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Dereverberation of Sound Signal Using Adaptive
Beamforming and Gain Suppression

Post-filtering

Student:  Zong-Han Yang Advisotr  Prof. Jwu-Sheng Hu

Institute of Electrical and Control Engineering

ABSTRACT

This thesis proposes a method of de-reverimerdty adjusting signal decay
rate. The method utilizes spatial information ie tleceived signals of microphone
array. First, by beamforming operation, the dirpath and reverberation of
non-target signals are filtered. Then, we estintagesignal decay rate (the energy
of reverberation) according to the characteristicsignal decay. By combining
estimation of energy decay and the spatial inforomatrom the microphone array,
a method to adjust the gain function during polefing is proposed. The
proposed algorithm does not need to know the in&drom of acoustic impulse
response which is often difficult to obtain in rgalactice. Experimental results

show the effectiveness of the proposed method.
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% = 38 P& e %‘u#pfﬁé’n\‘a‘ﬁ'ﬁﬁrmvi}ﬁﬂ° AT R AFFt—T5

(=T t=T +7)=r,, (t-T t=-T +7)+r,, (t-T, t-T +1) (2.4.17)

H e

[, (=T, t=T,+7) = gfe®? ™ T E{s(6)s(0+7)e**de (2.4.18)
o,

r, (t=T,t=T +1) :a‘fe‘““‘Tf)tTTrE{s(é?)s(9+ r}e*de (2.4.19)

v

135 241658 o, (Lt+DIEF £ 57 5

r,, (tt+7)=xke”r, , (t-T t-T.47)

) (2.4.20)
+e2r,, (t=T,,t=T, +1)

k=02/00 > i F L BROES 625 Prik< 1o kB 2.4.175% > 2.4.20% 1

EATH =
r,, (t,t+ 1-« t-T t-T +7)?
o (1= (o), ) anm
+ke 2, (t=T,,t=T, +7)
(o3 B AR w4 RET S E T
fy (Lt+7) =€ @0 (=T 4T, =T +T, +7) (2.4.22)

FJ1* ®mpE PP oh % R (Power Spectral Density, PSR gL % > 2.4.2214
2 24218 & HF G S
P. (t, f ) =e_25_(TI_T')Pz,Z, (t—'l'I +T, f) (2.4.23)

P, (t.f)=e" (1-k)P, (t-T,,f)+ke™ P, (t-T, f) (2.4.24)
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At T AT f,=R R 3®piE > ¥ (Short Time Fourier Transfer, STFF)

3 =% (Frame rate) £ epFid = E gk gl » 2.4.23;8 7 3 =

A (1,k _M['TJA | - K 2.4.25
(k) =e (I-N, +1k) (2.4.25)
—235 _233
A (Lk)=e = (1-4)A, (1-1K)+xe  “A,(1-1K) (2.4.26)
i @54, k) ~ RIS iE G R A JIY 24250 % 24265 FpE

RS L o A (Lk)BShmg e SARET BT kA L AR E ER

K #-iv v (Direct to Reverberation Ratio; DRR): % %

o> 1-e¥" E

_o; _1-e”" E 2.4)27
“ o, €% E, (2.4)
A

Ok

Si-do 4228)
B[ h(t)a

ERERBEET T B RERRERF I AT Ao i Lo sr i s

7

= »

¢ 3.7 %3+ (Blind estimate)k 7 3] & i 8 & b o
Gt gy o F b AR IR R § R cho E R B
W R A R MR B R e R AT BRI E R B B

LRI PR A e ok xS R 0 A, k) § = **|z(, k)|’

R

|~
Ti\4
&

FREGRIDEL > BT RE L EEN o gy SRR o
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i Bt ES MR €L BB B 0 A EES MR T
g RENRIGUE SRR o Tk E 0 F s 20,k -A,0,k)20 -

FE S EAL ORI T T 8 Z(0,K) - A,0,k)<0 BF ook E g E o
120,k -A,0,k)>0 P& g ERIER 2 o |20,k -4, (,k)=0 > PR KB

K
> 21k
A k(1) + g | 1- =20 speech present
— 2 2
A=y Zf:ol‘z(l'k)‘ ~ otherwise (2.4.29)
k(1)

s % & (Stepsizey # B & 15 02 F o &RL ATHF » & #4 /U4 & 15 0

2o
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ARIPATT o AmvENDTZ o PL AR FhF Rk FE

Bens i o dopt T L B B FRT PR

Receive data

iCaIibration sighal i i
I . !
I direct !
1 U ox, (k) Offli traini w(l k) h 4
H I ine training —
sp(Lk —> L. >
i ¢ _ H weighting (Dahl) filtering
1| reverberation | |
1
i 5;(1, k) :
(1, k)
: Estimate late v
: Estimate * ) Re(lk . .
Recorded signal > decav rate > reverberation > Gain function
y energy
y(Lk)
A 4
Enhanced

Signal[y(L,k)]

Bl 3-1 i i iE

A BLTE 7}#/3% ER e

£ £ (Weight)y 17 % — 1F £ chiig )
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3. AU fow B LFE M XS5 Bir - 1k _E;\ﬁ.;f]ﬂ’l":;l(‘%fbﬁjﬁfgﬁ, %

L3-S z’v’ﬂﬁg,l 3B o

Ghhe R RS A RA RS BIA o B BIA LR LN BB
MBI R LT R w BRI g j@;‘/‘éu/ﬁ; oo

Wtk e B L3R s AR R T 7 R LS san Dahlig 2 > w3

j\fgf'“éﬁ/&/ﬂ%"1q’j\/ﬂx,$ﬁf§1-§°lz'5€'3’l"\i\“f’a BB F R S

TP b RES REREFTAEBEF R iR RE R LD
i 3]k cnif g i ok ko AR RISLEEROR T andn e o A T B B R
FOUR A L b AT R P 2 ke Pk

2

3.2 AR e REER

AR R DD F G RS T RIIERY L LA 2 R e
VRN F TI
1. PFRFa&4p 4k & (Delay and Sum Beamformer)[15]

2. Transfer Function Generalized Sidelobe CanceleiGS€)[16]
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3. Dahlix & ;2[14]

4. %% %2+ & gk B(Reference Signal Kalman filter)[17-18]

B R R REETRE L gL 5 (Signal to Reverberation Ratio, SRR
#c3# 4 2 (Log Spectral Distortion, LSD)

AEAE S BB ATBR B A P & 7 N5

KR, (1) =10log,, Lo (1) [dB] (3.2.1)

N 5§tk B> R % F =5 (Frame rate) z;(n) = = £ 3 55 (Direct Signal)

D(l)= %2 £{Z. (1.0} - ez k) |2 {as) (3.2.2)
£{X(1,K)} 2max{20log l0(\x(|, k)\), ! (3.2.3)
5 = max,, { 20lg, (| X (1 K)[)} - 50 (3.2.4)

32257 chpi ¥ §EHR 128 Looo Z, (LK ELZ (1K) 4 ¥ 5 z(n) & 2,(n) 5
RS 2 S, 032358 hp chE L B 4 B84 & 50

AV\E\ E’i’]%@]}\ o
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Listening-Quality Scale
Quality of the speech/connection Score
Excellent 5
Good 4
Fair 3
Poor 2
Bad 1

# 3-1 wFEFFH A L

REREREm A R P Rt e IR 327 F E g R &
EEY - MR RS B MEBEALE D X3 ER L D R B2
+ & gt B -Dahlig 82 R BAp 4ok &> B 5 TF-GSCe 1945 8 3-3>
SV UFRFEHALD A ARG NS TR T A F - R A

ip4eik & ~ TF-GSC> &) B &_Dahl i &% -

Fd W 3-2- W 3-3p % i @Atk 1 Dahlig b2 aved o et )
F I LA W“ﬁ*’%&ﬁii4gﬁ&ou1$ TER AV L
TF-GSC-Dahli# &2 112 $4 252 + & jhl BEA WA SR Em LB Y5
Fjp F]
1. TF-GSC:

TE-GSC' L cnit e 2 & TN F b w5 )P &5 b cdp M %o

SRR SRR UL B N T AE R AN S AR R VR N A

Tl AU S R R A R o T A REE ALY o 4§ MU R

PIEE MBS A b 2 B ended MBS 2 sied > fr & 17 TF-GSCif
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Bl 3-8 i & T A R

d Bl 3-8 VEREY FIA MR RIS T I E  Flp Al o] T2
(Least Square, LS} iT it & T b 3R 2 BT 302 T K 40T
J(p.q) =min(EDC(n)- (p+dgn))* (3.3.1)
PeriaifT®ixfH QiR PEF S VAFEDRE AF>IHE ¢

A58 v B RF Y REHITRAH 3-9977 ©
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TE5}
gL
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I RFAF Q2 7l F 22255 5 i w R o MR B e pER R
~ 24255982 24265 > VREFGEEFH > L @A xR TATTIE N - e
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/]zd
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z
2o B BTELAR B 0 Ay, 5 B ARV dnl il £ o s 3.3.150 ¢
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RT60

0.5 1 1.5 2

original 5.788241 0.073819 -2.37934 -3.90586
1 10.48013 5.840099 3.701991 2.218376
2 12.09237 6.747207 4.420009 2.847894
3 12.76566 7.372765 4.781325 3.187679
delta 4 12.63602 7.357509 4.647785 3.075472
5 12.87888 7.292633 4.556879 3.141693
6 13.01536 7.192203 4.645835 3.179897
7 13.04291 7.255582 4.675451 3.131081
8 13.01453 7.273262 4.67321 3.171339

4032 WEA B HE A
RT60
0.5 1 1.5 2

1 13.94806 15.42228 16.20252 16.697
2 16.17098 17.49553 17.96619 18.15511
3 18.48567 20.09778 20.71019 20.45006
delta 4 18.27493 20.6505 20.74095 20.65159
5 19.39956 20.28115 20.7347 20.64885
6 20.67107 21.30488 20.67401 21.14339
7 21.31464 21.90949 20.8894 21.52165
8 21.65511 22.2379 21.10343 21.84882
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5=1 SRR(dB)/LSD(dB)

Dahl -1.60164/10.2273

Delay and sum -3.3789/8.282535
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