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A Study on Prosodic Modeling for Isolated Mandarin Words

Student : Chi-Feng Chen Advisor :  Dr. Yih-Ru Wang

Department of Communication Engineering

National Chiao Tung University

Abstract

In this paper, syllable-based prosody modelings of pitch contour and syllable
duration for isolated Mandarin words are proposed. In the syllable pitch contour
model, three main affecting sfactors' of: tone, 'syllable position in word, and
inter-syllable coarticulation are-considered. These three affecting factors are assumed
to be independent and additive. Similarly;75in the syllable duration model, four
affecting factors of tone, syllable position in.word, base-syllable, and inter-syllable
coarticulation are considered. We also assume that these affecting factors are
independent and additive. A large single female-speaker speech database containing
107,936 words was used to evaluate the performance of the proposed methods. After
well-training, the decision tree method was used to analyze the 411 affecting factors
of base-syllable and to explore the relationship between inter-syllable pause duration
and the nearby linguistic features. Experimental results showed that all these affecting

factors conformed to our knowledge about Mandarin prosody.
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B T

14



N
Z(Spn _Bwn _B;H,tpn,1 _B:n,tpn _up)5(tn =t)
B, =" N (3.3)
D 5(t, =t)
n=1
N
Z(Spn Bt Bc“tpnl_Bc A, Pp)5(Wn :W)
B, =" N (3.4)
25 (w, =
n=1
N
Z(spn _Btn _Bwn _Bgn,tpn _up)5(cn—1 = C)5(tpn—1 =tp)
B;tp _ n=1 N (3.5)
> 6(c,,=c)5(tp,, =tp)
n=1
- f
Z(spn _Btn _BWn _Bcn,l,tpnf1 _up)§(cn = C)5(tpn :tp)
Boyp =2 . (3.6)
> 5(c, =¢)o(tpy,=tp)
n=1
N
> Yy'
RP =1t 3.7
N (3.7)
29 Y=sp —B_—B, —B: . —Bo, —n" > RP L Covariance matrix -
322 L BEEFF T4 BR T
I Box priniz Pl BREFE > A RECA P E R R 2 b
SRS ET A AT E BREFNZATEY IEEY o ot 25 47 45
BERTEABATLEDERM
AEBREFF B R T O AP LR AL R EFE > T #(3.3)

15



B, = = (3.8)

A

TRET AP EFF A ER T AR B AERD T Y f o & &

A ey

ol

ALjamFEPERL D AT RIEIRES 50
R GV IED JORFRR o AEF EREF R I H D | g ¥ DR
BELA BRI i {2 m g FPBF)Z VR S Brm > 403958 » 23

Bend SED L 0GR BN S R ES oI RES O 50 SR

BT R IEL A4 E R T 40(3.10)50 ¢

Z:spn c)S(tp,, =tp) Z:spné(cn_1 =c)s(t, = j)
Bcf,tp = N - nle (3.9)
> 6(c,,=c)s(tp, ,=tp) »:5(c, =c)s(t, =)
Zspn )5 (tp, =tp) > sp,o(c,=c)5(t, =i)
Bg,tp = N e N (3.10)
25 5 (tp, =tp) D s(ey=c)s(t, =i)

For c = 1~3 and tp=(1,j)
F L BT gt 0 Bn e g & (forward syllable) 2 5 5 & (backward syllable)

5

T R A B 0 BfSF & e B F2F) 2 (word position) 4 B R 2 F

28 (345

3.2.3 ¥ inde
PURHCD B A At S F (BB)SNFI(BT)R 0 kB S A g

Zwm i @ E BT 4 2 covariance matrix ngdficE { AT RS * L AT e

2.

E)|

It

DR B AE A R A g - 2 E R AT RBEE A fo

Jay

L
g

il

A e i B L3107 o 2R A2 Bl 4o B 3.2.3-1 ¢

16



s

v

Processing

—
Processed
database

B 3.2.3-1:

3 PR EH LT

DR B 1S 0 @ pitch #23)
FHER AR T2 ?F/;Jc °

Initialization

l —

Calculate P,

v

Calculate B,

v

Calculate B

c,tp

v

Calculate B’

ctp

v

Calculate R p

Yes
v

No
(Iteration)

A AL ]

2 TRAA U > A - e L BB

3.3.1 I * pitch 73] 3¢ B 2 AF fLgr

Pitch -3 g R A Pt g S 4oT Blrm - B P 24 W(F M) 5 Rdeg &R

AELE > o S(BRAR) G opitch BoA] A1 RlzE S & o

FAE P A F AP o

17
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@] 3.3.1-1 : Pitch #-7| 3 i 2L AF #ui™

3.3.2 %5 #3274 (tone affecting factor)
BEAREFZHS S8R d TREYT 0 d BRERE > BB BT E AN
PO AP IO RF BN > U SRR LB R R RN R PR

03
0.2r Y
0.1
g o
<
(2]
S -01r
02 tone one
—#—tonetwo
03 tone three
tone four
tone five
-0.4 ‘ ‘ ’
0 5 10 15 20 25
Pitch length(frame) (10ms)

Bl 3.3.2-1 1 B EFF AN pupr

333 F & @iz ¥ B %% (word position affecting factor)

SRR P R T T BT S EEE
PITFPEERETRHS SR R R R R B0 K e L A

Lo gio d B 33311 B 33347 mBEEFPEE € 3SR IP AN R T 5



frARF o L5 RT BR SRR R 0 4 T B 3335 v e g

ﬁ 4 R T I B f;,g};g L TfFig%i‘ﬁJ\ 0

0.08 T T T T 0.15

[¢] 5 10 15 20 2t o 5 10 15 20 2t
Pitch length(frame) (A0ms Pitch length(frame) (A0m

B 3.3.3-1: - 3B T4 Ame B 3332 = 3B B TR A RE

0.2 ‘ .
o ) o /
0.1 / - 7
0.051 ]
o S = -
% N - *
= ot ;
T . — G p
-0.05¢ o I — 52 i
""" G3
s i s o 4_.-—-—“'—”/
e C ) | R N (5,5)
-0.15 T ; : ‘ i ‘ ‘ ‘ ‘
(o} 5 10 15 20 > 5 £ b . . ]
Pitch length(frame) o Pitch length(frame) @aorr
M3333: 2 3@E PR 2 AMn B 3334 7 3FEPFE AR

o 5 10 15 20 o2 o 5 10 15 20 >
Pitch length(frame) (A0om Pitch length(frame) aonmr

B 3.3.3-5 1 £ £ 5 A FLEE B 3.3.3-6 : B & 3 A A LB

19



% \\"&.&T W ] e
510152 2% 5 10 15.20.25 5 101520 25 5101520 2% 5101225
i=1 2 3 4 5 frame(10ms)

B 334-1: #as#s 3 SR PABERIEE 29 45
A4 SR EE R~ BA() 5 ostatel ~ B A(- - ) 5 state2

PIFWIE A AR EARE TN BEALEE E L BED A
Lpag kBB SR o J B 3.35-1 LT statel AAF LS L3I0 e
SR PR 0 T RF] 3341 TR A RX B 6§ OB FL L a3

20



et W Fr s e o)
5052025 505205 500H20%5 B 20 5 5105205
=1 2 3 4 5 frame(10ms)

B 335-1: BAX 5 aH BB HeP Fmi
7 e 8 BT E S BRAR() s statel soBE R A (- - ) & state2

BA(-)5 state3 > H RS SN X B3 S8R IR

3.3.6 = 33 A IR

B 3.3.6-1 2 % 1 tone pair (4 FLF TR R 2 % » BRBlas B3 & A4
Frapil o BRI L B tone pair eIl % o H ¢ statel PREELRT L X B

ATEFZRR B - BRZ B L

21



—— T ™ ‘-wkk N-Tﬁg
T A TN N
T S NI NI SN
S N N D

&va’ﬁx&@}\:\_g\
o, P, @0 w5 w0 a

B 3.3.6-1: = F @A FLIRR 0 B P BEA(---) 5 statel ~ Zhm AR(-- )

5 state2 ~ m & (--) 5 stated H j 2 &

v

22

ml4

§o05% - By E



% = & Duration i3]

21 duration B4 H_E T AT BTG RZ AR EFER S R
SEpEWL AR TTS ks » 710 25 &£ R0 87 % o
FAARS o A F T EIF Mo 2 R duration 57A] 0 2 A L BB EFEHF

£ BB BAR -

4.1 33t duration 3]0 3

A &R enduration 31 £ e BRFLFF 0 4B D ED 3 H
Lirent A A3 & fak(base syllable) ~ § & B bl 4 Ak i o AP BGK 9 eh
PERAAT® R kL qodeT 5

sd, =SAF +7, +7 +7e, F Vo g e 5B 4 (4.1)

o LA RELERAT -

v

sd, % nEF &k & o

sdf © % n B35 &k BEA4 (residual) -

=~
*P
>
=0
iy
3
'3;
b
-niD
“‘ﬁ

X3 % 0 t,€{1,2,34,5}
Vo P ENBEE Lo EALEE E 0w, e{(21)(22)(32)...,(88)}

Vo, - B NBF EE SRETE > sy, e{1,2...411

b : ‘nBE2 &Y B = B8R e, B
Yoiin, -+ *NBFHEXF L Bg SHFORFAF

23



f . > 4
Ve fiin, - ¥ N3

ut o ERME R T

Wi
i

BEEE o ATER sd] EALA G o B 411 35 B3 LR fL & am B

/gq-s
7
g

E

%2 B kT R B

ycn+2 1 fi - irln+2

an +1

’ ]/Syml

4.2 '3 duration #-3|

N

42.1 ¥ & BRETE

i
| %
i
et
e
4
a3
9 %
S
[
g
4
a3
(i
4
e
e
w3
4

BRBAES PR hge et

SRR 2 R B L PRI

3+t
=
mls
FUN
bl
W
I
N
i
=
L

P(S, |t Wy Y G0, Gos Ti iy, fi_in) = NSO 24 +74, 47, +70 1 in, Hontin, T4 R (42)

I B A P2 pliaE ) L BRETFEZNF 0 FIE T

24



Z(Sdn ~Vw, sy, _J/Cfn,l,fi_inn,l _7’cbn,ﬁ_inn _/Ud )5(tn Zt)

¥ =" N (4.3)
>0t =t)
n-1
N
Z(Sdn N, 7y, _ycfH,fi_inH _7’:“,ﬁ_inn _,ud )5(Wn = W)
Yo =" N (4.4)
D 5w, =
n=1
N
Z(Sdn N,V w, _7/cfn,1,fi_inn,1 _y:n,fi_inn - )5(5yn = SY)
7/sy == N (45)
2. 5(sYn =5y)
n-1
N
Z(Sdn N, TV, 7y, _73 fi_in, _/ud )5(Cn—l = C)é‘( ﬁ_inn—l = fl_ln)
7cf, fi_in — = (4.6)

25 S(fiin , =fi_in)

N
b zl(Sd 7t 7syn ]/ctl_l,fi_inn_1 _:ud )5(Cn :C)d( fl _inn = fl_m)
7c,fi in = N (47)
3 5(¢, =c)s(fitin =fi_in)
n=1
N 2
Z(Sdn Y, T Vw, Ty, _7’cfn,1,fi_inn,1 _7/fn,fi_inn _,Ud)
Rd _ n=l N (48)

#¢ 5 RY 5 covariance matrix- & % ¢ #-1F BB FE A4 B AMIFR L 0o

d AR AT A ECE -

422 V' RiA AR

PRI P A (S A Pl AR B DR EER

ml4
qﬁ*
4

274 2 covariance matrix en$-ficiE { #70 RS * { Ao HE > E KR
FR R <R s - EERLATHIEEE A E DA ehRg )

3107 o 2 i A7 B 4o B 4.2.2-1 ¢

25



e
e

Processing

Processed i Initialization
database

l<—

|

Calculate 7/t
\ 4
Calculate Y w
v
Calculate ]/Sy No
v (Iteration)
Calculate J/Cf, fi_in

v

Calculatej/g fi in

v

Calculate R d

Yes
A 4

R1.4.2.2- 1o 2R v 4% 1R

43 AFHA T S ER
dER R hst > T3 &L R L 283 mso & WALa chg & 7L B (pause)
hipfcs 167,635 B « T — B & o % AFH BEREST EER > F & F

ERZAFRERGE Y DL AR A pause L ik g o

4.3.1 A KA B k9

Bl 431-1 5 S arA 2l s 7 2B A 2 /5 & 2 % KA 4) i < likelihood 4
Beipfo(L + L) A 4% e likelihood 4 #c(L) 5 & & » 4e(4.9)5% » & 2 & % 15 2
FeAR I GF BB 40t 0 (410)58 0 F s A AR R PR R ARG
PR AL f (question set)i2 5% - A B R A HiERE- i A X RALERT =

o RS JERF > B iRk & 4 - Question set R 7 dr# 4.3.1-1 -

26



L+L -L>«a (4.9)

N, > BN, > B (4.10)
L
( N ) root node 2B
L : likelihood score
N data num
Y N.
Z N
L L, leaf node
(N,) (N;)

B] 4.3.1-1 : ;4 ﬁ#ﬁ"v\ )i:'] ﬁ% % i ]

3 431-1: A KRR B

ReAEIE P iEE 3 A Tl iRy
Q1 NULL initial Q6 Initial in {j,z,zh}
Q2 Initial in {b,d,g} Q7 Initial in {p,t,k}
Q3 Initial in {f,s,sh,x;h} Q8 Single vowel
Q4 Initial in {m,n,l,r} Q9 Compound vowel
Q5 Initial in {c,ch,q} Q10 Nasal ending

432 MA-FAEAEFEERE KRG

R ol K AL A #E Ao @) 2.3.5-5 Ao o g * 3R RE B ¢ envinitial e final
& otk i Ap AR eninitial 2 final o i R B A SRS AR BEARP R0 d 3
AR @ F RAERS LB statel X E S 1ostate2 X B 5 20 state 3% &
5 3o Bapit pause HENE E X AT A SR R 2 B 4.3.2-1 F R 3

Mg gpid % o 29 mean =1.047 %;:},;3 A& g g ¢ o3t state 1 0 mean=1.1173 »

# g ¢ >t state 1 » mean=2.1341 {i}; A i B¢ state 2 o

27



Q4
2.1491

(0.80176)
(167635)

1.047 Q1
(0.24022) 2.3321
(23868) (0.71051)
(1) (143767)

~
1.1173 Q3

(0.42373) 2.5473
(21635) (0.5047)
(1) (122132)

2.1341
(0.35262)
(40724)

=i @)
Mean
(Standard deviation)
(Leaf node number)
(Coarticulation state)

Q10
2.754

(0.438)

(81408)

2.6246
(0.49357)

2.8378
(0.3747)

(32017)
(3)

(49391)

(3)

Bl 4.3.2-1 @ vk pPadaal AR i s SR

4 @ 4.3.2-1 ¥ g2 NULL initial(Q1) 4= initial 3 {m,n,l,r}(Q4)E¢\Fﬁpv % state 1 -

=

Initial & {f,s,sh,x,nHQ3)iz47 iF & state 2 - "f Wwoofakm g R

+(Q10) - B2 mean % 2.6246 |4+ rt 2(state 2)¥7 3(state 3)z. & » F]1 5 A 4.3.3

mly

& T fED|F A F & aoinitial k f = 27 pause & R ehikdy o ATu P o A

fl?i?li“,f”’ Q1-Q3-Q4 ¢ » H ek % stated o

4.3.3 A K HHA 153 L E pause £ B

& >R RE & ¢ aninitial 4 final 5 pause 4p #% < initial 2 final - Pause & &

s A AT S R d FRE Y pause chE RARG PHRE HE =S )

(ms) - H ¢ B 43.3-1 5 A KHEA 4R pause £ B A BEE %

28



Q2
18.209
(28.037)
(167635)
Y =N.
45.766 Q7
(28.885) 15200
(25278) (2
(142357)
/
36.846 Q6
(27.2) 11.076
(12370) (23.442)
(129987
el 6 4?8591
(27.596) s)
(27574) y
(102413)
23.725 -
- (27.601) 22y
=63EH (16186) WeF057)
Mean (86227)
(Standard deviation) =
(Leaf node number) 6.5425 0.31028
(21.787) (6.7379)
(40724) (45503)

B 4.3.3-1 0 04 SRPA 47 S AL pause & A A SR %

B 4.3.3-1 7 @L% (¥ Pause & /& 4~ #f A BEE¥ pause 4p A8 initial 3 B > 22 final 4p

Bt % o {4 Pause & B £ initial B B3 4o
BOBEE > CBED HF > BB AEF > BB HF O

-~

B AE:_FF >nnlrzzi

4.3.4 ¥ & pause & R

L 432 % 433 F 0d B 4.3.2-1 {75 & eninitial 5 INULL 2 {m,n,1,r}

TR }tﬁﬁz = ostatel> ® d B 4.3.3-1 Farpt & RIEITH 00 VP EER M A 5
pause £ & = 0. @ state 2 2 state 35+ o initial #f %] 4+ 2_ *%‘*’E] 4331 53

3% initial ¢ %] cmean @ ;& %_pause & & o i P~ pause & & FIZ4r i 434-1:

29



% 4.3.4-1 : pause £ R iE P4

! i Pause £ &
1 M-~ -0-~z8* (A5_84) 0ms
2 T~ ~T~ L (BS _5) 7ms
3 7057~ K (RBLG _FEF) 46 ms
4 U2 T (85 _%E5) 28 ms
5 R~&~7 (RBLF_E5) 37 ms
6 45 (BB _E7F) 24 ms

2 2L
4.4 ;"' .& =

PVRHFA 1S o @ * duration AL FERIF R R AP LE- KL HAKBER

* 810 4

BN HNERADEE TR

4.4.1 4%

Bl 4.4.1-1 SR RS #HRTVR S

duration #-3|FERlF & & &

# ¢ training data 3 § & F % £ B - @ duration model %

g LR duration BA) FE R HE B A o

TRRIER -

r — duration model

——training data

B 4.4.1-1 :

30




4.4.2 ¥A B E 7% (tone affecting factor)

A E R ERAE R 442-1 0 B 7 w1 B4 S5m0 - B3 S hE o

duration

0 1 2 3 4 5 6
kind of tones tone

Bl 4420 VAR E T &

4.4.3 @iz B8 )% (word 'position affecting factor)

ek SRR PR oW 4431 BT e e sk 1 g HRE o

[z

s= 12

I FWAFE S FETVEREFALAETE AL RO S

ol

¥ —— two character word
—+*- three character word
/ - - -~ four character word
—<— five character word
0 / * . | =<~ six character word )
" | ——— seven character word

duration

1 2 3 4 5 6 7
syllable position in word

B 4431 @ehi=d B854

31



4.4.4 % 5§ 2 7)% (syllable affecting factor)

KRR S REFIAHERP SRR Bl 4441 P B R D

initial f= final % 3% 4 & hinitial 2 finalo d 4 5 8+ L% 11 initial 5 INULL (Q1)-

W

ke

Kil>

{b-~d-gHQ2)& final 2 H* 3 (Q8)izx#feny &L Ri®E > @ # §
{f,s;shx,n}(Q3) ~ {c,ch,q}(QS)T#F B¥H F L R L » ER EANPHF &L

93 2
}:i m" 'E;\ \:'A\J)fr' ©

Q2
7.5586
(41.17)
403
Y —N
Q10 Q5
-53.647 17.436
(24.931) (34.153)
(56) (347)
-36.487 -65.607 50.439 Q3
(17.743) (22.196) || (26.046) 12.138
(23) (33) (48) (32.306)
(299)
032 26QO817
(26.345) ;
77 (28.529)
(222)
Q1 Q9
il -22.493 8.6301
a=an (28.244) (25.171)
(Standard deviation) 43) (179)
(Leaf node number) \
-59.767 -15.245 | | -0.80275 16.604
(34.683) || (20.473) | | (23.349) (23.97)
@ (36) (82) 97)

]%‘]444'1 l j—l‘ﬁ‘;#ﬂ»’é’\*f’.ﬁ £x /—?-zﬂ%

ﬂul
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Y
=

B

£

e
Rt

=
E

fv TR

-

B B A

2
4

%,
A

A% TTS

z N
= 1z} -,
f»'q[‘ I

HES

g

w b

EER ST

o
7

BRARREG - A% TR o o R R

=
E|

24 (tone) ~

¥

o

oo

’

T

V4L 13 & MFCC % #c4

22
E ¥

o

b o Y

B it

2

— 1

FFB’EE ’

EHEEER D

B it

|

St

a

R

s
¥

—;‘F’—Qr—l?;\]:

iy N k4

(5.1)

e
S

in,,s +l1

C,, fi

b

1S-I—(l

Cog, fi_ingy,

f

s T (ltmS

r
n,

se, , =se

-i-(lWns +u5yns +a

St

R
1

R S

e

7 A (residual) -

"
1A

ik

% 0 t, {12345

F% » sy, €{1,2...411)

A
.
R g

i
=)

s

C, € {1, 2,3}

FIe

=
E]

s

n+l i 3

)

':‘:}_23‘-‘:

iy

=

<
Rt

<l
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b A5 S A% 2 KA P LAt & AA 3> A% g2 RR s gl b
O, ins  FNBFEOESBREKRLELF n+l B &R FPRERE -

f o A5 4 A5 12 A i A= AR K A 2 s s , s
Oc fiin,s - * N Bgars st KELsnlBg ap L LRE -
n-1 ' 114
po P EME s B ERE TSN -
BMAE O AP iEKse, TR EAT o B 511 &R Bl & e BREER

% 2 B taehT 7B

tn+1,s

tn—1,s

f
- o .
c,,fi_in,,s Chig, fi_ingq,s

cn+1v ﬁ_inmlvs Chi2s fi _inn+2 'S

o
Wn+1,s Syn+l,s

5.2 ¥y L3

521 ¥ L BEETE

P(Sen,s |tn,s'v¥|,s’syn,s’ch—l’ch’ ﬁ_inw—l’ ﬁ_lrh) = N(sensiqtns +0\M5 —H,’%s +0tf;)_1,ﬁ_ir1)_1,s _Hé,ﬁ_ir}],s -H,IE,K) (52)
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F)% B A PERE R ED & BRERF NS 0 FRAeT

N
f b e _
Z(sen,s - awn,s - asynvS - acn,l,fi_inn,l,s - a‘cn,fi_inn,s o )5(tns - t)

0, = n=l N (5.3)
2.0t =t)
n=1
N
Z(Sen,s _atn‘S _asymS _agﬁ,ﬁ_innfl,s _a'gn,fi_inn,s —H§)5(Wn,s = W)
@, == (5.4)

i‘ﬁ(wnys =w)
n=1

N
f b e _
Z(sen,s _atn,s _aWn,s _acn,l,fi_inn,l,s _a‘cn fi_ing,s LS )5(syn,s - Sy)

a, = N (5.5)
2.5(SYns =)
n=1
N
Z:(senls —0, —o, —0, O )5( fi_in_,=fi_in)&(c,,=c)
acf,ﬁ_in,s == N (56)
Yol fiin z=fi .in)o(c, , =c)

n=l

N
Z‘(senvS -a,_ -0, —(x;wﬁ_mys —a, —pﬁ)é‘( fi_in,=fi_in)5(c, =c)

a?i_in,s = =L N (57)
> s(fi_in,=fi_in)s(c, =c)
n=l
N
2 Xx!
R = — (5.8)

f b e e v :
# ¢ X=se -0 -0, -0, -0 i, 0 4, —R ° R° 5 covariance

matrix o

5.2.2 R AR

ANl B X s F & XTI E 2 covariance matrix 4 #c



ELAT RERY QAT OTEE > B RFAR b RIS e R Y
AT PP ETF FEL (AR EREH =R - EERLATHETE Sk
B AR R EREA R 0 B F A R R 30107 o 9 U A2 Rl 4c
5.22-10 tufs & § 8 M doie Ao ks 1t A BR G R doie d {375 e F % S HD
4 AT Bk g -

— —
=

Processing

((0

Processed
database

Uniform label
energy state

A

Update

global ‘

‘ energy state mean

‘ Calculate (lt ‘

v

‘ Calculate a, ‘

>

‘ Calculate asy

No
(Iteration)

‘ Calculate

‘ Calculaje(ﬁy fi_irl
v

Re-label energy
V. state
A
a’c fi_in
No

Calculate 1{d ‘

(Iteration)

B 5.2.2-1 :

523 #4E TF (ARG

ApR-F & N Bar BRI S A B G A AR T

A 21]

PR AR )

ch kAP ERY Kr H

—?‘lﬂ% ZEGE SR S AR = 00 B &d pRinEd i%ﬁ'?}ﬁt@"_ 0 ‘flj’ﬂ' P
(5:3)~(5.8) LATH FFI1 % SHcii Bk § &1 ek Bt 2% 5 4 2~ 13 52 MFCC
Sl BB AR A G AP G H B S E Al ARG B 2D
B EPB R REERA B R LEFA S FE LS L BB R

mean v covariance -

;T\“ + 'QF'(SQ) > (510) o
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W AT BR A BP0 d & ehframe 6 B~ 13 2 MFCC 4o » 1 *
% wl it €% & hmean focovariance 3+ B 41 A & W) ek Bioo £ @ * Viterbi algorithm

A B frame deg oA BN B Bk o d WEREFRESFF A 2 E
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5.3.6 § & # 7% (syllable affecting factor)
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