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TOM TAT : Bai bdo nay nghién cfu mot phuong phap hiéu qua ding d€ md hinh héa ciu tric
ddng ciia ti€ng néi 12 moé hinh Markov &n. Pay 12 hudng ti€p cin d6i sinh miu xdc suit, & d6
cdc miu ti€ng ndi wén ty theo thdi gian 12 k&t qua cla qué trinh thong ké hay ngiu nhién. Trong
tiéng néi, mdi tit dugc chia thinh nhiéu frame dai 10-30ms, v6i mbi frame chiing ta trich ra mét
tap cac hé s8 goi 1a cdc hé s& dy bdo tuyén tinh - linear predictive coefficients (LPC) r6i chuyén
cdc hé sd ndy thanh vector cepstral. Thong qua lugng tr héa vector, cdc vector dic tinh nay
dugc bién di thanh cdc quan sdt va ding md hinh Makov dn - hidden Markov model (HMM) dé
wdc lwgng va nhin dang theo cdc thudt todn cliia Baum-Welch. Phin két qué cho thdy chiing ta
nén st dung HMM dé€ nhén dang ti€ng néi Viét Nam.

1.GIGI THIEU HMM

Trong ti€ng néi, mdi tit dugc chia thanh nhiéu frame, rdi ding phudng phip ddy bd loc
hay LPC cepstral dé trich dic tinh cia ting frame nay, mdi frame dugc trich thanh mét
vector [1][2][3]. K&t qua chiing ta c6 dugdc cdc vector ddc tinh cla mdt tr va ky higu 1a
t;,t,,....t,,...t,. Thong qua lugng t héa vector, cdc vector dic tinh nay dudc bién déi thanh
cdc quan st va ky hiéu 1 0,,0,,...,0,,...,0, theo ngdn nglt cia HMM. Chi ¥ ring ching ta
da ky hiéu lai chi s6 quan sdt1a 7 (i danh cho muc dich khdc) va so lugng quan sdtla 7.

Hinh 1 12 md hinh Markov 4n gdm m6t xich Markov. M&i vong trdn biéu dién mot trang
thi cia mo hinh va & thai diém rdi rac t, twong ng véi mdt frame cla ti€ng néi, mod hinh s&
& mot trong nhifng trang thédi nay va tao ra mot méu ti€ng néi hay mét quan sat. 3 thai diém
t+1, md hinh s& di chuyén dén trang thdi mdi hay vén & trang théi ci va tao ra mot miu
khdc. Lap lai qué trinh nay cho dén khi tao ra toan bg cdc miu. S& di duge goi 1a ‘dn’ bdi vi
khéng thé xdc dinh dugc céc trang théi tao ra tuong Ung véi cdc quan sit da cho.

2. PANH GIA XAC SUAT

P4 tinh x4c suit cla cdc quan st O = (0,,0,,...,0;) v6i m0 hinh A =(4,B,n), tic la
muén tinh P(O]l). Chung ta sit dung thudt todn Forward hay Baum-Welch [1][2]. Khdo sét
bién thudn forward a, (i) duge dinh nghia nhu sau:

a, (i) = P(o,0,...0,,9, =i|A) (1)

tic 13 x4c suat clia mién quan sdt 0,0,...0, (d&n thoi di€m t) va trang thdi i & thdi diém

t, ¥ng v6i mb hinh A . C6 thé tinh «, (i) bing qui nap nhu sau:
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1. Khdi tao
o, (i) =mn,b,(0,) v6i 1<i< N (2)
2. Qui nap
N
o)) = {Za, (Day ]b,- (0,.1)
i=1
1<t1<T-1
. (3)
I1<j<N
3. K&t thiic

N
P(OIL) = D (i) (4)
i=1
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Hinh 1 Vi du vé md hinh Markov 4n.
Tuong tu, dinh nghia bié€n nguge backward
B, (1) = P(0,,,0,,;...07|q; =1,1) (5)

tifc 12 xdc sudt clia mién quan sdt ti¥ 7 +1 dén cudi T, vdi trang thdi i & thdi diém t, dng
v6i mo hinh A . Ciing tinh B, (i) biing qui nap:

1. Khdi tao
Br(H=1 1<i<N (6)
2. Qui nap
N
Br(i) = Za.ybl'(onl )ﬂm(j)
Jj=1

t=T-1,T-2,...,1 15isN(7)
3.Uéc Iugng tham s&
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Trong phan nay ching ta s& khdo sdt phuong phdp lap do Baum va cic cong sy dé xuat
dé€ chon tham s& cda mé hinh sao cho thich hgp nhét - maximum likelihood (ML) [1][2].
_ o, (DB,
2 2 GO o

>.a(D
i=l

T-1
>, (ayb,(0,)B,. ()
a, =+ 9)

U} -1

o, (B, ()

-
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bjk - t=1
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Za,u)ﬁ,u)

3d6 8(o,,v,)=1 néuo,=v,

=0 ngugc lai

Néu goi md hinh hién tai la A = (4, B,n) rdi ding mo hinh hién tai nay dé tinh v& phai
cla cdc Phuong trinh (8), (9) va (10), ching ta s& ¢6 dugc md hinh A =(4,B,7). Baum va
cong su da chiing minh ring:

1. M6 hinh A dat ti trang thdi t6i han néu A = 4.

2. N&u m6 hinh A 5t hon mé hinh A thi P(O[A) > P(O|Lr).

Titc 12 da chon duge mod hinh mdi A t6t hon dng v6i quan st da cho.

4. VAN PE TY LE KHI TG CHOC MO HINH MARKOV AN

Trong cong thifc d& qui cia thudt todn Baum-Welch, chiing ta tich 1dy tich cdc xdc suat &
m&i thoi diém t, vi vdy o, (i) nhanh chéng ti€n dan vé zero. V§i t dd 16n (2100), pham vi
clia o, (i) s& vugt qué sur cho phép cla bat ki mdy nao (ngay cd ki€u chinh xdc kép). Vi vay
cAn dua hé s6 ty 1 vao thudt todn ddnh gid xdc suat va udc lugng.

Co ban ciia phuong phép 1y 1& 12 nhan o, (i) v6i hé s6 ty 1§, hé 58 ty 1€ nay doc 1ap vdi i
(tifc 1a chi phu thudc vao t) véi muc dich la gi cho o, (i) da ty 1& nim trong pham vi cho
phép clia mdy tinh. Phuong phdp ty 1€ cling thyc hién tudng t cho cac s6 B, (i) (bdi vi cdc s6
nay ciing ti€n nhanh t6i zero). G cuéi qué trinh tinh todn, cdc hé s3 1y 1¢ s& dudc g3 bd dé
thu duge o, (i) [11[2].

P& hiéu phuong phdp ty 1& rd hon, chiing ta hiy khdo sdt qud trinh tinh todn a, (i) . Ky

hiéu o, (i) 1a a chua ty 1€, a,(i) la o daty l§, va &, (/) 12 bién trung gian cla o trude khi

ty 16. Khdi tao, véi t=1, tinh o, (i) theo Phudng trinh (2) va dat él(i) =i (1), &= -2\,1—()
a, (i
- jmi 7

va &, (i) =ca, (). Véimdit, 2<¢<T, dau tién tinh (:i,(i)__,the_o cong thitc qui nap & Phuong
trinh (3) theo bién da ty 1& &, (i), tic 12 ¥ &nl
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Bing qui nap, chiing ta c6 thé viét
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tic 12 hé s8 ty 1& cda a, (i) 1a t8ng cdc trang thdi cda o, ().
Tudng vy, ching ta xdc dinh hé s6 1y 1€ cho B, ()

A T
ﬂnl(j) =[Hcs:|ﬁ:+!(j) (17)

s=i+)

Chti § riing hé 58 1y 1& ¢, ciing duoc ding dé ty 18 B,(?)

Bdi vi hé 58 1y 1¢ 1am cho bién dd cfia « ti€n dén 1, vA bdi vi bién d6 cla o va B 1a so
sdnh diroc, néa s dung cling hé s6 19 18 che o va B 13 cdch hidu qua d€ viéc tinh todn nim
trong pham vi cho phép cila mdy tinh.

Duya vao Phuong tinh (15) va (17), ching ta suy ra cdng thifc wéc lugng & Phuong trinh
(9) theo bién thuj fn. I!.b.rward va bién ngudgc backward d3 ty 18 13

vu (j)pybj (@i-ﬂ)ﬁ.ﬂ—:(_j)
7, =5 (18)
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Chu ¥ phuong phép ty 1& & trén ciing dp dung tt cho cong thic u6c lugng cdc hé s6 cia
B vanm.

Piéu thyc sy thay ddi trong HMM 12 tinh xdc suat P(O|A). Khong thé tdng céc $0 hang
a, (i) bdivi nhu’ng s0 hang nay da bi ty 1&. Tuy nhién, duya vao Phuong trinh (15), chiing ta
c6 tinh chat sau day

Hc Za (i) CTZaT(a)—l(w)

i=] ’ i=1
Nhu vay

flc, P(O]A) =1 (20)

=1
1
P(O[A) = —

[1e

t=1

r :
log[ P(OIM)] =~ loge, (22)

=1
Nhu vay log cia P dugc tinh chit khdng phdi P, bdi vi P c6 khd ndng vugt qud pham vi
cho phép cia mdy tinh.

5.T6 CHUC NHAN DANG TU ROI BZNG MO HINH MARKOV AN

Gia si cin nhin dang bd tit vung c6 V ti¥, m3i tir déu c6 HMM riéng va dugc néi K lan
(c6 thé mot hay nhi€u ngudi néi), chiing ta c4n thuc hién cdc budc sau day:

1. V6i mi tir v trong bo tir vung, phdi xay dung mot mo hinh Markov dn A,, tifc 13 phai
wdc lugng cdc tham s8 ciia md hinh (4, B,m) sao cho t6i wu likelihood dya trén tap dit liéu
hudn luyén. M3i tir duge doc 100 lan, rdi ding thut todn udc lugng d€ xdc dinh (4, B,n)
cua tir d6. _

2. b€ nhin dang Y chua biét, ching ta chia tif d6 thanh nhiéu frame, trich dic diém
bing phuong phép LPC, rdi chuyén thanh cdc hé§ sd cepstral, thong qua bd lugng ti¥ héa

2D

vector ching ta ¢é dugc quan sit O = {0,0,...0, } . Tiép theo tinh x4c suét cho tdt cd md hinh

P(O|L,), 1<v <V, vachon tiXco xdc suat 16n nhat, tifc 1
v' =arg P;%[P(Oll,)] (23)

6.Két ludn

Chiing t6i da cai dat chiong trinh nhdn dang phu thugc ngudi n6i 10 chiv s& Viét Nam
phdt 4m rdi va rd rang bing Borland C++ 4.5 for Windows. Tiéng n6i duge 18y miu & tAn s6
11025Hz. M&i chit s dugc doc 100 ldn. M&i frame dai 128 bytes, phi lap 1€n nhan 64 bytes.
Vector dic tinh 12 12 hé s6 du bdo tuyén tinh, réi chuyén thanh 24 hé s8 cepstral. Ludng it
héa vector c6 kich thudc codebook M =64 véi d6 do cepstral cdt, md hinh Markov in 1A
m6 hinh Bakis - budc nhiy hai, c6 s6 trang thdi la 4. Thoi gian lugng t héa vector mét 10
gid), thdji gian hoc mbi chit s6 mat 1 gid, nhit vay 10 chi¥ s6 mat 10 gid, tdng cong mit chimg
20 gi® trén mdy vi tinh Pentium - 166mHz, 64mB RAM.
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Dé dénh gid do chinh x4dc cda chuong trinh, chiing t6i da ding m6t cudn danh ba dién
thoai d€ doc cdc s6 dién thoai ngdu rhién, méi chif s& duge doc 100 1in. K&t qua kiém ira
trinh bay & Bdng 1.

Bing 1 K&t qud kiém tra.

1 94 6

2 93 6 1

3 100

5 100

6 100

7 100

Ngay nay, mé hinh Markov 4n da dugc ing dung rong rai trén thé gidi dé nhén dang
ti€ng néi nhu cdc hé Naturally Speaking Deluxe cla Dragon Systems, Via Voice cia IBM,
Kurzweil VoicePro cda Lernout & Hauspie.... Tuy nhién viéc ng dung mo hinh Markov an
vao ti€ng Viét hay con dang nghién ciu & Viét Nam, ngoai ra tiéng Viét 12 ti€ng don 4m cé
ddu nén phan trich dic diém c6 phin khac biét so v6i tiéng Anh.

7.Huéng phit trién

Trong bai bdo nay, chiing t8i chi dé cip dén phuong phdp LPC-cepstral dé trich dic
di€m ti€ng ndi cla chit s6, trong twong lai c6 thé ding phuong phép bién ddi wavelet dé trich
dédc di€m va thanh diéu (d4u) cda tiéng néi Vit Nam [6]. -

Ciing khong thé khong thdo luan t6i viéc nhin dang ti n6i, tic 12 nhitng tif phat 4m lién
nhau va thyc sy khong thé tdch rdi nhu phdt 4m s dién thoai binh thudng. C4c thuit todn lap
trinh dong hai muc, tao mdc hay mét 1an duyét (déng bd frame) dung dé gii quyét van dé
nay.

V6i b tlf vung khdng han ch€ s3 lugng Y, viéc xdy dung mé hinh Markov &n cho tirng
tr 1a khong chdp nhan dugc. Vi vdy cin phéi chia mot tr thanh céc ti con, xdy dung mb
hinh Markov an cho cdc tlf con, nhan dang cic tit con d6, k&t hgp c4c tit con dya vao xdc suat
va ngilf phdp, nglt nghia d&€ x4c dinh mot tir rdi mot cau.

RECOGNITION OF THE VIETNAMESE SPEECH 'S ISOLATED DIGITS
USING HIDDEN MARKOV MODEL
Tran Tien Duc - Hoang Kiem

- ABSTRACT : A powerful technigue for modelling the temporal structure and variability in
speech is one calicd hidden Markov modelling. This is a probabilistic panem-matghmg
approach that models a iime-sequence of speech patterns as output of a stochastic or
random process. In
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speech processing, a word is analyzed in 10-30ms time frames and for each frame, we
extract a set of coefficients which is called linear predictive coefficients (LPC) and convert
one to a cepstral vector. Through a vector quantizer, the vector is mapped to a observation
and using hidden Markov model (HMM) to estimate and recognise the observation by
Baum-Welch algorithms. The results show that we should used the HMM to recognise
Vietnamese speech.
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