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Tém tat: Bai bao nay gidi thiéu ki thuat Can chinh thoi gian dong (DTW) dp dung
nhan dang cic tir don 1¢ tiéng Viét. Hé thong st dung Linear Prediction Coefficients (LPC) dé
trich chon dac trung. DTW duoc dung dé do khoang céch giita mau can nhan dang va mau da
hoc. Luat Nearest Neighbor (NN) dugc sir dung dé dua ra quyét dinh nhan dang. Ching t6i da
tién hanh thir nghiém va danh gia hiéu qua cta ki thuat nay trén cdc mau ti€ng ndi roi rac clia
cac chit so tr 0 dén 9. Dua trén cac két qua thi nghiém, do chinh xac dat duogc 1a 89%. Chiing
toi dé xuat mot s6 huéng nang cao do chinh xdc nhan dang trong bai todn nhan dang tir tiéng
Viét don 1€ va ap dung két qua nghién cttu vao thuc té.

Abstract: This paper demonstrates Dynamic Time Warping technique (DTW) applied
in the Vietnamese language. Isolated digits 0-9 and their concatenation patterns are used for
data set. Linear Prediction Coding Coefficients (LPCCs) are extracted and formed feature
vectors represented each speech signal. DTW 1is used to measure distances between
referenced and evaluated vectors. These distances, indicating nearest of unknown vectors to
references, incorporated with Nearest Neighbor (NN) decision technique are used to decide
what number was spoken. Based on 1200 experiment results, our accuracy rate is 89%. We
propose some directions to uplift the accuracy of Vietnamese isolated words recognition
problem, and apply those results to the reality.

I. GIOI THIEU

Do su khéac nhau vé ngit diéu, vé€ cach phdt 4m cua timg ngudi néi nén dang séng ctia mot tix
trong cac 1an néi khac nhau c6 thé c6 rit nhiéu su khdc biét. Tham chi khi mot tir dugc néi
bdi mot nguoi thi su khac nhau van ton tai bdi téc do ndi, ndi to/nho, tam 1i khi néi. Mot s6
mau c6 thé c6 thoi gian néi dai hon va néi to hon, mot s6 khdc cé thé néi nhd hon va ngan
hon. Bai todn nhan dang tir don 1¢ & day chinh la bai toan so sanh hai tin hiéu va khé khan &
ch6 do dai cac tin hiéu khong giong nhau.

Mau tin hiéu ti€ng sau khi thu vao mdy tinh la mot day tin hiéu s6. Chiing s€ dugc chia thanh
cac frame lién tuc goi lén nhau. Gia st moi frame duoc chon véi do dai 1a t;=512 mau tin
hiéu va phan gaéi 1én nhau giita hai frame lién ti€p 1a t,=100 mau tin hiéu. M6i frame nay qua
phép phan tich LPC & pha trich chon dic trung s& duoc biéu dién biang mot véc to p chiéu va
ta goi véc to ndy la véc to dac trung. Y tudng co ban ctia phép phan tich LPC duoc dé cap
trong [Lawrence93]. Muc tiéu clia phuong phap phan tich LPC la tim céac gia tri hé s6 du bao
dé cuc tiéu héa binh phuong gia tri 15i.

Gia tri p 1a mot gia tri khong c6 dinh thuong duge lua chon theo kinh nghiém va muc dich
clia viéc lua chon p 1a dé co gang gidm thi€u cdc budc tinh todn trong phép phan tich LPC.



Diéu d6 c6 nghia la tir viéc Iuu gitt mot frame véi t, mau ta chi can luu mot vée to véi p chiéu.
Nhu vady mot mau nhan dang s€ 1a mot chudi cac véce to dac trung. Chudi véc to dac trung nay
s& dugc dung dé so khép vdi chudi véc to dac trung chuin da duoc luu trong chuong trinh dé
tim khoang cdch, khoang cach nay la co s& dé ching ta quyét dinh két qua nhan dang.

Goia={a,,a,,..,aj}var={r,,r,,..,r;}1anluot la chudi véc to dic trung cta tin hiéu 1
va tin hiéu 2. O day r; va a; la cic véc to dac trung (hay con goi la cic frame) p chicu véi
i=1,..,1, j=1,....J. Vi do dai cia hai chudi véc to a va r khdc nhau nén I£J. Su chudn héa vé
thoi gian giita a va r 12 sy m& rong mot cach tuyén tinh mau tin hiéu ngan hon dat t6i do dai
clia mau tin hiéu dai hon. Gia st J<I. Ki hiéu D(r,a) 1a khoang cach gitta hai mau tin hiéu r va
a va duoc tinh nhu sau:

I o
D(r’a)zzdf (rpma;)  j= l:—*l:| 0
i=1

Vv6i d ; (r;.,a;)la khoang céch gilfa hai frame r;. va a;.

Tuy vay nhugc diém cla phuong phdp nay la cho rang toc do phat am phu thuoc hoan toan
vao khoang thoi gian ton tai cta tir va doc 1ap véi am thanh dang dugc néi.

II. DYNAMIC TIME WARPING

Su so khép phi tuyén giita cac mau a va r nhu da -‘i
n6i & phan trude dugc bi€u dién trén ludi diém hinh |
1. Trén luGi nay tin hiéu a ndam doc theo truc i, tin .
hiéu r nim doc theo truc j. Mdi giao diém trén luéi
duoc dinh nghia nhu 1a mt nut, nut (1,j) c6 nghia
la so khép frame i ctia tin hiéu a véi frame j cua tin
hiéu r. Nut (0,0) dugc goi la nit géc noi ma tat ca
cdc duong déu xuat phat tir day. d (i j) 1a khoang
cdch gilia vec to dac trung g, v6i r;, khodng cach 0123456
ndty con duoc goi 1a khodng cdch cuc bé. Ta ¢ thé  Hinh 1: Ludi minh hoa quy hoach dong
viét day du dfi,j) 1a d,(a;,r;) v6i cdc véc to a va 1, nhan dugc qua phép phan tich LPC c6
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dangsaw: ;= [I ,a,,a;,... ,a,] va r;=[1,r,,15,..., ”,]

Trong bdo cdo nay ching t6i 4p dung metric tdng quat Minkowski trong trudng hop s=1 va
s=2, tuong ung vaéi City block metric va Euclidian metric

City block metric: d(a;, J) = Z ‘ (2)
» 2

Euclidian metric: ¢, (4, r,) = Z ‘aik -r 3)
k=1

Ta dinh nghia gié tai nit (0,0)la:  d(0,0)=0 €))

Mot duong di & day duoc dinh nghia boi cac cap nit (i, j,) -> (i, j)- Mot duong di xuat
phat tr niit (0,0) dén nit (i, j,) c6 mot gid toan cuc la gid tich lily tir diém bat dau cta dudong
di cho dén khi gap nut (i, j,). Ta goi gia nay l1a D(j,, j,) va dugc dinh nghia :

D(ikajk):D(ikflajk—l)-l_df(ikajk) (5)



Vi nit (0,0) la nat khéi dau cua tat ca cac duong di nén ta cé: D(0,0) =0 (6)
O biéu thiic truy héi (5) khi cho k chay vé t6i k=1 ta c6

k
m=0

RO rang 1a trén ludi quy hoach dong c¢6 nhi€u dudng di xuat phat tir ndt (0,0) dén nat (i,,j,)

v4i cdc gid toan cuc khac nhau. Nhu vay bai todn c6 thé dugce hi€u nhu 1a viéc tim ki€ém mot

duong di day du tu nut (0,0) t6i nat dich (IJ) sao cho gid toan cuc la nhoé nhat. Ki hiéu

D*(i,.j,) 1a gia toan cuc nho nhat. Khi dé tu (5) va (7) ta c6:

D * (i, j,) = min {D(ik—l’ jk—l)}+ d,(igs ji)

k
= min {Z d,(,, j,n)} )
m=0

trong biéu thic nay (i, j,) = (IJ), min ldy tai moi dudng di c6 thé tir nit (0,0) dén niit (i,.j,).
Dé tién cho viéc ki hiéu, sau nay ta s& dung ki hiéu D thay cho D*.

III. CAI PAT DTW
Trong [Stuart99] dé xuat hai giai thuat cho DTW cho céc tir don 1€ ti€ng Anh 1a giai thuat
DTW déi xting va DTW phan doi xtng. Trong bai bdo nay chiing toi cai dat ca hai giai thuat
nay va ap dung cho cac chit s6 don 1¢ ti€ng Viét.

Thuat toan DTW doi ximg (Symmetric DTW - SDTW)

Trong thuat todn nay ta can phai tuan tha cac

rang budc sau: z T [
e Cic duong so khép khong thé quay ; |—
nguoc chiéu thoi gian (nghia 1a chi ¢6 i L
tién 1én) 2 :
e Tit ca cac frame phai duoc st dung = | |
trong dudng so khép. ~ w L ]
e Khoing cach toan cuc duogc tinh bang | > :
cich cong don tat ca cic khoang cach = | % T | B
cuc bo. =
Thuat todn duoc minh hoa bang vi du & hinh 2, |
ta st dung mot ma tran thoi gian-thdi gian dé ‘ 5 ‘ s ‘ P ‘ E ‘ E | h | H |

mo ta truc quan cach can chinh. Theo quy udc 7 o =
thi truc tung s& biéu dién mau chuin T
“SPEECH”, truc hoanh bi€u dién mau nhan  Hinh 2: Minh hoa v€ can chinh thoi gian
dang “SsPEEhH”. Trong vi du nay mau nhan dong giifa mau chuan “SPEECH” va méu
dang “SsPEEhH” 1a mau c6 nhiu. y tudng & nhan dang c6 nhiéu “SsPEEhH”

day 1a mau nhan dang sé dugc so vdi tat ca cac

méu chuén thudc cing mot 16p.

Mau nhan dang phu hgp nhat 12 mau c6 khoang cdach dudng can chinh v6i mau chudn ngéan
nhat. Mot ¥ quan trong & thuat toan nay Ia ta chi ¢ thé di dén 6 (i,j) tir cac 6 (i-1,j-1), (i-1,j),
(i,j-1) trong d6 i 1a cot, j 1a hang. Biéu thitic quy hoach dong cia DTW d6i xiing 1a :

DG, j) = min{D(i—l,j—1),D(i—1,j),D(i,j—1)}+ d(,j) )



v6i d(i,j) 1a khoang cach cuc bo tai (i,j), D(i,j) la khoang cach toan cuc tai (i,j).
Ta c6 thé néu mot cach cai dat hiéu qua vé

bd nhé va kha nhanh trong tinh toan cua predCol curCol

DTW doéi xing. Cai ti€n ¢ day 1a ta dung S
hai mang dé luu cac cot lién ti€p. Ta quy T dlobal
udc cdc hang, cot bat ddu danh so tir 0. O ;

(i,j) va (1,0) ¢6 su khéac nhau vé cdc 6 xuat /

phat. Pudng dén 6 (i,0) chi ¢6 thé tix (i-1,0),
con dudng dén (i,j) c6 thé c6 3 dudong. Véi
predCol va curCol 1a hai ma tran mot chi€u
c6 kich thude la S6 vector dac trung cua .
mau chuin. Ham tinh gid cuc bo gita 2 Hinh 3: Céc huéng di c6 thé cia SDTW
vector X va y la ham d(x,y). Thuat toan c6

thé duoc dién ta bang ngon ngit tua Pascal

nhu sau:

1. Tinh c6t O (predCol)

2. FOR i:=1 To S6 vector dac trung cia mau nhan dang DO

3. Begin

4 curCol[0] := Gia cuc bo tai (1,0) + Gia toan cuc tai (i-1,0)

5 FOR j:=1 TO S6 vector dac trung ctia mau chuian DO

6. curCol[j] := Gid cuc bd tai (i,j) + MIN Gia toan cuc tai((i-1,j-1), (i-1,j),(i,j-1))
7

8
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predCol := curCol
End
Gia toan cuc nho nhat 1a curCol[S6 vector dac trung ctia mau chuan]

Thuat toan DTW phan doi xitng (Asymmetric DTW - ASDTW)

Thuat toan DTW phén déi xtng 1a mot cai tién cia DTW dai xtng. Biéu thitc qui hoach dong
nhu sau:

DG, j) = min{D(i -1,j-D+2d(,j),DG—-1,j)+d@, j)+dnD(@, j—-1)+d(, j) +dv} (10)

trong d6 céc gia tri d, va d, phit hop ¢6 thé tim duoc qua thuc nghiém. Ta c6 thé hiéu d, va d,
la nhiing trong s6 uu tién, d, 1a trong s6 uvu tién duong di ngang (horizontal), d, la trong s6 uu
tien dudng di doc (vertical), cdc trong s6 nay c6 thé nhan gid tri 0.

Ne&u chiing ta han ch€ cac duong di cho phép la:

e (i-1,j-2) t6i (i,j) huéng di chéo md& rong (bd qua mot frame mau chuin, do nghiéng

chéola?2)

e (i-1,j-1) t6i (i,j) huéng di chéo chuén

e (i-1,j) t6i (i,j) huéng di ngang (1ap lai mot frame & mau chuan, do nghiéng 0)
thi chuing ta gia st raing mdi frame ciia mau nhan dang dugc sir dung mot va chi mot 1an. Diéu
dé c6 nghia ring ching ta c6 thé bd qua khong can dén su chuidn héa do dai mau va n6é khong
doi hoi cong hai l1an khoang cach cuc bo vao cdc huéng di chéo chuidn (do nghiéng 1). Cich
ti€p can nay dugc goi la quy hoach dong phan doi xing (asymmetric dynamic programming).

Theo hinh 4 ta thiy c6 thé t6i céc o (i,j), (i,0) va (i,1) bang c4c huéng khac nhau. Pudng di
t6i (i,0) chi c6 thé xudt phat tr 6 (i-1,0). Pudng di t6i (i,1) chi c6 thé xudt phét tir 6 (i-1,0) va



(i-1,1). Puong di t6i (i,j) c¢6 thé xuat phat tir 3 6 (i-1,j), (i-1,j-1) va (i-1,j-2). Mac du vay
ching ta can luu ¥ 1a s& c6 nhitng trudng hop dac biét xay ra. Hay xem xét dudng di xudt phat
tr 6 (0,0). Do dudng di s€ phai tGi cot 1 nén  predCol curCol

cac hang 1,2,... & cot 0 s€ tré nén vo nghia

bdi vi chiing chic chén s& khong duge di qua. — ;T'O”t;g:um
Duong so khép chi ¢ thé dén duge nhitng 6 distance
dac biét tir mot s6 vi tri gidi han. Cac truong J —7
hop dic biét c6 j=2i-1 hoac 2i. Téng gia cho 4
moi truong hop la:

e 2i-1: Gid cuc bo + tong khoang cach nho : 1

nhat tai predCol[j-1] va predCol[j-2] L 0

e 2i: Gia cuc bo + tong gia tai predCol[j-2] 2 ;
Thuat giai tim gia toan cuc it nhat bay gio s€ ) ) R ,
phtic tap hon doi chiit so véi trudng hop dai Tinh 4: Cac h“(’ngglx“é’n tghe cua DTW phan

xting. Vé6i predCol va curCol 1a hai ma tran
mot chiéu cé kich thudc 1a S6 vector dac trung clia mau chuan. Ham tinh gid cuc bo gitta 2
vector X va y la ham d(x,y). Ham isSpecial(col,row) kiém tra mot 6 ¢6 1a 6 dac biét hay
khong. Ta trinh bay thuét giai tua Pascal nhu sau:

1. predCol[0] = Gia cuc b tai (0,0)

2. Fori:=1 to s6 vector dac trung ciia mau nhan dang DO

3. Begin

4. curCol[0] = Gia cuc bo tai (0,0) + Gia toan cuc tai (i-1,0)

5. For j=1 to (MIN ctia S6 vector dic trung cia mau chuén va 2i+1)

6. begin

7. highest] =

8. If 6(i,j) 1a truong hop dac biét Then

9. If (1,J) c6 hang la 1 Then

10. curCol[j] = Gié cuc bo tai (i,j) + Gia toan cuc tai (i-1,j-1)

11. Else

12. If G mod 2 =1) then

13. curCol[j] = Gié cuc b tai (i,j) + MIN Gia toan cuc tai((i-1,j-1), (i-1,j-2))
14. Else

15. curCol[j] = Gié cuc b0 tai (i,J) + Gia toan cuc tai(i-1,j-2)

16. Else

17. If (i,j) c6 hang l1a 1 Then

18. curCol[j] = Gié cuc b tai (i,j) + MIN Gid toan cuc tai((i-1,j), (i-1,j-1))
19. Else

20. curCol[j] := Gid cuc bo tai (i,j) + MIN Gia toan cuc tai((i-1,j-1), (i-1,j),(i-1,j-2))
21. end

22.  predCol = curCol

23. End

24. Gia toan cuc nhoé nhat la gia tri & curCol[highestJ]

IV. THI NGHIEM

Hai thuat toan trén dugc cai dat bang ngon ngt C va chay thit nghiém trén DOS va
Windows98. Tap tu dugc kiém tra nhan dang l1a {Khong, Mot, Hai, Ba, Bon, Nam, Sau, Béy,
Tam, Chin}. Dit liéu mau co s& gom 300 file dit liéu cua 3 ngudi néi khac nhau, 1 nam, 2 ni.
Maéi nguoi c6 100 file, mdi tir dugc néi 10 lan. Dit liéu kiém tra gom 300 file dit liéu cling cha
3 ngudi d6, moi ngudi c6 100 file, mbi tir duoc néi 10 Ian. Dit licu mau va dit licu kiém tra



duoc thu vao nhitng ngay khéc nhau va tai nhitng thoi diém khéac nhau dé dam bao tinh khach
quan cua giong doc. Ngudi néi s€ doc lan luot cac tit Khong, Mot,..., Chin, sau d6 lap lai nhu
vay 10 lan. Ngoai ra con thu thém 100 file di liéu test ctia ngudi thi 4, dé€ kiém tra kha nang
nhan dang tir hoan toan doc lap.

C6 hai kiéu kiém tra chinh 12 nhan dang tir phu thudc vao ngudi néi va nhan dang tir doc lap
v6i ngudi néi. Ngoai ra con c6 kiéu kiém tra 1 nhan dang phu thudc/doc lap ngudi néi nhung
khong ¢4 tinh nang hoc mau méi va nhan dang phu thuoc/doc 1ap nguoi néi nhung c6 tinh
nang hoc mau méi. Cac file di liéu chira cac véc to dac trung clia nhitng mau am thanh da
duoc thu. Céc véc to nay dugc sinh ra nhd phép phan tich LPC. Trong méi thi nghiém, véi
100 file dit liéu test , s6 1an nhan dang ding sé€ 1a s6 % chinh xac ctia chuong trinh. Két qua
ki€ém tra dugc bi€u dién bang ma tran két qua theo mo ta trong [Hendrik98]. Cac di€u kién
khi ti€n hanh thi nghiém:

CPU PenllI500Hz, 128MbRAM,
May tinh Soudcard Yamaha 724, Microphone Headmounted
OS Window98 hoac DOS

Wave file, 16Bit Mono, 16KHz,

Dinh dang tieng S6 hé s6 LPC 15, Do dai méi frame 20m.s, Phan g6i lén nhau 10m.s

Moi truong thu ti€ng Phong sinh hoat binh thuong

Trén co s6 1200 1an tién hanh thi nghiém nhan dang, ching to6i dua ra mot s6 két luan vé viéc
ap dung ki thuat DTW trong nhan dang cac chit s6 don 1é. Thuc hién viéc so sanh két qua vé
do chinh xdc v6i cac dé tai da dugc thuc hién nhu [Hoang96] chiing toi rit ra két luan 1a dé
dat t6i do chinh xdc cao (95% - 99,9%) thi nhat thi€t DTW phai 4p dung céc tri thic vé ngit
am hoc. Do chinh xac cao nhat cho toan bo 10 chir s6 1a 89%.

Ts. Nguyén Thanh Phuc
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Qua céc két qua thi nghiém thdy rang cac chit s6 9,0,7 thudng cho két qua nhan dang chinh
Xac cao, dac biét la s6 9. DTW thuong nhan sai cac tir c6 nguyén am giong nhau hoac gan
giong nhau. Trong ti€éng Viét s6 2 va 7 cé cung nguyén am /ai/, s6 5 va 8 ¢6 cung nguyén am
/a/. Van dé nhiéu anh hudng rat nhiéu dén do chinh xdc ciia két qua nhan dang. Do vay dé thu
duoc két qua nhan dang t6t can phai dau tu cong siic nghién cttu van dé xur 1y nhiéu. Thuat
toan DTW bat doi xiing trong mot s6 truong hop cho két qua nhan dang t6t hon DTW déi



xiing, tuy nhién thuat toan DTW d6i xting qua cac thi nghiém chay dudng nhu 6n dinh va cho
két qua nhan dang hop i hon.
V.KET LUAN

Trong bai bdo nay ching toi da nghién ctru va ap dung ki thuat DTW vao nhan dang cac céc
chtt s6 don 1€ ti€éng Viét. Mac du két qua dat dugc con khiém ton nhung chiing toi thi€t nghi
day la nhiing budc nghién ctu khéi dau cho mot huéng nghién ctiu con kha méi & Viét nam.
Trong thoi gian t6i dé nang cao chat lugng nhan dang khi 4p dung ki thuat naychiing toi s&
tap trung vao viéc thir nghiém mot so gia tri p (1a s6 chiéu cla véc to dac trung) dé tim ra gid
tri p thich hop véi ngon ngir tiéng Viét; nghién citu ban chat ctia chudi véc to dac trung nham
tim thém cac dac trung mdi, tir d6 st dung cac dac trung mdéi nay nang cao chat lugng nhan
dang; nghién ctiu mot s6 phuong phép tao mau dac trung, cai tién thuat toan dé rit ngan thoi
gian dua ra két qua nhan dang; cai dat thr mot so6 loai khoang cach khac nhu: Itakura,
Mabhalanobis, ... dé so sdnh va lua chon loai t6i wu nhat; thuc hién khac phuc nhiéu bang cac
thiét bi phan cting chuyén dung va cdc bo loc s6 phan mém; nghién ctu thuat todn hoc mau
bang cach dua vao céc dic trung cua tiéng noi va ti€ng Viét.
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