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CCECE 97, St. John's

{ Null hypothesis (H0): noise-only

{ Alternative hypothesis (H1): speech-plus-noise
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Fig. 1 The VAD Problem
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CCECE 97, St. John's

Basics of a VAD Design

correction
VAD decision

VAD decisionfeatures
extraction

thresholds

computation

processing
input signal

VAD
output

Fig. 2 A General VAD Algorithm

Commonly used VAD features:

� short-time energy

� zero crossing rate

� LPC, and cepstral coe�cients

� Pitch lag (periodicity)
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CCECE 97, St. John's

The GSM VAD
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Fig. 3 The GSM VAD Algorithm
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CCECE 97, St. John's

The EVRC VAD
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CCECE 97, St. John's
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Fig. 5 VAD results for car noise at 20 dB SNR.
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Fig. 6 VAD results for babble noise at 20 dB SNR.

14



CCECE 97, St. John's

0 0.5 1 1.5 2 2.5 3 3.5

x 10
4

−2

0

2
x 10

4

G
S

M

Car Noise, 0 dB, VAD Results with Error Correction

0 0.5 1 1.5 2 2.5 3 3.5

x 10
4

−2

0

2
x 10

4

iG
S

M

0 0.5 1 1.5 2 2.5 3 3.5

x 10
4

−2

0

2
x 10

4

E
V

R
C

0 0.5 1 1.5 2 2.5 3 3.5

x 10
4

−2

0

2
x 10

4

T
O

S

sample number

Fig. 7 VAD results for car noise at 0 dB SNR.
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Fig. 8 VAD results for babble noise at 0 dB SNR.
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Fig. 9 VAD results for bus noise at 0 dB SNR.
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Fig. 10 VAD results for street noise at 0 dB SNR.
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Fig. 11 TOS VAD: e�ect of input signal.
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Fig. 12 TOS VAD: e�ect of isolated error correction mechanism.
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Fig. 13 TOS VAD: e�ect of isolated error correction mechanism.
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Fig. 14 TOS VAD: e�ect of isolated error correction mechanism.

23



C
C
E
C
E
9
7
,
S
t.
J
o
h
n
's

S
u
m
m
a
r
y
o
f
R
e
su
lts

�

C
on
sisten
t
su
p
eriority
of
th
e
E
V
R
C
V
A
D

�

T
h
e
T
O
S
V
A
D
is
ran
ked
overall
secon
d
in
p
erform
an
ce

w
ith
alm
ost-p
erfect
d
etection
of
b
ab
b
le
n
oise
at
0
d
B

�

T
h
e
G
S
M
V
A
D
sh
ow
s
accep
tab
le
p
erform
an
ce
u
n
d
er

station
ary
n
oise
en
v
iron
m
en
ts
b
u
t
is
n
ot
go
o
d
for

n
on
-station
ary
n
oises

�

H
igh
-en
ergy
voiced
sp
eech
segm
en
ts
are
alw
ay
s
d
etected

b
u
t
low
-en
ergy
u
n
voiced
sp
eech
is
com
m
on
ly
m
issed

�

T
h
e
V
A
D
d
ecision
s
w
ere
im
p
roved
b
y
u
sin
g
th
e
L
P

resid
u
al
as
th
e
in
p
u
t
sign
al
to
th
e
V
A
D
an
d
b
y
u
sin
g
th
e

p
rop
osed
IE
C
M
.

24



C
C
E
C
E
9
7
,
S
t.
J
o
h
n
's

R
e
fe
r
e
n
c
e
s

[1]
K
.
S
rin
ivasan
an
d
A
.
G
ersh
o,
\V
oice
activ
ity
d
etection
for
cellu
lar

n
etw
ork
s,"
in
P
ro
c
.
o
f
th
e
IE
E
E
S
p
eec
h
C
o
d
in
g
W
o
rk
sh
o
p
.,

p
p
.
85{86,
O
ctob
er
1993.

[2]
D
.
K
.
F
reem
an
,
G
.
C
osier,
C
.B
.
S
ou
th
cott,
an
d
I.
B
oy
d
,
\T
h
e
voice

activ
ity
d
etector
for
th
e
P
an
-E
u
rop
ean
d
igital
cellu
lar
m
ob
ile

telep
h
on
e
serv
ice,"
in
P
ro
c
.
In
tl.
C
o
n
f.
A
co
u
st.,
S
p
.,
&
S
ig
.
P
ro
c
.,

p
p
.
369{372,
G
lasgow
,
M
ay
1989.

[3]
T
IA
D
o
cu
m
en
t,
P
N
-3292,
E
n
h
an
ced
V
ariab
le
R
ate
C
o
d
ec,
S
p
eech

S
erv
ice
O
p
tion
3
for
W
id
eb
an
d
S
p
read
S
p
ectru
m
D
igital
S
y
stem
s,

J
an
u
ary,
1996.

[4]
L
.
R
.
R
ab
in
er,
an
d
M
.
R
.
S
am
b
u
r,
\V
oiced
-u
n
voiced
-silen
ce
d
etection

u
sin
g
th
e
Itak
u
ra
L
P
C
d
istan
ce
m
easu
re,"
in
P
ro
c
.
In
tl.
C
o
n
f.

A
co
u
st.,
S
p
.,
&
S
ig
.
P
ro
c
.,
p
p
.
323{326,
M
ay
1977.

25



C
C
E
C
E
9
7
,
S
t.
J
o
h
n
's

[5]
J
.
A
.
H
aigh
,
an
d
J
.
S
.
M
ason
,
\R
ob
u
st
voice
activ
ity
d
etection
u
sin
g

cep
stral
featu
res,"
in
IE
E
E
T
E
N
C
O
N
,
p
p
.
321{324,
C
h
in
a,
1993.

[6]
J
.
D
.
H
oy
t,
an
d
H
.
W
ech
sler,
\D
etection
of
h
u
m
an
sp
eech
in

stru
ctu
red
n
oise,"
in
P
ro
c
.
In
tl.
C
o
n
f.
A
co
u
st.,
S
p
.,
&
S
ig
.
P
ro
c
.,

p
p
.
II-237{II-240,
A
u
stralia,
M
ay
1994.

[7]
R
.
T
u
cker,
\V
oice
activ
ity
d
etection
u
sin
g
a
p
erio
d
icity
m
easu
re,"
in

IE
E
P
ro
ceed
in
g
s-I,
V
ol.
139,
N
o.
4,
p
p
.
377{380,
A
u
gu
st
1992.

[8]
M
.
R
an
gou
ssi,
an
d
G
.
C
arayan
n
is,
\H
igh
er
ord
er
statistics
b
ased

G
au
ssian
ity
test
ap
p
lied
to
on
-lin
e
sp
eech
p
ro
cessin
g
,"
in
P
ro
c
.
o
f

th
e
IE
E
E
A
silo
m
a
r
C
o
n
f.,
p
p
.
303{307,
1995.

[9]
H
.
J
.
M
.
S
teen
eken
,
an
d
F
.
W
.
M
.
G
eu
rtsen
,
\D
escrip
tion
of
th
e

R
S
G
.10
n
oise
d
atab
ase,"
R
ep
ort
IZ
F
1988-3,
T
N
O
In
stitu
te
for

P
ercep
tion
,
S
o
esterb
erg,
T
h
e
N
eth
erlan
d
s.

26


