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ABSTRACT

This paper presents a neural networks-based method for a robot control system using Vietnamese
voice commands. A STFT-based method for formant estimation is used to extract important
features of recorded waveforms to generate the training data. A multi-layer feed-forward neural
network is trained to recognize four words of any speakers, which are ‘Trdi’, ‘Phai’, ‘Téi’, and
‘Lui’. Testing our system to control a wireless car shows the stability, accuracy of approximately
90% and ability to extend the system.
Keywords: Artificial neural networks, Speech recognition, Pitch period, Formant detection, Micro-
controller, Control system

Title: A method of applying neural networks to control system by Vietnamese speech
TOM TAT

Bai bdo dé cdp dén mét giai phap ung dung mang no-ron nhan tao (Artificial neural networks) dae
diéu khién thiét bi bang giong néi tiéng Viét. Phép bién doi Fourier thoi gian ngdn - STFT (Short
time Fourier Transform) dwoc dp dung dé trich cdc dic trung co ban cua tin hiéu tiéng noi. Mot
mang no-ron nhan tao gfwo’c hudn luyen dé nhdn dang giong néi tiéng Viét cia bat ky nguoi nao,
khi ho doc mot trong bon tir lénh “Trdi’, ‘Phai’, ‘Téi’ va ‘Lui’ (Gp dung dé diéu khzen robot). Két
qua nghién ciru duwoc kiém chirng théng qua viéc diéu khién tir xa mot xe Vo tuyén. Bé chinh xdc
dieoe wée lieong xdp xi 90% va kha ndng mé réng tdp 1énh diéu khién la rat cao.

Tir khéa: Mang no-ron nhén tgo, nhin dang tiéng néi, Chu ki cao dp, trich cdc formant, Vi diéu khién,
hé thong diéu khién

1 GIOI THIEU

Ung dung nhéan dang tiéng n6i dé diéu khién thiét bi 1a mot linh vye thiét thyc trong cudc
song. Co nhleu phuong phap tlep can dén nhan dang tiéng néi, song do tinh phtrc tap vén
¢ clia mdi ngodn ngir va moi chit giong ciia timg dan toc, ma linh vuc nay ludn 1a mot
thach thirc to 16n d6i v6i nhitng ngudi dam mé.

Bai viét nay chung toi mong mudn tim kiém mot giai phap tng dung tri tué nhan tao
trong cudc song. Cu thé 1a 4p dung mang no-ron nhan tao (artificial neural networks, goi
tat 14 mang no-ron) dé nhan dang mot sO tr co ban cua tiéng Viét, du dé diéu khién mot
mini-robot. Vi muc tiéu mong mudn 14 bat ki nguoi sir dung nao ciing c¢6 thé van hanh
tdt thiét bi bfmg cach doc cac 1énh vao micro cua may tinh.Mang No-ron s€ nhan dang tur
diéu khién vira doc, va goi dén mach giao tiép thiét bi byte diéu khién twong tmg (Hinh 1).
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Hinh 1: So' d6 khéi hé théng

1 Bo mén Vién thong va Ky thuét Diéu khién, Khoa Cong nghé Thong tin.
2 Bo mdn Hé thong thong tin va Toan tmg dung, Khoa Cong nghé¢ Thong tin.
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Chung t6i tién hanh xay dung hé thong c6 thé diéu khién thiét bi bang 4 tir: “Téi’, ‘Lui’,
“Trai’ va *Phai’. Két qua thir nghiém rat kha quan va cho thiy kha ning mé rong tap 1énh
diéu khién 1a rat cao (Nguyén Chi Ngon va Trinh Hitu Phiic, 2002; Nguyen Chi Ngon,
Tran Thanh Hung, Truong Thi Thanh Tuyen and Nguyen Thai Nghe 2005).

2 XAY DUNG CO SO DU LIEU DUNG CHO VIEC HUAN LUYEN

Trudce tién, ching to1 can x4y dung mét co so dir liéu dung dé huan luyén mang (goi la
tap mau). Tap mau ndy c6 dugc thong qua viée thu thap dit lidu cua nhiéu giong doc khac
nhau va xt Iy dé chi gitr lai nhitng dic trung co ban cta nd. Sau d6, qua trinh huin luyén
mang duoc thuc hién. Két thuc qué trinh nay, mang no-ron c6 thé phan loai cac tir khac
nhau, tir d6 ¢6 thé nhan dang dugc céc tir da hoc ma khong can dén khong gian dir liéu
mAu nira. Tuong Gng v4i 4 tir 1énh dung dé diéu khién robot, “t&i”, “lui”, “trai” va “phai”,
chung t61 danh diu cac dir liéu dac trung da phan tich dugc thanh 4 nhém. Qua trinh nhan
dang, thuc chit 13 phan loai (classification) tir cAn kiém tra thudc nhém nao trong 4 nhom
dir liéu trén (Ngon et al, 2002; 2005).

2.1 Tién xir Iy dir liéu
Sau khi ghi am, tin hi¢u tiéng néi can duogc xur ly dé han ché nhiéu. Dé)ng thoi, mot giai
thuat tach tir dugc ap dung dé xac dinh thoi diém bat dau va két thuc cua tin hiéu (bdi vi

thoi gian cho phép soundcard ghi am thudng dai hon tin hiéu thyc té). Hinh 2 trinh bay
nguyén tac tien xu 1y dir liéu. Hinh 3 minh hoa dang tin hi¢u trudc va sau khi xu ly.
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Hinh 2: Nguyén tic tién xir 1y di liéu tiéng néi
2.2 Trich dic trung tin hi¢u tiéng néi

Tach duoc cic dic trung co ban cua tin hiéu tiéng noi c6 y nghia rit quan trong vi do 1a
co s& dé nhan dang. Céac nghién cru cho thiy, hai thanh phan dic trung quan trong nhat,
d6 1a chu ki cao @ (pitch period) va cac formant (Tran Thanh Hung, Q.P. Ha, G.
Dissanayake, 2004; 2005). Chu ki cao d§ chinh 1a dang song mot chu ki ctia phin gan
tudn hoan (Gmg véi nguyén am) trong tleng noi, do do thuong dugc xur Iy ¢ mién thoi
gian. Trong khi d6 cac formant lién quan dén phd tan s6 cia tin hiéu. DAi véi tiéng noi,
cac formant khong cb dinh ma thay d6i cham theo thoi gian. Do d6 chi c6 thé thu duoc
céc formant bang cach phan tich va biéu dién tin higu tiéng néi & mién thoi gian-tan sd.

Qua thuc nghiém chung t6i nhéan thay, voi cing mot nguoi, néu nguoi d6 doc céac tir khac
nhau thi formant twong tng ciing khac nhau. Néu nhiéu ngudi cing doc mét tu, thi
formant twong tmg c6 su khac biét khong nhiéu. Do d6, chung t6i quyét dinh trich cac
formant nay va dung no dé lam dit liéu huan luyén mang no-ron.

Hinh 4 mé ta nguyén tic trich formant cua tin hiéu tiéng noi dung phép bién ddi STFT
(Short Time Fourier Transform).
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Hinh 3: Két qua xir ly, (a) trwée khi xir ly, (b) sau khi xir ly — goi 1a 1 tir tin hi¢u
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Hinh 4: Nguyén tic trich formant cia tin hiéu tiéng noi

Do tin hiéu tiéng noi 1a tin hi¢u khong dung, nén khong thé ap dung phép phan tich
Fourier thong thuong. Song, neu ching ta chia tin hiéu tleng nodi ra thanh timg doan du
nho theo thoi gian, thi tin hiéu tiéng noi trong mdi doan cé thé xem 14 tin hidu dimng, va do
d6 co thé lay bién do6i Fourier trén timg doan tin hiu nay. Day la nguyén ly cta phép bién
d6i Fourier thoi gian ngan, con goi 12 bién ddi Fourier cira s6 hoa.

Trong STFT, tin hiéu can phan tich f(t) dau tién duoc nhan véi mot ham cira s6 w(t-t) dé
ldy duoc tin hiéu trong mot khoang thoi gian ngan xung quanh thoi diém t. Sau d6 phép
bién ddi Fourier binh thuong dugc tinh trén doan tin hi¢u nay. Két qua ta dugc mot ham
theo tan s6 va thoi gian STFT f(w,t) xac dinh bdi (dau (*) ky hiéu cho thanh phan lién
hop phuc):

STFT, (,7) = j Wt —2)f (e i dt
- 1)

STFT tai thoi diém t duge xem la phé cuc bd cua f(t) xung quanh thoi diém r, do cira s6
tuong doi ngan lam triét ti€u tin hiéu ngoai vung lan can. Vi vy STFT c6 tinh dinh vi
theo thoi gian. Cua s6 phan tich cang hep thi sy dinh vi nay cang tot (con duogc goi 1a do
phén giai theo thoi gian).

Dé thay rd STFT ciing dinh vi trong mién tan s, ta c6 thé ap dung dinh 1y Parserval:

[ 100 0t =—" [Flo)6" w)de
27
= = @

Biéu thuc (1) ¢6 thé viét lai nhu sau:
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-0t -,
STFT; (w,7) = el de’

©)
véi W(e') va F(o') 1an luot 1 phd cua cira s6 w(t) va cua tin hiéu f(t).
Trong biéu thirc (3), W(w'-m) cb tic dung nhu mdt loc diy thong tap trung quanh tin sb
dang phan tich ® va c6 bang thong bang véi bang thong cua w(t) lélm gidi han phd cua
tin hi¢u F(w’) xung quanh . RS rang STFT ¢6 tinh dinh vi theo tan s6. Tinh dinh vi nay
(con goi 1a d6 phan giai tan sd) cang tot néu bang thong cua cira s6 phan tich cang hep.
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Hinh 5: Két qua trich formant bing STFT ciia tir “Téi”
a) Spectralgram; b) Cac cyc dai ciia STFT — duoc xac dinh 1a céc ridge cua spectralgram;
¢) Cuyc dai dia phuong ctia STFT; d) trich cac formant

Ham cira s6 thuong dung trong STFT 14 cira s6 Kaiser, ham nay duoc dinh nghia tir ham
Bessel bac 0.

1o - [n-a)tf | o

lo(5) |
0, ng[0,M] (4)

wln] =

voi a=M/2 va 10(B) 1a ham cai bién ctia ham Bessel bac 0 (modified zero-order Bessel
function), dugc dinh nghia la:

2z
1
18) =& [e#°%0a0
T
0 ()
Ham Kaiser c6 thé thay ddi linh hoat nhd vao thong sb hinh dang (shape parameter) B.
Vi cac gid tri B khac nhau, cura s6 Kaiser s€ c¢6 hinh dang khac nhau.
Két qua phan trich dac trung cia tir “Té1” dugc minh hoa trén hinh 5. Sau khi ro1 rac hoa
cac formant tai 20 thoi di€m trén truc thoi gian va 10 vi tri trén truc tan so, ddc trung cua
tiéng néi dugc qui vé dang 1 ma tran dir liéu (10x20), twong ung véi 200 nat vao cua
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mang no-ron (xem phan 3.1). Tap hop tit ca cac ma tran dit liéu nay, chinh 13 tip mau
dung d€ huan luyén mang.

3 XAY DUNG MANG NO-RON

3.1 Ciu tric mang

Viée x4c dinh céu trac t6i wu cho mot mang no-ron tuy thudc vao linh vyuc tng dung cua
no. Cac coéng bd cho thdy ring, mdt mang truyén thing nhiéu 16p (Multilayer Feed
Forward Neural Networks), voi 16p gitra phi tuyén va da 1on, c6 kha ning xap xi mot ham
phi tuyén bat ky (Rich, E. and Knight, K. 1991. Nguyén Hoang Phuong, Bui Céng
Cuong, Nguyén Doan Phuéc, Phan Xuan Minh, Chu Van Hi, 1998). Qua qué trinh thu
nghiém, chiing t6i chon duoc mang No-ron dung nhan dang la mang truyén thiang nhiéu
16p v6i cac thong s6 clia mang nhu sau: 16p vao (input layer) gdm 200 nit (twong Gng véi
200 diém dic trung ctia mdi mau dit liéu di phan tich); 16p an (hidden layer) gdm 75 nut,
v6i ham kich hoat phi tuyén ‘tansig’ (dugc xac dinh bang phuong phap leo ddi — Hill
climbing method [Phuong et al. 1998]); va 16p ra (output layer) gdm 4 nit, véi ham kich
hoat tuyén tinh ‘purelin’ (Hinh 6).

75 tansig
neurons

200 input
neurons

hidden
biases

Hinh 6: CAu triic mang no-ron tng dung
3.2 Huin luyén mang

N6i chung giai thuat huén luyén mang no-ron twong d6i phtic tap. Tuy nhién, diéu thuan
loi 1a phan mém Matlab d4 ho tro rat nhidu cong cu. Chung t6i di ap dung giai thuat huan
luyén Levenberg-Marquardt. Pay 1a mot giai thuat c6 do hoi tu bac hai va la giai thuat
nhanh nhat ciia Matlab (Demuth, H. and M. Beale, 2005). Qua trinh huén luyén mang
(lwu d0 tong quat cho trén Hinh 7) chiing toi ¢ kiém tra bang dit liéu ctia 3 nguoi khong
c6 giong doc trong tip mau dé danh gia kha ning ‘nhd’ciia mang. Qua trinh huin luyén
dugc thyc hién khoang 4 gio trén may PC Celeron 1.8GHz, 256MB DRAM. Céc giai
thuat hudn luyén dugc trinh bay chi tiét trong (Nelson, M. M. and Illingworth, W.T. 1991.
Rich et al. 1991 and Demuth et al. 2005).
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Hinh 7: Lwu dd thao tic huén luyén

4 MACH GIAO TIEP THIET BI

Thiét bi dugc diéu khién thong qua cong truyén thong nbi ‘Eiép RS232. Mach giao tiép
gitra thiét bi va may tinh dugc xay dung dua trén vi di€u khién 89C2051 (xem Hinh 8 va
Hinh 9).

|| M4y tinh ||=>|| RS232> TTL ||=>|| 89C2051 |)=>‘

Hinh 8: Nguyén tic giao tiép ndi tiép RS232

biéu khién
thi€t bi

Hoat dong cua thiét bi c6 thé tom tit don gian: Sau khi mang no-ron nhan dang dugc tu
1énh cta nguoi diéu khién (bang giong noi), mot byte diéu khién duoc gui ra cong RS232;
thong qua vi diéu khién 89C2051, byte diéu khién nay dwoc guri t6i mot mach phat song
vO tuyen thiét bi s& chdp hanh ménh 1énh khi bd thu séng cua nd giai ma dugc tir diéu
khién. Co ché nay cho phép van hanh thiét bi tir xa thong qua viéc doc 1énh vao may tinh.
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Hinh 9: Giao tiép giira thiét bi va may tinh

5 KET QUA

Sau khi huin luyén, mang duoc ap dung dé diéu khién tr xa mot xe vo tuyén. Mot
chwong trinh ty dong ghi nhan két qua nhan dang (sau khi duogc xac nhan cta ngudi diéu
khién), dugc ap dung. Thong ké trén 1000 1an doc cac 1énh “T6i’, ‘Lui’, ‘Trai’,’Phai’ cua
nhiéu nguoi, chung t6i udc lugng duge do chinh xac nhu sau (Bang 1 va Bang 2):

95% d6i véi nhom ngudi ¢ giong doc di duge str dung dé huan luyén mang.

84% d6i v6i nhom ngudi co giong doc chua duoc str dung dé huan luyén mang. Tuy
nhién, ching ta c6 thé ghi am giong noi cia nhitng nguodi nay va huan luyén tiep dé
cai thién ti 1¢ 1oi.

6 KET LUAN

Hién tai chung t61 chi xy dyng mang vdi sO luong tir nhan dang con it (4 tu) dya trén
giong doc cua 10 nguoi (g0m 9 nam va 1 nit, chat giong mién ‘tay nam bd). Day ciing la
diém han ché cua dé tai, vi co so dir lidu khong du téng quat dé ap dung cho nhimng mién
khac ctia Viét nam. Hon nita, qua trinh huén luyén, mang chi phan loai mot lan tin hi¢u
dau vao va chia ra thanh 4 nhom, dic trung cho 4 tur: ‘Té1’, ‘Lur’, ‘“Trar’ va ‘Phai’. Tuy
nhién, két qua nghién ctru cho thay kha ning tang sb luong tir nhan dang 14 kha thi. Trong
truong hop d6, ching t6i du kién s& phan 16p dir liéu trude khi nhan dang; sao cho mbi
16p chira cac tir c6 dic trung gan giéng nhau. Ching han, ching t6i ding mot mang tong
quat dé phan biét tir vira doc thudc nhém “thanh bang > hay “thanh tric”, sau d6 dua vao
mang chuyén biét dé nhan dang chinh x4c tir vira doc.

Ngoai ra chung toi thiy rang, kiém tra trén nhom nguoi co giong doc di duoc sir dung dé
huan luyén, mang no-ron lam vi¢c kha hi¢u qua. Vi the, chung t6i dé xuat 1 phuong an
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mg dung nghién ciru ndy vao thuc té, dé tao nén 1 san pham rat co ¥ nghia xa hoi. Do 13,
ché tao xe lan diéu khién bang giong noéi, danh cho nhitng nguoi khuyeét tat bi mat ca 2 tay
va 2 chan. Trong trudng hop nay, giai phap huan luyén 1a hét stc don gian, vi mang no-

ron

chi can nhan dang chinh giong chu cua xe 1an ma thoi.

Bing 1: Két qua nhin dang trén nhém nguoi c6 gigng néi di diung dé huin luyén

Tur Iénh S landoc SO lan nhan dang dung  Ti 18 x4p xi
Toi 1000 961 96,10%

Lui 800 755 94,37%
Trai 1150 1037 90,17%
Phai 800 794 99,25%
Béang 2: Két qua nhin dang trén nhém nguoi c6 giong néi chwa dung dé huén luyén
Tu Iénh S6 lan doc S6 lan nhan dang ding Til¢ Xép xi
Toi 750 652 86,93%
Lui 600 493 82,17%
Trai 800 612 76,65%
Phai 750 681 90,08%

CAM TA
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Nghién ctru nay duoc thyc hién dudi sy hd tro ctia Pai hoc Can tho, trong pham vi dé tai
cap truong, mang t€n “Nghién ciru ing dung mang no-ron nhan tao dé di€u khién thiét bi
bang giong ndi tieng Viét”, thuc hién nam 2003-2004, ciia nhom tac gia.
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