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Thesis Title Accuracy Enhancement of Thai Voice-Command System Using
Lip Reading
Author Mr.Isamail Masamae
Major Program Computer Engineering
Academic Year 2015
ABSTRACT

This thesis presents the use of lip-reading and Thai speech recognition
to control electronic devices in a vehicle. Twenty Thai command words of no more than three
syllables are supported by our system. The MFCC-DA features are extracted and a Hidden
Markov Model classifier is utilized to recognize the speech. The face of the user is detected
by means of a Haar-like feature and then the lip region is located by using a Constrained Local
Model. The extracted feature from lip data is send to a Hidden Markov Model classifier. We tried
combining the speech and lip data at both feature level and decision level. The results showed that
the use of lip-reading can efficiently increase the accuracy of a speech recognition system

especially when the noise in the car is at high level.
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AVSR = Audio — Visual Speech Recognition
MFCC = Mel-Frequency Ceptral Coefficients
MFCC D =  MFCC iNuf1euWussudy 1
MFCC_ DA = MECC tinmeyiussusy 1 uag sudy 2
HMM = Hidden Markov Model

SNR = Signal to Noise Ratio

ASM = Active Shape Model

ASM = Active Appearance Model

CLM = Constrained Local Model

ANN = Artificial Neural Network

KNN = K-Nearest Neighbor

PCA = Principal Component Analysis

FPS = Frame Per Second

WCR = Word Correct Rate
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7 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100
8 0 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 1 0 0 95
9 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
ila 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 100
Tla 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 14 30
nga 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 100
@y 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 5 0 0 0 7 40
10183 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0
1o¥l-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 100
Aoumih 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
da'll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
@ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 100
Iy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 19 95
AVG | 6825
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'
o (2 ' v 1 1 [

M13199 n-3 Uszansamlumsiimdadondiuferluanmnadenniimeandiudyanudedyanusuniu 10 e

i 0 1 2 3 4 5 6 7 8 9 dla 1la viga | W | te-du | ev-du | peunth | dald | & My | WCR(%)
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 19 0 0 0
1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 19 0 0 0
2 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 25
3 0 0 0 16 0 0 0 3 0 0 0 0 0 0 0 0 0 3 0 0 80
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
5 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 11 0 0 45
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0
7 0 0 0 0 0 0 1 18 0 0 0 0 0 0 0 0 0 0 0 2 90
8 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 17 0 0 35
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
ila 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 17 0 0 15
Tla 0 0 0 0 0 0 0 0 0 0 0 4 0 1 0 0 0 0 0 15 20
nga 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 14 0 0 30
@y 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
10183 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 8 0 2 0 0 0
1o¥l-18 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
Aoumih 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 17 0 0 15
da'll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
@ 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
Iy 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 4 20
AVG | 2375
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'
o (2 ' v 1 1 [

M50 -4 Uszansamlumsinmdudosediufor luanmnadeuniimoandudyauaedyausuniu 5 adwa

i 0 1 2 3 4 5 6 7 8 9 dla 1la viga | W | te-du | ev-du | peunth | dald | & My | WCR(%)
0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 4 2 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 1 1 0
2 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 1 0 0 0
4 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 2 0 0 0
5 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 5 0 0 0
7 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 2 90
8 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 18 0 0 10
9 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 12 0 0 0
ila 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 18 0 0 0
Tla 0 0 0 0 0 0 0 1 0 0 0 13 0 0 0 0 0 0 0 6 65
nga 1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 4 0 12 0
@y 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
10183 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
1o¥l-18 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
Aoumih 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
da'll 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 17 0 0 85
@ 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
Iy 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0

12.5
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° v 9

d' a A 9 o 1 a A ] = Y 4
TN N-5 ﬂig’ﬁ‘ﬂ‘ﬁﬂTW1uﬂ1§§ﬁ]1ﬂ1ﬁ\1ﬂ]ﬂﬂﬁ’E]TLli3JPhJ1ﬂE)fJNLﬂEJ’JGI,‘Llﬁﬂ1WLL3ﬂaﬁ)ﬂJﬂ181uiﬂ8uﬁ

i 0 1 2 3 4 5 6 7 8 9 ila 1la vga | sau | o<y | evSy | neunth | dald | & g | WCR(%)
0 13 o0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 1 65
1 o 17 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 85
2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 0 17 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 85
5 0 0 0 0 0 19 0 0 0 1 0 0 0 0 0 0 0 0 0 0 95
6 2 0 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 90
7 0 0 0 0 0 0 0 12 0 0 0 1 0 7 0 0 0 0 0 0 60
8 0 1 0 0 0 5 0 0 13 0 0 0 0 0 0 0 2 0 0 0 65
9 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
ila 0 1 0 0 0 0 0 0 0 0 12 2 0 5 0 1 0 0 0 0 60
Tla 0 0 0 0 0 2 0 0 0 0 3 14 0 0 0 0 0 1 0 0 70
nga 0 0 2 0 0 0 2 0 0 1 0 0 15 0 0 0 0 0 0 I 75
@y 0 0 0 1 0 1 0 0 0 0 0 0 0 13 0 0 0 5 0 0 65
10183 0 0 0 2 1 0 0 1 0 0 0 0 0 0 16 0 0 0 0 0 80
10¥l-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 4 0 80
Aeumh | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
da'll 0 0 0 0 0 I 0 2 0 0 I I 0 1 0 0 0 14 0 0 70
@ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 1 1 14 0 70
Iy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG | 8075
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~ Aa a ] [ Y = A
ATNN N-6 ﬂszﬁ‘n‘ﬁm‘w1uﬂ15WﬁuNﬁ1u1uizﬂuQmaﬂBmzGluﬁﬂ1WLL’ma’011113J3JLﬁfN51Jﬂ’m

s 0 1 2 3 4 5 6 7 8 9 e o ngn @u | ey | ey | Aewwih | dald | &R Y | WCR(%)
0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
5 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
6 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 100
7 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100
8 0 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 1 0 0 95
9 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
iWa 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 100
ila 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 2 0 0 0 2 80
ngya 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 100
1au 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 100
CEGH) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 100
-8 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 100
Aouni | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
da 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
@ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 100
Ing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG | 9875
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" v 1 1

5190 n-7 Usganiamlumssaunauluszauguansas lugnwnadeunlindasiarudyauaedyassuniu 20 wEUa

s 0 1 2 3 4 5 6 7 8 9 ila 1la vign | tau | ey | sevldy | Aewwh | dald | &@ My | WCR(%)
0 18| 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 90
1 1 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 95
2 0 0 16 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 80
3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 20
5 0 0 0 2 0 17 0 0 1 0 0 0 0 0 0 0 0 0 0 0 85
6 15 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 2 0 0 15
7 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 1 0 95
8 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 4 0 0 80
9 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 2 0 0 90
ila 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 100
ila 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 0 3 1 2 55
nga 1 0 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 1 0 0 90
Ay 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 17 0 15
10-181 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 15 0 3 0 0 10
-8y | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 7 0 65
Aowvih | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 4 0 0 80
da'ly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
@ 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 85
Iy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG | 725

61




o 1 QI

3517 -8 Yszaniamlumsnaunaiuluszavaadnuas luaamnadenilimdandudyanuaedyanusuniu 10 wFUa

il 0 1 2 3 4 5 6 7 8 9 ila a ) @u | a8y | wevdu | Aewwh | dala) | &R g | WCR(%)
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 15 3 0 5
1 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 11 0 0 0 0 0 2 0 0 0 0 0 0 0 0 6 0 0 55
3 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 75
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 4 0
5 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 8 0 0 60
6 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 17 0 0 15
7 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 4 0 0 0 0 80
8 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 20 0 0 40
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
i1la 0 0 0 0 0 0 0 0 0 0 6 2 0 0 0 0 0 12 0 0 30
o 0 0 0 0 0 0 0 0 0 0 0 4 10 3 0 0 0 3 0 0 20
nya 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 12 0 0 40
1oy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0
19-15u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 1 0 0 0
-8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 16 0 0 0 0 80
AaumIN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 17 0 0 15
da'ly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
E0) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 7 0 35
3‘1/184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 12 0 4 20
AVG 335
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[ 1 1 [

5190 n-9 Useaniamlumsnaunaiuluszauguanyas lugnnadeunliadasiaudyauaedyaasunIu 5 adwa

)

fds 0 1 2 3 4 5 6 7 8 9 ila a ga @u | a8y | evdu | dewwh | dala) | &R g | WCR(%)
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 5
1 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 15
3 0 0 0 9 0 3 0 0 0 0 0 0 0 0 0 0 0 8 0 0 45
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 4 0 0
5 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35
6 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 1 0 15 0 0 15
7 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 4 0 0 0 0 80
8 0 0 0 0 0 4 0 0 2 0 0 0 0 0 0 14 0 0 0 0 10
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0
ila 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 18 0 0 10
i 0 0 0 0 0 0 0 0 0 0 0 4 2 0 0 1 0 10 1 2 20
nya 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
au 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
LE]-LEGHJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
on-Buy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 10 6 2 0 0 50
AaumIN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0
a1l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
E0) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 4 0 20
3‘1/184 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 1 4 20
AVG 15
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~ Aa a v v A ~ F) = a
A13199 n-10 Uszansamlumswaumauluszaudagulavuun 1 luamwnaden litideesuniu

il 0 1 2 3 4 5 6 7 8 9 ila a ga @u | a8y | ev-dy | Aewwh | dala) | @@ g | WCR(%)
0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
5 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
6 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 100
7 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100
8 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 100
9 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
e 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 100
Ua 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 100
nya 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 100
au 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 100
10-181 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 100
on-Buy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 100
founth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
a1l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
@ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 100
a‘ﬂfal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG 100
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v o v [ 1 [ 1

35190 n-11 Yszansamlumsmaunauluszaudadulanuui 1 lugnwneadeondiissanduduyaruaedya asunIu 20 AFIUA

s 0 1 2 3 4 5 6 7 8 9 e o nga | tau -y | w8y | Aeunth | dald | &R g | WCR(%)
0 0 0 16 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 55
2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
5 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
6 0 0 3 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 85
7 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100
8 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 100
9 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
i1la 0 0 0 0 0 0 0 2 0 0 12 0 0 0 0 0 1 5 0 0 60
a 0 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 2 90
nya 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 100
1oy 0 0 0 0 0 0 0 5 0 0 0 0 0 3 2 0 0 10 0 0 15
LfJ-LfdJlJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 95
Lﬂw-tsll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 17 0 0 0 0 85
neunih 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
da'ly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
E0) 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 13 0 65
37134 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG 82.5
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~ Aa a v v A ~ F) A
15197 n-12 Uszansmwlumswavnauluszauaaaulovuui 1 luamwadouniian

[ 1

o

sasIaIudy aaedyaIUTUAIU 10 1AFIUA

s 2 3 4 5 7 9 e o nga | tau -y | w8y | Aeunth | dald | &R g | WCR(%)
0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 45
1 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 17 0
2 19 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 95
3 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 1 19 0 0 0 0 0 0 0 0 0 0 0 0 0 95
5 0 1 0 19 0 0 0 0 0 0 0 0 0 0 0 0 95
6 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
7 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 100
8 0 4 0 0 0 0 0 0 0 0 0 0 13 0 0 0 15
9 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
i1la 0 0 0 0 9 0 6 0 0 0 0 0 2 3 0 0 30
a 0 0 0 0 1 0 0 14 0 0 0 0 0 1 0 3 70
nya 1 1 0 0 0 0 0 0 8 0 0 0 0 0 0 10 40
1oy 0 4 0 0 4 0 1 0 0 2 0 0 0 9 0 0 10
Lf)-LfdJlJ 0 0 0 0 0 0 0 0 0 0 19 0 0 0 0 1 95
Lﬂw-tsll 0 0 0 0 0 0 0 0 0 0 4 16 0 0 0 0 80
neunih 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
da'ly 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
E0) 0 0 0 0 7 0 0 0 0 0 0 5 0 8 0 0 0
37134 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG 63.5
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A15199 n-13 Uszansammlumsnaumaiuluse

v W

Fulanuun 1 luanmmuiadeund

o

[

VAR MeaTdudyanaaedyIaIUNIU 5 eFua
s 2 3 4 5 6 7 9 e o nga | tau -y | w8y | Aeunth | dald | &R g | WCR(%)

0 0 3 0 0 3 0 0 0 0 0 0 0 0 0 0 0 1 15

1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 19 0

2 14 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 70

3 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100

4 0 0 20 0 0 1 0 0 0 0 0 0 0 0 18 1 0 0

5 0 0 0 18 0 0 0 0 0 0 0 0 0 0 2 0 0 90

6 0 0 0 0 18 0 0 0 0 0 0 0 0 0 2 0 0 90

7 0 0 0 0 0 19 0 0 0 0 1 0 0 0 0 0 0 95

8 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 2 100

9 0 3 0 0 0 0 12 0 0 0 0 0 0 0 0 0 4 60
i1la 0 0 0 0 0 7 0 5 0 0 0 0 0 1 3 0 0 25
a 0 0 0 0 0 3 0 0 7 0 0 0 0 0 0 0 10 35
nya 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 4 70
1oy 0 0 0 0 0 6 0 0 0 1 3 0 0 0 10 0 0 15
Lf)-LfdJlJ 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0 0 1 95
LEJV\I-LSN 0 0 0 0 0 0 0 0 0 0 0 5 15 0 0 0 0 75
neunih 0 0 0 0 0 3 0 0 0 0 0 0 0 17 0 0 0 85
da'ly 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 50
E0) 0 0 0 0 0 8 0 0 0 0 0 0 0 0 1 11 0 55
371?4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG 61.25
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A15199 n-14 Uszansamlumsnauwaiuluse

[

3

aaulavuun 2 luanmnaden luiidsesuniu

U
i 1 2 3 4 5 6 7 8 9| ila o nga | tau -y | w8y | Aeunth | dald | &R g | WCR(%)
0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
3 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
5 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
6 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 100
7 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100
8 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 100
9 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
e 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 100
a 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 100
nya 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 100
1y 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 100
Lf)-LfdJlJ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 100
lf]?\l-l,fd]ll 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 100
AoUHTH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
da'ly 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 100
E0) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 100
Eﬂq 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG 100
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a9 n-15 Uszanmmlumanaunaluszaudadulanuui 2 luanmnadeniifiadandmdyyanedya usuniu 20 mdua
il 1 2 3 4 5 6 7 8 9| dla o wga | rEu 10-18y ov-18 dounih | daldl | @ g | WCR(%)
0 0 13 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 75
2 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
3 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
4 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
5 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
6 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 0 100
7 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 0 100
8 0 0 0 0 0 0 0 19 0 0 0 0 0 0 0 0 0 0 0 95
9 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 100
i1la 0 0 0 0 0 0 3 0 0 9 0 0 0 0 0 2 5 0 0 45
i 0 0 0 0 0 0 0 0 0 0 18 0 0 0 0 0 0 0 2 90
nya 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 100
au 0 0 0 0 0 0 4 0 0 0 0 0 6 0 0 0 10 0 0 30
lf]-l,fd]ll 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 0 0 0 1 95
LEJW-L?J&J 0 0 0 0 0 0 0 0 0 0 0 0 0 3 17 0 0 0 0 85
founth 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 100
a1l 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 19 0 0 95
E0) 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 13 0 65
3“/1?4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 100
AVG 83.75
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~ a a v o A A Y Aa
135190 n-16 Uszansammlumsnauwaulussavaaaulavuui 2 luamwadeunil

[

1 o

AoasaIudyaaedyaIUTUAIU 10 AFIA
il 2 3 4 5 7 9| dla o wga | rEu 10-18y ov-18 dounih | daldl | @ g | WCR(%)
0 10 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 50
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Integrating Lip-Reading and Thai Speech

to Control Electronic Devices 1in a Vehicle
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Songkhla, Thailand.
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Abstract—This paper presents the use of lip-reading and Thai
speech to control electronic devices in a vehicle. The Viola-Jones
algorithm detects the face of the driver and the constrained local
model detects their mouth area before three lips features are
extracted. Hidden Markov models are utilized to recognize
speech and lip movement, with the lip movement recognizer
offering better accuracy than the speech recognizer in a noisy
environment. Three fusion methods are utilized to combine lip-
movement and speech. We propose the use of vehicle speed for
selecting the appropriate recognizer for different speech signal-
to-noise ratios.

Keywords—component; formatting; style; styling; insert (key
words)

I. INTRODUCTION

Controlling an in-vehicle electronic device by hand while
driving is dangerous because it can distract the driver. For this
reason, Automatic Speech Recognition (ASR) is one of the
most popular methods for reducing a driver’s distraction.
However, the accuracy of ASR’s recognition rate is
considerably reduced in highly acoustic background noise,
especially when the car is moving at high speed. To overcome
this problem, some researchers have used lip movement data to
improve speech recognition accuracy. Palecek and Chaloupka
showed that the combination of lip and audio can improve
speech  recognition accuracy [1]. Navarathna et.al.
demonstrated that the Viola-Jones algorithm is an appropriate
method for detecting the driver’s face and lips, and is also
immune to the variability of light in an in-vehicle environment
[2]. Shin et.al. used the active appearance model (AAM) and
the Lucas-Kanade method for detecting the lip area from a
human face [13]. Lee et.al. proposed adding an audio-visual
English speech corpus in a car environment [3]. Liu et.al.
proposed the mechanism of decision level fusion between the
audio and visual features, and introduced a weighting scheme
between each modality by means of reliability measures [4].
All of this research focuses on non-Thai commands.

Although Thai speech recognition research has a long
history, the combination of Thai speech and visual data is
much less reported. In this paper, we study the feasibility of
using Thai visual-speech recognition for controlling in-vehicle
electronics devices. Section II introduces our proposed audio-
visual speech recognition system. Section III presents the

978-1-4673-6713-4/15/$31.00 ©2015 IEEE
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fusion method for audio and visual data. Section IV describes
our audio-visual database for training and testing the system.
Experimental results are given in section V, and section VI
concludes the paper. Future work is presented in section VII.

II. OUR PROPOSED AUDIO-VISUAL
SPEECH RECOGNITION SYSTEM

Table 1 shows our choice of Thai speech commands
designed for controlling the radio receiver and CD player in a
car environment. A five-state hidden Markov model (HMM) is
utilized to recognize input speech. Our system operates on
isolated words in speaker dependent mode.

Table 1. Thai words supported by our visual- speech system.

Command | Meaning | Command | Meaning
wila One iila Open
ang Two a Close
aw Three i@y Play

7 Four 1gn Pause
h Five il Next
¥n Six nouwin Previous
i) Seven @ CD
uia Eight iy FM
i Nine IdY AM
qud Ten ny Radio

29

For lip recognition, a video camera is attached to the
steering wheel to capture images of the driver’s face, which is
detected using the Viola-Jones algorithm [5], as shown in
Figure 1. The location of the lips is obtained and the lips’
features are extracted. A seven-state hidden Markov model is
utilized to recognize lip movement, and three lip features are

utilized:
H, H, N,
wow o w )’
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where W  =width of the mouth,
H, =height of the mouth,
H, = distance between the lower edge of the upper
lip and the upper edge of the lower lip,
N, =Number of pixels in the shaded area between

the upper and the lower lip (see Figure 2).

Feature
Extraction

MFCC-D-A

w‘FeatureS

Fusion

v

Decision

Figure 1. System Block diagram.

Figure 2. Lip features used in our system.
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III. AUDIO-VISUAL FUSION METHODS

Audio and lip features are combined in two ways to
augment recognition accuracy: at the feature level and the
decision level.

For feature level fusion, the Mel-frequency cepstral
coefficients-delta-acceleration ~(MFCC-D-A) [14] data,
consisting of 39 features extracted from the speech module, are
combined with the lips’ three features. These 42 features are
used to train and test a seven-state HMM classifier. The input
speech and lip movement video are recognized as a k* class
using:

k*=argmax{P(0,, | 1)}, 1)

where O, is the combined audio-visual observation feature,

and P(O,, | A') stands for the likelihood obtained from the
HMM of the i-th class.

For decision level fusion, the input speech and the lip-
movement features are used to separately train an HMM
classifier. The input speech and lip movement are classified
together as ¢* class using [4]:

c*=argmax{ylog P(O| £,)+ (1= )log P(O| 2],

(@)

where P(O, | X,)and P(O, | A, ) stand for the likelihood
obtained for the i-th class of the audio HMMs and video
HMMs respectively. The weight } specifies how much the
audio effects the final decision, and is calculated using [8]

Su

=—da 3
S,+S, ®

/4

where S, and S, stand for the reliability of the outputs from

the audio HMMs and video HMMs respectively. The reliability
of each modality is calculated using [7]:

1 N A ;
§ =~ 2 imaxlog PO| #)=log PO )}, 4

where N is the total number of classes. Equation 4 assumes that
the difference of the output of each HMM will be large in the
case of low acoustic noise. For example, Figure 3 shows that
the reliability of the command word “#1” is large when the
voice is clean, and becomes much less so in more noisy voice
data.

The overall recognition accuracy of decision level fusion
was improved by replacing equation (3) for calculating the
¥ value by a neural network. The ¥ value is generated using S

and Sy as the net’s inputs. A feed-forward neural network was
trained with the reliabilities obtained from the training data
with different levels of noise. Speech data with signal-to-noise
ratios (SNR) of 30, 20, 10, and 5 dB was trained with target
¥ values of 1.0, 0.5, 0.25 and 0 respectively.
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Figure 3. The reliability of the command word “#

at different SNR levels.

IV. AUDIO-VISUAL DATABASE

Our database consists of two parts, for training and testing.
Each part contains 20 command words, and each word comes
with 20 speech examples and corresponding lip-movement
videos. All audio-video data was collected in a controlled
environment to ensure that the speech was clean (> 30 dB
SNR). We collected the data in a car with its engine turned off,
and all side and rear windows closed. A 640x480 pixels video
camera, recording at 30 frames per second, was utilized to
capture lip movement. No internal light source was used in the
car, so the video was captured using only natural sunlight, and
it was recorded during 11.00am-1.00pm to avoid sunlight being
projected directly onto the driver’s face.

Clean speech data in the database was used to train the
audio HMM classifiers. To train the neural network for
generating the % value, white noise was added at 3 different

levels; speech with SNR levels of 30 (clean), 20, 10, and 5 dB
was obtained.

In order to test the system’s tolerance for acoustic noise,
white noise was added to the testing part of database at 3 levels
in the same way as the testing phase; testing speech with SNR
levels of 30, 20, 10, and 5 dB was derived.

V. EXPERIMENTAL RESULTS

We chose the best algorithm for detecting the location of a
car driver’s lips from three methods implemented on a 2.5 GHz
Core-i5 machine: active appearance model (AAM) [10], active
shape model (ASM) [11], and constrained local model (CLM)
[12]. The algorithms were tested on 200 video files, each of
which contained only 10 video frames. The lip areas obtained
from each algorithm were compared with a manually
determined area, and the overlapping pixels between these two
areas were counted to derive a correction percentages for each
algorithm. The resulting values for AAM, ASM, and CLM
were 90%, 75%, and 84% respectively. Although AAM has the
best correction percentage, we did not choose it because the
maximum video frame rate that it could support on our test
machine was only 3 frames per second. However, since ASM
and CLM support over 35 frames per second, we chose CLM
as our lip detection algorithm.
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We tested our Thai visual-speech command system in five
configurations: (1) an Audio-Only recognizer using speech
alone to recognize a command word, (2) a Lip-Only recognizer
utilizing visual lip movements alone, (3) a Feature-Fusion
recognizer which employed feature level fusion between the
audio and video, (4) an £Q3 recognizer using decision fusion
along with equation (3) to calculate the ¥ weighting value, and

(5) a NN recognizer which employed a neural network to
obtain the } weighting value.

100

90

80

70

60

50

‘Word Correct Rate

40

—>%— Audio-Only
—— Lip-Only
—&— Feature-Fusion
—=—EQ3

—A—NN

30

20 30(clean)

SNR (dB)

Figure 4. Recognition accuracy of 5 recognizers.

Figure 4 shows that the Lip-Only recognizer has a
recognition accuracy of 80.75%. Since acoustic noise has no
effect on the lip videos, the recognition of the lip features has a
constant accuracy for all acoustic noise configurations. An
Audio-Only gives very high accuracy in a clean configuration,
but noisy speech, with SNR levels of 20, 10, and 5dB, causes
the recognition accuracy to be considerably reduced, to 68.25,
23.75, and 12.50 percent respectively. The Feature-Fusion,
EQ3, and NN recognizers give better accuracy than Audio-Only
for all SNRs, but their accuracies are lower than Lip-Only for
SNR levels less than or equal to 20 dB. The recognition
accuracy of the NN recognizer is 84.00, 72.75, and 72.50
percent for SNR levels of 20, 10, and 5 dB respectively. This
means that its performance is better than all the other fusion
based recognizers, but is still less than the Lip-Only recognizer
in a noisy environment.

The NN recognizer has better accuracy than the Lip-Only
recognizer when the SNR is greater than 17 dB. However, the
Lip-Only recognizer has superior accuracy when the SNR is
less than 17 dB. Therefore, if we know the SNR level of the
current input speech, then we can choose the appropriate
recognizer to achieve the best overall recognition accuracy.
Unfortunately, it is difficult to know the exact SNR value
because the noise is highly dependent on the car’s speed.
However, we can approximately define a relation between the
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car’s speed and the speech’s SNR. We collected speech data
while a Toyota Yaris (1500 CC) was travelling at different
speeds. Figure 5 shows that when the car’s speed is greater
than 60 km/h, the SNR is less than 17 dB. With this additional
data, we added a car speed threshold, Sy, to our system, set to
60 km/h. When the car speed is lower than S, the final
decision comes from the NN recognizer, otherwise the final
decision comes from the Lip-Only recognizer. The current
speed of the car is obtained from an embedded board connected
to the engine control unit (ECU) via its OBD-II port [9].

30
0\‘\‘\‘
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Figure 5. The signal-to-noise ratio of input speech obtained
from a car travelling at different speeds.

VI. DISCUSSION AND CONCLUSION

We have demonstrated that the integration of audio and lip
movement can improve car-based voice recognition accuracy
for controlling electronic devices such as CD players and
radios. Car speed information can help when choosing the
appropriate recognizer at different levels of noises, but utilizing
a speed threshold may not be the best method, and further
study of this topic is required. The relationship between speed
and acoustic SNR will vary between cars. Moreover, engine
speed is not the only factor that affects car noise. A more
effective noise detection mechanism is needed for recognizer
selection.

VII. FUTURE WORK

We plan to test our system in real-world driving situations
to better analyze the effect of acoustic noise on recognition
accuracy. We will also examine the robustness of face
detection and our lip detection algorithm in variable light.
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