2010 International Conference on Pattern Recognition

Profile Lip Reading for Vowel and Word Recognition

Takeshi Saitoh
Kyushu Institute of Technology
680-4 Kawazu, lizuka, Fukuoka, 820-8502, Japan
saitoh@ces.kyutech.ac.jp

Ryosuke Konishi
Tottori University
4-101 Koyama-minami, Tottori, 680-8552, Japan

Abstract

This paper focuses on the profile view, which is the
second most typical angle after the frontal face, and
proposes a profile view lip reading method. We applied
the normalized cost method to detect profile contour.
Five feature points, the tip of the nose, upper lip, lip
corner, lower lip, and chin, were detected from the con-
tour, and eight features obtained from the five feature
points were defined. We gathered two types of utterance
scenes, five Japanese vowels and 20 Japanese words.
We selected 20 combinations based on the eight fea-
tures and carried out recognition experiments. Recog-
nition rates of 99% for vowel recognition and 86% for
word recognition were obtained with five features: two
lip heights, two protrusion lengths, and one lip angle.

1. Introduction

Much of the research on lip reading uses frontal fa-
cial images [4, 6, 7,9, 10]. A frontal facial image con-
tains much useful information. However, when using a
cellular phone, the difficulty of taking a good picture be-
comes a problem. It can be imagined that in the video-
phone mode of a cellular phone, the user can adjust the
position of the camera manually based on the mouth’s
reflection to take a picture of the frontal face. The mi-
crophone has a wide acquisition range for acquiring au-
ditory information and the installation location is not
limited. On the other hand, the location for taking a
frontal facial image for traditional lip reading is lim-
ited. It is necessary to assume the situations in which a
frontal facial image cannot be acquired for lip reading.

Thus, this paper focuses on the profile image as
shown in Fig. 1, which is the second most typical an-
gle after the frontal face. This image can be acquired
with a camera embedded near the microphone of a cel-
lular phone. Some studies have examined profile view
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Figure 1. Original images.

(b)

(a) applied result of IS (b) applied result of NC

Figure 2. Facial contour extracted results
using IS and NC.

lip reading [1, 2, 3]. Most of them target words. In this
paper, recognition experiments using single Japanese
sounds and words are carried out, and the effectiveness
of the proposed method is evaluated.

The process flow of the proposed method is as fol-
lows: It is important to extract facial contours automat-
ically. In this method, first, two points of the upper and
lower lips are detected automatically. Next, the normal-
ized cost (NC) method is applied, which extracts object
contours between two seed points, to extract the facial
contour. Then, five feature points are detected. More-
over, eight features based on the five feature points are
calculated. Finally, these features are fed to HMM.

2. Profile lip reading method
2.1. IS method and NC method

For extracting an object boundary, there is a well-
known method by Mortensen and Barrett [5] called “in-
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telligent scissors” (IS). See [5] for the details of IS. IS
is a manual method for drawing a boundary based on a
number of manually selected points on a visually identi-
fied boundary, providing a route that minimizes the sum
of local costs. It is fast because dynamic programming
is employed. However, it requires many manually se-
lected points, particularly for an object with a compli-
cated boundary. Figure 2(a) shows the result of apply-
ing IS when two seed points were given in Fig. 1(a). In
this case, the forehead and neck on the facial contour
were given as seed points. IS tends to prefer a route
with a shorter path rather than a longer path because the
total cost can be minimized with a shorter path.

Saitoh and Kaneko proposed a new route search
method similar to IS called the NC method [8]. This
method searches for a boundary that minimizes the nor-
malized cost, i.e., sum of local costs divided by route
length. The idea of NC is to consider only a partial av-
erage cost from all the past pixels within a distance of m
from the coordinate of the current pixel. The route with
the lowest associated cost is selected from many alter-
native routes between two end points as in IS. See [§]
for the details of NC. The advantage of NC is the ability
to extract a complex boundary using a small number of
seed points. Figure 2(b) shows the result of applying
NC using the two same seed points, as in Fig. 2(a). NC
searches for the lowest normalized cost and can obtain
a complex route, unlike IS.

2.2. Facial contour extraction

Two seeds are required to apply NC. Here, the upper
and lower sides of the profile image are parts of the fa-
cial contour. For these positions, the forehead and neck,
which move little during utterance, are observed. The
edge of the facial contour can be detected stably by an
edge detection method. Then, we apply the Sobel filter
to the upper and lower sides, and the position having
high edge value is detected as a seed of NC.

2.3. Facial points detection

Kumar et al. detected four facial points: the tip of
the nose, the upper lip, the lower lip, and the chin from
facial contours. They hypothesized these points to be
local maxima in the profile contour. However, the chin,
for example, is not a local maximum. Then, they ap-
plied a distance transformation that maps the original
profile contour to a new contour called 7'-transformed.
This method uses the maximum values of the x and y
axes, and it is necessary to limit the range of the face
that is reflected in the image. Thus, we does not applied
T-transformed, but calculate the curvature of the facial
contour and detect five facial points, the tip of the nose
P, the upper lip P, the lip corner Ps, the lower lip
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(a) mouth close (b) mouth open

Figure 3. Facial feature points.

Figure 4. Profile features.

P4, and the chin Ps. The five features that are detected
when the mouth closes and opens are shown in Fig. 3.

2.4. Profile features

This paper defines the following eight features. The
relationship between facial points and features is shown
in Fig. 4. (1) We define the Euclidean distance between
the points of the upper lip P> and the lower lip P, as
the feature Dy;,. (2) We define the Euclidean distance
between the points of the nose P; and the chin P; as the
feature D,.. (3) The intersection point of two straight
lines is defined for the perpendicular from upper lip P»
to the straight line between the nose and the chin as Q5.
Then, we define the Euclidean distance between points
P, and Q5 as the protrusion length Pppe,. (4) As for
the protrusion length of the upper lip, the intersection
point of two straight lines is defined for the perpendic-
ular from lower lip Py to the straight line between the
nose and the chin as Q4. Then, we define the Euclidean
distance between points Py and ()4 as the protrusion
length Pjyyer- (5) The intersection point of two straight
lines is defined for the perpendicular from P; to the
straight line between the nose and the chin as (J3. Then,
we define the Euclidean distance between points P5 and
Qs as the lip Depth. (6) We define the Euclidean dis-
tance between points ()2 and ()3 as the height of the
upper lip H.,pper. (7) We define the Euclidean distance
between points ()3 and Q4 as the height of the lower
lip Hjower- (8) This feature quantitatively expresses the
amount by which the lips are open and 6 is defined as
an angle of the lip.

Puppers Prower Depth, Huyppers Hiower, and 0 were



used by the method in [2].
2.5. Recognition method

HMM is a well-known method for recognizing time
series data, and is applied by many of the studies [,
2, 3] concerning lip reading. This research also applies
HMM for the recognition process.

3. Experiment

A recognition experiment was carried out with 20
combinations of utterance based on eight features cal-
culated from profile views of utterance and the effec-
tive features were determined. Here, we used an HMM
toolkit (HTK).

3.1. Vowel recognition

In the vowel recognition experiment, we collected 20
utterance scenes of each vowel from five persons (A, B,
C, D, and E) out of which three persons (A, B, and C)
were men. Thus, we took 100 utterance scenes per per-
son. The five target Japanese vowels were /a/, /1/
/u/, /e/, and /o/. The image size was 640 x 480
pixels and the frame rate was 30 frames per second. A
person sat on a chair with a straight posture and a fixed
digital video camera was focused on his face. He/She
closed his/her lips before and after each utterance. All
scenes were taken in the same environment. For each
person, we divided the 20 samples into two groups
of 19 samples for training and 1 for recognizing, i.e.,
we applied the leave-one-out method. Our recognition
method is based on the training data for each utterance
scene. Thus, speaker-dependent speech recognition is
targeted here.

The resulting average recognition rates are shown in
Table 1. In this table, Fi, i = 1,2, ---, 20, is the com-
bination number of the features, and n is the number of
features. In n = 1, F7 (depth of the lip) obtained the
highest recognition rate of 88.0%. In n = 2, F11 (two
height features) obtained the highest recognition rate of
96.8%. F18 (four features of the height and protrusion
of lip) obtained the overall highest recognition rate of
99.6%. F11 is the same feature combination as in Ku-
mar’s research. It was confirmed to obtain a recognition
accuracy of 95% or more with n > 2.

3.2. Word recognition

In the word recognition experiment, we set the 20
Japanese words shown in Table 2 as the target. These
words are commonly used in telephonic conversations.
We collected ten utterance scenes of each word from
three persons (A, B, and F, all men). Thus, we took 200
utterance scenes per person. A and B are same person
of the previous experiment. As well as other conditions
such as image size, frame rate, and photography condi-
tions were the same as in the previous experiment.
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Table 1. Recoghnition result of vowel.

feature n A B C D E ave
Fl: Dy 1 90 74 90 78 62 | 78.8
F2: Dy 1|8 | 58 | 88 | 80 | 68 | 76.0
F3: Pupper 1 96 60 52 80 84 | 744
F4:  Power 1|68 |52 |8 | 8 | 82 | 73.6
F5: Hypper 1 82 68 84 80 94 | 81.6
F6:  Hipwer 1168176 |8 | 76 | 621728
F7:  Depth 1 86 82 96 88 88 | 88.0
F8: 0 1 84 66 64 82 94 | 78.0
F9:  Diip, Die 21 98 86 94 90 98 | 93.2
F10:  Puppers Plower 201100 82 | 90 | 86 | 98 | 912
FI1: Huppers Hiower 298 | 98 | 92 | 96 | 100 | 96.8
F12:  Dyjy, Depth 21 98 84 | 100 | 98 94 | 94.8
F13:  Depth,0 2| 96 72 98 96 90 | 90.4
Fl4:  Hypper, Hiower, 0 31100 | 94 98 98 | 100 | 98.0
FI5:  Puppers Piower, 0 31100 | 98 | 94 | 96 | 100 | 97.6
F16:  Diip, Huppers Hiower 31100 | 90 | 96 | 92 | 100 | 95.6
F17:  Diip, Puppers Piower 31100 | 96 | 98 | 100 | 100 | 98.8
F18: Hupper» Hiowers Puppers Power | 4 | 100 | 100 | 98 | 100 | 100 | 99.6
F19:  Diip, Puppers Piower, 0 41100 | 98 | 98 | 100 | 100 | 99.2
F20:  Huppers Hiowers Puppers Plower, 0 | 5 | 100 | 98 | 98 | 100 | 100 | 99.2

The resulting average recognition rates are shown in
Table 3. The accuracy of word recognition is 10-30%
less than that of vowel recognition, though it differs ac-
cording to the combination of the features examined.
In n = 1, F7 obtained the highest recognition rate of
72.3%, as it did for vowel recognition. F20 (five fea-
tures of height, protrusion, and angle of lip) obtained
the overall highest recognition rate of 85.7%.

3.3. Human lip reading versus our method

To evaluate the recognition results, we carried out
subject experiments and analyzed the recognition accu-
racy by comparing these results and the computational
results. In subject experiments, a subject watches an ut-
terance scene two times and identifies the content of ut-
terance by visual observation. In this experiment, the
utterance scene is chosen at random from the scenes
used in 3.1 and 3.2 for the five vowels or 20 words.

The subject experiment was carried out 20 times per
subject without prior training. Eighty-four students, out
of which six were women, cooperated in this experi-
ment. The resulting recognition rates for the five vow-
els and 20 words were 80.0% and 67.3%, respectively.
These results indicate that our method is more accurate
than visual observation.

3.4. Discussion

The utterance of a word is an active movement,
whereas the utterance of a vowel is a monotonous move-
ment. F20 obtained the highest recognition rate of
94.1% when the average recognition results for vow-
els and words were considered. Thus, we calculated
two confusion matrices for F20. The confusion matrix
contains information about the actual and predicted re-
sult of the recognition task. Regarding vowel recog-
nition, /e/ and /o/ were misidentified as /a/ and
/u/, respectively. However, the false recognition rate
was only 2%. On the other hand, for word recogni-
tion, w15 was misrecognized as w20 17% of the time,



Table 2. Target 20 Japanese words.

symbol word

w01l /ko/n/ni/chi/wa/
w02 /o/ha/yo/u/

w03 /o/ya/su/mi/na/sa/i/
w04 /a/ri/ga/to/u/

w05 /o/me/de/to/u/

w06 /i/ku/

w07 /ku/ru/

w08 /o/shi/e/ru/

w09 /wa/ka/ru/

wl0 /a/so/bu/

wll /ta/be/ru/

wl2 /no/mu/

wl3 /do/ko/

wld /ji/ka/n/

wl5 /ba/syo/

wlé /i/ma/su/ka/

wl7 /i/ma/se/n/

wls8 /i/i/de/su/ka/

wl9 /shi/te/ku/da/sa/i/
w20 /ma/ta/a/i/ma/syo/u/

Table 3. Recognition result of word.

feature n A B F ave
Fl: Dy 1| 715 (590 | 385|563
F2: Dy. 1]535]720 290|515
F3:  Pupper 1|80.5|455 |545 | 602
F4:  Piower 1]81.0]|450 | 445 | 5638
F5:  Hypper 1 {830 565|450 | 615
F6:  Hipuer 1|49.5|47.0 | 39.5 | 453
F7:  Depth 11910 | 645|610 | 723
F8: 6 11725 |450 | 575|583
F9: Dy, Doe 2 (795 | 81.0 | 46.0 | 68.8
F10:  Puppers Piower 21875635 | 605 | 705
FIl: Hupper, Hiower 2| 805|645 | 53.0 | 66.0
F12: Dy, Depth 21975 | 81.0 | 76.5 | 85.0
F13:  Depth,0 2196.0| 735|705 | 80.0
F14: Huppor Hiower, 0 31915 77.0 | 695 | 793
FI5:  Puppers Plowers 0 3915|725 | 720 | 787
F16:  Diip, Hupper, Hiower 3| 815 | 67.0 | 445 | 64.3
F17: D, Puppers Power 31930815 | 675|807
F18:  Huppers Hiowers Puppers Plower 41960 | 81.0 | 72.5 | 83.2
F19: Dy, Puppers Piower, 0 4960 | 82.0 | 74.5 | 84.2
F20:  Huppers Hiowers Puppers Prower, 0 | 5 | 98.0 | 83.0 | 76.0 | 85.7

and w17 was misrecognized as w16 13% of the time.
The first two characters of w16 (/i/ma/su/ka/) and
wl7 (/i/ma/se/n/) are the same, hence mistaking
one for the other is considered understandable. In con-
trast, w15 and w20 are different words. We investi-
gated the reason in detail and found that 80% of the
false recognition of w15 and w20 was done by B. The
number of utterance frames of B were 66.2 and 76.7,
respectively, though the number of characters in w15
and w20 were two and seven, respectively. In a word,
there is no difference in the number of frames, though
there is a difference in the number of characters. More-
over, the utterance of /ba/syo/ and /ma/syo/u/
involves similar lip movements. The false recognition
was thought to have occurred for these reasons.

4. Conclusion

This paper has made two major contributions. The
first is automatic profile contour detection based on nor-
malized cost method. Some traditional research used
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markers or a blue background to detect the profile views
easily. The second is the experiments on single sounds
and words. We set five Japanese vowels as the target
of single sound recognition and 20 Japanese words as
the target of word recognition. As a result, five features
(two height values, two protrusion values, and one lip
angle) yielded high recognition accuracy for both the
targets. Moreover, to verify recognition accuracy, we
conducted an additional subject experiment with 84 stu-
dents and found that computer-based recognition accu-
racy is higher than that of humans.
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