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Abstract

The aim of this paper is to propose the method of WDHMM (Weighted DHMM), using the MLP-VQ
for the improvement of speaker-independent connect-digit recognition system. MLP neural-network
output distribution shows a probability distribution that presents the degree of similarity between each
pattern by the non-linear mapping among the input patterns and learning patterns. MLP-VQ is
proposed in this paper. It generates codewords by using the output node index which can reach the
highest level within MLP neural-network output distribution. Different from the old VQ, the true
characteristics of this new MLP-VQ lie in that the degree of similarity between present input patterns
and each learned class pattern could be reflected for the recognition model. WDHMM is also proposed.
It can use the MLP neural-network output distribution as the way of weighing the symbol generation
probability of DHMMs. This newly-suggested method could shorten the time of HMM parameter
estimation and recognition. The reason is that it is not necessary to regard symbol generation
probability as multi-dimensional normal distribution, as opposed to the old SCHMM. This could also
improve the recognition ability by 14.7% higher than DHMM, owing to the increase of small caculation
amount. Because it can reflect phone class relations to the recognition model. The result of my
research shows that speaker-independent connected-digit recognition, using MLP-VQ and WDHMM,
is 84.22%.
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Fig. 3. Block diagram of the connected-digit
recognition system.

£ =Rl AMR 9 Ak e A3 Y
Azge F24 248 2% 1, §= £/ A%, o4
ZAN 1, 4 QA5 o ¥EeE v 4 ik

2 AAY 12 284 =AY ovixie £4
9] Fo] AR o]83 A A TN & T
Zholl 3 #eisle] WA £ 99 7E AEs)
7] $15ked ARgEIct o7iM AR dhdxle 5 ¥
B 32X 34 729 A geE dA AL A
A2 Atk oAE o] g3k

ST 5 AAYS 24 2AY [ AlzdEe]
A% 4 49 19 54 SebiEE & 74 vepd

T St

TaTeE  ¥Rsled  olgdidch =3} ¥4
smoothing-§ o83l 1~3 Z#Hi¢le] B4l H
5 she) g2 A=l ol A=lE F31
4 A G d3le ik $AT £HFE 9
¥ o A8 A9E &4 Ay 12 YAE

E: 3 7. 47 5
Table 7. The classification table of phoneme
groups.
L 2 2 g 22
1 ¥ I 5
2 F 0 ]
2 §F W LT
1 F IV 5
a1 & VvV g 7o
a1 F VI NS E

2 AN Oe 4 234 N =9 549
o FRZ He dgse] A $8E Hesiy, o
A A el E3E HFAel S5 E A 4
¥ A $2F 5 AT 2 3 dE &
2] Az Aol AH, oA dipFE o183l
7HAe AL AR deslel s £ 9
qez ¥ A2 £4E ER¥ES gt

#UN Y
LA

a8 4. 4 AN 19 ¢z &
Fig. 4. Algorithm for the syllable decision part II.

A F81 - 584 olge) &8 99 ol oA
dipe] SR AS
1) «llviA] dip ¥E& 2] 4 F] ZHgez A
4
9) A7) dip BBe] AubRe} Fubiol SAF ¥

(1124)



19984 8H HTTHEWEE #3354 SH B8R 103

F A7 ARl Ed4ael 2gdeld #4
o] Bk ¥E-g 53 AR dAI
7] 4 ¥ ZHye A%
3) ¥ £ 4eo|7} DR_1 E#|Yrr} Aoy
e 2 e S Akt
71, AME oA dip ¥E-2 299y 24
o] Bl Agoll 2| ol A & 4 9]
2oug 2AREA A= A dip FEE &
Ao} AAZ AR AYEA] 4=E sidge) Hu| o)
¥r}l 2348 YAX(DR_1=23)E AMgsle] AR o
¥A) dipe A3k

APy 1

- T oAk HGYAN F& - 24 A}
$o| FAARSe 2 AatEe e

D 3 999 FUREe Rl 24 29
gzl Th_El®r} =& d9& 27 84

AAZ AR,

2) 7] 94 AAENY 2A ALY ARRES
A 2] $AAAE A%

3) ¥ {39 Zojr} DR_1 =#jqluc) zkodd
o9 8¢ e SdE Ak

o§7]4] Th_E1& FAAE2| B E o143}

0.28 dAslgich

AR D - 230] I53e 2499 978
28] dASsE A%

1) $4 4999 F3¢ 2] $4 ¥e] Zede=
A7,

2) &7] ¥4 #e] 9YoE2iy T EF AA
T} 89S o}8dl FA ARl A ¥
¥ 2L 2ido] #ASAHA e AR
27] $4 ¥2 99¢ Y

3) BT 2o] A& At 4 999 ol
g APl 7§ 32 A S FdsH
Yt

AR IV - $4 9do] shiel 942 A
of Sl& A%
D 4 99 shiel $dz Aeluc

3. A7 A A Ad
Ak whgel eldE S8l Hsi Ak W

HE Aoz H83te] Aysiaet

A7 <A QA w3 AY FARE E 8ol
Walel o7 AHgEl AgElolels £ 6l el
14071¢] 55l 3 a2 A2 o83t o
2 A A ¥ AFE 2ad 2R, W
Y IV 3] A Alxde vlAe g¥e =
Apeb7] 13 Ajelch w13} Wiy Ve slas) B
H BN HE5e2H At F59 AY 45%9
AAE P 3t 59 35 488% WHE ¥
& 2E 7 Ak ol A=A Aelel] z)EH
el & A3 2 wE] Al @Al sk AR
HEE A, AHE A3} AA, e TN
SAHE S FEEE) A= 2L JARP) dE
of F& A d& + U9t

2 8. A7 =g Aol I} AY A
Table 8. Result of the connected digits
recognition experiments.

Z&/29 | 34 25| 32 =9
2 — a8 | 49
fﬁiff%,,‘*;,f HEAD | w1696 | o3 %
. MIPv0 Do | 710 | 051 5%
S;WL;]_‘% ;"j,;;*,f,m’ | 82% | BBY%
B9 mep-ve wo | BB % | 842 %

v 11} whg IV DHMM =49l 3$¢} 715
ol4l ¥ HMM =de] A% H71E $i3 A¥elct
o] A% AAR Hhgo] A} T4 A 1017%, 3
2L E]9] A% 1471%9 AAE e el 9l
o} o] A% W 19 8o Ads) A vehda
e, ¢+ DHMM =242 olgsle A¥Y A%
SaAole] AR XAl 018 5 glomz
A £ AlololA] 2alxle] go) ubAlElgly] wiie]
o}

W IS & =E9x ARt 713 DHMME 2
£ Yol ule} 7]&e] DHMMe| MLP Al73%e &
HE 7PRaR o] 4% whieE B S glom =3l /)
&2 SCHMMellA chApd el o) Tl
BZHASE A7) gt s dixsl eRsig A
22 B 4 qlck old 7k R didt HrE vl
@517] $8e] MLP-VQ<e} SCHMME ©]43% |14

(1125)



104 MLP-VQel 715 DHMMS oj 83 A4 wx}& Ao g JF

FARE Q4] AEE el ehd Ak MLP-
VQi= 7182 VQAH 7 ez gt S4lEE
23 A o] wliell B Agelds MLP-VQo 9
3 TRl 7 ReeF V)RR 7 I S
g diolel g xR S8l 7 Zegzo) digk 3
ApHE] 9} BARS 73l SCHMMel o]43lsc). Ag
Astol] sl MLP-VQ9} SCHMME- ©]43A R}
Aokl whIV)e] o] & A%E el S
o & glrh ol wjAdy W% 715-& ol4sh= MLP-
VQdl o8 4=l VQ ZeH=Ee FAE s}
SCHMM®] B3 Aleg 73] ¢sle Hez 3
VQ Fx9sel Ml EUXE Qe
MLP-VQ$} SCHMME o443+ W] Also) =3}
B Ao Azbgcl

iy [VE £ =Fedid Alglkr WDHMM 23] =
1g o]43le] A RS AR A= Al F4
o] 3% 87.66%2] IAEE H& + sl A
=519 44 84.22%9] 141EE Jehiz ik

.

V.28 &

B =i 2 59 94 QA Axde) 4%
g 913l 23 el 4] 2l oz
E5 Alksle] HE3Igich kit Heje] 8- el
A A ERE 240 B BEE A 3 71%-E
1831 4] A2 o FHs] $48l] MLP-
VQ F+2F Ayt =3 MLP Al7we] &9 gt
ol oF £4 At s A4 HARAe] fakes vt
sl AZR )43l A2 el 715 DHMM
23t A2elE s whgS Alskslsich =%
dE B4 He] Afae] WES Foln EA HE A
el A ZH Y] -SR] $)8ted
S Eglsledc)

Add daE|EEe £ Q4] dzEEel 7)xd
A 5] AA AlagY Aee sk whEEely,
A A XS B Aok QY gElEe] Ay
& A=l

48 $4F FF A fAlkEd 7xd s
DHMM =42 MLP A7we] &¥o] g1y A}
e ARe] falmd o e ExE sk,
MLP A79e] 23 2t& DHMMEY skelue] 34
3 QA AldEEe] Bt A olshe uh

N

L.
=
=

o4

(1126)

®wrF

olch. =3t HMM slejulleie] S22k 33l ¢
td MLP A7) &3k & 7 & Ty 29
A FEI 2 82 UiF 2 k=T A$
FEH=R M3l fAF ZEYeE YA W
< AMFZA AL S47Fe) BA 2 A 4
A} B AR Alole] fFALE AEE Q4] mddd)
A& WS Alkksislch Alke 71 DHMM &
42 719] SCHMM =A™ 7zt 3=ger) ol
A FE2 JWWEA] dolx =7) wlEe] SCHMM2
seblie] 34 ARl Q] AI7kE 9 4 9ldle
=, DHMMEths A& Ao 3712 Q) Al
9] %55 Hdl47% NAE = Uk 2=t 2
3 Allelel o o3 HAEE= Jle)r) A g4
Al2-glo]] Il ggfo] ApFs] A Vel gled),
A A" A5 NS Hsixe Fo Fedt Ao
wee]d o] Yadt Aow wriwch

frt

o o

=28

[1] S.Fury, "Speaker—independent and
speaker-adaptive recognition techniques”,
Advances in Speech Signal Processing,
pp.597-622, Marcel Dekker Inc., 1992.

[2] W.ALea, Trands in speech recognition,
Englewood Cliffs, NJ:Prentice-Hall, 1980.

[3] JMariani, "Recent advances in speech
processing”, ProcICASSP-89, pp.429-440,

1989.
[4] JBaker, "The DRAGON System - An
overview’, IEEE ASSP, vol23, no.l,

pp.24-29, 1975.

[5] F.Jelinek, “Continuous speech recognition
by statistical methods”, Proc.IEEE, vol.64,
no.4, pp.b32-555, 1976.

[6] P.Woodland, and S.Young, "The HTK
tied-state continuous speech recognizer”,
Eurospeech’93, pp.2207~-2210, 1993.

[7] NMorgan, and H.Bourlard, "Continuous
Speech  Recognition”, IEEE Signal
Processing Magazine, pp.25-42, May 1995.

[8] W.Huang, RULippmann, and T.Nguyen,
"Neural Nets for Speech Recognition”,
Conf. of the Acoustic Society of America,
Seattle WA, 1988.



19984 B8H HEFILEBEWH

[9] AWaibel, THanazawa, GHinton, K.
Shikano and K.Lang, "Phoneme recognition
using time-delay neural networks”,
Proc ICASSP’88, pp.107-110, 1988.

[10] H.Sakoe, R.Isotani, K.Yoshida, K.Iso and
T.Watanabe, "Speaker-independent word
recognition using dynamic programming
neural networks”, ProcICASSP’'89, pp.

29-32, 19%9.

[11] ELevin, "Word recognition using hidden
control neural architecture”, Proc.
ICASSP’'90, pp.433-436, 1990.

[12] KIso and  T.Watanabe, "Speaker—
independent word recognition using a
neural prediction model”, ProcICASSP’90,
pp.441-444, 1990.

[13 ] J.Tebelskis and  A.Waibel, "Large
vocabulary  recognition using linked

predictive neural networks”, Proc. ICASSP
'90, pp.437-440, 1990.

[14] R} Wiliams and D.Zipser, "A
algorithm for continually running fully

learning

recurrent neural networks”, Neural
Computation, vol.l, pp.270-280, 1989.
[15] Y.Linde, ABuzo, and RM.Gray, "An

algorithm for vector quantizer design”,
IEEE Trans. Com., vol.28, pp.84-95, 1980.
[16 ] S.C.Ahalt, A K Krishnamurthy, P.Chen, and
D.EMelton, "Competitive learning algori-
thms for vector quantization”, Neural
Networks, vol.3, pp.277-289, 1990.
[17 ] L.R.Rabiner, "A Tutorial on hidden Markov

X & A
8 ¢t F(E&R)
1989 AlgHAdisE AR

24, 19139 AdddEtn Az
e ZahAal 19954 AdEwdist
2 AzrE FEakak 1996 3
4 ~ A A= fAriA
3 AY7HE FA ol 84 9
3 3 AE3t Al2d

AzAE, Hx A

(1127

E3BHE S BSK 105

models and selected applications in speech
recognition”, ProcIEEE, pp. 257-268, Feb.,
1989.

[18 ] LR.Rabiner et al, "Some properties of
continuous hidden Markov model
representation”, AT&T Tech]J., vol 64,
pp.1251-1270, July-Aug., 1985.

[19] XD.Huang, Y.Ariki, M.A.Jack, Hidden
Markov Model for Speech Recognition,
Edinburgh University Press, 1990.

[20] E.LBocchieri, J.G.Wilpon, "Discriminative
feature selection for speech recognition”,
Computer speech and language vol. 7,
pp.229-246, 1993.

[21] SFurui, "Speaker-independent isolated
word recognition using dynamic features of
speech spectrum”, [EEE ASSP, vol.34,
No.l1, pp.52-59, 1986.

[22] B.AHanson, T.H.Applebaum, "Robust

: speaker-independent word  recognition
using static, dynamic and acceleration
features : experiments with Lombard and
noise speech”, Proc.ICASSP’90, pp.857-860,
1990.

[23]1 K.F.Lee, HW.Hon, "Speaker independent
phone recognition using hidden Markov
models”, IEEE ASSP, vol.37, pp.1641-1648,
1989.

(241 A F¢ & A¥, ¥ 34, oy s
SOFM-HMM$ o843t z3tde] 14" oigt
Azl FehE] =EA, A 1319 BH, A3,
pp.716-723, 1994

7

# Jt $B(E#R)

1985%  Arddista  AxlgEit
Z4q. 19881 Adadsta AAE
s} FaPdAL 19923 AddSiE
o AR gkl 1990 3
A~ 1993 2¢ AeRAHF
g A wAeet AYAAL 1993
Q39 ~ 19959 24 AFdisty Ar-gata 447y
AL 19959 39 ~ 199643 29 Awadighn Habg
3 a4 19969 39 ~ A Auddzw A
7] - AA 9 AFELEE 235 FAERE A4
g A&z, HCI



