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A Real-time Speech Purification and Voice Activity
Detection System Using Microphone Array

Student :  Chia-Hsing Yang Advisor ' Prof. Jwu-Sheng Hu

Institute of Electrical and Control Engineering

ABSTRACT

This thesis proposes a real-time interference suppression and voice activity
detection (VAD) system for applications’in desktop and vehicle environment
where speech reception is contaminated by, various noise and sound sources. A
microphone array of 8 micrephones with-USB 1.1 interface was made for the
implementation platform. To-cope with the changes of noise and environmental
characteristics, an adaptive beamformer-with on-line noise channel calibration is
designed and implemented. The"VAD result is used to ensure the correct timing
for on-line calibration. The algorithms are implemented on a PC platform and to
guarantee real-time, optimization of intensive computations is also studied. To
verify the effectiveness of the proposed system, the purified speech signal is
combined with two ASR (Automatic Speech Recognition) system. The
experimental results show that the algorithms are able to reduce the interference
and enhance the ASR rate.
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N(k,1)=aN(k,1 =1)+(1—a)N(k) (2-10)
e kPRSI 2 F 42 5 (2-10) 27 F 40 N (k) #70 %
TF RN (K)ehEa L & 51 - BN K)FR oA M EE

¥ ik RIEB E]rr‘z%ﬁfo
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2.2.1 VAD Hi#t

AF & ¥ ik VAD jF 2 0 % Matlab #54% L uB~ 45 % 5 16k Hz»
*H - F b4 125 0 X H (T VAD 02| 2o Bl 2-6 B 7 43
WA PR ES Tl VAD i o 4 G 8 2-6 3B~ N=6 - 7 Bl 27 & 7 12
WAPERE S T3 VAD ik > 2§ 8 2-6 583 N=0 -

B 2-6 fr B 2-7 b X304 B 1 4 LTSD & ¢ chbf 4 » St chi
LTSD € f @ 7 B3 R L FFES 7 (N=0) 7 LTSD % & +
FEAF LA T BF= 0 LTSD 4R § 5 ATeniE o W RAERT HFR > 2

MERFED T (N=0) 7VAD B % 2% & #3535 BI%A » 5 2] %

Y

7

EEAFES 0n T REFTES T RN=6) mVAD)Iw ThE AR

{
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LTSD an |
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1
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Bl 2-6: 1+ X3 LTSD & ¢ B (2@ T 3% VAD g% % N=6

12':' T T T T
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40 - -

2'] 1 1 1 1
o

frarme

0.5

Speech

0.5

-1 ] ] ] ]
0 05 1 15 2 25

sample point 1°
s

Bl 2-7: 1+ X3IRILTSD &2 o B @] T 2 3% VAD #isg % N=0
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232§ Btk BAEEH

-
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Filter o=
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Algorithm

B 28 ¢ i ik B AT % 1

Rt B IL BB 2-8 STT o B SUBLEE gt B gL
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2.3.3 Least-Mean-Square (LMS) Algorithm

IMS FE2dpeni 50 - B e W #3547 385 [19]- 2 A&
E A

AEHACK 2-8 T o R A H M EL L zero-mean s H R R E i o)

Eld}=0,07 = E[d[

AEAUEL X - EMxIeE o FREARARELT LR LR
R, =E{x'x} , R, =E{dx"]

Flg B ARG dicke (2-11) 34977

J(w)= min E{d —xw}’ = E(d — xw)(d — xw)’ (2-11)

2-11 ;% eng, ;3&3]‘%5!\#5 - e Wit T3 E ] »m WendS 2R3 %
Steepest-Descend Method » # & 3 N4t 4

(new guess ) = (old guess ).+ Ca-eorrection term )

4 e

W, =W, + 4P, i1>0 (2-12)
e (2-12) A& G W, I TR p R p 5 - B EAG
stepsize ¢ @ p FRE B~ P (2-11) T E 5 B (2-11) FNER T F
Jw)=02 R, W—WR, +WRW (2-13)
S WRIWwE ] o #2135V, #F

V,.J(w)=wR, - R;, (2-14)
Bl 0 AT ow A J(w) B M R e 85 R R > A B
p=—[V,J(w )] =Ry ~RwW,, (2-15)
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(2-12) 7/ &

W, =W, + /u[Rdx - RxWi—l] 120 (2-16)
BB 0 Ry frR T % AATA AT 000 B
Re =d(i)x"(i) R, =x"(i)x(i) (2-17)
w0 (2-16) 47 B 5
w(i)=w(i —1)+ " (I)d(i)-x(iw(i-1)] >0
(2-18)
] > LMS Algorithm # #3240
Filterout = Y(i)=x(i)w(i) (2-18)
Error function : e(i) = d(i)— Y(i) (2-19)
Update weight : W(i) = w(i =1) ¢ z-{ie(i) = >0 (2-20)
H 2 B BT AT
x (1)
y (1) d(i)
- x(1)w (1) -
\ e(1)
~(+
w (1) w(i-1)

z! -

B 2-9 : LMS ;& & ;2 = 5.
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2.3.4 Normalize LMS Algorithm

max

ALMS FEZP 50 ik ‘1(&(’,(41-’1’1#:@‘»,?

max

R b Bl TR R BIFHG B 0 PR DI R f A7 52

sts

R R L L 11 £1 SESE RPN K

EE A 0¥ - 8782 > Normalize LMS Algorithm[19] :
Filter out ( ) ( ) ( ) (2-21)
Error function : ( ) ( ) ( ) (2-22)

(i)=w(i—1)s X0 g

g )x (i) (2-23)

2 LMS /% & i2 +* 4% > Normalize EMS G 82 5 § A { AT £ 9384~ 2 -

Update weight - W

. L a oy v .

o RGOk S PR R  OSg <20y G- B el
y+x"(i)x()

pehy FAriRA 2384 L R o deptTF Fr % Normalize LMS & & /2 Jzac o

MEhopt RE R WA F fER P ACE o REE EEHF S o
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2.4 i Rt 7| g AR
241 i BHE A BA G A

E AT B IEPE 5 € Bk S iE 2

W 74735 (Narrowband signal )

B %Z3-T e & (Farfield plane wave )

FOAAEEL 2 AMEENT S TR BRI R
MH > r R BB A P LY 2L T Gk 0 Pl Rk Bk
e R AT F L0 B 2 Bk Bkt 2 o RIRL e
R & A BLRIE L o Fl e i B BLRIE R A F Y d
Tl g IV FE 2 AR REIRA T R LY
PP RIT 0 PR R A BRI Tk E Py B )
P AR BURIRE  2 RRket TR Rt F 0 2 U B
,ﬁ@%%4ﬁﬁﬁ$ﬂo%w’%ﬁﬁﬁgﬂ#ﬁﬁﬁa%jﬁgﬁi&
Ao e R RArE L a B, ZRAT T J ey Bpk BRE
¥y » wamii» £ 0 7 873 T i it > RFZ A5 K g -

242 i Bz Btk B Dahl’s Algorithm

AFEEA LN F LR LA B B R BRI LT
Dahl ‘s Algorithm o & J5 i Bt L@ gl 4 > & Jf A (B D F i D 5L
chprft @ Dahl's Algorithm e73n 5L~ 28 12 Bl 4 @) 2-10 #777 o

Dahl's Algorithm 33t 5LEFB~ 78 HL Bl 4 3 374 K3 70 5 L] * MiB &
b Bk R T SF LRI ¢ A 5 E
%’ﬂ%&ﬂ%%ﬁiﬁﬁog:/%%{ﬁﬂﬁi}%ﬁ,kﬁi >

FFRA BRI G TRL AT FRREF I B kR Bk
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321 #§ FHlc kR [22]

B 3-1 2B 3-2 ¢ ] 2w g 3y RBiE S B kB > A
WELFERY o BOF P P A S BT A ¥ (Spectrum) F it £ B
BEABEF I PR R BT - AFAKE R o HEFAA S 0 ¥

- 7&@‘%"‘? IR Pgm&&’épi B A AL > @ @ FFRTHRF -

B33 535 FHc R BRI AR - Bl 5 B
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1. Fg5H :

A v g’b ulg»"‘ ‘]}/ﬁadj\ g ;;‘Z,_;%‘ mrﬁ J{F' &KA’\/}%.T Flt jz’_F’%': E] 'F' bo

R

- Rl FREAGAHH > £ F LA o™ 425040 (3-1) 5497

T o
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2. F =it

M3 5 UBLE 30ms Pos ARG A0k P ARG fRahg I 1L it
Wik, 4 Ap At G 220 ¥ £ 4 20ms

3.  Hamming Window :

i# * Hamming Window "% M 5 =7 A24nBL27 % 8L 57 i 1> H

Hamming Window 72> 38 4 (3-2) ;84757 @
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w(n) =0.54-0.46 x cos(i}—mj (3-2)

¥

He AN @ 4§ +2+ -] » 2 Hamming Window B4 ] 3-2 #7771 o

L] bt
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i flms)

B] 3-2 * Hamming Window
4. FFT

I * FFT %5 B3 24 & 4 3% o

5. Filter Bank :
Mel-Frequency Cepstrum Coefficients f| 5 — < § {2endF et £ > H

Filter Bank 18~ 4 (3-3) ;# (3-4) ;A 957
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( 0
2k — f[m—1]) k< f[m—1]
H Tkl (f[m+1]— f[m-=1])(f[m]—f[m-1] f[m-1]<k<f[m]
mlk1=) 2k— f[m—1]) F[m]<k < f[m+1]
(f[m+1]— f[m—1])(f[m]— f[m—1] k> f[m+1]
0
(3-3)
f[m] :[%j B_I(B(f1)+m B(f';\zl_j(f')j
B~!(f)="7000(EXP(B/1125)—1)
(3-4)

(3-3) ;% % filter bank 2 &3¢ > & &5 M B filter (m=1,2,.. . M)> @ =* i
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h
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% FFT 2t#c - H filter bank B)4c-®) 3-3 #7771 o

N L

34 107 4000
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e 0 AE - A Toph[ 6] = 0. 00%
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