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Speech Recognition in Noisy environment using
Transition Constrained HMM
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ABSTRACT

In this paper, transition constrained Hidden Markov Model(HMM) in which the transition between
states occur only within prescribed time slot is proposed and the performance is evaluated in the noisy
environment. The transition constrained HMM can explicitly limit the state durations and accurately de-
scribe the tempeoral structure of speech signal simply and efficiently. The transition constrained HMM is
not only superior to the conventional HMM but also require much less computation time.

In order to evaluate the performance of the transition constrained HMM, speaker independent isolated
word recognition experiments were conducted using semi-continuous HMM with the nolsy speech for 20,
10, 0 dB SNR. Experiment results show that the proposed method is robust to the environmental noise.
The 81.08% and 75.36% word recognition rates for conventional HMM was increased by 7.31% and 10.
35%. respectively. by using transition constrained HMM when two kinds of noises are added with 10dB
SNR.
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Table 1. recogaition results(%) of the speaker independent
isolated word recognition for conventional HMM
and transition constrained HMM in exhibition hall

noise(a) and computer noise (b},

(a)

| SNR
medel * [clean [20dB [10dB | 0dB
[ conventional HMM | - ['99.46 | 96.07 | 81.07 | 43.39
L 0.0 |99.29 | 96.07 | 85.18 | 53.39
(ransition —0.05 | 99,46 | 96,61 | 86.43 | 53.93
constrained HMM | —0,15{ 99,20 | 97.32 | 88.39 | 55.18
-0.17 ] 96.25 | 95.00 | 87.32 | 55.80

(b)

SNR

model “ [ean 120dB | 10dB | 0 dB
conventional HMM - 99,46 | 95.89 | 75.36 | 32.14
0.0 |99.29 | 96.61 | 83.21 | 43.21

transition ~0.05 | 99.46 | 96.79 | 83.93 | 48.57
constrained HMM | —0.15 | 99.29 | 97.32 | 85.71 | 51.25
—0.17 | 96.25 | 94.82 | 84.29 | 50.71
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Table 2. Average computational loads of the conventiona)
HMM and the transition constrained HMM for all
input patterns.

Average computational loads
model a - ;
Comt = Clog | relative ratio
conventional HMM | — 14420 100%
0.0 5913 41%
transition ~0,05 5433 38%
constrained HMM | —0.15 4475 31%
-=0.17 4283 30%

1€ F7HA 8eg] FRo) dF ARNSY dES ¢)
Y4F3e)c}, HollA o Ho] AP HMMS Hipz A
(D FAA. FNH & 5= UFo] 7)& HMM3}
AolA g HMMe] A5 F&o] EMstA G= 439
Mg Hsax g gl EAE g o)A g HMMe
BE0) $5EL G ¢ Ak 53] o) 2AY W
of wtehx 12 &) Wzt M A4 FLo] SNR 20,
10, 0dB2 H71E A%, a=0.Y W9 AN & 96.07%,
81.07%, 43.39%Ht} a=—0.159 o z}7} 1.25%, 7.
32%, 11.79%9) AN4% 3L BT =9 FFH
A&o] SNR 20, 10, 0dB2 Y7HY ASees 7z 1.
43%, 10.35%, 19.11%9) A4 % B3¢ BA o)y
& Az A&l MY A5 94982 Ao A
Fol #7171 34y A 2eldzie) 4T wfAof 2
st Al BBk A2 oujElo At do] A% HMM
o8& FH (e AEANGe 2 FS FAGA

SETEERE N 15E B 2M(1996)

Q4 g FYAAT B Mol AZ HMMe W45
aZ OB FAS ] 3 A8 FaAgoeay Ffol
EAshs A9ol Bo) 2 Q4459 F4E FS F A
Aok 28 Y oF A A F2AAE Pl 4
5o} o357 ¢ A5l At

Aol A HMMe| £t 8L oA 98 7244
7le Ao wtg A 4o 2ol 42, 71E HMM4
AL VE do} Mg, NEHMMe| 4 A4, kS 2} 4
el 21 2) He] Ayt FAY uf, T/ HolE 2t
27 o] At 71E Viterbi @2 Z9 ALFL o
<3 2L FA Cuadt BF AL Cop7t 87 ETH{9]. o
714 278 E= 3Me el HolE e AL ke 47 2
<} 39 3& Fedh

Cod =Cioq=V - T -N-% (5)

o9, Mo Ald HMMolAM 2zt doj2] mdojcy Mol
A ZE A g ge}ohE 7L A1 g S o Dolwic) A abge] Hjol
7t B DE APFHoE AL Pkt B 2=
el Aol HMM$ wi=d] mg Aldtgo)n}, AehA
AHEE dola V=14, AY 9de) BF Qo] T=5L5
ZR, e AF N=10, 7 el Hel ANF 2=22
7% 71F HMME Cp = 1442091 9498 Mol HMM
2 a=0.9 3L Crnuw=5913, a= —0.15%0 BAEL Co=
44752 7)& HMM A3 o] 41%¢9} 31% 78 AL g8}
weld dolA ¥ HMME 3¢ 82394 7|1& HMMu
o 5 04 A5S vGERE #ooju Ags 2
Agdee Ae g 5 A

V& &

2 &84 HMM/GPC7} Viterbi 428 %% ¢
PAlof AFE AEE F2A7 e 5EL ol g3t} F e
BANN ANP% L BFEAYe dHid o] HMME =l
G TS FANA A w5 e 43 §
AYE 9 ojo) }E AFd Yo 3} FAYPY. B
EAMe & AN o)H Y AFE FaAdoez
A 44 35S ERRG

S Fol HMMAAE Q14 eapol A ezt Mozt
o] B A FAAT Yo =F 3t HFH
Aol ZAHT AL FIHENUR, 53] g5 ¥4
A Kot @Yste HFE AL AAF7) s o
3 9L o % AT,

HokE HhE & 7 E Viterbi ¥ 23S 7 £33
o F¥E F AL BIoh 2}t 7)& Viterbi ¥ F9)
AXFE A A2A2 & Y3tk £ Ay Hol HMM
2 7]& HMMo 8 dof 4% gelfe L iz
HEe $7ks A2 Qi



Hol AH HMM £ ol 2% 2% AN &4 <14

a2 82 3
H. Sakoe and S, Chiba. “Dynamic Programming Algor-
ithm Optimization for Spoken Word Recognition, ™ [EEE
frans  dwnst. dpeeck, Signaé Procasing, Vo, ASSP 2€,
A A, o 1344 Feb ju7s.

. L. R. Rabiner, "A Tutorial on Hidden Markov Models

and Selected Applications in Speech Kecognition, ™ ¢/roc.
IEEE, Vol. 77, No. 2, pp. 257-286, Feb, 1989.

. K. F. Lee, Autamatic Speech Kecognition, Kluwer Aca-

demic Publishers, 1984,

. M. J. Russell and R, K, Moore. “Explicit Modeling of

State Occupancy in Hidden Markov Models for Auto-
matic Speech Recogniton,” in Froc, ICASSP, pp. 5-8,
March 1985.

. 8. E. Levinson, “Continuous Variable Duration Hidden

Markov Models for Speech Analysis,” in Proc. ICASSP,
pp. 1241-1244, March 1985,

. H, Gu, C. Tseng and L. Lee, “lsolated-Utterance

Speech Recognition Using Hidden Markov Models with
Rounded State Durations,” JEEE Trans. Signal Proces-
sing, Vol. 39, No. 8, pp. 1743-1751, Aug. 1991.

. Y. Linde, A Buzo and R. M, Gray, “An Algorithm for

Vector Quantization,” IEEE Trans. Commun., Vol. COM.-
28. No. 1, pp. 84-95, Jan, 1980,

. L. F. Lamel and L. R. Rabiner, “An Improved Endpoint

Detector for Isolated Word Recognition,”™ JEEFE Trans.
Acoust., Speech, Signal Processing, Vol. ASSP-26 , No. 4,
pp. 777-785, Aug. 1981.

. [,. R. Rabiner, S. E, Levinson and M. M, Sondhi, “On

the Application of Vector Qunatization and Hidden
Markov Models to Speaker Independent Isolated Word
Recognition,” Betl Syst. Tech. f., Vol, 62, No, 4, pp,
1075-1105, Apr. 1983.

10. L. R. Rabiner, B. H. Juang, S. E. Levinson and M. M.

12.

Sondhi, "Some Properties of Continuous Hidden
Markov Model Representations,” AT&T Tech. §., Vol
64, No, 6, pp. 1251-1270, July-Aug. 1985.

. Weon Goo Kim, Dong Soon Ahn, Dae Hee Youn,

“HMM with Global Path Constraint in Viterbi Decod-
ing for lsolated Word Recognition™. $+= & 3F32 x|, A
i13d IEZ, pp. 11-19, 189434 19

X. D. Huang, Y. Ariki, M. A. Jack, Hidden Markor
Models for Speech Recognition, Edinburgh University
Press, 1990.

1 F(Weon Goo Kim)

89

1983 39 ~1987'd 24 : AT

ANE G GA

1987\ 99 ~1989%) 8 : AAMh3fa2

chabel AxE e Ak

19803 SE~1994'a 2% At

e A G

19949 9U~AA] : ZAUER A7)

a3t AYZA

XFHAEF A R IR Az, $494. &4

4, 48 94 59

AR
A

#  =(Won Ho Shin)
199103 2490 :

19943 24 :

A et A3 e
2U(2EAD

A gty A%
Fo3 FQ (YD

19949 39~¥A  dMh &2 e

Q AT
A2

X¥TFAPF: 34N, FEAA.

f 3 (Dae Hee Youn)

AN YR AR} R

A4 45 FR



