NHAN DANG TIENG NOI CHU SO VIET
SU DUNG BQ CONG CU

Ngé Thi Thiy Véan®
Nguyén Thi Thu Huyén?

Tém tit: Nhin dang tiéng néi ciia con ngueoi da va dang thu hit s quan tam
nghién citu ciia nhiéu nha khoa hoc trong va ngodi nwée. Trong nhitng ndam gan day,
c6 nhiéu nghién cirunhdn dang tiéng néi cho tiéng Viét nhung chii yéu tap trung vao
nhan dang tw roi rac, hay hé théng nhan dang lién tuc voi kich thudc nho. Bai bdao
trinh bay hé théng nhan dang tiéng néi chir sé Viét sir dung Hidden Markov Model
(HMM) Tool Kit (HTK) dé thuc nghiém déanh gid. Két qua dwoc kiém nghiém bang cdc
tiéng néi chir sé roi rac, lién tuc va cé dé chinh xdc tuong déi cao.

Tir khoa: nhan dang tiéng néi, mé hinh Markov an, bé cong cu nhan dang HTK,
chir s6 Viét, hé thé’ng nhan dang.

1. Mé dau

Ngay tir khi may tinh ra doi, con ngudi ¢a mo wéc méy tinh c¢6 thé néi chuyén voéi
minh, chinh vi vay viéc nghién ctru cac phuong phap va phat trién ki thuat nhan dang
tiéng n6i da va dang thu hut rat nhiéu sy dau tu va nghién ctru ciia cac nha khoa hoc
trén thé gidi. Hién nay trén thé gidi, linh vuc nhan dang tiéng noi (Speech recognition)
da dat dugc nhiéu tién bd vuot bac, viée ra 1énh, diéu khién céc thiét bi dién tir nhu
ti vi, smartphone, may tinh bang giong noi khong con qua xa la véi nguoi dung. Tuy
nhién nhan dang ngon ngir tiéng Anh da duoc nghién ciru kha hoan thién, con ngdn
ngir tiéng Viét do c6 tinh chét phiic tap vé mit ngir Am nén can tap trung nghién ciru
nhiéu hon. Mot hé thong nhan dang tiéng noéi ¢ nudc ta phai duoc xay dung trén nén
tang cua tiéng noi tiéng Viét.

2. Noi dung

2.1. Nhén dang tiéng néi

Nhan dang tiéng néi 1a qué trinh xtr 1y tiéng noi nham bién tin hiéu tiéng néi do
ngudi phat ra thanh tin hiéu sd, sau d6 sir dung mot sé giai thuat dé ddi chiéu giira tin
hiéu thu dugc trong tng vaoi dit 1liéu tham chiéu nao trong bg tham chiéu (tir dién nhan
dang). V& ban chat, day 1a qua trinh bién d6i tin hiéu 4m thanh thu duoc clia nguoi noi
qua Micro, duong day dién thoai hoac cac thiét bi khac thanh mot chudi cac tir mot
cach chinh xéc va hiéu qua. Két qua cua vi¢c nhan dang sau do co thé duoc ung dung
trong hoc tép, diéu khién, nhap dir ligu. ..

1. Khoa Ngoai ngir, Pai hoc Thai Nguyén
2. Khoa Ngoai ngii, Pai hoc Thai Nguyén
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Dit liéu tiéng néi

Mo hinh M0 hinh
to vung ngbn ngir
La Tu dugc
T'Cérg@U . 4 v nhan
»| Phan tich xéc » Mohinh |y Timkiémy | dang
dinh dac tinh héa/Phan [6p boi sanh
Di liéu tiéng noi
M0 hinh
ngon ngir
T duoc
Tin hiéu 4 nhan
Va0 | Phan tich xéc »| Mohinh |yl Timkiémy/ | 0ang

—» dinh dictinh héa/Phan 16p Déi sanh

2.2. H¢ théng nhdn dang tiéng noi tié'ng Viét va mé hinh Markov dn

Heé thong nhan dang tiéng néi tiéng Viét gidng nhu hé thong nhan dang cac ngon
ngir c6 thanh diéu khac, bao gdm hai qué trinh nhan dang song song d6 1a: nhan dang
cac tir khong c6 thanh di¢u va nhan dang thanh di¢u rdi tong hop dé dua ra quyét dinh.

Tiéng néi cé - — Tirnhén dang
thanh diéu Nhén dang cac tir khong dau }— diy di

_ —»
—{ Nhan dang thanh diéu }—

Hinh 2: Cau trac hé théng nhin dang ngdn ngit ¢6 thanh diéu

Mo hinh Markov 4n (Hidden Markov Model — HMM) 14 mé hinh thong ké dung
dé mo hinh hoa cac loai tin hiéu theo thoi gian, voi cac tham s khong biét truée. Thuc
té nghién ctru trong va ngoai nudc cho thy, trong linh vuc nhan dang tiéng néi mo
hinh Markov 4n cho két qua nhan dang t6t hon cac phuong phap khac.

2.3. B cong cu nhan dang tiéng néi tiéng Viét HMM Tool Kit (HTK)

HTK 1a mot tap cong cu dé xay dung mo hinh nglr &m cho muc dich nhan dang
tiéng noi, dugc phat trién boi Steve Young va cac dong nghiép ciia ong & trudng Pai hoc
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Cambridge [2] HTK tich hop hau hét cac ki thuat vé mo hinh Markov an, cac ki thuat vé
xtr Iy va nhan dang tiéng néi. Ngoai ra, né con cho phép ta xay dung cic mo hinh ngon
ngit, ¢t phap van pham dé qué trinh nhan dang tiéng néi dat hiéu qué cao hon.

— HSLas Chuedn bi
HCOPY i Chuan bi

HLSTATS HLIST ! di lién
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Hinh 3: Cac cong cu va chuc nang trong HTK.

~h "hmm1"
<BEGINHMM>
<NUMSTATES> 5
<STATE> 2
<MEAN> 39
-1.233344e+001 5.331151e+000 2.7027622+000 3.509391e+000 3. 3267892+000
<VARIANCE> 39|
2.965368e+001 1.900993e+001 3.466729%e+001 3.015772e+001 4. 367296e+001
<GCONST> &.402006e+001
<STATE> 3
<MEAN> 39
-1.233344e+001 5.331151e+000 2.7027622+000 3.509391e+000 3. 3267892+000
<VARIANCE> 39
2.965368e+001 1.900993e+001 3.466729%9e+001 3.015772e+001 4. 367296e+001
<GCONST> &.402066e+001
<STATE= 4
<MEAN= 39
-1.233344e+001 5.331151e+000 2.7027622+000 3.509391e+000 3. 3267892+000
<VARIANCE> 39
2.965368e+001 1.900993e+001 3.466729%9e+001 3.015772e+001 4. 367296e+001
<GCONST> &.402066e+001
<TRANSP> 5
0. 000000e+000 1. 000000e+000 0. 000000e+000
0. 000000e+000 ©.000000e-001 4.000000e-001
0. 000000e+000 0. 000000e+000 6.000000e-001
0. 000000e+000 0. 000000e+000 0. 000000e+000
0. 000000e+000 0. 000000e+000 0. 000000e+000
<ENDHMM:=

Hinh 4: C4u trac tap tin mé hinh Markov 4n (HMM) dugc tao boi HTK

2.4. Mjt s6 Modul sir dung trong qua trinh xdy dung hé thé’ng nhdn dang
tiéng néi tiéng viét trong bp cong cu HTK

. 00000024000 0.0000002+000
. 000000e+000 0.000000e+000
. 000000e-001 0.000000e+000
. 000000e-001 3.000000e-001
. 000000e+000 0.000000e+000

[T I S ]

Modul nay s& copy mot hay nhiéu file dit liéu vao mot file dau ra duoc chi dinh
trudc, no chuyén doi dir liéu sang dang tham so6. La modul dé ruat trich déc trung trong
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tap tin chira tiéng nodi. HCopy duoc st dung theo cac budc sau:

D lig e Dinh nghia mb
i ligu . MB8hinth phtngrk s i mo
ifngnsi M oot ThUREnE g g Madkovd
ng ngén gl buse mang AR ER
$ ¢+ 4 ¢
\j Y A\ Y Y
HAudio | HLabel ‘ HLM l HNet | HDict
HWave =
gaém HModel
HUul Judt nhap
—~— . %
HSigP HTK Tool HShell déng/lenh
—a—» it nhdp
HMem HGraf a6 hoa
HMath | HTrain | HFB l HAdapt | HRec

;

IS hinh

hudn luyén
Hinh 5: Cac Module va céac chtrc nang trong HTK.HCopy

Buée 1: Tao tap tin script dung dé chira tén cac tap tin can chuyén dbi va tén cac
tap tin két qua (chang han nhu dit tén 1a chuyendoi.scp).

Mbi dong trong tap tin script chira 2 duong dan:

Tén tap tin can xir ly Tén tip tin két qua tuong Gng

Vi du:

c:/YOU_2/wave/l.mfc

c:/YOU_2/wave/10.mfc

c:/YOU_2/wave/11.mfc

c:/YOU_2/wave/12.mfc

c:/YOU_2/wave/13.mfc

c:/YOU_2/wave/14.mfc

c:/YOU_2/wave/15.mfc

Buée 2: Tao mot tap tin cAu hinh c¢6 tén HCopy.cfg chira cac thong tin nhu kiéu
tap tin nguén, kiéu tap tin dich, kich thudc ctra $6. ..

Vidy: SOURCEKIND = WAVEFORM
# dang hinh song
#SOURCEFORMAT = WAV
#kién tap tin .wav
TARGETRATE = 100000.0
#tan s6 tap tin két gua 100Hz
WINDOWSIZE = 250000.0
#kich thwé'c cira s6 25ms
USEHAMMING =T

#diing cira s6 hamming = true
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Buée 3: Thuc thi 1énh dé tao ra tap tin dich, chang han dong 1énh nhu sau:

HCopy —C HCopy.cfg —S chuyendoi.scp

HParse

Modul nay dung dé tao tap tin mo hinh ngdn ngi tlr tip tin van pham. c6 thé st
dung bang cach sau:

Buoc 1: Tao tap tin van pham phu hop véi nglr canh (chéng han dat tén 1a gram),
Vi du tap tin d6 nhu sau:

$digit= moojt | hai | ba | boosn | nawm | sasu | bary | tasm | chisn | khoong;

(<$digit>)

Buoc 2: Thuc thi 1énh HParse:

HParse gram wdnet

Két thiic qua trinh ndy ta thu dugc tap tin wdnet. Tap tin nay dugc ding dé gan
nhan trong modul HVite.
HVite
‘ HVite 1a modul thch ding dé nhan dang trong hé théng nhan dang tiéng noi
bang mo hinh Markov an, dugc str dung qua cac budc nhu sau:

Buoc 1: Tao tap tin script chira tat ca cac tap tin can nhan dang vi du dat tén l1a
test.scp.

Buée 2: Chuan bi cac tap tin nhu: tir dién d}'Ct, mang ngon nglr wdnet, cdic mo
hinh HMM hmmlist, tap cdc m6 hinh HMM da huan luyén hmmset.

Buée 3: Thuc thi 1énh HVite véi cac dong 1énh vé cac tham sé:

HVite —w wdnet —I recout.mlf —S test.scp —H hmmset dict hmmlist

Két thuc 1énh tép tin Master lable recout.mlf chira moé ta cac dir li¢u can nhan
dang dugc tao ra.

HCompV

HCompV dung dé khai tao mé hinh Markov an khi tap tin huan luyén chua duoc
danh nhan. Céac budc su dung HCompV nhu sau:

Bueée 1: Tao tap tin script chira tat ca tap tin ding huan luyén (ching han dat tén
la train.scp).

Buwée 2: Tao md hinh HMM khoi dau gia sir tén 1a proto.

Buoc 3: Thyce thi HCompV véi 1é€nh sau:

HCompV -S train.scp proto

Két thuc 1énh ta thu duge md hinh HMM véi tham sb cua tap tin dir liu.

HRest

Dung dé huan luyén m6 hinh HMM, duoc thuc hién theo cac budc sau:
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Buée 1: Tao tap tin script chira tit ca cac tap tin dung dé hudn luyén (chiang han
o tén la Train.scp).

Budc 2: Khoi tao tap tin mo hinh Hmm bang HCompV nhu d néi & trén.

Buoc 3: Thyc thi lénh HRest voi dong lénh va tham $6 nhir:

HRest —S train.scp vidu

Két thic 1énh trén ta thu duoc md hinh HMM da huén luyén trong tap tin vidu.
2.5. Két qua thir nghiém xay dung hé thong nhan dang tiéng néi chir sd tiéng Viét
Xay dung co s& dir liéu chit s6 tiéng viét

Co so dit liéu trong thyc nghiém 1a co s& dit liéu tu xay dung véi 1000 mau trong
tap huan luyén va 100 mau trong tap test. D¢ thuan tién cho viéc gan nhan, dir liéu
duoc thu theo céc cau da duoc phat sinh ngau nhién (dang van ban) nho cong cu HTK.

Cac budc xay dung dir liéu nhu sau:

- Sinh t6 hop ngdu nhién 1100 cau vin ban co kich thude tir 1 d&én 10 tir bo 10
chit sb tir 0 dén 9.

- Tach 1100 cau thanh 22 bd cau nho, mdi bo 50 cau

- Tién hanh thu 4m véi 22 ngudi néi tuong Gmg véi 22 bd cau (11 nit, 11 nam,
do6 tudi tir 20 dén 24)

- Lay ngiu nghién 100 ciu trong 1100 cau da thu 4m lam b test, con lai 1000
cau lam bo traing.

Béng phién am 10 chit s tiéng Viét

Céch phién 4m c6 vai tro rat quan trong dam bao chét lugng cua hé thong nhan
dang. Hé thong sir dung bang phién 4m am vi cho hé théng nhan dang 10 chit sb tiéng
Viét nhu sau:

Bang 1: Bang phién 4m 10 chir s6 tiéng Viét

Chirsé | Phién 4m chinh ta Phién 4m am vi
0 Khoong /Kh/ /oo/ /ng/
1 Moojt /m/ /ooj/ / t/
2 Hai /h//allil
3 Ba /b//al
4 Boosn /b//oos//n/

5 Nawm /n//aw//m
6 Sasu /s//as//u/
7 Bary /bl/ar/ly/
8 Tasm /t//as//m/
9 Chisn /ch//is//n/

Phuong phép xdy dung hé thong nhan dang chit s tiéng viét
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Phuong phap xay dung hé thong nhan dang 10 chit s6 phat am tiéng Viét duoc tién

hanh theo cac budc:

Tur dién: duoc xay dung dlg:a trén bang phién 4m am vi bao gdm 2 loqi tir dién cho
2 thuc ng}}iém khéc nhau dé danh gia do chinh xac va ChQI} ra bd tir dién thich hop.
Mot tir dién khong chén céc sp (short pause) va mot tir dién cd chén thém céc sp.
Str dung bd cong cu HTK dé xur 1y rat trich dic trung cua dit liéu huan luyén va
dir liéu Test.

Xay dung mo hinh Markov 4n voi ham phat xa quan sat la ham mat do Gauss.

S6 luong trang thai trong mo binh Markov an 1a 5 trang thai, trong d6 c6 1 trang
thai khdi dau va 1 trang thai két thiic khong c6 phat xa quan sat.

Str dung vector dic tinh phd gdm hé s6 MFCC, gié tri ning l}ro“ng cung cac delta,
delta- delta cua cac gia tri nay tao thanh tap 39 dac tinh phd tuong tng véi moi
khung tin hiéu 10ms.

Tién hanh budc cac am vi khong co du bo dir liéu h}lén luyén theo phuong phap
dung cay (gree- based). Cac éqn vi trong tap dir liéu kiém tra mé’ khong co rpeit trong
dir li¢u huan luyén s€ dugc tong hop tir cac am vi da duoc huan luyén giong nhat.
Thtr nghiém tron nhiéu ham Gauss va mix cac trang thai.

Két qua thyc nghiém

Thir nghiém véi tir dién c6 chén short pause va khong chén short pause

Trong khi ndi, gitra nhiing cau nhfmg tir s€ c6 khoang ngt‘mg nghi khac nhau, do

vay de may c6 thé phan biét duoc diéu nay 1a rat khé khan. Dé kiém tra su anh huong
cta yeu t6 ngimg nghi giita cac cau, cac tir t6i do chinh xac cua hé thong, nhom tac gla
da tién hanh thir nghiém trén 2 bo tir dién phién am 10 chir s tiéng Viét. Mot bo tir dién
phién 4m khong chén thém cac 4m quy dinh 13 khoang nghi va mot bd tir dién c6 chén
thém céc sp quy dinh la nhitng khoang nghi gitra cac tur.

#dict
ba ba ba b a

ba b a s
bay bary Eary g 2 v

ar ar s
bon b oosn boogn b 00); np
hi hi boosn b oos n sp
chin chisn chisn ch is n|

. . chisn ch is n sp

hai hai hai h a i

hai h a i s
khong kh oo ng khoong kh o6 ng

. khoong kh oo ng sp

mot m oo] t moojt m ooj T

moojt m 00] t sp
nam nawm nawm n aw

nawm n aw m sSp
s5an sasnu Sasu s as u

5asu 5 as u sp
tam tasm tasm €t as m
. . tasm T as m s
silence sil silence sil P

+Tuwr dién khong chen thém cac sp. +Twr dién co chen thém cac sp.

Két qua cua thir nghiém dd chinh xéc ctua hé théng nhén dang theo 2 bo tir dién

o trén dugc cho trong bang sau:
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Béng 2. Két qua thir nghiém hé théng nhan dang vai bo tir dién ¢6 chén sp va khong chén sp

Hé thong nhan dang Mirc cau Mirc tir
Bo tir dién khong chén sp 56% 90%
Bo tir dién c6 chén sp 70% 90%

Nhu vay, voi bd tir dién cé chén thém cac sp, d§ chinh xac mirc cau sé tang 1€n.
3. Két luan

Bai bdo da trinh bay hé théng nhan dang tiéng noi dua trén bg cong cu HTK. Mo
hinh thtr nghi¢m nhan dang tiéng néi chit s6 Viét duoc xay dung dya trén bd cong cu
HTK da dap ung dugc muyc tiéu cia nhom tac giad. Chung t61 da thir nghiém véi 1000
cau lam dif liéu huén luyén va 100 cau lam dir lidu test, két qua cho do chinh xéac c6 thé
chap nhan duoc (70% ddi voi mie cau) va (90% ddi véi muc tir).
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Title: VIETNAMESE NUMERAL RECOGNITION BY USING HTK
NGO THI THUY VAN
NGUYEN THI THU HUYEN
School of Foreign Languages — TNU
Abstract: Human speech recognition has been being studied both at home and
abroad. Several studies on Vietnamese speech recognition have recently been carried
out but they mainly focus on discrete word recognition or small-scale uninterrupted
recognition systems. The paper will present a system of Vietnamese numeral recognition
using Hidden Markov Model (HMM) Toolkit (HTK) for empirical assessment. The
results are tested via discrete or continuous numerals with relatively high accuracy.
Keywords: Speech recognition, Hidden Markov Model, HTK, Vietnamese
numerals, recognition system.
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