paper, we proposed a method which detects the BaMS from Japanese-speaking
images. We adopt template matching to detect the BaMS, and the similarities were
calculated. From the previous study, we confirmed that the waveforms of the
similarity formed unique form when the BeMS and the EMS are formed. So, we paid
attention to these characteristics and were able to detect the BaMS. We confirmed that
the proposal method was effective from the experiments. At the same time, we also
recognized some mouth shape patterns that were difficult to detect the BaMS. We
have to review the solution to the problems, and it is necessary to improve the
detection accuracy in future.
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