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<Abstract>

Application of Shape Analysis Techniques for Improved
CASA-Based Speech Separation

Yun-Kyung Lee, Oh-Wook Kwon

We propose a new method to apply shape analysis techniques to a computational
auditory scene analysis (CASA)-based speech separation system. The conventional
CASA-based speech separation system extracts speech signals from a mixture of speech
and noise signals. In the proposed method, we complement the missing speech signals by
applying the shape analysis techniques such as labelling and distance function. In the
speech separation experiment, the proposed method improves signal-to-noise ratio by 6.6
dB. When the proposed method is used as a front-end of speech recognizers, it improves
recognition accuracy by 22% for the speech-shaped stationary noise condition and 7.2% for
the two-talker noise condition at the target-to-masker ratio lower than or equal to —3 dB.

* Keywords: Computational auditory scene analysis, Speech separation.

* B odre AEFAR 9 ARFAAFIZFLY AR THAN 7SN EAI] e dgo
2 Y3 S. [2007-S-036-01, AZFFHAIGE HE&F/NFF EHiAAEY S4<0H
#Ho|2A7]e N



154 442 A65%

AlgE ol F-2 BE H4E7E Hd9A EHE #A e A
o]E Zte|Y ¥ FA|(cocktail party problem)ZF 18] 27] olAtel &
AXE v FYE 7| 99 d83 o2 HHY F dv AGFHY A2
23t olF A7) A8t 27) oY 34 e Feol £3 < A
AA Yol SAANEZNHE FE23te FEddo] H2 HAdA d7F5HA st
3 HIole T3 Ao EAlste BAHAAY FA% SAHAAE st o]
3 SAET 7S 243504 = dv) ?ﬂ@ﬂﬂﬁl ATH1I-[3].
A} (computational auditory scene analysis: CASA)= Holl &%
gt el AAEHE o83t SA4ANZE EFste 7otk
S8AZE ANZ-Fas d9o2 sy, X, A7) F(autocorrelation), =All/
2 3 XMl(onsetfoffset) S5 o|&3ly Y SHoZHH & 3? =¥ QAEE Fo}

£ wgoln. o dHe £4%Y Adn Fozge aTHE vyl UA
d ANy dHAZ ] it HELEE & o= 7%2:'10] ATH FHT CASA
e 248U4 A FHEsted SA4AAE F E&s= dF7F 2
)JE} Rungiang®| <1glsL A7 SAFH x| #HFHE ol&sty 4

TE T3 & AHERA Y A9 &4 EA 15‘;?} %E—]*EJ]PJ
& AMREY RS T 24904 4334 Srinivasan®] YA EL FA]
3 (simultaneous grouping)¥} <32} 15 3 (sequential grouping)2] 2 E’fﬁ] 2 ——T“‘é 5
Ao™ Z+ QA F7] FEE o]&3lq FAHASS st 2A/LZA A
HE o]&steq FAZLE TS5 sHAINE 71&Ee HHE

| =
L
O
u

>~|:ngr&1
l‘l

el

r.

2 | ok mi a2 g
4t oE do i k1T

< T
t FAHoM Az Bz A% FANTY &40 ST CASA <3 ES
AHER 54 M e B3 AFe g ¥ ASE s, 245 aFL
2 Y. fEpM EdE S4A57 gEE HA Afe 77 oH 4

+8E8 e dsol BoA= A7 FF AT |
B =FdAe oz £4d §4 A3 E B H3 JdHANEZHEH o
Ax2) o] e BA(shape analysis) 71€[6][7]19) 341 &) o] £ (labelling)} A &
&< (distance function)E AR&-3te] AlLHE 2 A4 84 JF9 o T4 FEE
o] &3t &4AH FAHEZ B3t

B =52 274 A 71E9 CASA ¢1dES s Lt 374 AHAE
g st HBAT. 4FoNA AAEY 425 3 Interspeech A Hl
olHE o] &3 +4UA AAE AL 5 < 2=

¢



CASA 718t SA8Z s F4S 3 g8 £4 7l=9 & 155

CASA 719t SAEY dngdEe FAEE <Y 1> 2oy A GAR o]F
olA AvH1]. R HA DA I nigEdEd AHEY A elFo e%el
&, A7 EARAS dyii=el {2 A E(inner hair cell) ‘%aﬁ’_i zd 3=
Rolth, 7 A dAloAEs FZ A7Fe F7] AE, Fi5 G A, 2A/=
A Yug 2330 oA GAE 228 2 5958 01%6}0:1 qzt NzE
¥HHoz BAST X ARE olfdd FeH §4 1Foz B WA
olth. B2lE $4 1§ AA EE 2447 9 S5 A5k 1A T
T2 AYAFETL]

S e BENY- (/=] == S

comnna | FDBa 0 KE He szes

w % )i.". Il E
SO EHE XHOi = A X B
QEM T
: g} .
M B @e e A A _——

""""""""""""""""""""""""" DRHAZ NS

2B ey sanE os AA EP

2.1. &2t 7|2t 2! (Auditory periphery model)
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2.2. 1At #Zt #8 (Higher auditory representations)

2.2.1. X7| A2 X|= (Autocorrelation map)
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2.2.2. WXlak2t X|&= (Cross-correlation map)
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Periodicity group map
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Auditory element map
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24 A ES A3} A3t A &2t 3l(speech separation challenge)[9]l| 4]

A8 el TS (speech-shaped noise: SSN)&F ZAA $Ate] A7l st
Az} EFH e 4 dHolguol2PIE ALt F4S BE T ¥,

A HolHE 4Y8rd dE3td JQAES ALY, 53
A3 A dHolHe dd Ad Y¥H dolHE 25 kHzolA AEH HAUL
349 9] G4, dA IAZEEHY 17,000 EHL2Z o|FAH 3l
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<command:4> <color:4> <preposition:4> <letter:25> <number:10> <adverb:4>

7 woly] THL e 2ok

command : bin, lay, place, set

color : blue, green, red, white

preposition : at, by, in, with

letter : W& A3 AR H Z71A]¢ <oyl
number : 0, 158 9712]¢] =2}

adverb : again, now, please, soon

4.21. 4 &l &2 dlo|le &8 &1t

SSN Hlo|Hl&= A% Z}-(stationary noise)©| 737]-% XA 52 SNRE Cleandt
6, 0, -6, -12 dBE TAEHo] A}t <HE 259 4 JAESL Yehjon QNES
243 A 6 dBIIA ¢F 20%9] Z7ME BYT, 0 dBS} -6 dBAIA & 25%, 18]
I -12 dBOIA o 15%9) F71E RAT o33 EIHJE= SNRo| EE&5E, 181
SA4 58 FAM ol oA AF I ER}EFE et 7 dvde AE
U ERATH

<E 2> 3R Feol £494 2%

SNR(dB) 4 =4 At HWy
Clean 93.9 87.4
6 29.5 50.3
0 16.2 41.1
-6 12.5 35.5
-12 13.0 28.4
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fl

<¥ 3> &3 A 4 d4E (%) 2
TMR (dB) ST SG DG Avg.
6 67.0 65.0 61.5 64.5
3 54.0 53.0 42.0 49.7
0 37.0 38.5 320 35.8
-3 21.0 25.0 23.0 23.0
-6 14.0 16.0 18.0 16.0
-9 10.5 12.0 12.0 11.5

<E 4> AgE dugsez 8 F 4 AHE (%) EH

TMR (dB) ST SG DG Avg.
6 333 34.6 41.2 35.3
3 26.7 31.5 35.2 31.1
0 21.0 29.2 31.4 27.2
-3 15.4 28.3 34.5 26.3
-6 19.6 25.5 33.7 26.3
-9 14.2 20.2 23.7 19.4

4.2.2. 25X} 22 Hlo[E g ZHuf

23} 2} (Two-talker) H|ZE HloJE|& 6, 3, 0, -3, -6, 281 -9 dBolX 2] 6709
Z ¥ tf v} 2 79 ¥] (target-to-masker ratio: TMR)E 7}2A 0k F 32 £F HojlHE 2AA
S 49 £7Fo] walA Same Talker (ST), Same Gender (SG), Different Gender (DG)
2 FEEY A7A STE 22 A9 7 24 4% JAUZE AHEE 7
2, SGE 22 A F A9 FAo AT FIFANZE AMEH BF, 181
DGE tE AEY F FAY F4° 24 FHAEE AREH F-Folth <3t 3>
I <F 4>0] A S A S48 JHAEH AR Fo 248 dHES Y
BRI AT CASA 7iwte] &4 Ea AAFNAM Az 84 aFL sy FH4 84
E 53ld dd5H0] sl dEgts 22 152 E Alle] Hoh EI A4S
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