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Abstract

This thesis discusses several methods in speech evaluation, which is a study on
computer evaluation of speech contents, fluency and intonation. It requires the
techniques from audio signal processing and speech recognition. In order to develop
an appropriate and consistent speech evaluation system, we define several useful
speech features for our speech evaluation system and perform several experiments on
feature matching methods. There are two parts in this thesis. The first one is
“Evaluation using standard speech”, and the other is “Evaluation using HMM and
pitch contour”.

“Evaluation using standard speech” is a method that evaluates the similarity
between a test speech and the corresponding standard speech. We use various
approaches for speech feature extraction, pattern matching, and similarity
computation. In particular, we use magnitude contour, pitch contour, and
mel-frequency cepstral coefficients as the features to generate a similarity score.
Magnitude contours represent the variations in volume. Pitch contours represent the
variations in pitches. Mel-frequency cepstral coefficients represent the contents of
speech.

“Evaluation using HMM and pitch contour” is another speech evaluation
paradigm that does not require the existence of a standard speech. Alternatively, we
evaluate a test speech based on its similarity to a hidden Markov models (HMM) and
tone models. Viterbi decoding is used to segment each character in a continuous
sentence. Then the score of each character is computed through the ranking of 411

possible syllables and a tone recognition system.
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d(iy, j,) = dist(t(i,),r(j,))
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A p s g T R AR e R AT R o T

Bl s B AR IRt ¥ Lap g '

(a) (b)

(c) (d)

(g) (h)

B 2-14 # L DTW 4]ix i [1]
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2.6 =4~ 4

RopE RGBT RS TALEA AR S F LA P AR TR

SAREIES B AR I AN H2 1 i 3B A B Sl (R S e T

100
1+ a(dist)’

score =

T

d RSP GT CEALE R S e R B BRA P T R

A

SURIETE S 2 3 755 DA RBH AP 0% 5 Hch 90 4 B BERLS B 5 S

Bt 60 & PF s FEIES N 5 60 &r’“i\lf“i}u?u ]‘\fo'a‘fr'b Tafebz

(w

[
=

el

..\\

9 P §Ed e A Heenhd (% B

85— -

80 — -

Score
~
(9]

I
|

65 — —

60 ! ! ! ! ! ! ! ! !
5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6

Distance

B 2-15 pEfrf: < o dor w Bl -

B A N TR R A PR X R ) PR T S i g A B

EIJ 100 ﬁ’g 0 Eﬁ?‘: Fé&%‘i’_ ) -Q‘:«'L' g]r;’l_i—fr‘ :

100 > T
T W i
80 — -

70 - —

60 —

Score

50 -

40 -

30 -

20 -

0 1 1 1 1 1 1 1
3 3.5 4 4.5 5 55 6 6.5 7 7.5 8

Distance

B 2-16 pEdrd: = 4~ foor L W=
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2.7 A S K

- REFR R AP L W EF R B R A A
1 S ez B A N B R [dist, dist,, dist,| 1% > BRI A Boeh 5t

U R ACT L

100 100 100
—-tw, 3 —-tw, b
1+ a,(dist))” 1+ a,(dist,)™ 1+ a,(disty)™

a,,a,,a,,b,b,,b; >0, w +w,+w, =1

score =w,

a,,a,,a;,b,by,b; G FEHEE X & Feeh S8 w,w,,w,y 5 = B S o
& 1 K a,ay,a5,b,b,,b,w Wy, wy VKT LT R SR —FT A AL R 10 &

CNN I E3Fhn g » § 3 HBF3 - L P %2k &0 10 Asd > 4 2

R MR E 320 0 REFS o F - dRERE R H R INT =R
BEE

[dist1 ,dist,, dist3]
Bk & s ey 590 4 AREFR LA THREFTF(NF AR E)

s e ] B EEAE BRRH A Bl 30 A0 o B T SR EAEE A B2 (5

i ¢ * MATLAB < fminsearch & 3% » 4% Simplex Downhill Search 7= ;2 »

\“?{x-

TE 4 N B ha,a,,a,,b,b,,b,w,w,,wy B E 0 3 T iR RSB (S R RN

B OARRE Y 2 BT = B et [dist, dist,, dist, | SEUREE TRy TR
A '



P2 % [9) #ric b amid a5 A AU
oEFE YD IVREESE R NEE
f1* HMM 2%

55 re

i H g

=T = «% ’-T—/\ .

%

PEALs R B- Bz AW
ept

> )\ % £ AN
?I‘AV S8 ?VD&? /T
ﬂ\_ﬁ_ l}

ERCEFFT

-

RS

Orthogonal Expansion ~ Chebyshev Approximation ~ K-means 4 #
g p

BB 2 (8] g
-

3

FEHamES e G5

MELIEA o

55 a0

—.F‘:;'\‘."

B

Net) 2 a3l 5 & 2 (Viterbi Algorithm) & ; & #2353 5 B

#-3] (Hidden Markov Model) ~ 7 4 52 (Tree

¥ B Pl bl 4e

2
2,

g

3 ’k‘h"—"
ESR A ‘F" r‘ﬁ":j{
R g oo
ARAeT BT 0 - PRIEE R B RS AP LT R
|35 B F R 2 B0 a2 1 BRSE
A e VA - R S A% B VAR
e (
e 1 ik P sk 7 LD 7%'4)—' i3
\.
39 e i AR Sl Viterbi Decoding
E“’aa:?‘tq-lj—rﬁ'% -
>\ .
B 3-1 F1* HMM 2 HL TR AR R
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32 FH 7%

3.2.1 3F 3 Frin AL

SRR B ILE § R B AR RS AT AL R 5
Wfed S FHER > 0T LA KR
#8 u [EI pekae i3 g [FIEIEL
39aeis f wPiE s %4k | Viterbi Search using
1. #5773
Hidden Markov Model
2.3 % w3l
Tree Net
B 3-2 FF FESILARR
KBRS PR it ARAe } FIATR 0 s E R MALEE T B AR 0 B RS
¢ 0 gt AP 30 Ments R GE Bl (TR AR Rl o

PSR A B ESHA2 33 A A1 e g 8 2 (Viterbi algorithm)#s ¢

ieng & 2 (S S S E 3TV RIE

EETEERE S TR S ¥ 8

ﬂll:ég\%v E il ‘;%-:';’}' Al ﬁ;}l‘}&

RER ST AP AT FE- e

3.2.2 ¥ S fEe

Ao & A o AF fiEE 3 4 ic(Mel-Frequency Cepstral Coefficients)endez >
‘FFT:@, % MFCC > T 5 fBP-cnfh A /i fg !
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Fa R wan | s | -
F- Gt En Ty .
———————————————————————————— o s EPERE e 2 AR E [ -

Bl 33 5 b P SR A

A 16KHz 3 5 3515598 55 73 (Pre-emphasis)*c + - 1 & £ 5 7 48 1
RO DIE G kTR AR o A 09755 2 BB g Rl > =
ERLS128 £8 1708 & B3 =3k} 3 P ¥ (Hamming window) » 144 1§
W ER R E o BT A I A TR R R FF BTk
4] ¥ 4 4% (Fast Fourier Transform, FFT) » R & BH iz ; £ 4 » - 220 B
= &% it B (triangular bandpass filter) 31 — A7 4 oy 11 SO ¥
My, =1,2,,20 0 g By [10] # W 0 4 B SO 85 g il 4 s o 4
AR G om H B hR i 4 RIS 0 9 R B o ot AR 2
N TR §)'8 ngﬁij‘*v” AR S B BAE OB L A T B SR AR ER
(cosine transform) ¥ f 18 L My f 5]4E 3 S

¢ :Zli:mj cos(%(j—O.S)), k=12,..L

P p=205 = &F it Benlicp 0 L=12 0 TR @ 1280
P Sk

Rih 12 Ml G Rl | Ao EGl B g A h 13
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\\\?{r

Wl R 13k AH P - A S S P LB G S
fico DML AS KRR E 39 wenir f EE AR B0 7 R B4 B 3-4 Hrom o
iéﬁ%%é@ﬁﬁiﬁw%%%@ﬁw$,;ﬁiﬁ%@ﬁﬁgﬁgg@

doende R o H AT

M M
Sre,(i+r) el +7)-C,-7)
AC, (1) ==H—; = - ;m=12,..L
> 2D 1
r=-M r=1

?meE"Z’ll‘z\?fﬁ_,g:,%f;{pSI[} = 5 ¢ iR & R— l[ﬂ; 1= o

(MPCC, logEnergy) |=E%»l (MFCC, logEnergy)’ Biliéhf‘ (MFCC, 1ogEnergy)’

12/ e b igip 3 23k
e Pl dcon £

(MFCC, logEnergy)
»| (MFCC, logEnergy)’
(MFCC, logEnergy)’’

A B C ¥ 39 % b i

Bl 3-4 39 s EPEE At 2B

323 B2 HAN X

mls
e

CETE R A TR E R R R EEF RS S R

FoopEAPRr OEFRALT S RER D TP RFES S § 97 415
BoarFAPR* EFEA[I]EAF P LM AEFE S B BHF o

blde TRy BB F(T- B &) HEAHF E Tjiay £5 &) pH S

R HADIRE EFHA S LT E - B A - BRI (Model) 0 23w i

FHA A BRSNS 7 A9 -
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324 FEFE VAT

AEFF PR DB R F 0 E Y5 7 4 #3] (Hidden Markov
Model, HMM) 5 & #5200 % cho 5d 5 4 g5 [9] [10][11] 2 @
RERN ST AFAI AN A - BEEEISEAR R 2 TR RS AR R
- aAEREARRERG 53 L hg g JJ'*“QV’P? ARE A Bougsee H
FHEEPRERCELFT Lo Flgi s Y v IRt LT T R
g g MBS %J:ﬁ MKehom ¥ - BB ARF 5 BRI B 71 (observation
sequence)’ v H_d ;& Ak BLIP| % & (state observation probability) &k f7 i AF Bk AT
BURIT| & 465% 5 Frlc S Benig S 4 6 o

HMM i & 4 i % 305 53§ et AP e e & Bk i g & L8
(vocal tract) * &t £ 3% %% fi (articulatory configuration) » ;& f& BLiP 4% & P45
HO AR BFERETRINEAES DT .

HMM ek i LRI 5 3138 b (0,) B " 5 278 & B & S fE5 2707 &
7| (Gaussian Mixture Model, GMM) -

[ER SR %éiﬁﬂﬁ;i?’ﬁ B HMM » — BHA]3 3 & 5 B

(State) > 7+ & Bl4cT

Model

B 3-5 #-3](Model)¥ jx ik (State) 7+ &, B
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A LIRS S 3058 b (0,) A& [12] 5 ¢

r,

bj(of)_l_l Z ]sm ]sm

He #S§ & Stream #cP ; r, 5 Stream g € (weight)> eh k> ¥ 5 15 #M,

S

& % Steam % s PF > mixture c#cpP 5w, % G, B4~ W& & AR j T 0 Steam

Jsm Js

LsPFomixture i mPF B ErdfcnfE L 2 B AT R R Sl G, LT E AT

G, =g(x: /%) = mexp[—gu ) T (x —u)}
HBoddsmE > g Xau A A S R R S fcehT 908 (mean) 2 & ¥ R 4B
i (Covariance Matrix) » & S8 27 S 5 B B S fondd 3 > 3% 4o d a5k
ZELAES A W S

AT P AR 3R Stream > THS =3 > mixture #cp B S e - e

5(6,2,2)0 ¥ - 5(10,10,10) > % = 3 B#c@ kA & 4% — B stream ¢ 3

mixture (B Hc 0 L F - 2(6,2,2)5 b BT AT

B 3-6 State, Stream, Mixture 7+ %, [
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3.2.5

ERBAr
R TR gl ok o EARCEEFIHRL
P%ﬁ)ﬂ‘%{"_ ﬁsé‘fﬁfﬂl rrJLL ‘J‘ﬁ?lf’ gi\ , +
P B B e (7
R L S R

MR Kk e 2P R R
PRBCNE RS Aoz F AT oA &

BA)g d v B eh s kg ik B o A
AL F B 2 (Viterbi algorithm) % 45 1 &2 gLip) &

g g i B 7 o

SRR GG R () ol AR BRI D (o) 1 d 1 - | &
P~ c(log)fs 8 3

2\ R e
b (Ot) = |_| |:Z ]sm ]smj|
Do 31,6, |
ey b P B H %
stream] %t Hc¥d F 5

2\ i s stream] 6] 0 A B H ¥ KBB4 0 stream2 % stream3 7t e 32 o

i [12]

log(le1 +w,G, + )

log(Wl G, ) + log(sz ) +

—10g(w1)+10g(G1)+10g(W2)+10g(G )+
B AT S fiche b - o] & i
WGX{‘%“‘#)T”@—A
5]t
log(G

~toglem![g] - - -0
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2

AR A
GConst = log((271)'[3)
GConst ¥ 11 1% T ;8 f.8
GConst = dlog(21) +log(|X|)

=13 Oog(277) + i\var[i]\

i=1

Vo0 (o ) () R R T S

= =

(x=m)" X (x—p)

cC 0 . 0][4
0O DO .||B

=4 B .. ]
*

0 .. 0

1*13 13*
=A’C+B’D+...
1 *1(scalar)

o

T et fBk RIS S b (o) 2 16 BF MR AB I FE S

==

LB R 710 ={0,0,,...0,} b R R A1 R G ={g,0000) 12 6,0
N EEE R e BRI E PR o, SRR A SF > T N AT

0,(i)= max P(ql,qz,...,qt_l,qt=i,@|/1)

91592 5++>91-1

d [4) v F

0,1 (i) =[max J,(i) L, 1 b, (0,)
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# ¢ A % Hidden Markov Models » a,'j S i BRI j chdE 4 48 2 (Transition
probability) » b,(0,) & ;% f& j F¥ 1 IR o, eELIRIHE 5 o

g wE e [4) o FAeT
1. F=4pit ©
0,(i) = nb,(o,)
Y,(i)=0, 1<isN
¢,(j)* 14w (Backtracking)

2. i
9,(j) =[max ., (1) ;] b, (0,)
wt(j)Zarggna])v([J,_l(z)Dle], 2<t<N, 1<j<N

3. % & (Termination) :

P" =max[J,(i)]

1<isN
=argmax|[0,(i)]

I<isN

4. w4 38 (state sequence backtracking)

4 =0.(q.), t=T-1,T-2,..]1

3.2.6 HHk R R

gd Ay [9) 2w s ahlk R R (tree net) ¥ 12 vkefe H FER S
L AR 0 Tt A B HER R KRS BT ARk R A A

HA LB 3T BT WP BRI E G P o T o B Tare
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;t;ayr,%fr'ra—riJy;fﬁggx,;wya?u—fg LI U -« S 4 rLﬁ;t‘ﬁJﬁf[a;":;?,‘FK{J‘l

r‘_j;J ;ﬁﬁg,ggjg\,g: rﬂLJ&»\r\:’Jﬁ_j‘f{ » FE R RS F @ e o irriiEE

g BARSHEDE S o R SRR L F e R GRS

B 3-7 Rk e

cmb
=

3.2.7

i
R4

| A

NP E a3 d R g I ARG EE S S b g i

S

BAZIH- R E - BFITL o AAH2 Y > AR * Viterbi decoding
E‘f’]’%/é’-‘ [13]’ 7"175:'1"'#;}_4 fp’I“'*‘%%{F\ zmmlﬁ'f 9ﬁ 'l -%' ]L%’kb ;[U'H-t\}:‘;lj’

E] 3-8 F]q 7 ’k7"‘ m,,.ﬁi o

ER It FHARE Pk ‘{Viterbi Decoding]—> State Sequence

| 39 erts f: p)4E#% %8 | | Viterbi Decoding using

| @ State Sequence

1. %5453 AT LR D Nodel
Hidden Markov Model equence > TF 35 4
LR BE B3 & [ dFramelD »

1-Way Linear Net

|
| |

| |

| |

| |

| |

9 2= HA | |
| |

| |

| |

| |

| |

a3
Flt T RS F L 2
X r):

B 3-8 % inAeH
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338

3301 REEB M4

> 2
G

RFFa 73 B O - L g - fEg 8, m i - o2

FHRHRIN-BFE A -BFE&F-BEAEER R 07 - BB B
ZEA e BN EEAN LT AEDNAH AL REED)d B Ly [14])

A 1R aee

BEAFOLREM A& A3 U (pitch contour) % it 4%
oo & B R U A R AT BT

Bl 3-9 & EDAHSAEST T LB

d PRIAPT RERT o - B R T - kT A
APFL LRI = B DR AT ST R

4,4

= B h O
S I w B eh AR U
PIES BASET - LR AT VR 2 BB GV RS2 2
Tl R s b P L B et e T B

=R

FERENFEL R
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3.3.2 FA e

T AP R A G EA SRS R ¢ AR R R 2 B

AFERE > o7 BT

NN RAE A - ¥R Ty
gaan | B e | P e | >

 AMDF %I.Orthogonal Expansion
T 2. Chebyshev Approximation

Training ] ek ‘
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr a BeZ3 S FEM L b e s

Testjﬂg L, /‘7\$F1—/2'L 1) o
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr > = B o A ‘ FER L%

Bl 3-10 R PRE FERIAZE

FER R PRk e BlAror o AP T i A 4@31 - T E B iR A
#7 £ P~ (pitch tracking)z_ {& » 2V 7 {8 F] 7 — £ FLAF #ui (pitch contour) » d >t AA4E
F-A P AN D S RET 0 o Rt A R AP A S i
i# * Orthogonal Expansion 2 Chebyshev polynomial fitting % % 77 — L fA 47 it B
defile o 22N A B EAFER KA RS BIA o - BEZZTR IR
(Training) » — B ¥_#-2 chyen](Testing) » A FHL 25> & > 2 3 P~ K-means 4
FiEoRE - B PG EASFHE R A WER R A - B A
(Code Book) » d *t& — i %33 5 & f& %-#c it % 77 ;2 (Orthogonal Expansion %
Chebyshev polynomial fitting) » F]4* & — #3 5 & 28~ > & & 2K 5
CodeBook,(j), j =1,..4 2 CodeBook.(j),j=1,..4 ; LB 553 5 > NP gr
PR T R KB B B e Sl ts ¥ 2 2 U K g A i 17 1-Nearest Neighbor £
A #E 0 T ¢ @ ] MinDist,y(j), j =1,..4 * MinDist (j),j =1,..4 » SEegam 210
(S35 HEESE S| g s 0 T L B FRERNE S o

~33 ~



3.3.3 AAF #pr £dcit (- ) ¢ Orthogonal Expansion

E - BRABRPFAPT LY - B AN kAT o A

f(x)=a,+ax'+a,x*+a,x’, x=0l..,N

3B R R RIFR R R - R R AP SR HEER R D

TR PHE £ R LR T [0,1]50F B
i Iy I\2 A .
f(ﬁ) = a, +a|(ﬁ) +a2(ﬁ) +a3(ﬁ) 5 1= 051,-~'5N
#F AP * Gram-Schmidt Orthogonalization Procedure #-£ &

{L— N (N) (N)}

i i i i
{a (ﬁ)’ @ (ﬁ)’ 7} (ﬁ)’ @, (W)}

L 4

A3 3 jpE-F ¥ P 4f (Inner Product) %t — ek & [15] 4o 558 3 #157 ¢

%%):1
_L _ 12N Y i1
A= (20 >
a(y=[ 150N el [ P

N (N =1)(N +2)(N +3) N N 6N

= 2800N° e
SOV T I S - eV (4
iy 3 i, 6N'-3N+2 i (N-D(N-2)
L AT R T

Wz 2N EE Y -
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FBE AR - BRI T (17 SR KT kT R

z' 2 i
(=) (=), i=0L..,N
TG =gy

N

where a; =< f(%)’(p](LN) Z ( J )Qp (_

=0

3.3.4 BAF LB REER TS R
B B AR L B RS AN P 2 % 2 B root-mean-square FFESE o BE_A RE
E PRI () R i) BIEMT 7§
-&——Zux) ﬁ(HP”

d P T A ﬁ@%%ﬁmﬁfl(ﬁ) % fz(lﬁ) MR Gk AR IT 0 de T SN

i i .
f‘l(ﬁ) - jZ:(;alj m(ﬁ)’ 1= Oalr")N

o0 I .
fZ(ﬁ) - jZ:(;aZj m(ﬁ)a 1= 0919"'7N

B B E AT 18 AR P EER AT SN AT

~ 1/2
D=D =t G0 - Ao
— 1 < I 3 AT
_{N+1;; 1,@0( jzz(;azjgaj(N)]}
1

i[ii(au T4y, Nay, —ay) @ (%)% (L&)]}l/z

N+1'% =i

=Y (a), -, )y - 0D, (0).0,() >}

=0 k=0
3 2012
Z (a,; —ay;)75
=
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d PN APE T R S BRI U B R 1 i 1T (a10’a119a12’a13)"l;i’

(ay,a,,,a,,,a,) 77 Buclidean distance °

3.3.5 A4 #p* 48 (= ) : Chebyshev Approximation

Chebyshev % 58 ;% [16] # r1 &7 =T (x) > n & # degree > # 2 ;84T
T, (x) = cos(narccos x)

EREVUEINNTARL AN SR

T)(x) =1
T,(x) = x
T,(x)=2x" -1

T,(x) =4x" =3x

T,(x)=8x" —8x” +1

.];:;H (x) =2xT,(x) =T, (x) nzl

TR s x ER[-LI]EEFREF S T (x) P Ty(x) shiE -

0.8

0.6

0.4r-

0.2

T
o
I

0.2+

04

-0.6 -

-0.8
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% x B &[-1,1]57% B pF Chebyshev 5 588 T (x) 3 n B4(r 5 n B x 2 7

T (x)=0)> izt x P4 ;89757 ¢

n(k 1/2)

x=cos(—————=) k=12,.,n

Chebyshev % 78\ e EBELZ A 3 F jp® > 7% T3 & ¥ 1 R (orthogonal) =
oo TR E o0 KOF A K U # T — FFRAE ehfL i (pitch contour) 0 4 T §_H

Chebyshev % 78 ;% L pt 2 BF enff 1% ¢

If x,(k=12,..m) are m zerosof T, (x) andif i,j<m, then

0, i%j
Y T(x)T(x,)=4m/2, i=j#0

k=1

m, i=j=0

d [16) v Fm ™5 232 .

If f(x) is an arbitrary function in the interval [-1,1], and if N coefficients

¢;,j=0l..N~-1, are defined by

N

C‘j :_Zf(xk)Tj(xk)

k=1

=2

=—Zf cos(————=

k=1

=

Then the approximation formula

f()= {ZT (x)} -

Fd o RIL > A EF k- B ARt % Chebyshev fidice, j=0,L..N ~1 %

2o 5d F A PHE I N=6 F TG A4k o
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3.3.6 4 %= | | K-means

Az (clustering) [17) i % @@ * A R-FR L F R FEAR* + > 2 &I 0

WAL A - FE - F(group) o AR W OF R T L E R A - Az TR BEB
- fx%«gé'%fxiﬁi@%i@_"ﬁrﬁb T 'J?“f"{ﬁ,}éﬁﬂﬂ oo VO R ety
B AEB RSP %Y AP Kmeans » #i2 > HFH 05 BEAEG &

M A gl o

K-means » ¥ ;2 Jf3t 4 2] 3% & ¥ 2 (partitional clustering)eh— & - &% & % -

Bodp s R Feng RCP > REFFp o hE RRI > E e FDp ao

K-means i & ;% c3) FpEf 4o

1S E B K BaAsdegh » A Bl L K3 amdd o

2HE - BEMAX BSHBEITZHY 0 FRx b HE O ET LAY
FHAES S(EEY R T HBA L x Gt §)

3. 45 - -3 THE AP DEERRITOEY o o HELf- R

RS BN LS ILE P

3.3.7 A % P

d AR M Eerit o AP RE - B ED A S8 £ 7 2 (Orthogonal
Expansion # Chebyshev polynomial fitting) % 7= » F]* & — B3 5d 21 R2 {5 € 7
B e fh A o 2w T & 5 CodeBook,(j),j =1,.4 % CodeBook.(j),j=1,..4 » t¥
DL G NP RRIROE N R B B2 m R kg AR
1-Nearest Neighbor 4 5§ » % ¢ & 3| MinDist,(j), j =1,..4 %

MinDist.(j),j =1,..4 > MinDist % P35+ - B8 % 4 B9 B FEEHE
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Ed FERAPT UFIRE TENMT AL EL L (classifier combination)gh™ jE o H#-

VP E s ik

ComDist(j) =
MinDist, (j)/ max(MinDist )
+ MinDist.(j)/ max(MinDist.) ,j=1,..4

EREHE e B {8 4o B4 B ComDist FEAE B | g W] o b K W] AT e B T

RS o
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3.4 =44

THI* HMM 2 § 3 T amma 320 it 1 & L4853 2 B
g R A UL S d NAPRT NG A - B BonH & AP HE
BH S EEA > HOEY s T Lot B &0 enT 3o o

A B E A S G 0 AP E A% Viterbi Search 35 11 p § & 4 W5 o7

F 415 B F & Net e8> Tia % 1 BF & Net 2 2183

1 3 4 8 ¢

By 2 B3 &Net2 (SF D% 2 BEEPBF > Ryt ffds > AP RS FRR 2 (S

-2800

-2500

-3000

log Probability

-3100

-3200

50 100 150 200 250 300 350 400
i

X B0 F 5 O B T nf o R 1 £ 1415 6oy Bh LA & B R

B g oo d PRAPT S R BB I 1 LTIF 60 £ Al F Rk

- & BRI (Model) » 520 FES & £ BHARROTT 2 L L2 (behd g R o F

i

RiEd FEHRAPFRT 2 L L2 g &/ A A (Model) ¥ B FES &4

A (Model) 2 2 # Fe o

—=\
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A RE AP LA L2 (g B N EREE S LB L T AP
204 0 A% 1 L3 % 200 LenA )ikt F L o A F K100 3 20 o
% 13200 &3 & BT 40T

v E|
JoG
-2450 4
-2500

= -2550

E

_‘é -2600

v

= 2650

-2700
-2750
-2800 - | 1 | 1 | 1 | 1 i
20 40 B0 a0 100 120 140 160 180 200
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