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Gaussian Selection in HMM Speech Recognizer with PTM Model
for Efficient Decoding
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Gaussian selection (GS) is a popular approach in the continuous density hidden Markov model for fast decoding, 1t
enables fast likelihood computation by reducing the number of Gaussian components calculated, In this paper, we
propose a new GS method for the phonetic tied—mixture (PIM) hidden Markov models, The PTM model can represent
each state of the same topological location with a shared set of Gaussian mixture components and contexl dependent
weights, Thus the proposed method imposes constraint on the weights as well as the number of Gaussian components
to reduce the computational load, Experimental results show that the proposed method reduces the percentage of
Gaussian computation to 16,41%, compared with 20-30% for the conventional GS methods, with little degradation
in recognition,
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Fig. 1. Model Structure: (a) Shared-state triphone HMM {b)
PTM HMM.
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Table 1. Analysis condition of speech data.

Sampling Freq. 8 kHz
Preemphasis factor 0.97
Analysis window_ _size 20 ms {160 points)
__ Frame rate 10 ms {80 points)
MFCC based {38) —>
Feature parameters
> LDA {16}
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Table 2. Error rate and computation fraction of SGS, and SBGS.

n {8 of Index
- achenm " YRR . “n shortiists) CF. (%) Error (%)
Without GS - - - - - 100 338
SGS 24 - - - 51,313 28.96 347
SBGS 1.4 6 3 1 38,375 20.66 345
H 3. M Xl 7|9t 71RAIQH ME7|IHR S A 78 JIRAICH 71 o218 HIRRIS
Table 3. Error rate and computation fraction of STBGS, and CBGS.
" GF. (% _E.frur:' {%)
- . - - - 100 338
SBGS 1.6 5 26 1 34,557 18.68 3.59
20 4 26 1 34,449 18.36 377
20 4 26 1
STRG 34,34 182 :
S e 5 25 ' 4,349 8.29 341
€BGS 14 3 26 L 30,484 16.41 345
1.0 5 24 1
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Fig. 2. Comparison of SGS, SBGS, STBGS, and CBGS.

2t 74 9-AF A7 of 445-2 vl w3kr] Ysto] TREA]
A H|EAFE g JAE T 20 el Ak, v
A5E o3& T A B o)ggo] A B o=
HY) (C0.1m0A SlA 7k, ek $1A] 7|5k, Abel
7|¢k, BZ 7F9-AQF e 7o) &0 o] 94231
Al epEg PTM 29 QA A AR Afe] AE
Hrh= SPA BRE 51213 shortlistE IAJehe A
o} migsirk= AL ¢ 4 Aok

o v)8) 7}-A 2t Aol S3F TN A% WS FES
UetiA ot o1& 2ejste] Al $1A) 7|8t 2k3-A)¢t
A7 A 7 A 3718 A, A
2 B3 7| 7R A Ay e 2 A5-S b
Bk,

Z 7PHREE Aol 2A 7154 g 3 W
(€ 0,1%0A 7H-AIE Alkkeke] vin a5 3 2,
BE 74-AE A7 H T e 7|9k ZEeAIQH A7y
9} AL 28.96%, 20.66%2] 7FS-A¢t HAlGo 2 Q14
gl 2 A3t ¢he& Bolth. 53], & Aol ARt
gt PTM RE 9] £4-& iRt 7R 1o A7l A
A 7k 7R AIQE A7y 2 EeA 7Rk 7RSAIQE
el 7 ol A= 2kzh 18 29%, 16, 41%2] 7H$-A|QF AlAkat
2% QA & A3E dor)x) gorz, At
g e K848 EIF 4 A%



PTM 2R& ALSSH HMM SH2IA2I00M BEX0 CITIS Yt 21ARE U= 81

g1 ¢

1. R. Haeb—Um bach and H, Ney, “Linear discriminant analysis
for improved large vocabulary continuous speech recogni—
lion,” i Prog, international Conference on Acoustic, Speech
and Signat Processing, 1, 13-16, 1992,

2, Akinobu Lee, Talsuya Kawahara, Kazuya Takeda, and
Kiyohiro Shikano, "A new phonetic tied—mixiure model for
efficient decoding,” M Proc, international Conference on
Acoustic, Speech and Signal Processing, 3, 1269-1272,
2000,

3. Mei-Yuh Hwang and Xuedong Huang, “SubPhonetic mod-
eling wilh Markov Stales—~SENONE,” tn Proc. international
Conference on Acoustic, Speech and Signal Processing, 1,
33-36, 1992,

4, E. Bocchien, “Vector quantization for efficient computation
of conlinuous density likelihoods,” fn Proc. international
Conference on Acoustic, Speech and Signal Processing, 2,
692-695, 1993,

5. K. M Kniltl, M, J, F. Gales, and S. J, Young, “Use of
gaussian seleclion in large vocabulary continuous speech
recognition using HMMs,” in Proc. International Conference
on Spoken Language Processing, 1, 470—473, 1996,

6. Mark J. F. Gales, Kalherine M. Knill, and Stephen J, Young,
“State-based gaussian seleclion in large vocabulary
continuous speech recognition using HMM's,” fEEE Trans.
on Speech and Audio Processing, 7 (2), 152-161, 1999,

7. Akinobu Lee, Talsuya Kawahara, and Kiyohiro Shikano,
“Gaussain mixture selection using conlext-independent
HMM,” In Proc, International Conference on Acoustic,
Speech and Signal Processing, 1, 68-72, 2001,

8 Mosur K Ravishankar, “Eflicient algorilhms jor speech rec—
agnition,” Ph_ D, thesis, Carnegie Mellon Universily, 1996,

9 £EF, MK ANY HiIY, "PIM LG HEFt HWM AJAH

OlM FEXQ CIRYE AT 7F2 AL Mefy(Ho| w8t A"
SR SRS TRl =28, 22 2(s), 15-18, 2003,

xx} ok

& £ B (Jong-Mok Son)

1997\ 28 ZSHElR TSt (ZSIA)
19991 28 Z=UiSta FIXIEElD) (ZElMAD
199949 3%~ HX: ASUglE XKD} LA

R R
¥ FEHEOR CXE UEX2|, SYUBHa
Y94

*3 4 & (Sung-Yun Jung)

1891 28 ZARCHste TAES S (ZEtAD
1994\ 29 Hejrhsia TIXES St (Z3t4Ah
200013 38~ #X: Z|usln TXpZekE wAtat

3 W% 5
R FRYEOL CNIY AEXR SHNEND, &
How

o] A A (Keun-Sung Bac)

ageE 1977 28 MBtsin BXESD (B
B 197900 28 BAYSTISH M7| U MRS
S L)
198914 S§: University ol Florida (ZBIIAD
107943 3B~ B ZRYAR HXIAT 24
= TENSOL SAEM U Q4 ORI MSFR)
84 558 oluN BN F



