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Abstract. Vietnamese is a mono-syllabic tonal language. Recognition of Vietnamese syllables with
six different tones is one of problems of Vietnamese automatic recognition systems. In this paper,
we present the speech recognition experiments with a Vietnamese speech database of words, which
have the same initial and final, but different tones. The database contains 294 sentences of six
words “na, nd, na, na, na, nd” in random order, which are recorded with a man voice in the office
environment. Three systems have been developed using Markov Hidden Model (HMM) and HMM/
Neural Network hybrid separately. Three systems are trained with the same set of 214 sentences and
then are tested with the same set of 63 sentences, which are independent with previous training set.
The experiments show that the hybrid system has best result with word-level accuracy 94.93% and
sentence- level accuracy 73.91%.

Tém tat. Tiéng Viét 1a mot ngon ngir don am va ¢6 thanh diéu. Viéc nhan dang cdc am tiét tiéng
Viét cling v6i thanh diéu 1a mot trong cdc van dé ciia hé thong nhan dang tiéng Viet. Bai bdo nay
trinh bay qué trinh thir nghiém nhan dang trén mét co s& dir liéu tiéng gém mot tap céc tir tiéng
Viét giong nhau vé a&m dau, &m van va chi khdc nhau vé thanh diéu. Co sé dir liéu tiéng bao gom
294 cAu, moi cAu gom c6 6 tir ” na, n4, na, na, na, nd” diroc sip xép theo thit tir ngau nhién, thu am
do giong mot ngudi doc trong moi truong van phong. Thir nghiém 4p dung cdc phuong phédp nhan
dang tiéng: mang no ron nhiéu lép, mé hinh Markov an (HMM) va hé théng lai ghép gitra mang no
ron va mé6 hinh Markov an(NN-HMM). Céc hé théng nhan dang duoc huan luyén bang cling mot
tap gébm 214 cau, sau dé duoc tién hanh nhén dang trén mot tap kiém tra gém 63 cau, doc lap véi
céc cau da dung dé huan luyén trirde d6. Két qua nhan dang cho thay hé thong NN-HMM cho két
qué nhan dang cao nhat véi do chinh xdc 94.93% & mitte tir va 73.91% & mike cau.

1. PAT VAN PE

Tiéng Viet duoc biét dén nhw 13 mot ngoén ngir don am, cé thanh diéu. Moi am tiét deu
c¢6 mot thanh diéu va thanh diéu déng vai tro la mot am vi mang tinh siéu doan. D6 la loai
am vi khong cé am doan, khong doc lap ton tai, nhung ciing ¢é chitc nang phan biét nghia,
nhan dién tir. Pay la dic diém riéng cia tiéng Viét so véi cde ngon ngit Chau Au. Mot s6
ngodn ngir khac nhu tiéng Hén, tiéng Théi ciing cé dac di€m nay nhu tiéng Viet.

Céu tric am tiét tiéng Viét gom cé hai bac, trong dé tai bac 1 ¢6 22 am dau, bac 2 gom
155 phan van va 6 thanh diéu [1]. Am dau ciing véi phan van ¢6 thé két hop véi 6 thanh
diéu khéc nhau. Tuy nhién trén thue t& ¢é mot s6 két hop khong ton tai nén chi ¢é khoang
6700 am tiét trong tiéng Viet. Theo cdc nha ngon nglr hoc, mic du thanh diéu ¢é dnh hwdng
bao chlim lén toan bo am tiét, nhung ganh ning chi yéu tap trung & phan van.

Cho dén nay chwa c¢6 nhiéu nghién ciru vé nhan dang thanh diéu trong tiéng Viét cling
nhu chwra c6 nhiéu nghién ctru vé mot hé thong nhan dang tiéng Viét hoan chinh véi s6 lwong
tlr vung 1ém. Viéc nghién ctru dnh hwéng cia thanh diéu trong nhan dang tiéng Viét la can
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thiét dé gitip cho qué trinh xay dung mot hé théng nhan dang tiéng Viét sau nay. 2. Muc
dich cda thir nghiém nay la dung cdc cong cu da duwoc dp dung thanh coéng trong bai todn
nhan dang tiéng néi nhw mang no ron va mé hinh Markov dé nghién ctu anh hwdng cia
thanh diéu trong nhan dang tiéng Viét. Phan con lai cia bai bdo dwoc cidu tric nhu sau.
Phan 2 néu lai mot s6 kién thitc co ban vé mo hinh Markov an dwoc ding trong cdc phan
sau. Phan 3 la phan chinh cia bai bdo trinh bay cdc mé hinh nhan dang thir nghiém duwa
trén mé hinh Markov a4n, mé hinh két hop gifra mang no ron va mé hinh Markov an. Céac
két qua danh gia thir nghiém cia tirng mé hinh cling duoc trinh bay tiép sau cdc mo hinh.
Cudi cung 1a phan két luan.

MOT SO KHAI NIEM CO BAN

2.1. M6 hinh Markov &n

Mot mé hinh Markov an (HMM) [5] 14 mot tién trinh ngau nhién kép, trong dé cé mot
tién trinh an chuyén trang thai theo chudi Markov r&i rac va thuan nhat xen ké véi mot tién
trinh phat sinh day quan sit. Cac ky hiéu duwoc stt dung trong mé hinh Markov an la:

N - s6 trang thai trong moé hinh

M - s6 ky hiéu quan sét cé the

T - do dai cia day quan sat (s6 ky hiéu trong day quan sit)

{1,2,.., N} - tap cac trang thai

¢ - trang thai cia moé hinh tai thoi diém t

V ={v1,va,...,un} - tap r&i rac cdc ky hiéu quan sat

7= {1, o, ..., TN} - t4p cdc phan bd xdc sudt cho trang thai khdi dau, ; 1a xéc suat de
trang théi ¢ dwoc chon tai thoi diem khéi dau ¢t =1: m; = P(gy = 4);

{nylml

m >0 i=1,2,...,. N

A = {a;;} - ma tran x4c suat chuyén véi a;; 14 xdc suat dé trang thai j xuit hién tai thoi
diém ¢+ 1 khi trang thai ¢ da xudt hién tai thoi diém ¢. Gia thiét rang a;; 13 doc 1ap véi thoi
gia,n t: Q5 — P(qt+1 = ]/qt = Z>7

{ S ia=1i=12.,N
227} Z 07 j == 1727...7N

B = {bj(vy)} - cdc ham do xdc sudt phdt xa mau, b;(vy) = P(vy duge phéat sinh khi mo
hinh & trang théi j)

{ Mobi(up) =1; 5 =1,2,..,N
bj(op) >20; j=1,2,..,N; k=1,2,.., M

O; bi€u thi ky hiéu quan sat tai thoi diém ¢.

Bo6 ba A = (A, B, ) dwoc coi 13 ky phép gon ciia mot mo hinh Markov an. A, B va 7 dwoc
goi I bo tham s6 (parameters) ciia mé hinh . Hoat dong ctia HMM c6é thé mo ta nhu sau:
tai thoi diém ¢ = 1, mé hinh & trang théi ¢; nao dé va phét sinh ra mot ky hiéu quan sét
nhdt dinh Oy, sau d6, tai thoi diem ¢ = 2, mo6 hinh chuyén sang trang thai ¢, va phat sinh
ky hiéu quan sit O,. Cit tiép tuc nhw vay cho dén thoi diém ¢ = 7, mo hinh phat sinh dwoc
day quan sat O = (O, O,, ..., Op) bang day trang thai Q = (g1, ¢, ..., ¢7). Day trang thai @ phu
thudc vao xdc suat chon trang thai khdi dau m; va xdc suat chuyén a;;. Day ky hieu quan sét
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{0y} dwge HMM phét sinh ra phu thuoc vao day trang thai @ va cdc ham do xdc sudt phat
xa mau b;(.). Trong truong hop tap V céc ky hiéu quan sit 1a khong gian mau khéng dém
dugc, cdc ham b;(.) ¢6 thé cho bang ham mat do cia mét phan phéi xdc sudt nao dé.

Observation
sequence O

Hidden state
sequence Q

%4@ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, I M N (@
i

Hinh 1. M6 hinh Markov an

2.2, Huén luyén mo6 hinh Markov &n

Bai toan. Vé&i diy huan luyén O can hiéu chinh céc tham s6 ciia mé hinh A dé cuc dai hod
P(O/)). Ta co:
P(O,Q/\) = 7q,.bgy (O1).0qy45-b45(02)-Ago45 gz 4 -bqr (OT)

N

va

P(O/)‘> - ZP(O7 QP‘) - ZWCIL bfh (Ol>aCI1CI2bi2 <02>"'CLQT—1QT (OT>
Q Q
Bé’t Oét(Z - P(Ol7027 "~7Ot7 qt = Z/)\> va Bt(z> - P(Ot+170t+27 "'7OT/qt - Z.7 )\>7 1<t < T
véi gid tri khéi tao Ay (4) = w0 (O1) va Br(i) =1, 1<i< N
Dinh nghia cong thitc truy hoi oy .1 () cho tinh todn thuan nhw sau:

N
ar1() = | D anlaig|bs(Ocsr) voi 1=1,2,..,T—1
i—1
Tuong tu, dinh nghia cong thirc G;(7) cho tinh todn ngwoc nhu sau:
N
Bt(l) = {Zaijbj(0t+1>:|ﬁt+1 (]) Vé‘l t=T — 17 T — 27 ey 1
j=1

Thuét toan tién i Baum-Welch (Forward-Backward Baum-Welch algorithm):
Buéce 1. Xac dinh:

: : Plge =4, 0[\)  ou(i)B (4)
'Vt(z> - P(Qt - Z/Ov )‘> - P(O|)\) - P(O|)\)

Buée 2. Xdc dinh: &(i,7) = Pt =4, q1+1 = /O, \)
Plgy =i, q101 = 7,0|1N)  au(8)aizbi(Op1)Be+1(4)

PO\ - PO\

Buéce 3. Chinh tham s6:

T .
- Zt:170t:7}k Y (7)

Z?:l " (])

_ Zz:ll ft(%]) Z(Uk)
St

T =7 (1); Gy
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Buéc 4. Néu P(O/Mnsi) < P(O/Aeq ) thi két thic khéc di quay lai buée 1.
2.3. Nhan dang M6 hinh Markov &n

Bai todn: Cho mo hinh A = (4, B, 7) va mot day quan sit O = (01, Oy, ..., O7). Céan tim
day trang thai Q = (g1, qs, ..., gr) d€ xdc suat P(O,Q/)\) dat cuc dai.
Thuat toan Viterbi:

Buée 1. Goi:

f(k7j>: max P(Ol7027~~~7Ok7Q17QQ7~~~7Qk|)\)~
{ae}r_ | au=7
Buéce 2. Khdi tao co s& quy hoach dong: f(1,7) = m;b,(O1).
Buéc 3. Tinh bang phwong é4n f bang cong thitc truy hoi:

PUk,3) = max (/k = 1,1).ai5.6;(01)

Liru vét:

Trace(k, j) = argmax(f(k — 1,4).a:;.b;(Og)), (k > 2).
1<i<N

Buéce 4. Truy vét tim day trang thai toi wu: g7 = argmaxf(T, 5)
j
g =Tracet+1,q: +1), t=T—-1,T-2,...,1.

3. THU NGHIEM NHAN DANG THANH PIEU TIENG VIET

3.1. Mé6i trudomg thi nghiém

Co s& dit lieu dung cho thire nghiém bao gom 294 cau, moéi cau gom cé 6 tir “na, nd, na,
na, na, nd” dwoc sap xép theo thit tur ngau nhién. Céc cau dwoc thu am trong moi truomg
trong nha, do moét giong nam doc, sit dung micro thong thwong gan véi mdy tinh, card am
thanh Creative SoundBlaster, toc do lay mau 8000Hz, PCM 8 bit mono 8kB/s. Tat ca cic
cau deu dwgc gan nhan bang tay téi mitc am vi v&i 8 don vi nhan dang: /n/, /as/, /af/,
Jar/, [ax/, [aj/, /a/, /.pau/. Thir nghiém ding b6 thu vién Tooolkit cia Trung tam nghién
ctu nhan dang tiéng néi (CSLU - Center of Spoken Language Understanding) do Vién sau
dai hoc Oregon Hoa ky phét trien dé xay dung hé thong nhan dang dwa mo6 hinh Markov [4]
va két hop mang no ron véi mo hinh Markov [2, 3, 6]. Phwong phdp nhan dang dung bo thu
vién trong bai bdo nay dwa trén phan tich cdc khung tin hiéu (frame).

3.2. Th nghiém véi md hinh Markov &n

M6 hinh Markov dwoc xay dung duwa trén bé thu vien CSLU Tooolkit bao gom 5 trang
thai (Hinh 2). Trong dé cé ba trang thai quan st (observation state), 1 trang thai khédi dau
va 1 trang thdi két thic |

4]
,’/—\\\ ,/—\\\
l\ I‘—» — — —»c\ I‘
\ P \\~ —,/
1 2 3 4 5

Hinh 2. M6 hinh Markov an diing trong thit nghiém.
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Ma tran xéc sudt chuyén trang thai trong mé hinh dwoc khdi tao nhu sau:

00 1 00 00 00
0.0 06 04 00 0.0
0.0 00 05 05 0.0
0.0 00 00 06 04
0.0 00 0.0 00 0.0

Céc quan sit O; chinh la vecto dic tinh gom 39 thanh phan cia tirng khung tin hiéu.
Vé&i moi khung tin hiéu 10 ms, tinh 13 hé s6 cepstral MEL ciing véi dao ham béc mot, béc hai
clia tirng heé s6 va gid tri cia tirng hé s6 trir gid tri trung binh. M6 hinh HMM monophone
doc lap dugce 4p dung cho tirng don vi nhan dang 1a /n/, /as/, /af/, Jar/, [ax/, /aj/, [a/,
/.pau/. Khéi tao mé hinh st dung phuong phép lwong tir hod vecto (VQ). M6 hinh dwoc
huan luyén dua trén thuat toan EM (expectation/maximization). Trong huan luyén, mo hinh
nhing (embeded model - dé nhan dang cic tir na, n4, na, na, na, n) dung dé két hop cic mé
hinh déc 1ap nham dénh gid lai cdc tham s6 dwra trén thuat todn tién lii Baum-Welch nhw da
trinh bay trong phan 2.2. M6 hinh dwoc huan luyén bang 214 cau dwoc gan nhan bang tay.
Sau khi hudn luyén, sttr dung mé hinh dé nhan dang trén mot tap thit gom 63 cau dwoc chon
ngau nhién tir co s& dir lieu 330 cau, céc cau dung dé ki€ém tra nay khéc véi cac cau dwoc
dung trong huan luyén d€ ddm bdo tinh khach quan. Sau day 1a bang két qua nhan dang cac
tlr na, na, na, na, na, nd diing moé hinh Markov an. chinh x4c dwoc chia thanh hai mitc: mitc
tir va mic cau.

Bdng 1. Do chinh x4c ciia mé hinh Markov an.

JUNSN 5 - b6 chinh xac
S6 cau ding dé huin luyén :

T Cau
214 85% 52%

M6 hinh Markov an HMM da dwoc tng dung thanh coéng trong céc hé théng nhan dang
tiéng. Piém manh cia HMM la rat phit hop cho viéc biéu dién moét chudi don vi tiéng néi
theo thoi gian. Tuy nhién HMM cé dic diém 13 manh vé moé hinh hod tirng loai mau nhung
yéu vé kha nang phan biét gitra cdc loai mau. Do dé két qua nhan dang ciia HMM déi véi cac
tlr ¢6 do khdc biét it nhw na, na, na, na, nd, na ¢6 dé chinh xdc khong cao (85.50%, 52.53% -
Bang 1).

Bdng 2. Ty 1& 16i gitra cdc thanh diéu trong nhan dang bang mé hinh Markov an.

Thanh bi nhan dang nham L
| Thanh | Thanh | Thanh | Thanh | Thanh | Thanh [L 08¢0
Thanh loi sac huyén hoi nga nang khong
Thanh sac - 0 0 1 0 1 2
Huyeén 1 - 0 0 0 0 1
Hoi 1 0 - 0 0 0 1
Nga 5 1 0 - 1 1 8
Nang 4 2 1 4 - 1 12
Khong 1 0 0 0 0 1
Téng cong 12 3 1 5 3 25
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Ty lé nhan dang ddi véi mike cau kha thap do ty 1€ 16i chen, xod nhiéu khé cao (33.59%,
1.08%). Béng 2 cho thiy s6 lwong 16i nhan dang nham gitta cdc thanh dieu. Két qua cho
thdy ty lé nhan dang nham & thanh sic I cao nhat (12 16i, 48%) va thanh hdi va thanh nang
14 thap nhat (1 16i, 4%). Thanh dé bi nhan dang nham vé&i thanh khéc 14 thanh nang (12 16i,
24%) va thanh nga (8 101, 32%).

3.3. Thd nghiém véi mang no ron két hop véi mé hinh Markov

Qu4 trinh xay dung céc hé thong nhan dang dwoc tién hanh dwa trén bo thw vien CSLU
Tooolkit. Thuc nghiém dwoc tién hanh theo phwong phép nhw sau. Tiéng néi dau vao dwoc
lay mau tirng frame khodng 10ms, hai frame cédch nhau 30ms. Sau dé thong tin sé duwoc phan
tich thanh 26 dac tinh bao gom: 12 hé s6 dac tinh ceptral va 12 gi4 tri dao ham cia cac hé
s6 nay, cong véi mitc cong suat va gia tri dao ham mitc cong suat. Moi khung tin hiéu vao
duwoc két hop 4 khung phu can céach nhau - 60ms, - 30ms, 30ms, 60ms tao thanh mot vector
130 dac tinh.

e Buéc 1. Xay dung mang no ron 3 lép bao gom 130 nit dau vao, tu-ong tng véi vecto
130 déc tinh cia mdi khung 10ms tin hiéu, 200 nit a4n va 8 nit dau ra twong tng véi 8
don vi nhan dang. Huan luyén mang nay bang 214 cau dwoc gan nhan bang tay. Tap
céc cau dung dé huan luyeén nay ciing la tap dwoc ding dé hudn luyén moé hinh Markov
truge dé.

¢ Budéc 2. Diung mang xay dung & buéce 1 dé gan nhan tuw dong cac cau da diroc gan nhan
bang tay, sau dé diing dir lieu méi nay dé huan luyén lai cho mang da dwoc hudn luyén
& buée 1.

e Buéc 3. Xay dung mang két hop gifra mang no ron va mé hinh Markov &n (NN-HMM)
str dung mang no ron duoc xay dung & budéc 2.

Phan tich
phd

—>

trich chon
dic diém

tim ki€m
Viterb

:khan 16p bing

ANN

<

Két qua nhan

dang <l

(3
T Ay
«?v‘.:-*-@"’f

%
e SR ' |
!’?J{ﬁ-‘:?%..

Hinh 3. Qui trinh nhan dang két hop gitra mang no ron va moé hinh Markov.

Mang két hop gitta mang no ron va mé hinh Markov an st dung mang no ron duwoc xay
dung & buée 3. Khé khin co ban nhét cia viéc 4p dung mo hinh Markov la tinh gié tri khéi
dau cda tham s8. Y tudng chinh cia viec két hop nay la diu ra cda mang no ron la xdc
suat cia cac don vi nhan dang dwoc sit dung nhw xdc suat phat xa mau clia cic trang thai
Markov. Tap cdc xdc suat cia cac khung tin hiéu ciia mot phat am (utterance) tao thanh ma
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tran xdc suat, trong dé cdc cot ma tran 1a cidc don vi nhan dang, cdc hang 1a cdc khung tin
hiéu 10ms lién ti€p nhau cia phat am. Thuat todn Viterbi (xem phan 2.3 cia bai béo) duoc
4p dung dé nhan biét dwong di t6i wu (tir cin nhan dang) trén ma tran cic xéc sudt dwoc
dua ra béi mo6 hinh mang no ron.

Céc heé thong xay dung & céc buée 1, 2, 3 sau khi da duwoc huan luyén cho tién hanh
nhan dang trén cling mot tap dir lieu thir gom 63 cau. Tap dit liéu thir ndy ciing 14 tap dung
deé kiém tra déi véi mé hinh Markov an da néi & trén. Sau day la két qua nhan dang véi 194
mau huan luyén.

Bdng 3. Do chinh xdc nhan dang ding mang no ron theo cdc bude.

Buée 1 Buéce 2 Buéce 3
T Cau T Cau T Cau
94.57% | 71.74% | 94.20% | 71.74% | 94.93% | 73.91%

Két qua & budce 1 cho dd chinh xdc kha cao (94.57%,71.74%). Diéu nay ching td kha
nang phan 16p t6t clia mang no ron. So véi két qua nhan dang cida mé hinh Markov thl mang
no ron ¢6 do chinh xdc cao hon rat nhieu (94.57%,71.74%) so véi (85.50%, 52.53%). Két qua
nhan dang ciia budce 2 ¢6 phan gidm sit so v&i mang tién hanh & budce 1 (94.57%, 71.74%) so
v6i (94.20%, 71.74%%). Nguyén nhan cia hién twong nay la do qué trinh gan nhan tu dong
bang may ¢é doé chinh xdc thap hon so véi bang tay. Dieu nay ciing cho thay d6 chinh xéc
cla cong viec gan nhan ¢é anh hwdng dén do chinh xdc cia qud trinh nhan dang.

Mang lai ghép gilta mang no ron va mé hinh Markov da dwoc nghién ctru tir lau dé tan
dung hai wu diém cta hai phwong phap: kha nang phan biét 1ép cia mang no ron va kha
nang mo6 hinh hod cau tric thoi gian cia moé hinh Markov. Céc thue nghiém mang lai ghép
NN - HMM trén thé giéi cho thay su cai thién ddng ké cia hé théng nay so véi céc hé thong
chi ding mang no ron hay moé hinh Markov. Thir nghiém nhan dang & buéc 3 cling cho thiy
do chinh x4c nhan dang cia hé thong lai ghép NN - HMM (94.93%, 73.91%) da dwgc nang
cao so vGéi mang no ron (94.57%, 71.74%) va moé hinh Markov (85.50%, 52.53%). Bang sau
cho thiy s6 lrong 16i nhan dang nham gitra cdc thanh.

Bdng 4. Ty 1& 16i clla céc thanh diéu trong nhan dang bang mang no ron tai buéc 3.

Thanh bi nhan dang nham Téng
. Thanh | Thanh | Thanh | Thanh | Thanh Thanh cong
Thanh 16i sac huyén hoi nga nang khong

Thanh sic - 0 0 0 0 1 1
Huyeén 3 - 4 0 0 1 8
Hoi 0 3 - 0 0 0 3
Nga 0 0 0 - 0 0 0
Nang 0 0 1 0 - 0 1
Khong 3 1 0 0 0 - 4
Téng cong 6 4 5 0 0 2 17

Béng 4 cho thay ty 1é ty 1é nhan dang nham cia thanh sic 1a khé cao (6 161, 35%), thanh
nang va thanh nga c6 ty 1é 16i thap (0%). Thanh huyén la thanh dé bi nhan dang nham véi
cac thanh khdc nhat (8 1oi, 47%).
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4. KET LUAN

Bai bdo nay da trinh bay qud trinh thuc nghiém nhin dang mot tap gom cédc tir tiéng
Viét ¢6 chung am dau, am van nhung khdc nhau veé thanh diéu “na, nd, na, na, na, nd”. Céc
phuong phép nhan dang bao gom mé hinh Markov, mang no ron ba. 1ép, va hé thong lai ghép
gitra mang no ron va mé hinh Markov an NN-HMM. Két qua nhan dang cho thay mang no
ron c6 kha nang phan biét cdc thanh diéu t6t hon mo hinh Markov an. Két qua nhan dang
cho d6 chinh xdc cao nhat véi hé thong lai ghép gitra mang no ron va mé hinh Markov an
94.93% & mitc tir va 73.91% & mitc cau. Phan tich ty 1é 16i cho thay thanh sic la thanh cé ty
lé nhan dang nham nhiéu nhét (48% dsi véi HMM va 35% ddi véi NN-HMM). Thanh ning la
thanh cé ty 1& 16i nhan dang nham thap nhat (1%, déi véi HMM va 0%, déi véi NN-HMM).
Thanh khong cling 14 thanh {t bi nhan dang nham hon céc thanh khéc (12%, déi véi HMM va
11%, d6i véi NN-HMM). Tuy nhién nhtimg két qua trong bai nay chi la nhimg két qua buéc
dau, ching t6i dang tién hanh nhirng thitr nghiém trén co s& dir liéu 16n hon véi céc chir s6
tiéng Viet dugc phat am lién tuc. Mot trong nhirng nghién citru chinh tiép theo 14 phai xéc
dinh dwoc moé hinh phién am cia cic am vi va céc tir trong tiéng Viét, song song véi cac thir
nghiém trén cdc mo hinh nhan dang, gitra mo hinh két hop mang no ron va mé hinh Markov
va ban than mo hinh Markov.

TAI LIEU THAM KHAO

[1] P6 Xuan Théo, Leé Hitu Tinh, Gido trinh ti€éng Viét 2, Nha xuit ban Gido duc, 1997.

[2] Hosom JP., Cole R., Cosi P., Improvement in Neural Network Trainning and Search Tech-
nique for Conlinuous Digit Recognition, Center for Spoken Language Understanding, Ore-
gon Graduate Institute, 1997.

[3] Hosom JP., Cole R., Fanty M., Schalkwyk J., Yan Y., Wei W., Training Neural Net-
works for Speech Recognition, Center for Spoken Language Understanding (CSLU), Ore-
gon Graduate Institute of Science and Technology February 2, 1999.

[4] J. Schalkwyk , Hosom JP., Ed Kaiser, Khaldom Shobaki, CSLU-HMM: The CSLU Hid-

den Markov Markov Modelling Environment, Center for Spoken Language Understanding

(CSLU), Oregon Graduate Institute of Science and Technology, 2000.

Rabiner L., Juang B.H., Fundamentals of Speech Recognition, Prentice Hall, 1993.

[6] Yan Y., Fanty M., Cole R., Speech Recognition using Neural Networks with Forward-
Backward Probability Generated Tagets, Proeedding of the IEEE International Conference
on Acoustics, Speech and Signal Processing, 1997.

Ex

Nhén béi ngay 20 - 5 - 2002



