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<Abstract>

A Multi-Model Based Noisy Speech Recognition Using the
Model Compensation Method

Young-Joo Chung, Seung-Woo Kwak

The speech recognizer in general operates in noisy acoustical environments. Many
research works have been done to cope with the acoustical variations. Among them, the
multiple-HMM model approach seems to be quite effective compared with the conventional
methods. In this paper, we consider a multiple-model approach combined with the model
compensation method and investigate the necessary number of the HMM model sets
through noisy speech recognition experiments. By using the data-driven Jacobian adaptation
for the model compensation, the multiple-model approach with only a few model sets for
each noise type could achieve comparable results with the re-training method.

* Keywords: Multiple HMM model sets, Jacobian adaptation, Noisy speech recognition.
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Markov model (HMM) Zdo] QA Al AR ET4]. FSFHFE a8 JAEU
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2.1 Parallel Model Combination

Fesddae A RAEZ W46 7B thEHQ]  parallel  model

combination(PMC)el| 3 A 87F <2 1>9] Vel ot A7) E 7fs 2
ARz} F5Ase dsir 2+ A 2EH(cepstrum) ¥ HMM HvEES
FAZY. olF SMe ART NS Qo FSSANSTERE FE2T F
FAEE BLE 3, Ity oz JFAIE A3 5HANETERY VAD €18 E
€ BEAM JSFE FESE dAAAY d8 FLSAY W dREY E )
o] T PS AT E UFse dA vk FPE A5 Ay ART
=445 HMM #etviE fEL FA2EF JFAMEH Jd¥Fas g0
HE ) o] 9= o discrete cosine transformation(DCT) HEo] A& HTH A
Y Fard e FSAze AR 24435 HMM FEvE gEL 2EH
o] FLSHANZE YehlA doh o9 o] AFE SNz AYFAS
29 HMM 3etrlg e AA SAJgAA 21857 AsiA OA F2EH
Fdoz wgdrt
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2.2 Jacobian Adaptation

PMC HoAE A AR $49 HMM Wehvegs £58 284
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= C [log{exp(C™ 'z)+exp(C 'n)}] ey

A7) g FLLAABIH C= DCTE vehith
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(exp(cr.lﬂn))k
Ry=k=(exp(C'_l,Uz))k-i-(exp(o_lﬂn))k .
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2.3 Data-driven Jacobian Adaptation
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(Mel-Frequency) A2Ed AlMFCC)SF 19 A F(delta-MFCC)E AHE-3H5ATh.

AR, <E AME B A7 ALgd wo]2ek(baseline) 4 719 s %
AFdd MCT 23 183 48 7kx] 29 B4 W2 gz 44 A5 23t
el ok 94Fd3E aAHERs, e, dAIFE 29 AtEFESA

o Zt7to] tig QAES B Yenfach

<X 1> wol2gl 947 2 AFEs MCT 22 RHRA WS o thol
AN & (%) Bl

SNR (dB) 0 5 10 15 20 25 30 | clean
wWlol~gel ¢147] | 108 | 28.1 542 | 772 | 90.1 | 955 | 963 | 98.6
AFEA e 789 | 89.4 93.8 959 | 970 | 97.7 | 980 | 98.6
MCT 650 | 839 | 913 | 941 | 953 | 959 | 963 | 974
PMC 613 | 77.2 869 | 920 | 949 | 966 | 974 | 98.4
JA 632 | 783 87.1 | 921 | 951 | 965 | 97.3 | 98.4
D-JA 787 | 89.3 | 939 | 960 [ 970 | 97.8 | 98.0 | 98.6
Ho) ekl A7 = Ao LEHA & dHY AR FAHCHE o]

3] HMMS Baum-Welch a2 5ol 2A%t F8g 2 S ou)ste=d] A3
Z SNR o] ¥& dFoxes wjs 4 3 ¥

1413 FANO) FUY SNR RS AEFHEE URHOE WS
1
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B ATNE AFdEAe 7129 sdug

5 ol £ ROZ ek
A

N

2o FeZEF9 thdFd SNR(clean, 5~20 dB)

&9 HMM Ed-g 73 W20
°] HMM #2tulHd] RIGEHE S Ut B
Aol o3 FAL MM AFFS, WERS, AANIFFE 2L A
aEsA T MCT 922 7250z o8 7M1 #F5x1e
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<¥ 1>9] ZFA2RE $PE V€S REEY ¥4 T AME DJA ¥l &
ez 5% 45& BYS ¢ F ASEd, olAL DIA B4 Hee AR
71 HMMO.Z AE¥ HMMS I & AME3L7] w&ojth wetr FdE3} AHA]
of FEEA] ¥ Zol7t itk AFH AT DIA HAE BT AHE e
wag Aztdh <E 1>9 AelME DJA AR AFH AN H2E F
2849 SNR @& vwig dox sHHSER DJA WD AFER HaTe A4

B9 Aozt 2e) 24 B4 ¢ F Aok
<E DA $EE Wol2Hel 94718 B AT P MCTS 2E HMM
o FA PA BE A7) 4 o] ¥ FEBPYHe) B AYNEE @

] 2]
A & AARTH AAHoZ Bopr AFALAH D-JA B4 o] PMCH MCT 59

Aol WHA S5 HES HYS & 4 YU <E 1> AAE wYoE ¢
gt DJA $H2 o 2D 7we] ALY maRg PHoE AL§EY
om, AHEEE HMM 229 /5ol B 94459 Bae Auug

<E 2>E o 2aswe $AAAVNN g FFA vld LR AR
FARSSAY SNR ol WE 71E HMM 2] Ade] DA Q450

<E 2> o BE7RY] S4A4 7N 3

o) 257 vlg 2R A%l 71Z HMM
w99 A5 BE ol A4 3

&(%)9) T (DJA B F&A)

SNR (dB) 0 5 10 15 20 25 30
HMM =24 A&
1 (15 dB) 776 | 895 94.1 960 | 970 | 975 | 972
2 (10, 20 dB) 79.5 | 899 939 | 960 | 97.1 | 97.7 | 978
3 (0, 10, 20 dB) 78.9 | 88.6 93.8 96.0 | 971 | 976 | 978
5 (0, 5, 10, 20, 25 dB) 79.2 | 89.2 93.7 960 | 97.1 | 978 | 98.0
7 (O, S5, 10, 15, 20, 25, 30 dB) | 79.2 | 89.2 93.7 960 | 97.1 | 97.7 | 98.0

el a7HAEEAL e, dAE, AstE) S/ A48 A7 dsiA o
dB, 5 dB, 10 dB, 15 dB, 20 dB, 25 dB, 30 dB 52 SNR 3ol 24zt sF3l= 77
o 7I1F HMM =29 < A FAHRAHE F3lA FAFAT < 2>9 v} Zd7|te
SAJNAAANHE olFolA dRE HMM TE7HE A& Z$9 Ad4A%
o] WaE AHHEGT <X 2> HMM 29 AFE Jele £319 23 Qo

O
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© A" 299 s33e SNR @gE0l HEH Utk <X 2>9 AAE HYE 7
Mol AA 2dg A3 A9 @ 2709 2910 dBS 20 dB)IHS AMEE A
£ 2 Rol7t YA F&& ¢ F Utk o] AAE B s} A4S
Hoe J42%7F SNR @oll & FARd g 1 AgstA w-e3
& € 7 g B d7dXe 449 4%S Jdehle HMMY 29 s
T Ua AEgFez AAFHNAT 99 <F 2>94 BREo] &g 10 dBS} 20
dBe] HMM 29 Ag3te Aol vf¢ a34de ¢ 4 A, HMM 529
Hittigts A Tde 28 & HE) dAE S Rez A

Ztech v, st A8 A9 AgdE SNR #HEC] A FUE Aoz AzH

<iE 2>0M JANRD o) wE AN Fo] 18 VA=A gL
HMM®] steteleigio] A% e FA549) SNR ghol 28] 0ahx] %71
A ohid ot mdzjure] 2AAA A A Zdug o] olzg
o) s BAANAFY] fE 3
ghe] SAA4 71 A DJA WAl v
iAo HlastAie. ANLEE AMAAE <K 2>04 AFT A FF
A& A

)
s
e
N
=)
2
R
o
r
A
trlcl
W
v
2
x
£ o
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e
N,

3T 2WIS $HANA FE TR 012 LAY Bl Diags
vdBAdS AT B¢ 197 e 3 bol A% M

SNR (dB) 0 5 10 15 | 20 | 25 30
HMM 24 744

1 776 | 89.5| 941 | 960 |97.0| 975 | 972

DA B4 A4 2 79.5 [ 89.9| 939 | 960 [97.1| 97.7 | 97.8

3 789 [88.6| 938 | 960 [97.1 | 976 | 97.8

5 792 1892 937 | 960 |[97.1| 978 | 98.0

7 792 | 89.2| 937 | 960 |97.1| 97.7 | 98.0

1 551 | 84.6| 936 | 959 |96.6 | 963 | 95.4

2 720 [ 889 | 93.8 | 955 |969| 974 | 973

By HE o 3 79.0 {867 | 934 | 955 {969 97.3 | 97.3

5 794 | 888 | 934 | 954 968 | 97.6 | 97.8

7 794 | 888 | 935 | 957 [969| 974 | 979
<3 3>9 AFAdAN HHEH, BAS HEEA ¥3 AFEA ZdS aE AMET
A4oE DIA B4e Hed oTou 184 A48%0 i Az AL & &
At 53] 1€ HMMY Ed/s57 e Feoe a2 9] dstA dede
AL ¢ 5 Atk 2 BRE AL Fe AeolE 2de A5t 3 o) 4ol
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A TNE HAE AFEE Ao vl HeY Aolrt a8 ZA gL AE ¢
F AR Hf'a Az RE J1EFHo2 HMMY 249 v E gt SNR 39
HAslol] 28 ’3} l Bes ¢ T UM
< 2>9 E} 718k SA4AA A e FEY FRE U 7HH S
At 2y AAJAEH NS iR Q14 A XFE F3Y FFHRE
me ¢x Rahe 0T7} PREQY oHF AL AFHOT o] BUFE
FEER7I7F Dottt GMM 71WHe] FEEd g o] &3l 471 FFY 4
Zo et FHE Tt GMMY Haad FEAL FEEL FAIT GMM
o] ERAEY NeE 52 3 H2E 4 2EE FS9 FFHE BRI
A S FPFAY <E 4>o 21 Z2FH7F YR Jdoh JFeAEY ERE ASiA
€ H2E SA4Y B30 S 2028 9g o] &34t ofefe HoA HXol
Ee RLERATS YIS ¢ 5 o
<# 4> GMM #3d ZAT FATY BF AH(%) Bl
He jfé}% A =} ) & H A 3 233
A& 2} 99.2 0.8 0.0 0.0
v & 0.4 99.6 0.0 0.0
A3 0.1 0.0 99.9 0.0
A shd 0.0 0.0 0.3 99.7

<E 5> o Rdv|ute] S IeN e 2FHE vE R2E A9 71% HMM
2o Age] dE wol AA&(%)el BT (D-JA W4 F§A)

~—

SNR (dB)
FeERE 0 5 10 15 | 20 | 25 30
HMM 24 74
1 777 | 896 | 941 | 961 [97.0| 975 | 972
2 79.5 | 899 | 939 | 960 |97.1 | 976 | 97.8
D-JA B4 H& 3 789 | 886 | 938 | 960 |97.1| 97.6 | 97.8
5 792 | 892 | 936 | 96.0 |97.1| 97.8 | 98.1
7 792 | 892 | 937 | 96.0 | 97.1| 977 | 980

¢

r-|n % 32 1>
X o

<E SANE FFEFIE A4Sl AeA § B3 1 29 7]
o Ase VBT QAEL <E 259 Ao A FAG AL L
e T N g e
9% o4z B $rstel FSERY oFol 8 FTL a2 o
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o2 <% 6>ollA fElv EW Fol AHEHA 42 A2 Feel &9
g ZEedel dgE ZFed o 2d ke SA4A47e 4 &S HEITH

Ab4E 2823 E AURORA DB set Bol v ZAHtreet) FA 20tk D-JA
BAAS ALEE A9 BALS HEeA ¥3 AFHERL S JHE AET
o thalH AErnE sPed, $Ee BY BAS AR B9 A FER
-8 AL Ao vE €53 A5E UEES ¢ 7 AU oA <R 3>
9] A¢AY "H2E 48 A4 2dd Fsol vl Fd AMEE B dx
Hed, o)AL EdEA WA ALFoEN FH AMREHA @Fe FSAETL
HAE #2240 EAstdats F83] 2] 7tsds BoETh o Ffdx
gag 3= HMM 29 e 4 FSTHYE 2-30 A=W FEF A=
LR =3

<E 6 T BAVINY $HA4INN AEe FEol H2E S
DIARAlel EUEAS HEE At 28A e A9 vol ANE@Y ¥n

SNR (dB)
e 0 5 10 15 | 20 | 25 30
HMM =24 74
1 80.6 | 90.5| 947 | 963 | 96.7| 962 | 954
2 827 | 91.0 | 94.2 96.1 | 96.8 | 97.1 97.2
D-JA X4 H& 3 84.1 | 908 | 937 | 96.0 | 968 | 97.1 | 97.2
5 846 | 910} 94.1 | 961 | 968 | 975 | 978
7 846 | 909 | 943 | 962 |97.0| 975 | 979
1 626 | 827 | 912 | 944 |952| 945 | 932
2 725 [ 869 | 924 | 951 {963 | 965 | 96.5
B AR 42 3 773 | 869 | 919 | 949 | 963 965 | 965
5 779 | 87.6 | 920 | 951 | 963 | 97.0 | 973
7 779 | 878 | 92.1 | 952 | 964 | 97.1 | 97.6

B ATNE o B sjwe] &4 QN2
Agstgon, 2 Qsol Ve e md maba
=g g 482 TAA o =Y e $49
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