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Voice activity detection by lip shape extraction using EBGM
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Abstract We propose a voice activity detection in a car by using shape of lip and acoustic signals. To prevent
the wrong detection caused by the different speakers using speech processing technologies , the proposed system
extracts the shape of lip and computes the aspect ratio. An infrared camera is used to cope with the change of
lighting environment. Elastic Bunch Graph Matching is employed to extract the shape of lip from gray scale im-
ages. Experimental results show the proposed system improved the precision rate of voice activity detection by 40%
compared to the method using acoustic signals recorded in a car.

Key words voice activity detection , lip area extraction ,Elastic Bunch Graph Matching
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0 1 Two-dimensional wavelet convolution example
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2.2 Jet Similarity
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2.2.1 Displacement Estimation

0O (()0oooooooo d0000000000000
000000 d00000000000000000000
0000 Jet0D00O00Odz=dy=0000 (6)00000O0
ooo0oDOoooO0bDOo0oDOoooOOobOoOoDoooogon Jet
00000000000 Jete0000OO0OOOODODOOOCODODO
00000doooooooooooooooooooooo
00000000ooooooooooooooooooooo
oo0ooooUooo0o 1/20000000000D0D00D0DOO
ooooooOoOoooooOo s000d0ooooooooo
0000oooooooooooooooon
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0 3 Jet extracted from facial feature points
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2.3.3 Elastic Bunch Graph Matching
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O 5 Elastic Bunch Graph Matching procedure
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0O 7 Lip shape extraction using EBGM

0000000000000000000 (Lipaeighe) 000
(Lipwsarn) 0000000000 DOOOOOOOOOTOOO
000000 (Aspect Ratio) 00 D0O00D0O0O0 8000
gobooooooooooobooooocOooooOooooo
gooooooooooooon

Lipreight

Aspect Ratio = —
Lipw idtn

(7)

gooooosooooooooboooooooobobooboobo

Close Open
e AP
Aspect . —_
Ratio . R:Iosel — Rclosez < I:%pen

0 8 Aspect Ratio

goooooobooboobobobobobobobobon
gooooooooboooooooooooooooooaoa
goooooooooooooboooobOoooOoooooooo
gooocoobboooobobooosboobooooooooobooo
goooooboooooboooooOoooobOooboooooooo
goooooboodooboooooboooooboooboooooboooo
goooooboooooooobooooboboobooooooooboo

{\
NM \
byl

0 £ i Uil

ETL Py
0 9 Change of Aspect Ratio

- B = &
——

goooooboodooboooooboooobOoOoobooooooo
goooooooooboooooboooooOoooooooooo
goooobooooboooooboooobOoOooooooooo
goboboooooooooooooooooooooooon
goooooooooooo

3. GMMOOOOOOODOO

3.1 0J0OODOODO

00000000 MFCC(Mel Frequency Cepstral Coeffi-
cients) 0 0O0OOMFCCUOOODOOOOOOOOOOOODO
000 DCTOOOOOOODOOO0ODOO0O0ODOOOO
goobooooooooobooboobobobobobobo
o000 MrFCCOOOOODOOOOOUOO 20000000
goooobooboobooob sboobooboobbooboon
gbooboooooboobooboobooooboooboos
gooobooobooboooobobobobool1bobooo
goooboboboobooobobobbobooboobbo
goobooooooooooooobooboobobobobo
ooooUooOoooooooo 1o

3.2 0000

00000000000 DDOGMM(Gaussian Mixture
Model:DDDOOODO)00ODDODOO0OOOOOOGMMOODO
goobooooobooboobobobobooboobooobooo
gooboooooooooouoobobobo

f(o) = Z)‘wN(Wvazw) (8)

w
E:&Uzl 9)

w=1

000000000000 POODOOOOWODOOOO
o€ RPODODDODDDOOOW, € RPOwOOOODO
oooooooooos, e RPXP 000000000000
N(o;pw, %) 000000000

3.3 000000

00D00000000000000000000 (10)00
0oooOoDooooo
P(x | speech)

L(z) =1
(z) = log P(z | noise)

(10)

OO000OP(z | speech)y OO OOOP(z | noise) 1D OO0
O0000L(z)0ODDOOOOOO0ODODOOOO0ODOOOODO
gooooooo

i+
L) = Y L(z) (11)

. N
J=r— 5

00000000 L(zx0DDOOO0ODODOODO eOODDOODOOO
0o00o0oooooooooooooooooooOObObOoDo

goboooooooooobooooooooooooooag
goooooo

4. 000000000000

oboooooooooobooooooooobobo200000
goboooooooooooobooooooooboooooboo
oooooooowoooooobooboboboboooboooo

0000000000O0o0ooOooUo10-(b))0OoOOO



(b)

FSAN—DFEEE

FSAN— DR

REFHDLVEOBE
E

BRI
(GMM)

X (©
EOMRIE
(EBGM)
REORE
(FRRGMLEBR)

RS NR—DFEE

0 10 Integration System
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0 11 Voice activity detection with change of Aspect Ratio
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0O 14 Examples of EBGM Results with test data
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0 1 Results using proposed System

Speaker ID | Detect All | Detect True | Recall | Precision
Man 106 100 100 94.33
‘Woman 118 100 100 84.75

0 17 EBGM Error
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