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In this paper. a method for compensating for the performance degradation of automatic speech recognition
(ASR) is proposed, which is mainly caused by speaking rate variation. Before the new method is proposed.
quantitative analysis of the performance of an HMM-based ASR system according to speaking rate is first
performed. From this analysis. significant performance degradation was often observed in the rapidly
speaking speech signals. A guantitative measure is then introduced. which is ahle to represent speaking
rate. Time scale modification {TSM) is employed to compensate the speaking rate difference between input
speech signals and training speech signals. Finally, a method for compensating the performance degradation
caused by speaking rate variation is proposed, in which TSM is selectively employed according to speaking
rate. By the results from the ASR experiments devised for the 10-digits mobile phone number, it is
confirmed that the error rate was reduced by 15.0% when the proposed method is applied to the high
speaking rate speech signals.
Keywords® Automatic speech recognition, Time scale modification, Speaking rate
ASK suhject classification: Speech signal processing (2.5)

LME

Aelst R 15 A7 71406 el o
& AgHoE YA AT &4 A4

o
a

B Az
ot god A4S

XKL 0] 71 & (kseung@kkucc. konkuk.ac.kr)
143-701 AMBAL BZIF SjE 10X

UIOET FRESAUNS JXSH 1417%

(M=} 02-450-3489: YA 02-3437-5235)

7] (Automatic Speech Recognizer: ASR)[1~3] 7H&o]
7FsstAl ok AhE o4 A7l 7[RACR, dhe
(training) o &J3j AAFtTA; 8l TolE2] 7] 9fE
(prototype pattern) & ZFAIsi, 2211 ¢lA] A
e 488 S49 5 s 72 gl £5E ¥
£ v|dlo 7 ARE HEE A FnE &
eahA o

2y olza 249 (Hidden Markov Model; HMM) o]


mailto:kseung@kkucc.konkuk.ac.kr

463  HRSISIBK| M3 R6E (2004)

24 Qo AEHoE 2 EH o]F, 34 A9 Eok
' AZe gueEe gt o) gAE 4 Qe e
floll g5 el wat g A% 3ol o]FoiFirt,
Ty of27R] &4 A4l AR SRR o] 85|
e Aol AN, o= ARAE EHE =2 + ¢
B ASE 4L+ guE Yt AR 334 o=} B
HAP7F thh FA Jebdohs Ao 2 €l 3E &
pi=g

24 QA Hs HBtE dovle FH oRE e
Aol AREE 84 Al3et el Jalle) s &
A Az Holg & 4 A &, Ta Aol AAgd
S0 55 B3, FE FE, Y 2 LY 5ol
21 24 QY Ao dEEE SN ME oE
EAE A& = 9)en, ol &g Al A4d 7
ko] fAME Fojme AR QY FHE ¥
+ ek & = o4 ol 22 shy Aleh 2l
A2 &4 AE Ao|E U L% (speaking rate) T
AA B4sta, of&g 2olg BAdste] Ao o
T %9 ¥iFo A% S A 78S Alts A
Lig= 2

W3t gl k2 343 142 A ASK= Mirghafori
59 AR wE Us LEo] S4go] A
3} $29] S4E FU HMME AMg3lo] QA)she 7
2 Zrh 4u9) ¢lAl QF-& (recognition error rate)
S yehlo] B &2 8/d QlAle] oo FF¢FE F
t 7 aQlYg s3I olek T2 935 &1
e QF89 T WUt 47t wE S 2RE
F3E 54 W57 B £29] 340l vl Zolg
chiiel, 840 Al 502 sl §4H 4oly
(phonological difference) ©] W2 &AL oA Fo43}
Al vehtes 2o fle] 9lTH, 2],

£3], YEA 24 (reading speech)@} vlaste] o3}
A 24 (conversational speech)-& U3} 3= U=]z}
& 93t £Eo] Aoj7t HdHA veRe[3], ol kA
2739 14 A5 A3E dovle 3 a9o] Eit £5
off A2-S u|sic}, mby A4 Hot de| ARRE
£ U3 24 dteR ke &4 4 Alage
o 4= 2Esjof 1489 S 7HHE ¢ ik,

w2 £E0) W3 S0 X sk 7P st B
<, w2 43 TSR RH EAY 7|E HEe UL,
o|g 2]l AatAe Ag3he Fott, d2A, dg
diojeje) A4 A SEA 583 #E LdE 4T

slo] WAl glo|gjo|lAE T8l o]2RE HMME
AAdska, Q4 oM E A £29 HMMEL wE
£50] HMMZ FAld) o188k g & &= itk o
23 dh e Ss] wErA 2% SHERE F7Eel
3k dioelg FAdslok 3, 14 A FulE F7HR
71& fEE nefsof stz gast A% I ALt
wo| F7HthE Tdol i,

ole} T2 g 3] AT WIS, Morgan
52 A4 £59 M B HMME WFAE
g AREHACH2), o] Wl D40 S oA o
o7l E% 847 A7 o2 w2 A Wsldichs AR
2RI, HMMS F48hs W] 3hel Ade] Aol
BE (state transition probability) Z+& ZFEAQ 2
Yo Y=g At &, FLT ol A%
UEFE FHAHCR Eoln, YH7} vl EFE S
7L ZA, BEA |FEE 5499 §49& BdEs
£ §}dc} oje} 22 WY &) I3t 4o oidt
Hrol HMME B8 gon A4EE ¥E2 HMME
ARgSH BT fARE AR B Edev?], A A
o] ggo] AzHo] FPH Wl J&stch=| Al
7} e

S43 A5 A7 HZl (Time Scale Modification;
TSM) 2 S48 FAshs a4 A= g &9 &
A, o7] AEe 848, 54 (pitch) 9 F4& FA%
A, 94 g 202 il 71ge8, ol
SAE A WA T wEA ks AXE S
L& HEBk: 7]eg Uit ol T2 AjTHE v
S8 Hol2A, 24 nYF AAY, AXSE REE)
52 5 5 vl AE o] dquE]l guaEet
SOLA {Synchronized OverLap and Add) BPH[5]= H|
23 FL Aimio s ngAe A7 Wiy 244
B 5 e 7Igelct, Wl n&o] SAo| YEHUE
o) SOLA & ©l8-3lq 3] WA= AAE S8
BT o} 34 Q1A YEFchE, whA] B4 &
E2 YAE 240) ¥HE A% 2 57E 7@
T g Aok, B =ZoAE o) 2L 7H8E B
oF W W3l 29 290 ti3) SOLA7ESE AXE)
(preprocessing) WAO 2 AME3lS] W2 sl L9
i8] ZRlgo] Regd Abs 28 UAZIE Akt

o 458 WHR HE 84 A4l A A T2
Sojofd BA| § shis £ol3 SA42RNH AEe
2 U3t 428 FRslok dths Aotk o= 8 ¢



AE 20| w2 A ghgdgh gAdoletn BAE ATt
A7HE g Agste 2lo) BRE7| meolh, Fof
A AeBRE A5 W £ 248 P
2 34 HMME 7§te 2 sk HPe]R 33
E3) yiE2n A8k W78l e & itk
HMMZ 7|92 2 sk WS Q14 dute} 34 7713
02 dof 7k B9 x| AT 2] e A
& AIZE 5O ARE o]g3l= WHeR, o] A
9] 2 4= B9 )& AZke] Y S-S Ak, S
Aol W3} £58 F3ict ol 22 WS ¢AlE
At 2AA7E 278 XU 4 i, 2R FA| wF
LBE 2 ¢ ong A Ui £
7F AHgE -S4 14719 Aol SfEA ot

SFAR) BA wpghE o g3l WjoR {AgR
% (Neural network) & ©|-83lf AMEE 3 H49
JAb (time constant) 78k WH(7), E¢ 7hAl
oF 718 (mixture gaussian) & o}&3t #8] So| A
=ik, A4 2L ol gt WH S EHpoh s
£50lo] HAS sjldEHQ] d3BAZ 298 k=
Hog A7) ¥y Al ANl s gndE
(back-propagation) ©] AHHLZ 7] 48 A &
= AS Alklaro] Bobritke ol oot &3t 7t
QAR B Folzl 384 B WH4E B A,
40) 3717 FYA2 B (classification) Sh=Hl, &
T TRAIRE $rE ARSSl B WapT) ol F
o &3=Ag SEHE R,

2 dFoAEe HMME 7Hke g sk 84 ATIE
AMgslgeng FEFe golie Al HMME 7]4h
o= 3 e A4aqlch B =RdAe gA dadt
Q4] 287} WSt 4% 7o) ofHEt FRE A=t
£ Yotuy| A8l & 1AM £HE ol8dlo] et
LS4 PRI} Foizl F9ol whst 59 Qe 4 A
28 7 8% S5 U Aol HeplsAl
Auigole}, 3 o] Antg uigog WU £k 2
7 Al oHgl BEE AMRSRe Ao BHYRRE 4384
o2 35T,

B 0o o ohgW gt AqEe] olof 2744
B eRod AR EE &5 23 Py ¥ -84
o dig} o] mE 34 49 A UES A
shach sAoIAE 34 A% A7kE AE 7 of
) 7rds] dgsta, Ak 39 14 ALY HAA
A 25 afsld. 43dMe 48 2AE Bl 7

>

ARKS RIS 0188 B4 QD0 M5 A0l BBl 4 464

Z 7ol RS vndlgon, oo 2 5310 A
202 ¥ =295 Puiict

IL W 259 357 &4 QMY FY

21, Wt 29| 3%

24 Az 93} fmof 2k 54 Q149 4% Hs}
g Angr| gske HA W3t 5y Agsksie W
Bo| AAlE|ojof gt & =Rollq 283 HMME 7]
dto2 k= gpe vige] t]EY (Viterbi decoding)
£ B8 dolAle 24 me] AjAAZE 2 FRAITSE
2ol Zolg P3ln, ol wHl Zolzie Wi {5
g FAske ol o] WEe HMME 7|RkeR 3§
= 343 94 AAollA] F7HAQL A4t glof etslA
st 55 24T 4 Sldke FHol giv.

Fojd el AA JEaie WEEE 25

Moz thEe] £ 7pA] HhEe] A=t A wAR

& HF7Z0) (Inverse Mean Duration; IMD)Z, Thgd}

ol g2l

MD=—" (1
d;

1=

I n2 WS SEE 2NN S B4 S0 B
g A 29 AeE vele) 4= KA R
Zol (duration) UERlch & 49 e b ol
Bauee o + doo, mebd A sk 84
oMe 2del Zol7l Foug IMDE £E7F F7H
of w2t 2 e ZA Hrt

thgog AMEl= shio] Wi (Mean Rate: MR)
olnf, ol Tt Fo| Falgri2].

2

MR= 2)
%

ANy AR Rdol i olel o4
(=-1-)8 yehdek, re) 395 DS} a7}



465  SIRmEEERX| H23N NEE (2004

2 a2 sk A didiMe 24 299 7}
S7BIEE, B £5 F7Hf viE A BAE 225,

W3 £ =5 S5 o] BT, oA FA 4
ol AMgEE 2ES o9 Add A AE BH3
of gt d7jA W3k "mE ol 34 U9 U9
2, 2 "o, &8 &2, 24F Mtk dE
(state) 5°] B 3= 9}, 24, 22 dolE HH3}
3% A4y B3 Y M dolg) Zolg o
B, 242 H3sle Fdle A 249 ZolE
uehdc}, Morgan 59 Aol 29 o9l @, &
&, A 528 HAAATIY 2 golgd B &4
Ago)A 73 IMD2F MRS HMME ©-§% 215 dlol
%9 272 ¢ IMD, MR¥} HjRaled, 348 2
4 GE ARERE Aol F ghol 7 RARSIAl Lol
ot HASITH2]. o= 48 22 A F2o A
|8 o] 4% W3 457t A&ga 7P R
£ Yuidhs ALE, B =RoME S4F Ui &5
F49) 24 o922 A3l

o efdlofd FAls, 34 A4 oM
Fo] Bl thdt 24Y (phoneme transcription)
< o8 & =+ 7] B, S BAY 24 Al HMM
%4 (alignment) & L 5 girk= Holt}. ol &
a9 A& A|Zho] BE QAAEH FAES o 27
51, 100%2] QlA-&o] Bl ¢lA71E AMESIA| o
= ¥ 2429 A 27371 s S4 AAdE
77 2EE + dSE Yuigh olHE EAE &
A7) Y8, 2 =RolAe v 28 dEe ¢

o

Coml| batwvean

‘worde (ROE=MD)

i
3

H

£

Eé,,

|

g 5 &
é 5 /cé/g

‘ ® ROS el‘ﬂ\oﬂolle ume;'hn fom ume:wuo ’

38 1, FAH0| FOIZ! A QlAE SAAS NES= FRY IMD
4% 8X

Fig. 1. Correlation between (MDs computed from correct

phoneme transcription and computed from recognized

phoneme transcription

3ot

WA gk dlo|H 2 8E 2t S0 gk HMME A4
st} g dlolEdle 848 AlE9] mtyio] ohL,
Z A0 ¥t SA4EE 2% EFL 9}, EeHR
AN 4" 7 F49 HMME o] 83l & 7}7) ¥y
& ofgsto] IMD, MRE FRith 3 A S Foi1
487 7 48] HMMS ©|R3}o, HMM 3¥ 1+
£ B &9 AAE 74, o|25¥E IMD, MRE €&
Zolct, & A WS S4Ho] FolH YA 2
eollA ARtAQl 24 glatel AR, & vley] 2y
Al &4 AAE 91, o|2FF IMD, MRS AL
Aotk &, A HA WAL oJ7 23ElA] kS &
SAEO| FolFl 9oy, F R HPHLE 4]
28-S AMEShe Aol
U3}t 29 24 A IMD & MRY §-849& Yo
7l 3 F ARl ohF AR BE (correlation
distribution) & FPLo], 2 Azt 29 13} 29 A
AlEldet 2-oA 7252 HMM HE, & 2618 &
Ad oA T3 IMD = MR e, AlR&S Qi &
g oA 73 FE vehdch oA x= y& A
w27t AFEFE F 3 19 §AMEe] 222 Yudt
tt, 1ol B9, IMD Zho| MRt H|wdle] x=y
3 A AF3t BEIE & + ok o]= IMDEto|
Sago} LF7F EEeHE, 202 SaF oA P
o g A FARBHA dojEE YErdr)

2 =2oAe wEA sS4 i wst &
o] 23 w3t 29302 324 EX3| BE S

il

>~
o o

2

L=
L

H}

g ru
[

C between

i words (ROS=MR)

o &

s 7
3 o o 5
1 > & @
i o A6
] " 2 1]
3 58 ¢ o

o8 .
§13 o :~p‘3” 5 P
s A o, ©
%,2 ° 4 o %o
o
o b °
éll Y, ©9% o}
2 o w
2 a0 Lo O o
g § ° a/‘?;._‘
o SN [osRed
3 o ,5?’? Ce
8 af - -
x . ©
o b (g
8

7? A ; |II) l‘l |Ia I’Q \|4 I‘! 1‘9 17
AOS 9l phoneln Iranscription Pom comadt worde
J@ 2. ®4%0| FOZ A7 QMR SAHE ARRSE 2429 MR
M2 2R
Fig. 2. Correlation between MRs computed from correct
phoneme transcription and computed from recoanized

phoneme transcription



2 PPBIES 879 7, ASE 24 P 5
o AL PSS 1 Wk 19 33 4o AR
st B4 S8 B4 i A% Moks o ¥
5ol BEFPE o & Qo TEd, WY SE0)
4¥ B39} ohiiAz, IMDRle) B4t Ak Yt
slmd @ ol BIW, olgh 2L MY Ane FY
Y ), e9E 4%l FoiA U e 4R B
A IMD7L 3} S50 2400 o 483 4RE AT
ke £ 4 ek weld & =8eliE DS s
£59] 2%o) A8,

dr} £T0) G2 24 OMe 45

°”~1 G IMDE o83l B 2/dol vhgt Wit
$E0} Q1412-S ulwagch o714 ARSE S4S #
E M2719 1074e] A4 w23 22 HMMO| A4
24 9 7t 48 & dsiAe 4ol AAjstct

13 50 HIEE (IMDE EHE) of QJ4lgo] et
U Slck 2de) VRE2 3 ool 2E A
240 W IMDZfE HIAE jofEe] EE %ﬂxﬂ &
Ae] IMD H|(ratic) S Jeblcl & xghol 120 &

2 HAE 240] 3kg 34T v|este w2A t‘a"*é?&
SAYE vehdict,

3ol eglRel, 24 NS 43t 27t
7rgtel wet AaEe AL & 4= 9len, IMDS] v)7h e
Ql, & dlolelet FUF B3} 5o 240 Iiﬂfﬂ Q
A8 992 26%9) v)wsPA A 20% A&hE AL L}
epy i it ojeh 2 AshE UAR-E Morgan 5
Aol grglste} gol, S g, 7 WY 4

1°n

worde {ROS=MDY

) L
5 ® T ] 1 20
msamw hmunpllaﬂhm oomat wosda

J8 3. I 45 |40 oigt IMD A B

Fig. 3. Correlation between IMDs computed from correct
phoneme transcription and computed from recognized
phoneme transcription for fast rate speech

ARZER g2t 0128} 2 QTR 4 BA0 BY 37 466

o)l o 1 gkjlo] gley, &2 = HEZ FuiA
&, 1o] wksl 20 o] 24 He 2F{phoneme
deletion error)7} R85t F7HEE & = Sk

10 ARES g Z2UHE &4 94 MAH
3.1 &8 Heg ARE H

1£0) W3 579 gk ?J—} A W3] Y
A Fold $4& 2 L 422 HMBA|=
2ol Aasict ol W3t £ Wsisluizte, 34
o] 7FAAL Q= 2o B4, & oA (pitch), B=HE
3k (vocal—tract response), oHdA] 2 AHE= O

2 FAElofof i}, ol9h 2 2AL HE3N= VIHe
2 34 Az digt A7+ A 7P (ime scale
modification)(4,5,9]0] AMEE 4= Stk A|l7kE BEEL
49 o] EF WpE9) ATH WIked WAl
7o, HEd A 2ol sS40 vl B
A 2 A Hgshe AAE E2lA ot

27)19) A5 wie g7k Felo] MY (short-
time Fourier transform) < 74tz LHE|QlCn
EAQ WP 02 Griffin 2} Limol] 2J3] Aokd 24 =}

& 93} ¥y Eelo] 37] Z7[9){least Square Error
Estimate Modified Short Time Fourier Transform
Magnitude; LSEE-MSTFTM) & S = 9t} o] i 2
AZEE o gk 4159 Y 459 Fejo] W 7]
Q] zo)§ a3t S HIRHSE HUFE &8l

|
§ 13r o
| A
. > © o -‘I
: * H
g SO, @ = ;
2 o @ o & )
£ 14 @ ¢ o ket
P
: 0
'/')
2 & o
12! yd
e
i ./p
QLT L e - 2 -1 [
b 2 14 ] " 20 2 2¢

ROS of Phonela TR e ioton It 0Ompcl wonds.

08 4. D Wat SM0| s MR 4 B

Fig. 4. Correlation between MRs computed from correct
phoneme transcription and computed from recognized
phoneme transcription for fast rate speech



467  ERSRSISX HR3N N6E (2004)

A dgE S48 %‘% irio|c}, LSEE~MSTFTM
o] HE2 Akl 2 AkFe F712 AR FEA &
A= 2zl wet Lot "*PE Ar o2 2320 Al
& ARkE $48 & o) AlRME =), Roucos
of 298 A|¢+El SOLA(Synchronized OverLap and
Add) Bi(5)7) diEHo|c},

SOLAE 7}&e] whe] B4 ZHY ol Zdole} BA
ZAY olFLol7t e RN ARk o) BA
£ F7)8Hsynchronized) H3E B3 AA3L 435S
Hdshe Woltt, &, 1§ 69l A4 ulet 2ol &
A ZFgdel o)F Zort §, o) Y =AY olF
Zol7k S 2l AS- o8 2= HA odt A% o)
Ql Bz BhE = glov 2o viehd v} Zol

kU ZH UL o5AIA BA YXE REH o)
A FHA glo] 4158 3%t 714 84 ZaEd9
olF Zolg T ZHIYY o)F dol2 v a2 AT
& gle] AL (factor)2 Al ©f gho] 1820
2 Ag= whEA] A3 o ygsty, 1Rt
2 Aol el wget SAJoR WekE, @4 =
HYL olsAlFIe Aol &, oY AsAAse
(correlation coefficient)?} A& S|= AJHoz A=A
o =

k,,= arg max ,R(k) 3

A714 R(DE ol THY 4 w(n) 7 B4 T2
ool WEGE x(m) S AT AUGOR okt 2ol
Folict,

8t %
\
/
o
/

L

Comect poogneiion mie(%)
/
/

o

2
o

\
\
il v

7 . L . L
G2 14 18 18 2 22 24 28
Railo berween MD_w and MO_1min

2% 5. ¢ {TMD) ME QAR
Fig. 5. Recognition rate according to rate of speech (IMD)

:]y(ms + &+ Da(mS ,+ /)
k)=
[ 3y (mS 44+ ) ZyximS o+ 01

R( 4

7| Lo = Y2 7.;_'0!% Lfebdict,

SOLA ‘%Htl% vl 7hagt gPie R AZK wgks
FEY 4 9o, WS o] FRAPT AAYH
oA Zaljo] 2497k ZA HojA|7) ghot B =0 A
£E|3 Yi8). o3t AME, SOLA 7]Ho| MPCCe}
28 24 el H4E a4 AEAPIA GouA w
274 Pl SA4E 9 LA SRS M7
g o188 4 &S oulgla, ol I H‘é‘l&ﬂ Ql
A& A3t 2AE sdsket] o8 ¢ A3 vEd
th, o A ddide Ja7iA ARG Est —#E 3 7
AR Wk 7PEE FREoR Hgete] g3t
9 QI4g AgE FE3Ne 71 dial RsIR
et

3.2, A g ZYUR &9 9 A
AL 24 g4 A9 725 23 79 AAEH
o WA s AR Y =2 G 248S
ojg3te] 4 HMME AT o714 A4dE
HMM2Z 01%75}@] 1AHe 34 S Edic <
A" ZE B2 IMDE ANt 18 £E8 73
ol gholl wieh AlZHE WSS JduAoe LRI
“:-'-JKH AdRE Sd0) mhEA BH S YA
’\17 % HEs Hgole] P4 &xo] 340z &9
A A7 3R] GBS AHHSR A
éJJE 2% A4 ABEA E3shA "k
AZhE gk Sl dislAle 22k 24 A
FHht], o] o AREE HMME 17} A ARgS
A% Fhsict wtebd AL 71ES whE 2dS o)
i W=e] HMME B2 S| gherh

ANVANA

/\
AN

AL A

a8 6. SOLA W
Fig. 6. SOLA Method

H‘l 2 N 1-_1




AlZEE 1212 0125 B QUDIQ| MS B0 Bt 4T 468

E 1. HMMQ| &g = E 2. M folel] w2 clagn} BE U 45
Table 1. HMM training coditions. Table 2, Recognition rate and average rate of speech according
to speech data.
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