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(Bai nhdn ngay 02 thdng 5 ndm 2002, hoan chinh sia chita ngay 18 thang 6 ndm 2002)

TOM TAT: Bai bdo nay trinh bay phuong phdp t8 chitc nhdn dang tiéng néi tiéng Viét lién
tuc bing mang no-ron. Qua phén tich ngit dm tiéng Viét, ta xdc dinh dugc cdc dm vi phu
thuéc cdn nh@n dang véi bd tit vung cho trude, nghia la mét dm vi duge phdn lop khdc nhau
phic thudc vao cdc dm vi xung quanh né. Phan trich ddc diém tiéng ndi sit dung mé hinh théng
dung hién nay la mel-cepstrum, & dé phd tiéng ndi dugc bién doi theo thang tan s6 mel roi
chuyén log phd céng sudt sang mién cepstrum bing bién ddi cosine roi rac ngugc. Mang no-
ron ding dé udc lugng xdc sudt dm vi & dau ra cd gid tri gigia 0 va 1. Xdc sudt dm vj ciia cdc
frame lién tiép dugc bé tri trong mdt ma trdgn roi diing thudt todn Viterbi dé tim chudi ém vi
hop ¢ c6 diém cao nhdt théng qua ma trdn trén, dé ciing chinh la tix cén nhdn dang. Chuong
trinh thit nghiém dugc viét bdng Microsoft Visual C++ 6.0 ¢d két qud chinh xdc cao dd khdng
dinh khd ndng ting dung ciia mang no-ron trong nhdn dang tiéng ndi tiéng Viét.

Tir khéa: nhin dang tiéng ndi, dm vi phu thudc, mel-cepstrum, mang no-ron, thudt todn
Viterbi.

1. PHAN TiCH NGU AM TIENG VIET

Trong c4c hé nhin dang ti€ng néi dya trén phudng phap thdng k& nhu Md hinh Markov 4n
(Hidden Markov Models), Mang No-ron (Neural Networks), hay lai giifa hai phudng phdp
trén ngudi ta thudng st dung md hinh 4m vi phu thudc [3]{5][8]. X€t hai tir: sdu [Saw] va
tAm [tam], ta nhdn thAy 4m vi [a] trong tU¥ “sdu” khdc v4i 4m vi [a] trong tir “tdm”. Nifa trdi
ciia [a] trong “sdu” bi anh hudng bdi 4m vi [S], nifa phdi bi dnh hudng bdi [w]; con nifa trédi
ciia [a] trong “tdm” bi 4nh hudng bdi [t], nita phai bi dnh hudng bdi [m}; nhu vy c6 bdn 4m
vi 1a [S<a], [a>w], [t<a], [a>m]. Ngudi ta goi Am vi bi 4nh hudng bdi hai &m vi trudc va sau
12 Am vi phu thudc. Qud trinh thit nghiém dugc ti€n hanh trén bd tir vung 10 chif s& phdt 4m
lién tuc gdm: khong [XoN], mdt [mot], hai [haj], ba [bA], bon [bon], nim [naxml], sdu [Saw],
bay [baj], tdm [tam], chin [cin]. Ta phan tich nglt 4m cho trudng hgp nay. M&i d4m vi dudc
chia thanh mot, hai hay ba phin phu thudc vao cdch phat 4m ctlia tif tuong Ung va cdc ti
triée sau. N&u chia 4m vi thinh mot phin thi 4m vi d6 1a Am vi doc 14p, khong bi dnh hudng
bdi hai &m vi trudc sau. N&€u chia 4m vi thanh hai phan thi nita trdi cia &m vi bi 4nh hudng
bdi 4m vi trude, mia phai bi 4nh hudng bdi 4m vi sau. N&éu chia 4m vi thanh ba phan thi phan
ddu bi dnh hudng bdi 4m vi trudc, phin giita doc 14p, gilt nguyén ban sic clia 4m vi d6, phan
cudi bi 4nh hudng bdi 4m vi sau. Ngoai ra con c6 nhitng 4m vi dugc chia thanh mdt phian
nhung né lai bi 4nh hudng bdi 4m vi phia sau, goi 12 &m vi phu thudc phdi, thudng 12 4m tdc
nhu [t]. Cu thé phan tich tit khdng [XoN] ndi lién tuc gbm XoN, XoNXon, XoNmot, XoNhaj,
XoNbA, XoNbon, XoNnaxm, XoNSaw, XoNbaj, XoNtam, XoNcin. Xét 4m vi N, ta c6 cédc
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Am vi phu thudc sau: o<N, N>.pau, N>X, N>m, N>h, N>b, N>n, N>§, N>t, N>c. Phéin tich

cho cdc tif con lai, ta duge 128 Am vi phu thudc trinh bay & Bang 1.

o<N N>$sil N>X N>$nasal | N>h N>b N>§ N>t
N>c t>$sil =X t>$nasal t>h b t>S t>t
t>a t>c a<j _i>$sil i>X i>$nasal i>h i>b

=S >t i>c b<A <A> A>$sil A>X A>$nasal
A>h A>b A>S At A>c $sil<n $nasal<n | t<n
j<n A<n i<n o<n w<n n>$sil n>X n>$nasal
n>h n>b n>ax n>S n>t n>c $sil<m $nasal<m
t<m j<m A<m ax<m a<m w<m m>$sil m>X
m>$nasal m>h m>b m>0 m>S m>t m>c a<w
w>$sil w>X w>$nasal | w>h w>b w>S w>t w>c
X<o $nasal<o b<o o>$nasal | o>t h<a S<a b<a
t<a a>j a>$nasal | a>w $nasal<ax | ax>%nasal | c<i i>$nasal
$sil<X $nasal<X | t<X j<X A<X w<X X>o0 $sil<h
$nasal<h t<h j<h A<h w<h h>a $sil<b $nasal<b
t<b i<b A<b w<b b>A b>o b>a $sil<S
$nasal<S t<S i<S A<S w<S S>a <c> <.pau>

Bing1 Cdc 4m vi phu thuge
Nhém gidm bét s6 lugng cdc 4m vi phu thude, ta nhém cdc 4m vi ¢6 cdu 4m tuong ty nhau
thanh m§t nhém. V§i bd tir vung trén, ching t6i chi sit dung hai nhém 1a $nasal [m n NJ va
$sil [.pau .garbarge].
IL. TRECH PA C PIEM TIENG NOI
Trong cdc linh vuc X 1§ ti€ng néi nhu nhin dang, tdng hop, ma héa déu cin phdi trich dic
diém ti€ng néi. Phin nay trinh bay phudng phdp phd bi€n dé trich dic di€m cia ti€ng néi 1a
phén tich hé sd cepstrum ding thang tin s6 mel (Mel Frequency Cepstral Coefficents -
MFCC)[5][6]. Theo cdc nghién citu vé sy phan tich tin s6 cda tai ngudi thi ddp tuy€n nay 12
phi tuy&n, nghia 12 d6 nhay ciia tai ngudi s& thay ddi khac nhau véi nhitng tin s khéc nhau,
diéu nay din d&€n m6t don vi do mdi 1a mel, trong d6 1000 Hz 12 1000 mel. M&i lién hé giita
thang mel va thang Hz la:

/
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Hinh1 D&y 20 bg loc tam gidc c6 khodng cdch 100mel va tin s6 18y miu 8kHz
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Quad trinh trich dic di€m clia mot frame ti€ng noi gbm cdc budc sau:
Log cong suit ngin han: C(‘)ng sudt ngdn han P clia mot frame ti€ng néi la:

Z[x(n)] (2.2)

n-!

trong d6 N 1a chiéu dai frame va log cong sudt ngdn han 12 log(P).
Pre-emphasis: Khi phdt 4m, ti€ng néi bi suy hao nén cén phai 1am r5 bing bd loc théng cao
¢6 phuong trinh sai phdn bdc mot 1a:

y(n) =x(n)—ax(n-1) (2.3)
v8i a 12 hing s6 thudng dudc chon giita 0.9 va 1.
Ctta s6 Hamming: Trugc khi chuyén mét frame ti€ng né6i sang mién tin s8 bing phép bié€n
ddi Fourier thdi gian ngdn (Shor* Time Fourier Transform - STFT), ngudi ta nhin frame dé6
véi ham cilra s8, muc dich 12 t6i thi€u héa sai s do tin hiéu khong lién tuc & dau va cudi mdi
frame. Ham cita s§ thong dung nha't 1a Hamming:

W (n) = {0.54 — 0.46 cos(;—”"—l)} néu 0<n< N1 (2.4)
= 0 néu ngudgc lai
Bi&n ddi Fourier thdi gian ngdn: Bién ddi Fourier thdi gian ngdn ciia mot frame 1a:
N-1
X (k) =2 x(n)e™ >V 2.5)
n=0

Néu tinh trirc ti€p s& khong hiéu qua vi phdi thuc hién mot khéi ludng tinh todn 16n. P&
gidm bdt d) phic tap tinh todn, ngudi ta thudng diing bi€n d6i Fourier nhanh (Fast Fourier
Transform - FFT).

Mel-cepstrum: Tin hi¢u sau khi chuyén sang mién tin s& dugc dua dén diy bd loc theo
thang mel & Hinh 1. Do ddp tuyén tin s6 ciia m&i bd loc 1a tam gidc nén ta xdc dinh dugc
H,(w) la dép tuy€n tan s6 ciia b loc thit i. Goi ngd ra ciia titng bo loc 1a ¥,

1 T
= log(-b—;| S,w)I* H,(w)) véi i=1.N,,, (2.6)
[
véi §,(w) 12 phd va b, 12 s8 lugng phé cla b loc thit i. Bign ddi cosine rdi rac ngudc dé thu

dudc K hé so cepstrum vdi K dlfdc chon l1a 12
N fitter

Z Y, cos(

S l.'er i=1 f n'rer
Pao ham cdc hé s6 cepstrum Dé€ cdi thién hon nita biéu dién tinh chit phd, ngudi ta 18y
thém dao ham cdc hé s6 cepstrum theo thdl gian f la:
oc,, (t
Cg( )  AeLtyai ch (t+k) (2.8)
k==K
d d6 p 1a hiing s chudn héa thich hgp va (2K +1) 12 s& lugng frame cin tinh. Pién hinh

p=05 va K =2 la gid trj thich hop nh4t d& tinh dao ham cip mot.

~0.5)) v6i k=1..K @.7)

DPao ham log cdng suit ngin han: Tudng tu nhu dao him céc hé s6 cepstrum, dao ham log
cOng suat theo ¢ 1a:

Méfm_@:M ogP, ()~ p ZklogP (t+k) 2.9
7 T

c6 p va K dugc chon giéng trén.
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III. MANG NO-RON

Mang nd-ron gdm mdt tdp cdc phan tlf x{t 1y phi tuyé€n goi 1a cdc nd-ron hay mit mang hoat
dong song song. Do kha nidng xi¥ 1§ song song, chiu 16i, hoc miu va tinh todn phi tuyén nén
mang nd-ron dugc Wng dung rong rai trong cdc linh vuc nhu phan 16p, t6i vu, xap xi ham... ’
[41(8](9]

Gi4 s mang nd-ron gdm N dau vao, ky hiéu 13 x,,x,,..,x, c6 cdc trong s§ tudng dng

Wy, Wy 5y Wy, KEE NS v8i dduray thiy dugce tinh phi tuyén nhu sau:

y=fQwx, -9 (3.1)

trong dé ¢ la ngudng 'cuc bd va f 1a mot ham phi tuyén. Ham phi tuyén thudng ding 1a
ham sigmoid:
1

&= l+e™ 3-2) .
do y'= y(1-y) dé tinh, c6 ddu ra khong 4m va nhé hon 1. Pé xdc dinh hoin toan mdt mang
nd-ron, phai xdc dinh céc gid tri trong s8 v ngudng clia mdi phén tl tinh todn dua trén tip
méu. Thong qua tip miu, ta xdc dinh quan hé giita tip Q vector ddu vao x,,x,,..,X, Va tip
Q vector ddura y,,,,..., ¥, trong dé tng véi x, tacd y,, x, tacd y,, .., X, tacod y,. Qua
mdt s& vong lip, qué trinh hoc s& hdi ty va cho ra mdt tap céc thong s6 t8i uu.
C#u hinh cia mang perceptron # 18p (n>2) gdm: 16p thi nhat 1a 16p ddu vao, 16p thit » 12
10p ddu ra, va (n—-2) 16p 4n. M&i nit cla 16p thit i (0 <i < n) lién k&t véi moi niit & 16p thit
(i+1), v cdc nit trong ciing 16p khong lién k&t véi nhau. Thuat todn truyén ngudc sai s6
clia qud trinh hoc cho phép xdc dinh mgt mang perceptron. Nguyén ly cta thuit todn la
gidm gradient ham sai s§ E. Van d& hoi tu cda mang hién chua c6 chitng minh Iy thuy&t nao
chi ra cdu tric mang thich hgp cho mdt bai todn cu thé, nén hdu hét déu ding phudng phép
thit-sai. Chia tip miu thanh hai tip miu con: tip miu hoc va tdp miu ki€ém tra. C4c mang
¢6 s6 nit 4n khdc nhau duge hoc vdi tip miu hoc va dude ki€m tra tinh tdng qudt héa trén
tip mAu ki€m tra. Theo doi sai 8 trén tdp miu kiém tra, ta s& chon dudc o niit in dd dung
[9]. A P
IV. TIM KIEM VITERBI
Sau khi dd ¢6 mang nd-ron, véi ti€ng néi bat ky nim trong bd tif ving, ta chia thanh nhiéu
frame, mdi frame khodng 10ms rdi trich 12 hé s mel-cepstrum, 12 gid tri dao ham cta 12
hé s& mel-ceptrum, log cong suit va dao ham log cdng sudt, nghia 1 mdi frame trich dugc
12+12+2=26 hé s3. Do phd ti&ng néi khong chi phy thudc vao thdi di€ém hién tai, ma con
phu thudc vao su thay ddi phd theo thdi gian nén ngoai frame hién tai ta chon thém 4 frame
nita & cdc thisi diém -60, -30, 30, 60ms so v4i frame hién tai. M&i frame trich dudc 26 hé sd,
nén 5 frame trich dudc 26x5=130 hé s& hay vector dic diém ctiia m&i 4m vi phu thude c6 130
hé s6. Mang nd-ron 12 mang perceptron ba 1dp ¢6 130 niit § 16p dau vao tuong \ing vdi
vector dic diém ciia mot Am vi phu thudc, 200 nit & 16p &n va 128 nit ddu ra tudng ng vdi
128 4m vi phu thudc can phén 1dp.
Goi T 1a s8 lugng frame ctia ti€ng n6i, N =128 1 s& lugng am vi. V6i mbi frame ¢, hay tai
thoi diém ¢, 1<t < T, ta 6 dude vector dic diém gdm 130 hé s6. Mang nd-ron sé& udc lugng
xdc sudt Am vi cho vector dic diém nay, chi § ham truyén sigmoid khéng rang budc tdng
xdc sudt cdc am vi phdi biing 1. Tuy nhién ddi vdi cdc ¥ng dung nhu so sénh hay k€t ndi udc
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lugng xdc sudt cia cdc mang v6i nhau doi hdi tdng xdc sudt phdi bing 1. € dat dugc diéu
ndy, ta c6 thé chudn héa ham truyén diu ra bing ham mi nhu softmax [11]. Ky hiéu xédc
sudt tao ra &m vi thi j cua frame ¢ 13 b,(f), trong d6 0<b,()<1 va 1< j<N,toanbd T
frame sé& tao ra ma trdn xdc suidt am vi B = {b,(f)} , muc tiéu datra la tim trong ma trdn B ti
t6t nhat. Mudn vy, ta phdi xdc dinh tp cdc chudi 4m vi hdp 1€, diéu nay phu thudc vao s&
Iugng tir cAn nhan dang, cdch phdt 4m cila titng tir va trit ty k€t hdp (vin pham) ctia cédc tir
d6. Chéng han, cdn nhin dang hai tir: “khéng” c6 phat 4m 1a [XoN] va “mét” c¢6 phat 4m 1a
[mot] néi lién tuc ding mé hinh 4m vi ddc 14p, trit ty k€t hdp ngdu nhién. Ta nhin thdy cé
ba chudi hop 1€ 12 chudi 1 bat diu tir Am vi X, chudi 2 bat ddu 6f 4m vi m, chudi 3 bit ddu
tlf 4m vi <.pau>. Trong qud trinh im trén ba chudi nay, ¢ thdi diém dang xét, ta s& chuyén
d€n 4m vi mdi n€u xdc sudt 4m vi mdi 1dn hon x4c sudt 4m vi hién tai. D€ thuén tién cho
viéc trinh bay thuét todn Viterbi, ta cong thitc héa diéu nay. Goi 7z = {7,} 12 ma trdn xdc
suit Am vi ban dau vdi 7, 1a xdc sudt 4m vi j tai thoi di€ém =1, 7, =1 n€udm vi j hop
1€, nguge lai 7, =0 néu 4m vi j khong hgp 1&. Ky hiéu 4m vi & thdi diém r1a gq,;
A, ={a, ()} 12 ma trén x4c sudt chuyén am vi & thoi diém 1, v6i a, (1) 12 xdc sudt chuyén
amvi i 3 thdi di€m -1 d€namvi j & thdi di€m ¢, a, (1) =1 néu ;= arg max (b, (1)]- trong dé
Isks
chudi 4m vi ¢,, =i va ¢, =k hdp 1, ngugc lai a,(f) =0 n€uchudi dmvi g,_, =i va ¢, =k
khéng hgp 1&. Nhu viy tai mdi thoi di€m ¢, ta c6 mdt ma trdn A, v6i a,(t) chi c6 hai gid tri
12 0 va 1. Phan Vi du phia sau s& minh hoa r5 nhitng diéu vita thdo luan. Ap dung thuit todn
Viterbi [3][5] d€ tim chudi 4m vi t&t nhit q =(g,9,...q;) Ung véi ma trdn x4c sudt &m vi B
da cho. Goi
6,()= max Plg\q,..4,1,9, =|B] “4.1)

1:92591<1
nghia 12 &,(i) c6 xdc sudt 16n nhAt tinh ti¥ thdi diém ban ddu dé€n thdi diém t k&t thic § 4m
vi i cda chudi 4m vi trén. Qui nap
811 (/) = [max 5, (Da, (1 + D]b, (1 +1) (4.2)

Mu6n x4c dinh chudi 4m vi, ta sit dung mdng w,(j) d€ luu lai d6i s 1am cho Phuong trinh

(4.2) cuc dai & tirng thoi di€ém 7 va j. Thuét todn tim chudi 4m vi (3t nhat nhu sau:
1. Khdi tao

5,()=m,b,(1) 1<j<N (4.3a)
v, (j)=0 (4.3b)
2. Quinap
2SELT
é,())= fg_gﬁ[ar—l (i)a;j (t)]b; (1) I<j<N (4.4a)
dZrsT
v, (J) = argmax[5,_, (a, (1)] 1<j<N (4.4b)
3. Két thic
P" =max[5;(7)] (4.52)
gr = argmax[ &y (i)] (4.5b)

4. Lan ngudc con dudng (chudi 4m vi)
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9 =v..(qr) (Rt i o S N | (4.6)

Biing cdch 14y log cdc tham s, ta ¢6 thé€ td chic thudt todn Viterbi ma khong cin phép nhan
nao ddng thi trdnh tran do tich qué nhidu dai Iugng nhé hon 1.

Vi du: P€ minh hoa qu4 trinh tim ki€m bling thudt todn Viterbi, xét bi todn nhén dang hai
tir: “khong” [XoN] va “mdt” [mot] n6i lién tuc gdm 6 4m vi doc 1ap theo thif tv 4m vi 1 13 X,
dmvi2laN,amvi3lam,dmvi41ad o,dmvi5lat, am vj 6 1a <pau>. Mang nd-ron c6 6
nit & 16p dau ra. Cho ti€ng néi batky T =10 frame, thong qua mang nd-ron ta dugc ma tran
Xdc sudtam vi B 1a:

X 01 0.1 9204 03 0.1:01 03 0101
N 04-:02-0.2 02 02 0.1: 8.1
m 0.6 0201 “0.10.1 ‘01
o 9 0.8 02 0.1
t 04 03/02 01 02 02 04 03

<.pau> 0.8 09/ 03 02 0.1 0.1
Budc 1: Khdi tao
8,(j)=m,b,(1) 1<j<N
w,(/)=0
Tai =1, am vi bit ddu ludn luén 12 X, m, <pau>nén z=[1 0 1 0 0 1], ky hiéu
chi s6 trén 712 ma trdn chuyén vi. Nhu vay ¢ tat ca 3 chudi hop 1&: chudi 1 bit ddu & 4m
vi X, chudi 2 & 4m vi m, chudi 3 & 4m vi <.pau>
o,(1) (1)(0.1)=0.1
6,(2) = (0)0.2)=0
5,(3) = (1)0.2)=02
6,(4) = (0)0.3)=0
6,(5) = (0)(0.49)=0
5,(6) = (1)(0.8)=0.8
wvi) = 0, ¥, (2)=0, v,(3)=0, y,(4)=0, ¥,(5)=0, v,(6)=0
Budc 2: Qui nap

0.8 0.9

1l

, _ 2&rR T
6,(J) = max[s,, (Da, (b, (1) 1< <N

, _ S22 T
v, (j) = argmax[5, , (1)a, (1)] 1<j<N

* PGi v6i chudi 1, do tai £=1 12 4m vi X nén tai =2 am vi hdp 1& 12 X, o. Bdi vi
b,(2)=0.2 16n hon b,(2)=0.1 nén a,,(2) =1, céc a,,(2) conlai déu biing 0.
DP3&i véi chudi 2, do tai =112 4m vi m nén tai =2 am vi hgp 1& 1a m, o. B3i vi
b,(2)=0.7 I6n hon b,(2) =0.2 nén a;,(2) =1, cdc a,;(2) con lai déu biing 0.
Dai vdi chudi 3, do tai =1 12 Am vi <.pau>nén tai =2 4m vi hop 1€ 1a <.pau>, X, m.
Béivi b_,,.(2)=0.9 16n hon b,(2)=0.1 va b,(2)=0.7 nén a,(2)=1, cdc a,(2) con
lai déu bing 0.
Do khdng ton tai nhitng chudi khdc nén céc a,,(2), a,,(2), a;,(2) déu bing 0.
6,(1) = max[(0.1)(0) (0)(0) (0.2)(0) (0)(0) (0)(0) (0.8)(0)](0.1)=0
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6,(2) = max[(0.1)(0) (0)(0) (0.2)(0) (0)(0) (0)(0) (0.8)(0)](0.3)=10
6,(3) = max[(0.1)(0) (0)(0) (0.2)(1) (0)(0) (0)(0) (0.8)(0)](0.7) = 0.14
6,(4) = max[(0.1)(1) (0)(0) (0.2)(0) (0)(0) (0)(0) (0.8)(0)](0.2) = 0.02
6,(5) = max[(0.1)(0) (0)(0) (0.2)(0) (0)(0) (0)(0) (0.8)(0)](0.3)=0
6,(6) = max[(0.1)(0) (0)(0) (0.2)(0) (0)(0) (0)(0) (0.8)(1)](0.9)=0.72 -
v,(D = 0,y,2)=0, ¥,(3)=3, ¥, () =1, w,(5)=0, v, (6)=6

* DOi véi chudi 1, do tai =2 12 4m vi o nén tai r=3 a4m vi ‘hqp 1€ 1a o, N. Bdi wi
by (3)=0.3 16n hon ,(3) = 0.1 nén a,,(3) =1, cic a,,(3) con lai déu bing 0.
P&i v6i chudi 2, do tai =2 13 4m vi m nén tai t=3 am vi hop 1é 1a fn, o. Bdi vi
b, (3)=0.8 16n hon b,(3) = 0.1 nén a;,(3) =1, cdc a;,(3) con lai déu biing 0.
D3&i v6i chudi 3, do tai =2 12 4m vi <.pau> nén tai =3 am vi hop 16 1a <pau>, X, m.
Bdi Vi b,(3)=0.8 16n hon b, (3)=02 v b, (3)=03 nén a(3)=1, cdc a,,(3) con
lai déu bing 0.
Do khdng ton tai nhitng chudi khdc nén cdc g,,(3), a;,(3), as,(3) déu bing 0.

<. pau>

Ta nhdn thdy, tai ¢ =3, chudi 2 ¢6 a,;(3)=1 va chudi 3-cé a,(3) =1, nghia 13 chudi 2 va

chudi 3 nhép chung lai. Thuit todn Viterbi s& chon chudi ¢6 diém tich lily cao nhat tai thdi

diém nay, d6 1a chudi 3. Liic nay chi con hai chudi la 1 va 3.

6;(1) = max[(0)(0) (0)(0) (0.14)(0) (0.02)(0) (0)(0) (0.72)(0)](0.2) =0

0,(2) = max[(0)(0) (0)(0) (0.14)(0) (0.02)(1) (0)(0) (0.72)(0)]1(0.3) = 0.006

6;(3) = max[(0)(0) (0)(0) (0.14)(1) (0.02)(0) (0)(0) (0.72)(1)](0.8) = 0.576

0;(4) = max[(0)(0) (0)(0) (0.14)(0) (0.02)(0) (0)(0) (0.72)(0)](0.1) = O

d,(5) = max[(0)(0) (0)(0) (0.14)(0) (0.02)(0) (0)(0) (0.72)(0)](0.2) =0

6,(6) = max[(0)(0) (0)(0) (0.14)(0) (0.02)(0) (0)(0) (0.72)(0)](0.3) =0

;1) = 0, y5(2)=4, v, (3)=6, y;(4)=0, ¥;(5)=0, w,(6)=0
Léap ludn tudng tu cho cdc thdi diém ¢ con lai. Lun ¥ do tai =7 4m vi 12 t va néi lién tuc
nén am vi hgp 1€ tai r=8 13 t, <.pau>, X, m. Cudi cing lan ngudc chudi, ta s& duge chudi
am vi t6t nhat (c6 xdc sudt 16n nhat) 1a 6633445566 hay <.pau><.pau>mmoott<.pau><.paus.
D6 13 tiY “mot”.
Néu st dung md hinh 4m vi phu thudc thi s& Iugng 4m vi s& nhiéu hon, cdn thuit toin
Viterbi vin khong thay ddi. Ciing vi du trén, ta ¢6 20 4m vi phu thudc 1a <.pau>, $sil<X,
N<X, t<X, X>0, X<o0, o>N, o<N, N>$sil, N>X, N>m, $sil<m, N<m, t<m, m>0, m<o, o>t,
t>$sil, X, t>m. Tai r=1, 4m vi bt diu ludn ludn 1a <.pau>, $sil<X, N<X, t<X, $sil<m,
N<m, t<m. Tai ¢ =2, n€u trudc d6 1a cdc 4m vi $sil<X, N<X, t<X, thi 4m vi bay gid chi c6
thé 12 chinh cdc 4m vi d6 va X>o.
V. THU NGHIEM VA KET LUAN
Tir nhitng di€u da trinh bay, ta xdy dyng hé nhin dang ti€ng néi ¢ tin s§ 14y miu 8kHz.
Qu4 trinh nay gdm cic budc sau:
Chia ti€ng n6i thanh thanh nhi€¢u frame, mdi frame chitrng 10ms.
Trich vector dic di€m clia mdi frame gém phd frame d6 va mdt s6 frame 14n cén.
Udc lugng xdc sudt 4m vi cho vector dic di€ém clia m&i frame diing mang nd-ron.
Cin cif vao ma trin x4c sudt 4m vi, cdch phdt 4m tirng ti¥ va ludt vin pham cla cdc
tif cAn nh4n dang rdi 4p dung thuit todn Viterbi d€ x4c dinh tif phd hgp nhat.
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Chuong trinh thit nghiém dugc vi€t bing Microsoft Visual C++ 6.0 dya trén CSLU Speech
Toolkit: http://cslu.cse.ogi.edu phu thudc ngudi néi cho két qua nhanh, c6 d§ chinh xdc ti la
99% va do chinh xdc cau 1a 97% di khing dinh khd ning ng dung ciia mang nd-ron trong
lanh vyc rat phifc tap 12 nhin dang ti€ng néi.

VI. HUGNG PHAT TRIEN

Trong bai bdo nay, ching tdi chi quan tam dén phuong phdp nhén dang ti€ng ndi ti€ng Viét
lién tuc theo md hinh 4m vi phu thude ma chua dé& cip dén thanh diéu ti€ng Viét 13 dudng
nét cia tin s6 co ban. Céc nghién ciu gin day[1][2] cho thdy phép bién ddi wavelet da
dude wng dung thanh cong trong nhén dang ti€ng Viét. Vi vdy, hudng phat trién trong tudng
lai 12 thay th€ phan tich MFCC dua trén bi&n d6i Fourier va cosine bing bi€n ddi wavelet dé
cai thién do chinh xdc khi nhdn dang.

CONTINUOUS VIETNAMESE SPEECH RECOGNITION USING
NEURAL NETWORKS

Le Tien Thuong, Tran Tien Duc
University of Technology - VNU-HCM

ABSTRACT: This paper describes the method for creating neural networks based continuous
Vietnamese speech recognizer. By Vietnamese phonetic analyzing, we can determine the
context-dependent phonemes from a given vocabulary, which means that one phoneme is
classified differently denpending on the phonemes that surround it. The feature extraction
has used the current popular model as the mel-ceptrum, where the short-time spectrum is
warped according to the mel scale, then direct transformation of the log power spectrum to
 the cepstral domain using an inverse discrete cosine transform. The neural netwoks has been
applied to estimate context-dependent phoneme probabilities that outputs value in the range
0 to 1. The phoneme probabilities for the successive frames are arranged in a matrix. We
then use the Viterbi algorithm to find the legal string of phonmes throught the matrix gives
us highest score, that is also the target word. The experiments were programmed in Microsoft
Visual C++ 6.0. The high accurate results confirmed applicable of the neural networks for
Vietnamese speech recognition.

Keywords: speech recognition, context dependent phoneme, mel-cepstrum, neural networks,
Viterbi algorithm.
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