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PCMM-Based Feature Compensation Method
Using Multiple Model to Cope with Time-Varying Noise
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(Wooil Kim*, Hanseok Ko*)
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S2dlAM e g A A% 23 AR f5te] S/ 2R 7o sk BERE]l £3 B4 71HS A%t
o Aldste 54 24 7P 9E 28" £ 29 (PCMM)E 7[Wtez gkt 7{&2] PCMM 7|92 7|92 A3t
of wpet ek g BFEL whgstrl fiske] ol g4 JEnich BARE 2de] &% =9 Ae] gasich AHekk=
7iHol s Y 23 BES BTk S AR OEA Azte) el Hske wiE Il g 4 Qlok Eoh
A3 e &3 29 A44L A3t diolel 4% 718t hiE wlsln, AX7ZE g st 2ol Fr1ske
873 A SE dS 3P ARl oiF YR 1% i 1 97] Hsk) & 2dE TREte 7IHE Al
Qkgtet, 7he-AIR &3 2 Aol BAEAHLR FARE 84ES JEsle Thol /Y 5 2EE A4,
Aurora 2,0 Hlo|gsojAe} A 243l 2 B +=HH &4 dlojelsjolio i 45 H7ME AR A
Y ZA2EE AHolg 7)9o] o] #A5 AA g AN AT 24 A H5S 7HHen Gk dao) 29
Qg grIFict

gl 34 Uy 24 7P 84 B4 W 23d £ 24 oF 7Y B, & 2Y 3

FaBok /44 Eof (2.5)

In this paper, we propose an effective feature compensation scheme based on the speech model in order to
achieve robust speech recognition, The proposed feature compensation method is based on parallel combined
mixiure model (PCMM). The previous PCMM works tequitre a highly sophisticated procedure for estimation
of the combined mixture model in order to reflect the time-varying noisy conditions at every utterance. The
proposed schemes can cope with the time-varying background noise by employing the interpolation method of
the multiple mixture models. We apply the ‘data-driven method to PCMM for more reliable model
combination and introduce a frame-synched version for estimation of environments posteriori. In order to
reduce the computational complexity due to multiple models, we propose a technique for mixture sharing.
The statistically similar Gaussian components are selected and the smoothed versions are generated for
sharing. The performance is examined over Aurora 2.0 and speech corpus recorded while car-driving. The
experimental results indicate that the proposed schemes are effective in realizing robust speech recognition

e

and reducing the computational complexities under both simulated environments and real-life conditions.

Keywords: Speech recognition. Model-based feature compensation, Parallel combined mixture model, Multiple
model interpolation, mixture sharing

ASK subject classification: Speech signal processing (2.5)
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o] 51 211)

(a) (b)

a3 1. &2 29 SR R4
Fig. 1. Concept of the mixture sharing,
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¥ 1. Aurora2.02} XkExt ZE0| Ci2 H0IAIRIC] B DIAB{%).
Table. 1. Word accuracy for baseline system to car noise
condition in Aurora2.0(%)

Clean | 98.84 | 9863 | 98.87 | 98.84 | 98.84
20dB | 96.42 | 97.38 | 97.76 | 97.91 | 97.94
15dB | 87.62 | 93.98 | 9653 | 97.11 | 97.08
10dB | 61.71 | 81.42 | 86.22 | 93.86 | 93.86
_5dB 26.87 | 50.16 | 9.59 | 81.81 | 82.20
0dB 10.38 | 17.66 | 25,05 | 53.06 | 53.92
-5dB 8.41 5.99 14.43 | 21.77 | 22.10
| 5660 | 68.12 | 72.83 | 84.76 | 85.00

|

Bk 24 Aol A B SN Ee YR
th PCMM27} PCMMIXEC} thi: 2 AL 71| 2

BERE dofg] gz o3 2 A o] 21-7}
e A=A e S8 29 Mg ¢ U2 o
4 Qet, o] Fo 2E AYoAE PCMM 71olx9)
=g 23 98 dioly $= 7PEe A8t
glolazel AAQe] s Frie BLF =4 sl
£ =30 AR 71 Ae-g vlasic, oF 2
do] B71S 93AE 17dB, 7dB, —2dBS} SNRE 714
379 2 34 &8 mdg s ARG &
g EAE e 3 ndls s ok By
9} M ahi7r "ok AR B|RE YEiA tha

gol ekt 7|y Z3ho gt 45-& Brsteinth
DIP: t}E 2l H7l pCMM 7|8t EA] HA}

2) SS+IP : Zukp 17 + e 29 ¥7F PCMM

3) SS+IP+CMN : Fafp zpgdd] + o gd B7)
PCMM + A2EY A3}

4) SS+IP64+CMN : Fup= 7 + 64709] 7H-A]
¢t BAE FRI: thF EY B PCMM + FAAEY
et

5) SS+IPOG+CMN @ 23 274 + 967)Q] 7R
ot RAE FF3Hs T Y B7FPCMM + FAEY
st

H 25 & =RolA AR 711He] 4 vl 2nE
LR slelct Bo) Avks Algh 7)ol & 19 et
7189 7l‘§‘594 Aol ulg] g AN Bt &

HA 452 7HE AL R9E oF 2Y9 B
7He o]83sk= PCMM 7[Ro] HIAE 33 Y3l
SNRE Zhe T 29& AR 713t Al fARE A
S YeRHich olgt 2k o8 FFe SNRE 7}

AR EKR0) CHA3I7) 912 OIS Sl O1S3 PCMM V(B EE S8 2’ 478

& 2. Aurora2.09) KSR} R0 TNg MO 21810 BO Q1A E(%).
Table, 2. Word accuracy for the proposed schemes to car
nolse condition in Auroraz 0(%).

| 8S+IP+ | SS+PB4{ SS+IP6
CMN | +CMN.| +CWMN

Clean | 98.84 | 98.84 | 98.87 | 98.87 | 98.87
20dB | 97.88 | 97.88 | 98.18 | 98.03 | 97.32
15dB | 97.35 | 97.17 | 97.91 | 97.73 | 96.93
10dB | 93.29 | 94.67 | 956.35 | 94.75 | 94.42
5dB | 81.78 | 86.46 | 87.56 | 86.28 | 87.06
0dB | 53.80 | 63.41 | 65,37 | 62.90 | 64.54
-5dB | 22.79 | 25.17 | 28.18 | 24.52 | 25.56
57 | 8482 87.90 | 83.87 | 87,94 | 88.05

IF’ B SS-HP

g BYES] BT 7o) uf ¥-g- vlch ¥3}sk= SNR
B0 HgHes sty 54L& HAish=tl A3
A& vepdc
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Az Ag MY = YAk olgjdt g2 Fube 2
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AElE SNR2 11 BBl ol 2317)7 47] oked|, oF
Reo] 7k 3Hgo] SNR WHgtojl AnE o thAF o
AUES HojFEe Fneld,

o £ 29 485 Fdhs 7I™Mdped, 1PI6)
9] A= FH8HA Y Al w3 ok 22 dsS
B2z Aitekg B0l ATE UUsHY UER
gt sEoE AR ¢+ AUk AET e Alol9)
Ak WA= 59 Aol G2z g

H 33} ¥ 4= Aurora 2,00 A E|0] 9= AT}
27 &3 (Clean—condition Training), ths 7%
AE (Multi—condition Testing)9] EE HEE0)| 3
s BV HAIEE ARE vehdch, & 49} ARk A
Qg £ BAF 7g0] Tkt vl S # ofet Set
Colle} ol Ad o] EAlehe AR & 39
71&2] MA2 7o) vs] et ded vEd: A
< RIS #f.

£ 5% AR &8 29 T4 7YY deat A
gaekel $AS et Agelnt, A HA 49 23
okl e e Y 3N 7R FEsA @&
SS+IP+CMNY) Al RS 100%E BE9HS o] 4F
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E 3. Aurora2.09} MR 82 £31 § OIS &A HAES BE
HIEO] LRt BHO]ARIQ1 AJARIC] EHY QAT (%),
Table. 3. Word accuracy for the baseline system to all sets of
clean-condition training and multi-condition testing
in Aurora2.0 {%).

Set A Set B Set C Avg.

538.69 57.18 66.81 60.07
67.70 65.00 74.85 68.05
73.32 | 76.72 74.44 74.90

8 SSHIP64+CMN] 734, Aol Ay 25%2 &
45 F= vl M E 3.16%9 =S 4L
t}. 96718 B3k Aol 4.18%2] A5 sletf H
& 37.5%% AMF B5S & 5 Ik wkA, F
F A9 45E WS 2202 [APRBMAAE gt
AL ©5g MR eE AL AR BRI = 9
k.

5.2. UH XpEkt F4 8739 at ¥ Bt

Akt 7iglo] A7 dgolln anpHoR FABH=A|
£ gopiy] flste] AA AFAL 2 Fof 55 54
glojgjujo)2o] Tt g5 B7HE A HlojEH)
o|AE SITEC (Speech Information Technology &
Industry Center)oll4] BjZJF Car0l¥} CarNoise0l2
AHEBIACH13]. Car0le 80km/he £E2 Bk &
B3} QollA] Fho] 1Y o] 4L A% Aoy,
CarNoise01:2 TIFSH Fal 27000 g AEWE =
= Rolct,

CarO1 Hlo|efso]io] ZFHE] Gl 548 o3¢} Jt
o Tolg oz Q14 WIS AXSHYITE 548 of
e A oM AMRE = U 24 B2 o)F
oA, FE O nle|22 534 4,348 4 AES
MG 2R 71gsted HMM 9ol ARS8, &
Az} Y Ao EAE $d vel2E 3%
1,096 24 MEE HAE § 24 34 BEE A8S
ot

E 62 Cat0r dlo|epo]iof oz lo]iairl AlA
3t g2 99y AAe] 78l dig 45 B2 E
THE veRd Aoln, 3 72 B =FoA AR 7))
thgh Zzto|c. PCMME H7} 87391 Car013t Y%
oY e 87 DS g3 228, CarNoiseOl H|o|
eufjolio) ZHE 80km/he] F8 £hofl4 2AE F
F HER U Ao oF 2P HME o 8%
PCMM (IP)9] F8E $HolAe CarNoiseOlo] U=

4. Aurora2.02] MR8 814 83 4 OIS 82 egjAso =
HIEN C¥E MO 712 B QMR (%).
Table. 4. Word accuracy for the proposed schemes to all sets
of clean-condition training and multi-condition
testing in Aurora2.0 (%).

Avg.
Set A | Set B | Set C | (Relative
Imp. %)
81.756
85.35 | 83.75 | 70.63 (52.56)
83.79
86.43 | 84.00 | 78.07 (58.41)
86.96
87.72 | 85.66 | 83.71 (64.31)
856.17
86.72 | 84.82 | 82.75 (62.28)
84.90
1 86.33 | 8463 | 82.59 (61.62)

E 5. Aurora2.09| 2 YEW Mokt 710 A1) Aok
THERAIQE R4 I 2040 2.
Table. 5. Relationship of performance and reduction in the
Gaussian number on the testing of all set in
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Table. 6. Word accuracy for the baseline system to the real
car-driving condition, channel 4 of CarQ1 database (%).
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Table. 7. Word accuracy for the proposed schemes to the
channel 4 of CarQ1 database (%).
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Table. 8. Relationship of performance and reduction in the
Gaussian number on channel 4 of Car01 database.
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