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gtto] &4 ¢ HMM 230 #8 AF °

AEY - olHZ

A7l A% 2 4B} BEF

<8 %>

B AR oz 7/e) HMM(Hidden Markov Model) 98-8 AR5l 2 Y8 o
¥ HMM E8-& LAAAAM, 20y AEE $3ta 4 o] s H5S vz HraA
th AL 24 dolEy 1599 JARRE AT F 100719 A4 wapgeld, oF
10071 HMM 2% 24 3ol ALga A deolgeln, Uymx 507 944 2l At
£d A8 doje]oltt, HMM R¥-& UAA7]7] 4l 1371¢] HMM ¥8& 439t
2 dvdMeE 5 FF59 HVM 28 24 A48 a9t shude &4 & A9 & A9
EEE #4A7E Ad §4 BF ddolm, & v fAE 5L sAE 948
FojM s Ryed wAAY = FE 4 BY Ad¥oldt AW 2 A¥L E &
2 B3 484 2L AYEL V=T 98 1, 2 3, 4, 62 AH&3dled HMM 288 24
Rk = AE 4 A 24E HVM B3 d4de vgog dol 913 Aye
aEtact. deol Q4 Ay Algd Jd S4 HMM B8 £3 i 84 2y 23
oA &2 ¢4EE 71&F 98 1, 2 4, 6904 EA4¥ HVM 23S A1 &34t 2 43
A HMM E#-E& dA 7| AN ES A& 2 5 Je -9 L2 2EHY ¢
7} 2700l &89 F7F 2z 49 Ro] s $=8t Gt

A Study on the HMM-Based Phoneme Models
for Korean Speech

Deong-11 Chung , Tai-Ho Lee
School of Electrical Engineering and Automation

* B dFE 1908Y 4uign g dyvle] Yo o] TS,
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<Abstract>

In this paper, the Hidden Markov Models(HMMSs) which are appropriate for Korean
speech are studied. A set of prototypes is prepared and a set of HMMs is generated
from these prototypes. These HMMs are assessed by the recognition test of Korean
phonemes. The speech data used in this paper are the utterances of the Korean
numbering system from ‘hanalone)’ to ’‘yul(ten)’ which are taken from fifteen
speakers. Every speaker pronounces these numbers ten times so that the total number
of the sets of utterances is one hundred fifty. One hundred sets among those data are
used for generating and training the HMM and the others are used for testing the
HMMs. Two different types of HMM phoneme models are studied. One is the
individual phoneme model. In this case, a model corresponds to a phoneme. The other
is the large category model which represents a group of phonemes. Along with the
phoneme recognition, the work level recognition test is performed. The HMMs for a
word are constructed by linking the individual HMM phoneme models. The best result
is obtained from the model which has the five states, left-right structure with two
streams and four mixtures in each stream,

I.A4 &

oxlg rige w2a <ty FAE] 2Al4 F(man-machine interface)®] .27 0]
27 Qe A LAE ol# et JAAE oA AR FRAQ aAAF ) shrtel
W oEwE o dE BAL Pl o1 vk Ty, B AFdE BFstm 44U
2 olo} BUP A s)go] W AAL Rolx Raxm ud, L s 2 olf:
SAA R RYgR oz Ywa oimisia shaAel @) weoir A @zyo o439
o] QAFol= el de Yy ednizazrd(ost HMM)HABMNENn gag g
2oz AYste AF7 £ o3 Ak HE A (pattern matching)o] <) Wy
o QFLAN EANEEZE 29 O, VESHED} v G FAES 2L 7
2SS sl Uyold. #2 4 AFYE Afsed 71FE 49 FFe) 41 9
A gol =& Aol Ao} Aol Bn @AWl yome] Hapo] oyl NAI
27 FU A35L a4 dsts st A s Hde REHE o
02 QAN AFe] M £E7t WETE FHo| oy AFE AYPDY] HEE %
A3 e gRPMT A7 Anst BEHD Yok HIME AHEd Q4wWe 49
Ae BAFOE A3y, o] BAFE & Hy e wdo] WYty 0144?'5}& Hda
25 g ALER oy 7bEE 228 44 99d 4 Jn S22 -9

PE-H-J[mr_._E’:

B¢ 44 @0 A5 v F3E ~’1'“- e Aol A o) Aane 712 &4
of te HMM 28& e F, ol RYO2PE 7 %2 8L 7HAe REE 49
fe wyos aqudd U 44 zdY dEcldd 49l 2 EHe 99 ¢



BFe 244 HMM 28 @8 |7 3

4 AT

Sawkslel 9147 ¥ (rule-based method"Pe vlE Be A AL 8FsE W
o7l st BEANA NEF IFHAYAME 299 94 sgel A@E 83t
o,

AuiH oz o PRy Ax B HA4 SHe FSEd HUM 2EE 957 93A
= Agde] Fdg SAAEY AFHed o FAARA dHAE FAHY FAAFRIL
ZH Hojof ) dF Bo] &4 EYL WEHW &4 SAANBE S4EE BEY 2
7] 4 (phoneme transcription)e] 9234 Atk 24 4 Qe e B2 A7 Az
< o 3B FFer|7t 44 ).

B odpdMe 8 /A9 g2 Fze HMM 28 tdte] $3e] 249 24 ¢4
olg ulgog § wol 24 A¥e syste I A5 Hmstgr B A7dA A
LeAdelHE 1599 A7t 1084 dS AL 480l o] F 108 dF SA4L
grgdole 2 53 e A4S Addole R Algstgct. BEAIAYL 100719 &g o
OB E & FPer PN BAY dolHE ol R3 AW 2o e HMM 23
I A S&o Ud HMM 23e SN A Ade sty

HMME @& WE 7} o]alyoln §88 Ao o]a#tEd: HMMH d43Q 399 o
&@E HMMS F 7tA2 FEPYEd B =FdX e d% HUME AH&stach

HMM 23 w7 s E HMM 98 (prototype)-& A A sof st} 2 Ao
Ae 63, 54 &2 F 7 HMM 728 d38da, AP3oze 2B
&

g, 2EYUle] 59 =, ZF ZEte] Mol WstE T WAo® 4 1379 4P
gl AM&3HAY

AAE 988 olg3dle 27|382AU# Baum-Welch AFA S AH #F HVM 2
ol A} ol HMM 2H-& o] 83l 44 214 (phoneme level recognition)3ty
< FYigen ME &4 2y Agoa dAY HMMEZ 2 o] U2(word level
recognition)® Al&=dETE. QA e An ¢ AYPoex B deolHe AF 2dP
Hole o] &4 dld HAYE vadle AEFPon, ojF vgon wAg Y-S Pk
At DA HMMo dist 712 o] 28 &5, MM E B dF9A FET A~
2 2 A gig W& AYsdr. VAdAMe 28 2o 2 B U&E 73
Rom, Vol B Avd e AE 2 FF JfA e AAE

O &Y vl= 339 d(Hidden Markov Model)

2.1 HMM

HMM® 3 & 728 2 Z2AAES Rdyde 9 ¢ Hgsisl HMM 3
gulelEe Add AAS HF g g ge] S FHGFA ol 7
Bo] 2ol FAUA VW OE Bakersl IBM AR s At Rm, 2R #3t o
22 Baum 9 A4 7128 F2 gtk
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HMME 889 e 15zte Hol 82 AAgn, 2z Hol: Ayddd] @&
Ho| &E, Mo/l o|FjHL W FANY HE NERRE 7 7 ABo] WEHE 2
AR g0 e FEPFSE kA 259 FEW BASH Ut F HMML B2
Brlsd e Z2A2E #AZo] 15F L2 YHAAINE ZE2AN2E o 2A
= o HE TEA2ZAN AT o] iAol B FARAHLE ¢ 5 Qv BEAH2E
& Rdgs=v HYsi.

&4 gAed g9 HAT2E vlen= AUe] 2 A2 T AEI 2 A
Z o] AT RS, 2 &4 wate]l Y AE0) ATEYL BEo] B
i sgsiy SR SAHNEE @& 7I5d TR HBE 949 S4AE
2 99} pe 28 712 HMMAAM Y& Ao FT 4 Utk o] A$ 7 AejelA
= 2 e #§3se 29538 AW &4 AINES G 8 olad ¢4 A
OHEE 49 WY E¥XE mdde AIuEE o)Fold gon 4 Fifo UF
e Uehd 4 Aok ada, vlEaE A9 AgEsie gA4As 2MEJY A
e HEALL Vg ¢ _

HMME #29E7 ool B d&Holke we} o4t HMMI ¢4 HMMS)
¥ 71A 2 FEHAr}, o4 HMML AAEE f33led A 7Igeg2e 2% HE 4
AfE ol Agstn Yo o] A9 kA FAAAN GAE A WAR A4y
Z2 1 947 A% AEHE oF Ag @A HAY & Qg 94 HVMML &8 U=
g 7FeAot RYF4E ALnE 385 Adtd wg Aol Wi wae] i
2 mEdME d4F0] i 2 94 HMME AHEsich,

2.2. HMMeo] it sjelujg 9} G F
2.2.1 HMM
& ERH U3 88 BYE e By @42 2ggsieEd YUY viEas
Aqole B3] 98 19608 Y BaumEel &3¢ Rdolrt HMML A Hol FE,

FE AEY GEEE 2 27 A98E 3714 FE devHE Ao HY v gl
x3E + AUtk

A=(A, B, Il (2-1)
A A Hol 88 X E el il yYHojn, ogn 2l
A=lag]l, 1<i< N (2-2)

aje A9 oA A j2 HolR HEelm Ne AH Folt.
B: #zy2d 24%E #x 3 Yy 983 g,
B=[b(k)], 1<j<N, l=k=M (2-3)
bk =P [o=v,) a:=J] (2-4)
b; (Be dA4d goAM BEHE(opol vt E oy ME &5 JE9 Jis
olt}. Bz} |4t &8 #¥ Y 4§ ol HMMe] #dr}.
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o] &9 HMM Yo 8¢ A7 5

viRlgte 2 JIe &7) dH¥E £¥ojth
= [m, my, 1y, ., 7n] (2-5)

el wEolx HMME A %% 418 E, Viterbi ¢i18)E, Baum-Welch AFA &

ae 5 o) gate} Az FA HEHIP £ gk

A 3% ¢nAEe #2532 0=[0, 0, ,,, Or]8 HMM A=(x AB)7t #
oJAE W ASEL YAANZL B8 PO| DE Adste gEALYeltt Viterbi ¢ard]

EL HFHe Adds o Adde FF &S Feled AEE3, Baum-Welch 453
?—__}"E}u‘, Z7] Bdo] FolHL o, g dlo]HE ALE3t &5’9594 AL EL F
thalslz] 8 HMM gelele A2 w83 o2 g7 H AL&8d,

222 44 HMM

A4 HMME #3 HE/t 94359 2924 32 3§ 95 Byl 943elc. B2 &
A3 YEAQ =2aE 7FeAle ¥ Heoln 2g 2-15 ol F¥M9 v T 7t
$-A1¢H(Single mixture gaussian)@4 Fx H-gH 7F$AI #(Sub-state gaussian) 9]
goz ZEA 9N 2 7kSAL d4E Az T2 EYASE 8 MAEE @
2 = Slzxg gists 7heAe RES o83t A4 BE B BREES Ay
238 Aotk EGASE cpol WF Ak e 2o

E

glc,'k=l , 1< j=N (2-6)

Single mixture
Gaussians

M-mixture
Gaussian

au : :

a9 2-1, oF 8940 RF FAE 1 F
Fig. 2-1. Sub-state Representation of Multiple Mixture
Components

1

au CJM

- 337 -



6 A5 - olehE

A4 B&: FEUE B5o) Awrd Yej= gt ok
blo)= glc,-kN( o,pp Up), 1<j<N (2-7)
Ng 71§-A¢ &8 BX & vehiy 4 2-83 2}

Lio—w U Yo~
N (o, pj, Uik):me zlom s &omw (2-8)

APNNN. pue WE WHE Ups 2N 998 dehln, ne B2 Abe) 4o
th cpe 2 TEAIY 8 B Pgo d e EF Aol

dd &4 vl2ax Zdd qd oy AFA PAL ol nlEax mddde
TdI, #5HE 0 ggd e AEFE FFeAe e BaAlS Hody, F
B ge) A5y FA7r 9ok ZF - vhs-AQt gael stav e AN LS odF
3 g

> 7.8

I=

= (2-9)
32 7

S 217%(.7‘. k) - 0;
Hig= (2-10)
t=17[(j’ k)

{7 k) - (o,— ”jk) - (0~ #jk)'
ﬁlﬁ(].. k)

1=

=1
U,‘ =

(2-11)

7{j, e N7 ol A FH i kA EY g vAe F-2ded At 2E
(likelinood) ¥+ 4Hel A-f(State occupation) 2 A =W g 2]2-12¢ 2t}
a 1) B£7) 1.1 cu oy i, U
2 aDBD 2 cmN(on time Up)

= m=1

i, B = ] (2-12)

2.3 HMM?9 +%

HMM2 7 +23 e Jaie stetveig ZHodr

HMMS) +Z3 e 2919 2 Aefo] dig Aol &g vehlis A Hel
g8 Ad o3 AAHG HMME de= A4 2 ZE AHE Hort 7ied diy =
d( ergodic model), A1ZtS] EEo wtat AuHclE YFT wFoEwt VY3 E A
& #A-9 T3 Zd(left-right model), F 7Ho)de] WFo 2 Agd HE FH-5 7R B
d (parallel path left-right modeDZ ol itk S4B E A% A7 AlZtel W& Q&
Hog Wieg SA4UYE - F2I HFgsch B dAFoe SAH E, 64 FH-
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ol 4o HMM B3l 3¢ A7

$ 7z 2dg A4at

HMMS W3 eiiel st 7 Ade Rol%E, 24 N B3
g2E ¥ 2 Bdue g 4+ o2 F9¥d, 1 o2, 19 229 F-9 Pz 2
7 sieblHz A 3¥H 94 HMME Jehigich

b,(x) b,(x)

U1y U222
844 ) p
Y o () Yo

1 ¥ =® h 4 =®
Q a3 \_/ Ay

29 2-2. 37 E HMM

Fig 2-2. 3 states HMM

m. 43y
3.1 HMM& o] &8 24214 g wAdg HMM 28 37} Axd

19 3-1¢ 2 A7 7S A2y BExe

1. DATA PREPARATION

Speech data
Label data
Parameter data

Human =D El in l]

S=Ell

n
4

Voica

2. GENERATION OF HMMs .

Workstation

3. RECOGNITION AND
EVALUATION OF HMMs RESULT

29 3-1. HMME o] &% Q1] AjAad
Fig 3-1. Recognition System using HMM
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2 AYdAE A2dg AA, dols FH A4, HMM 2% $43q], ¢4 2 HMM
2y grt Aoz Yo Aygsigd.

32 dHoH Fu] &4

A A7 G4 &4 dolHE 38, o] FANEE £UY del WelHE 3
4% o, SAWEHE TR AvE dHolHE G AR

321 &4 ®l°lE 3

g 3hak 109, o382 59e) 22 1098 S 150709 &4 w8 E Argsixich
22U AR o, F 150/0F 10% 9] A 9 vlolE 100/ HMM =8
oAt gHAe, YA 58] A ofg dole 50Me Al¥AA ALEsEa &
4 HolE] Holx FEEFR 1S Sensimetrics AL A FQ] Speech-Station 3.0& AH&
3, Heole §5 #A 9 deinEs #3-13 2

Sampling rate 16000 Hz, 16bit
Recoding time 7.8sec
d4E ZFA Static microphone
Gain 1

£ 3-1. delg HE HF
Table 3~1 Parameters for Data Acquisition

fAxe] THLL “ShITRE “@ AR d& £Agolth 19 328 AE €4 By
£ Jehiz gtk

W

a9 3-2. {4 9y
Fig 3-2. Speech waveform

322 HolE 9 Hol &g

TH3E S i 4 S8R ARH X9 4 S0 FAE Jied o
olElE HAsE el
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Pg3e] g4 HMM E¥o #8 47 9

o) el HYL A AP 2 Fhol £29 WA /FRE Aoz FAAY,

27 dolgAge 2AEzadNs 20Ede Fust AQRPlA Yehs AAS
FA8) BEN BAT 1S, 7 FhdA Yot 228 4W Bx 9L SEIHA
sYRc. BAY 2 7o de S48 WAL Bolud o e dolBIol ¢
o E3-26] ‘S PRE QAR A% 22 40l gl & APolA EAT ol BE
Jehg it .

&} = Al Ed oAl oA a4F o4 o} & &
[hana] | [tul] | [secld] | [necld] |[tas“cld] |[j"s"cld]|[ilgoclbl| [j~d"1] |[ahocibl| (1]
E3-2, A U ol E
Table 3-2. Labels for spoken numbers

247 gle Y SSGilence)e [x]12 FAEFAL, [a)e “1"LY R AP
th FACA [2]12 219 [cdl2 [Hlez Eud [chl2 EAsEG “J"43¢ F$
e RS 1G]+ ES A70]E FESE BARE D, 24 ‘oY A ‘g A g
#ol FASol A% FEL IR, “qAUW"d Zo] S0l AT REL [dE EA IF
o}

B Agorre AAY 24HE U HVM 28 L 9o EdAI:E MY &4 2
B A8 e BAL 7HAE 2278 Bold e By 4N E A 24
2% d¥9 F 7kRE PR

3221 74¥ & 29
M &4 28 dgdM= [ale) [alE [AlZ, [d19) [t1& (D2 ®en UoAe 7

¥ g B Ay 2YL RS BRSAD
16742 $79 2 g4 93& ¥ 3-3 UehiQoh

h|AiD|sinje j “1i] 1 glo] cld cb |ul x
Tl A ] ERE ] 411 (8@ 0] | s@FD| HED ] TIBe

¥ 33 &858 4 £29 43
Table 3-3. Each name of segmented phonemes

293-3% 29 3-4% “shi"gol U £ dolElsh AW &4 Ey¥oz 2uY 4
95e) Yo mee vehin ok
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0 1220000 h -

1220000 3059999 A
3050000 3619999 n
3619999 5960000 A
5960000 9959999 x

23 3-3. “Sh el tiF wlolE dlolE]
Fig 3-3 Labled data for word ‘hana’

29 3-4. Ad 24 R¥ oz HojEY L4 H
Fig 3-4. Speech waveform labeled by each phoneme model

3222 ¢ &4 129

AR 54 28 H¥9ME BE, /42, TS, AAAL, & F 6714 FH 9
HESEE AFRSIY BRFagc “RE 178 A 2E g VE B #4943, #
$% ¥ & 29 “HRS(IGIE FAASE ERdY VCE EASE Y vY
2 2ALF [s], [h], [t} FA4ASe2 EF3l9 SCR 7|31, FTAHUA AASE 7
e [cd] [cble AAALE EFsla CLE ®7)1sl4ch ¢ &4 R¥er BFER
HE 2 ®3-40 ehiid
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HFo] &40 HMM 2o #e dF 11

HES29 B 2% e g
\% 23 aaiueo”
SC FA 25 sht
Ve T  ndjlg
CL A7 A& cld clb
X =5 X

% 34 A 24 23 94
Table. 3-4 The list of phoneme group models

A T2 F7F VS ]9 AeE wE g7t d4gA7E AF
ay3-59F 19 3-6& “sh"Fel Wit £d dHolHe I 4 K
H¥e) Feg vehlia ok

= ith[10]15])
%

o2 2FE 24

dle

0 1220000 SC
1220000 3069999 V
3050000 3619999 VC
3619999 5960000 V
5960000 9959999 x

23 3-5 “shEel digt A £4 delE dlolH
Fig 3-5. Labled data for ‘hana’ by large category

2y 3-6 AT &4 2¥ow do|By &4y
Fig 3-6. Speech waveform labeled by large category
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3.2.3 v g solg ¢4

4 A% disf EA HEE FE3NE AL SAHNSC Ud AAE FAF Y el
o},

A SANE Fo4 28EP 6dB/oct 3 54 W St aFH AHES
Q37 918 A A2 (pre-emphasis) #A o] YAt £ Ao AAMY AFE 097
23t SANEE &9 12 gAY EHE F94 AFHT

H(z2)=1-0.97-Z"} (3-1)

SRAANE dE B HEE A3 48 48 U 958 =9 FINE o
¥ AA Zddadg FEdd. B AP 945 3718 256 mosecsE, T F
71E 10 m-secs® ¥4 156 m-secs® Y= HAUE dojuA stHx, 9= ZAAUY
¥4 Q 2}(leakage error)E f1A7) 93 Hamming 598 AMR3Hd. =& 99z &
88 24 del"e FFHY g oA (nomalized log energy) & #7138t A g A
73 8 Ug, 2440d mel~-BE B3 HYE B AF 53 I mel-Faa PLE
A(MFCC)E &4t 73 53 9e9 Jeg5 Anstd d oAl Ayt §7rs
Re.rz MFCC_E# Redtgrt

mel-ZE #3 HE 8 AHEE mel AT tHEH HTH

Mel(f) = 2595 log (1 + 77)

9 3-7€ mel-AE ¥H #93g Vel 9o
4 WEe MFCC { ¢} mel-3x ¥9¢ #3g §$H# ¢ f+A(m)E DCT WA
g o] &, &3 go] Pt

C=lc¢}, ¢= glm,-cos(%.(i—o.ﬁ), 1< i <N (3-3)

Pe "9y 939 Ad £2 2dn, N2 48 27§ yeds, 2 4344 PE
242 Ng 122 4Rk 29 3-8& 54 sehvd $&348 et gl

¥

m, m, f

238 3-7. mel-3E HE WA
Fig 3-7. mel-scale filter bank
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#Fe] £42 HMM Ege) &8 47 13

Nomalized Log
energy
Speech Preeamphasis Hamming
Data H(2) Window
Mel-filter
MFCC_E bank
analysis

o9 3-8 &3 Heioly &34
Fig 3-8 Processing for characteristics parameters extraction

33 HMM 239 44
331 HMMZ 4% =7

HMM R3¥7 ¢4 =7 E2E vz Entropicrtd 9= Cambridge Wiere] A]¥E ¢ HTK
AZEH S ALY, o] B3 B f3o g nRE o9 FHE, gy £
P 2HE ARG Q4 Ag o2 7A F dAE FEdn Auil16]l AP
2E9A Ay 558 29 3-99 veEhdiglh

Segmented Data Data Files

Initialization

Re-estimation

Tied Paramter

Embeded -
Re-estimation

Edit HMM

(Fully Trained Continuous Density HMM's j——

I 3-9, HMM =8 wrAlahef
Fig 3-9. HMM Generation process
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14 BE5d o HE

HMM 23 24 212 HMM 938 44 9 293 A5 2 271 4349 A 71
g DA 2 Yo g

332 HMM 99 44 -

HMM 93L& gtsod HMMe Helg ATt B Ay 43¢ HVIM Fee
SAUHANA 7h gol AMEHE H-$ Fxold, Jde 5719 62 AR, 6
4 HMM2 i £4 23 Ao Av ALt 571 dele] HMM2 A& vpxje
o] Agje] A Aozt glen, Uz Adge s AF AFHolsl A Helwhg 71A
T % QA5 6 AE HMMS 5 A8 HMM# §AF3hE, 294 3 Aejol A 22t 49} 52
o] AV Hol7t YAI}EE M3y},

&3 29 Holg ATH ofv AT FHAHLE IFE HMMY ITF Heirlg
AAE A% nE&EAAANA S22 BY9 dF JejR o] 837 faA e},

Y 3-102 B A4 4% HMM 93 72 A 3ol #3 o))

by(x) by(x) b,(x)

a) 5-states HMM

by(x) hy() b,(%) by(x)

b) 6-states HMM
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el 42 HMM Ede s dF 15

0 ay 0 0 0 0 ay 0 0 0 0

0 dyp a3 An 0 0
A5= 0 axn 4z 0 0 Agz 0 0 azz dy dss 0

00 ap ay 0 0 0 0 aw ag 0
0 0 0 ay Ay 0 0 0 0 Qs Qs
A=lap ,  Hag=

¢) el Aolug

a9 3-10. HMM €9
Fig 3-10. The Prototype of HMM

HVMM 98 e £ #5 %8 L& 59 759 8 Jde] g dAsoF &
o #5 #E UE e 4 2-79% 22 Y LS AEEG o)A v B
gel ol a4z shy gert Hid ojRg 2Efolg Itk dF S 2EY
o] 20| #H dide] HMM &3} 1319 Hatgre] sl ojzle] it zbzhe] 7h-9-Algt
BEUEV dodtt & M 252G &, 74 229 U9 g &, ada FE
A4 FEe HHE @2 dEA F 139 HMM 982 dASH. 83-54 AT 13
Fo 94¥s e

¥ 3-5. HMM ¢
Table 3-5. The prototypes of HMMs
1 2 3 4 5 6 7 3 9 |10 {11 |12 | 13
LEYe 4+ 2 2 2 2 2 2 3 2 1 2 2 3 3
3 T 122123132133 1114412221431 2 134(531(223(234
FEA AL F | C|F | F F F | C|F|C F F F F

* F ! Full covariance matrix , C ! Diagonal covariance matrix
+ 2tetulE e @ MFCC_E

e &4 2y d¥oMe 5 49 HVMM 7227 d83gen 139 98 255
Hgstach Yo F& 2Y dYolME 5 e 64H HMM T2l hs dystaon
A &4 BY A% F& g4 A48 2old 99 1, 2 3 4, 68 A

3.3.3 HMMY 3t

27|13} AAg T, 5 doHESN HMM 98-S ol 83ld 2t $4¥2 FEL &
7189, AMEEHe dnEEe FY B (uniformly segmentation)® Viterbi A @
(alignment) ¥ 4738 k-mean clustering®] 1, %713 FAHL ey gl Hz 2A o
OHE ¢& T8, &4 dHojHdA ERoz BHEoY 7 &4 2ELS BE g o
HolH g HAEY thg, 48 a9 7z doleld s =39 k-mean clustering %
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He AMREle 27 mtEduy ZEE wEAo g AMs] Ul A WA AojFEdAe £8
E dolelEe] TU3A EH(segment)H i, Zt B9 Aejrt s dole] EXER AY
g dd 2Ee g FTEH BAECl FHEG. F HA o]d} Alo]EeAe #FA
FAYY7 Viterbi JFH 2 g, 2713 A DAY A9 vy 2271 0
d WA st

AER @A 273 @Ad A9 HAL, FA FF Ul £AHE k-mean
clustering ¥}t Baum-Welch 454 Wiz el 27319 7+ 48 24
& AdAH oz ABAFC

H7F AFA AP AFF 2] o8 SdHoz Y BE 4 EI¥L @
Baum-Welch M543 @2 FAd AFA o, 2 48 G d$ste ¥4 29
o) A% FZEY v, £AHeE zt HVM 23 e A A, JF, Ba4s5e 4
xge] AP dugFo o8 FHIY FHE FAANEL HMM HAnEE 4533}
o AR vzt @48 AY HVM 28e] <14 & Hrte] A8 HMM Zgo|t,

34. 94 2 29 7}
341 54 94
a9 3-11& 942 4% AExott 84 ©He AAE AE &4 Y A4S gn

22 24 A¥dA Z AR A42APe) ARE £ AP Hoj2D ol
HMME# ) i8] 215 S48 dol88 112 vwstel H&ssch

Eully Trained Continuous Density HMM'SJ

Auto segmented data

> Recognizer

Recognition
Results
——————

Results

( Speech Database - Test Section )

29 3-11 93$ ¢ AsE
Fig 3-11. Processing for Recognition

4 @9 4L HMM 283 Viterbi 83 ¢xelF, 285 seivg fd-g o83t
of &4 dolHE 7 7 ¥2 /1Y #Ee] & HMM RE& AYste EEFoEN
ol Folrt. AFoE FHE vlolEg A & FAPeE £2HH dejEE vl 4y
&g A& olHE AYgL F dAE AXed, A @A 2ANME HVMM 23
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gl S48 HMM Egol 3% 47 17

A Ao 249 gy dlolEE 4@l o] FAPE Kot A} HMMEH S TES o
71 98 stk ggdelge gt JAdE e A £3dE AAE o &3o
Aoz BAHG dolE HARE AAEm, A 2 HLEY HRE o]fdo HEF
HMM 23E w20 Yt T Ax @d= Al volEe didh 214 Aoz HE o
Ag 28-g o843t 3 g).

342 doj 293

wof Q142 Jid F4 BE H¥AA ZAd F4F o8-8t FHHAL.

o] Qddels A 2719 ME g2 F2He] ik s do] AAE e HMM
7|8 maog MASE Wyelw, & g e &4 F ©ol B 39 golda i
HMME T3t ol§8 AE42A dolg stotdte 2¢@74 HMM dhelct. Hake] vy
o] ¥ Y& AEE JeEld HoE AR dojgrt Frige et A4t =A
=otd 7k o QRE dolg F7t A] AAE thA] & s ol He 59 A7 ok
29 ASEe &4 ¥ Hel 9olA DTW(dynamic time wrapping)Z 2 £3ld <l
AEL ¥9 571 Qernz2 §%4 oA i FEdoh

2 AP ae 325 93tg e Viterbi ¢ FOE 252 S A4IEE 2 3l
th o] u AlgEE geo] BYEE 19 3-129 Zo] 4 ¥¥e HVM Y& JdFHE vl
gond EHaZ Fodrt

e ot AL 99 A4} A2 Jeld AN ES olBEe FAHK

™™o
[ ) [

a9 3-12. HMM €2 network F+2
Fig 3-12. Structure of HMM linking network
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v, 4 3

41 A8 &4 29 49

ME &4 BE AddA A4EE R3S o838 §4 99 A4, dody g A&}
A AHARE gy 2o
A &2 BE ZdgoA] g&d ZF HMM 239 £ & 510070019, 2t 744 &
29 et 2l
[A] D 4X100 =40070  [u) : 1x100 =10070 (el T 2X100 = 20074
(o] D 2%100 =2007F (il : 1X100 =1007)  [h] 1 2x100 = 20074
i1 : 3X100 =30070 [ 4X400 =10071  [*] D 6X100 = 60070
(n] :2x100 =2007  [g] : 1x100 =10070 [D] © 3X100 = 30070
lcld] D 4X100 =40071  [cIb] @ 2x100 =2007 [s] : 3%100 = 30074
(x] : 11007

f4-1¢ HF 44 HMM 282 SANREL 9 shatlolgel gg A48L ey
SRR

£ 4-1, ool e HMM 282 QA4 &%)
Table 4-1. The recognition rate of the training data [%]

4948 Ws | 1 2 3 4 5 6 7 8 9 |10 |11} 12 | 13
Correct | 95.21 {95.78|95,64|96.38186.3697.36| fail |95.28|90.50| fail |{95.83| fail | fail
Accuracy |90.09 (91.26191.05(92.73(82.73|94.12| fail {91.01 84.92| fail [91.47; fail | fail

"fail's= HMM #7} 457 3344 & selvlg @ AAE Al 272 dstd HMM
YA FEARAA YL FFolh

H4-2¢ 2T 358 HVMM E3E& 71 g AAEEHA %L 50718 AlgdelE e
ek 4 HEE & 2ol '

£ 4-2. A9 dolgeofl g 14 E (FH{%)D
Table 4-2. The recognition rate of the test data [%]
.—ﬂf%“?ii’12345678910111213

Correct |81.54 [83.19(83.01(85.03(76.25(87.53| fail |82.97|78.69| fail (83.71| fail | fail
Accuracy |75.46 |76.46(76.12|79.92|70.07|81.06| fail |76.00|72.38| fail {77.04| fail | fail

i

oEY

S dEs 2 A 9% 6d g HMM 2 3ol 7 FA4 vgtch A A&
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PFo] 249 HMM 2o 8% 47 19

g AN E2 2F BHE B P*é Ao e A Eolct. HMM Z& o g Q4 3
7he 4 2¥Egg 9_01"—13% &3 e Aol nigA st
2Eds 4 Yo wd i‘ﬂé] Meg AP #4-30] veEhfRAcH

%%E@hAnDusecld“jilgoclbx
1 850 | 9.00 | 7.00 | 7.33 | 8.00 | .00 | 550 | 9.50 | 650 | 9.33 {13.00(10.50|11.00| 8.00 | 21.0 |10.36
2 7.00 | 9.25 |12.00| 8.67 [13.00| 6.33 1 9.00 | 550 |12.67 |11.67({17.00] 9.75 |10.00| 2.00 | 14.0 | 12,00
3 8.00 | 875 | 9.00 | 8.00 |17.00| 7.67 |10.00| 4.50 | 10.5 [10.67| 11.0 | 9.25 |14.00|11.00| 20.0 | 9.82
4 6.50 | 9.25 | 8.50 | 6.00 | 9.00 | 900 |10.50| 4.75 | 867 (11.00(14.00|10.00|19.00| 6.00 | 16.0 |10.82
5 14,001 9.75 113.50{10.00|21.00{10.03 [11.50| 7.00 |11.33 | 8.33 |14.00110.75|21.00{13.50| 27.0 {14.00
6 5.50 | 4.00 | 9.00 ; 5.00 | 4.00 | 7.00 | 9,00 | 4.00 | 800 [ 9.00 | 8.00 | 650 {14.00| 6.00 | 18.0 | 7.54
& 6,50 | 850 110.50(12.00|18.00| 5.30 |13.50(13.00| 950 {10.33| 9.00 |11.25|17.00| 7.00 | 21.0 |11.55
9 11501 7.75 | 9.50 | 9.00 |27.00| 7.00 {1050 475 | 85 |1567{16.00)10.25(22.00|13.00| 22.0 |11.18
10 8.00 | 8.75 | 850 [11.00|16.00| 867 { 9.00 | 4.25 | 9.33 | 866 |15.00{10.25/11.00{10.30( 19.0 | 891

X 4-3. 74 2¥d A4F (BH[%])
Table 4-3. The misrecognition rate of each Phoneme [%]

Agd e Zgel A" R T8 FAtste] AEA

e 239

th 2AAEHE AE AMEYE, A AL dAFHUE FSTFTl FAHL
A5 [hles AHHE ZF57 Bty #4485 (D, s, h]E Z_H #3 EF] Bel 2
AT E GFT FEe AN ’% Ao RPe AREE A9t Be 1 LA AT 1]
2 54 427300 AN FEE S4F o8 W "‘“{JI]OMI 2 204 He
A2 1A gt

A Ao diE 482 2 JE Ry AP ANERG WSS & F U AF
EdE A4 delHe A% & s §a7F T Pl FY 47 A AYHe
WEZL gobAd A9 w29 F7F s 8ok o] | A 4o et AXE AL oy
T AYELY £E LR AEIHER AA AE Fie diF A4E 1o @A e
4ot

7 A4 Eol B2 ¥ 4¥6el ¥ HMMREHo|th /¥ ¥z duny
[nlle], ["1oll Weire AR, [gllchblol hsiXe 9482, [old Waire 4% 49 6, [s]
of dside 488, 1 o P M 4F 6o diFg RY] A w2 U4ES
2ol

a8 4-12 Ag 54 dolEd diE fAder £dd Eegd AF vdE RES U
R Qlt
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a9 4-1 3 2 AFEAC o9 delgd 249y
Fig 4-1. Speech waveform segmented by hands and auto-segmentation

42 Ad &4 28 A3F

Ad &4 23 4894 ggdE 24 HMM 23 ¢ $49 & ogd Zo

\% 116 X 100 = 16007}
SC 17 X 100 = 70074
VC D11 % 100 = 110078
CL 16 X 100 = 60074
X : 11007}

B4-4¢ HF gF¥E HMM BEHE FAAAE v, HMM A 7xof w2 g5dolE
of tig A& Yehia glth I 4 23 AYPAMe A 42 ZHAM QU E
°) 2 1,2 3, 4,5 989 sty AP, 648 HMMoE £ 33 29319
t},
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g=o] 49 HMM ¥ #¢ 47 21

a) 5 4¢ HMM =%
Ay HF | 1 213146
Correct |92.89 [93.52{93.45|94.29195.23
Accuracy |89.92 [90.45{90.20(90.36|92.12

b) 6 4=} HMM 2%
A9 _Z | 1 213|146
Correct |90.51 [91.35(91.21|91.34|91.47
Accuracy |86.78 |86.86|86.44|87.09|87.48

F 4-4. shgdeleo] tigk A E(HH[%])
Table 4-4. The recognition rate of the training data [%)]

¥4-5¢ HF &Y HMM BRH & 7FA 1 el AFREZR] &2 50719 Al g djol
W Ay e & Aioln,
a) 5 4¥ HVMM RB¥
24y Wz | 1 2134 |6
Correct |81.31|8152|81.23|82.05(83.65
Accuracy |71.66 |71.57|71.05|72.42(75.88

b) 6 4= HVM E3
A9 x| 1 | 2 |34 6
Correct | 7869 {79.23|79.12|79.49)80.82
Accuracy | 69.71 |70.37|70.83|71.67|72.52

X 4-5. A1E dolele] dgk HMM 239 A48 (H9[%)) -
Table 4-5. The recognition rate of the test data [%]

F4-601% 2t HMM 28u=s) 29488 e,
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a) S-states

= v lvelscleon | x

1256 | 16.00 | 19.14 | 13.00 | 11.46
11.81 | 16.46 | 18.14 | 13.67 | 11.36
1075 16.00 | 18.71 | 12.57 | 10.64

11.93]16.73120.14 | 10.14 | 11.18
990 | 818 |15.14| 7.57 | 827

G| | W]

b) 6-states

2y

an vV | vC | 8C | CL | X

11.50 | 1846 | 21.14 | 15.33 | 13.91
12.00 | 16.91 | 23.57 | 16.00 | 12.82
10.68 | 17.46 | 23.28 | 1450 | 15.27
11.44118.82 | 20.57 | 13.17 | 13.10
10.63 | 16.10 | 21.57 | 11.33 | 11.00

Ty | ||

¥ 4-6. & R¥EE A4S (DA[%D

Table 4-6. The misrecognition rate of each phoneme[%]

LAHE AdE: WHe M 523 AfeAMst FUsith AA ATEAL 459 #
FE 2 o] Fojx e A%3) Me A% Bed F¢ stz d43%e Bt g%t
i, v HE70E o A BF FRoE TQEMR‘ A% ¥t zean {44
T4 23L& MBS ZAAVE a8 FR8kA @7 dFe EFol A7E Bt @kTh
538 F4AEE Ryo® A43e 7§~r7} Bt 2 2y 4 AeEE F48 £
A ezt SAAZ AN A El w43, 2 T 4% 6 [REHY F 2, EjY 5
4, 41 oA H@ Yol 7F $H 7;!22 vhebitd,

a9 428 A% £2E AE delHE Jehiz th

rir de

A
=
&
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FTo] S HMM Ede) #% 47 23

a9 4-2. =AY 9 AFEY o dHolEd AWy
Fig 4-2. Speech waveform segmented by hands and auto-segmentation

43 o] Q24 A3

wol ¢lalad e A 1, 2 3, 4, 65 o]kt £},
B 4-72 o5 dolee AF deled td vof AXES Yehiz Sl

~ g%z

2
o] E‘]\ 1 3 4 6

& tol# 98.23 | 98.75 | 98.23 | 98.36 | 98,67

Ag dole | 9064 | 9150 | 91.77 | 91.48 | 91.19

¥ 4-7. shgdiolel gt Al dlolH o] tF wo QA& (HH[%))
Table 4-7. The word recognition rate of the training and test data [%]

Wl ANAAelN JANEL $4 BeldHe JAERT FU FA URY ok Sz
FAQAAdl A B4 HUMEHol A7 ©ol ddos 49 % 3&g vehin.
Wl Q4 BgAM 7 vl ANE Fh B ANelM I wol® FARE $4E59 9
A% AASHRD S& VY 4NN TR AN $2F FI5E wol ANANE A
HE 94 8¢ 4 4 98t olad AR 22 v ANe 948 TPAAE BE

MEgol A44E 7HA5 ok, wol «e_w i vo dERT4E wReE o)

fEo] ER A5 ge 94X Yente gat 4982 @A Ho w4Y A
Atk aEd gel A4 abgelA 294 B FEe 2wl AT oA Ma 29
4 Balh ot $499 HMM ol $ANUR Bol 2Zoj4 744 kel gU]

o
=
al
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24 EEY-olHE

el S0 WY % 2 Fol i A T gled A A g,
19 4-32 A SAEelE e do] 4 ZA3E dehia Atk 971A 5y ojeel )
ol & Tl F49 HAste wo] Hol&o] S}

O¥ 4-3 AE dlelE g ol A4 AR 4
Fig 4-3. An example of word level recognition of the test data

V.4&

£ d7ddes HMME ol &8t @50 Fid did o2 712 HVMM E3-& dA4
713 ojE-& Hlm Priatslch

1089 stA2RE AL dolHE ol§ HMM E&-g @4 A#HI, thE 599 3ald
A A4 A8E B2 2 HMM 23 did 37t Ad-g +FR3vk. & A7 Ve
g A2 FA “deld FHl A7, “HMM EF w947 ¢ A4 2 2y HyPE v
o

NE &4 2 AgdAe 2EE9] F71 3700 =¥ 48 2ARA4A gE me
e A Al LFE BHEAAA &stew 2EHY £7 U B QAN E0] 4TI
Wttt 2EQY F7F 2090 REe] AAHez ANEo] d ME 4 RHAA
A EL 85 dolE distel P 94.26%2 AN EE 22 AY clolElel tisiAe 3
T 8244%9) AXNEE UEhUT. 2 F 2 2EYT £FY 471 44U Z¥el HF #
£ 239 Aoz vyt Y $4 BF 4Y £ E S 2 w2 dHES
712% HMM EFoA 5L U4ES 71533k a8a g dolgd digd Jd4gL
FElrh 59 RPAM B 9388% & FHSTE 69 RPAAE BT 0118%E UEge
o Al delHe g AN EL Al 5% REAAME BE 82.15% , AHFI 62
2L W 7947%% JEhdA FHS7E 59 2¥e] o USE 4 4 Uk ©ef U4
APl e Shsgrlolelo s B 9845%< 14 &L ¥l S&dolEd M F
T 91.32%9 AHEE 7153 Dol AHdAY AAER 71EY do] AA7AA Y
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o] F4ol HMM ¥ 3¢ 47 2%

Bt Q& Boh R @A, 4 RE9 8 F W gU0E U4 8] 393 A
A8 Aol ddch B AFdME vlolH E5 AQE AT RE HYE T 5
B 5 Ax FF AA 7 EE dA A

2 dfore Add A2 o 4 viole R ZYo diste FE LU L HEH
of dystgon, d¥Fe] A4zte Ry Hrt AAE T AF 2Y-L HEIU.
T BEoA gEold 23 HEL A& AT FEHAUL, 2 o8] F4gvel
B Aol e 42 AES}A Gt @Fo] Sad dd RYL FF3 el
M e 2dxerye B Ba U@ 54 volHS 334 2 Mg e 9388 38
o] RHE dojie Ro)l HgAdith o] AAS Be AT v fo] oY, A4FE
4 71E HAEE ol dEny AAdFE A &Y F Utk 2 do T AANA PFo)
MEZ & HMME 539 Al&ste 3¢ & o8 Mdde) & Aot
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