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NHAN DANG THANH PIEU TIENG VIET

POAN PHAN LONG, NGUYEN NGOC SAN

Hoc vién Cong nghé Buu chinh Vién thong

Abstract. Vietnamese language is a typical monosyllabic tonal one. To which tone identification
is undoubtedly an essential component in regard the speech recognition of unlimited words. This
paper presents an efficient method for tone classification of isolate Vietnamese syllables. Several
suprasegmental feature parameters for tone identification are extracted from the voiced portion and
then fed into a neuron network classifier.

Tém tdt. Tiéng Viét I3 loai hinh ngon ngit don 1ap (ngoén ngir khong bién hinh - amorphous) va ¢6
thanh diéu. Viéc xdc dinh ddu trong ngén ngir tiéng Viét 1 cong viéc quan trong va co ban dé gidi
quyét viec nhan dang tiéng néi tieng Viét véi s6 luong tir khong han ché. Bai béo trinh bay phuong
phép nhan dang dau trong cic am tiét tiéng Viét phat am roi rac véi viéc 4p dung cic thuat toan
dé xéc dinh cic thong s6 dic trung siéu doan tinh tir phan hiru thanh. Thir nghiém &p dung mang
Noron dé xdc dinh thanh diéu trong tiéng Viét véi 5 dau vao 1a céc thong s6 dic trung va 6 dau ra
twong tng v6i 6 thanh diéu trong tiéng Viet.

1. MO PAU

Viéc nghién citu dé nhan dang thanh diéu trong tiéng Viét la can thiét dé giip qud trinh
xay dung mot hé thong nhan dang tiéng Viet hoan chinh véi s6 lwong tir vung 16n. Cho dén
nay, rat it cac cong trinh dwoc nghién ctru va cong bo trong linh vuc nhan dang tiéng Viét
né6i chung va nhan dang thanh diéu trong tiéng Viét néi rieng. Mot s6 bai bdo da dé cap dén
van dé nhan dang tir ¢6 thanh diéu khdc nhau ([5]), song cdc bai bdo nay khong dé cap dén
céc phuwong phép va thuat toan dé xdc dinh cdc thong s6 dac trung, tir dé ¢é thé 4p dung
céc phwong phép tim kiém khdc nhau dé x4c dinh thanh diéu trong cic am tiét tiéng Viet.

Ciling giong nhuw tiéng Trung quéc, Théi..., tiéng Viet 1a ngon nglr don lap khong bién
hinh va c¢é thanh diéu. Moi am tiét deu mang trong né mot thanh diéu déng vai tro la mot
am vi mang tinh siéu doan. D¢ la loai &m vi khong c¢é am doan, khong doc lap ton tai nhung
cling ¢6 chirc nang phan biét nghia, nhan dién tir ([5]). Pay 13 mét dac diem riéng cia tiéng
Viét so véi cac ngdbn ngtr Chau Au. Tiéng Viet ¢6 16 nguyén am, 21 phu am va 2 ban nguyén
am (semi-vowel). Moi am tiét cé the két hop v&i mot trong sdu thanh va tao thanh 6 tir khéc
nhau. T&t nhién trong s6 dé cé nhieu két hop khong ton tai ([3]).

2. MO HINH HE THONG NHAN DANG THANH DPIEU

Bai bdo mo td qué trinh nhan dang thanh diéu trong tiéng Viét véi cdch phat am roi rac
(Hinh 1). Véi cdch phat am lién tuc, do tiéng Viét la tiéng don am, bang mot s6 phwong
phap st dung phan tich phé va nang lwong ta c6 thé nhan dang diem bat dau, diém két thiic
cla moi am tiét. Khi da xac dinh dwoc cdc diem nay, ta hoan toan c¢é thé dp dung phwong
phép nhan dang thanh diéu nhw phan dwéi sé trinh bay.

Phuong phap tiép can sit dung céc thong s6 pitch va céc dac trung siéu doan tinh. Dé
don gian héa qua trinh va ting thoi gian tinh toan, ta chi xdc dinh 5 thong s6 co ban dé xac
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dinh thanh diéu trong tiéng Viet (hinh 2). Céc dic trung nay dwoc dung dé lam céc thong
s6 cho cdc phwong phap nhan dang cé thé dwoc lwa chon dé xic dinh thanh diéu cia tiéng
néi tiéng Viet, vi du nhue HMM, Neural network... Trong tiéng Viét, cic thanh chi ¢6 thanh
tinh nhw thanh bang, thanh huyen, dé xéc dinh ta chi can céc dic trung co ban la céc thong
s6 pitch ciia am thanh, trong khi cdc thanh con lai 1a cdc thanh ngd, sac, hoéi, nang, do dac
trung phi diéu tinh nhuw hién twong yét hau hod, thanh hau hod, ta can tinh todn cdc thong
s6 dic trung siéu doan tinh 13 cdc thong s6 vé ning lwong.

o ' ’ Két qua
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Hinh 1. M6 hinh nhan dang céc thanh diéu trong tiéng Viét véi cach phat am roi

{S(m]

Xac dinh vung
am hitu thanh

{S.(m)}

\ 4 A
Thoi gian ton tai Nang lugng Xéc dinh pitch
am hitu thanh trung binh

WEW} PO

D Nang luong R, (Energy Xac dinh cac

drop rate) thong s6 pitch

1KD
IR Pt Pr

Hinh 2. X4c dinh cdc thong so dic trung siéu doan tinh

3. XAC PINH VUNG THANH

Trong cdc ngon nglr ¢6 thanh diéu néi chung, tiéng Viet néi rieng, tat cd cdc thong tin
ve thanh diéu déu nam trong vung thanh. Do vay, van de dau tién cia qud trinh nhan dang
thanh am la xdc dinh chinh xdc viing thanh cda tiéng néi ([4]). Céc thong s dic trung dé
x4c dinh thanh am déu nam & trong viing thanh nay. D& phan biét chinh xdc ving thanh,
ngudi ta sit dung cdc thong s6 dic trung veé niang lwong va ty lé trung binh vwot khong thoi
gian ngan (Zero-crossing rate).

Tin hiéu am thanh dau vao {S(n)} dwoc chia thanh cic khung 10 ms véi ty 1é chong lén
nhau 14 50%. Trong moi khung tin hiéu, cdc thong s6 nang lwong {E(5)} va ty & trung binh
vuot khong thoi gian ngan {Z(4)} dwoc tinh todn, trong dé E(5) va Z(j) la cic thong s6 niang
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lrong va ty 1é diém cat khong tai khung tin hiéu 7. Diém bat dau va diem két thiic cia phin
am thanh (voiced portion) dwoc x4c dinh bang cdch tim xuéi va nguoc tir khung tin hiéu cé
nang lwrong 16n nhat. Piém bat dau la diém ma tai dé khung tin hiéu ¢ nang lrong nhé hon
mitc nang lwong duwoc dinh trwée F; hodc ty 1@ trung binh vwot khong thoi gian ngan lém
hon gia tri dinh trwée Z;. Diém két thic dwoc xéc dinh nho thong sé nang lrong cia khung
tin hi¢u (Hinh 3).
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Hinh 3. Xac dinh viung thanh

4. XAC PINH THONG SO PAC TRUNG PITCH

Ving thanh dwoc chia thanh 16 khung tin hiéu c6 do dai bang nhau. Tir cidc mau tin hiéu,
céc gid tri pitch trong tirng khung tin hiéu dugc tinh todn ([2]). Ta 4p dung thuat todn cia
Sondhi ([1]). Céc gid tri Pitch dugce xéc dinh bdi vecto dac trung {P(1), P(2), ..., P(3), ..., P(16)}
trong d6 {P(i)} 1a gia tri Pitch tai khung tin hiéu i. Gid tri Pitch khé&i dau Pr va gia tri Pitch
két thic Pr dwoc dinh nghia nhuw sau

Pr=(P@3)+P@)/2 (1)
Pp = (P(13)+ P(14))/2 (2)

Thong s6 quan hé Pitch (Pitch-related Parameter) Ir dwoc goi la chi s6 ting dwoc xdc
dinh bdi tap céc thong s6 vecto dic trung {P(i)} nhu sau

1P} - mind PO}
max{P(?)} + min{P(z)}

trong dé
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b { 1 argmax{P(#)} > argmin{P (%)}

—1 argmax{P(i)} < argmin{P ()} (3)

Dau cia I thé hién Pitch tai thoi diem dé tang lén hay gidm xudng trong khi gid tri
tuyét doi cia I thé hién gid tri pitch.

5. THOT GIAN VA TY LE SUY GIAM NANG LUQNG

Trong ngon nglr don am ndi chung va trong tiéng Viet néi rieng, thoi gian D dwoc dinh
nghia la khodng thoi gian cia ving ¢6 thanh cia mot am (Voice portion). Néu khoang thanh
dwogc phéat hién chira N, khung lién tiép v6i do dai moi khung la 10 ms (va ty 1& chong lén
nhau 1a 50%) thi D dwoc xdc dinh nhu sau

D = (N, +1) x dms (4)

bé tinh ty 1é suy gidm nang lwong & cudi moéi am, trude tién gid tri nang lwong cia cic
khung tin hiéu {E,(4)} cia ving thanh dwgc lam tron tinh theo cong thirc gan ding véi moi
viing ctra s6 gom 5 khung tin hiéu. Gié tri nang lwong dwoc lam tron {E.,(j)} dwoc tinh nhuw

sau
2

N ,
Esv(]) - g m;Q Ev(] + m) (5>

Col jmax 12 khung tin hiéu c6 mirc nang lwong dwoc lam tron 16n nhat, ¢4 1a thoi gian
ma tai dé gid tri {Es,(5)} suy gidm tir 90% dén 10% cia gid tri Esy(jmax). Khi d6 ty 1& suy
giam nang lwong Rp dwoc tinh nhu sau

Rp— (6)
tq

6. TIEU CHUAN HOA CAC THONG SO PAC TRUNG

Do tin hiéu am thanh duwoc tao ra bdi cling mot ngudi néi tai cdc thoi diém khac nhau
khong bao gior giong nhau hoan toan. N6 luon cé su sai léch do céc yéu t6 vé trong am, ngir
diéu, téc do,... Gid tri thong s6 Pitch dwoc tinh nhw trén bi phu thudc rat nhiéu vao ngudi
néi. Nhitng nguoi cé do tudi khac nhau cho gia tri Pitch khéc nhau rat xa. Giong nit thuong
cé gia tri Pitch cao hon giong nam gi¢i. Ngay cd véi cung ngudi néi gia tri Pitch tal cdc thot
diém khac nhau cling rat khac nhau. Diéu nay dan dén van de, véi cdc thanh am phu thudc
nhiéu vao gia tri Pitch nhw dau sic, huyén, khong dau rat khé dwoc xéc dinh hoic cho sai
s6 rat 16n. Piéu twong tw cling xay ra doi véi cdce gia tri thoi gian D va ty & suy gidm ning
lwong Rp.

Véi céc 1y do trén, van deé tiéu chuan héa cac thong s6 dic trung 14 rat can thiét dé van
dé nhan dang thanh diéu khong bi phu thudc vao cic yéu t6 khich quan nhu trén da trinh
bay. Céc thong s6 dac trung Pitch dwoc tiéu chuan héa nhw sau

P = Pr/Ps; Pr = Pr/Ps (7)

trong dé, gia tri Pg 13 gia tri Pitch thue chat cia ngudi néi va dwoce dinh nghia la gi tri pitch
khéi dau trung binh cho tat cd cdc am tiét ¢ thanh diéu 1a dau sac, dau huyen va khong
dau.
Céc thong s6 dac trung ve thoi gian va ty 1é suy gidm ning lwong dwoc tiéu chuan héa
nhw sau R R
D:D/Ds; RD:RD/RSD (8)



Céc thong s6 Dg va Rgp 1a thoi gian trung binh va gid tri wée lwong ty 1é suy gidm ning
lwong tir co s& dir licu tir chon trude.
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7. LUA CHON THANH DPIEU TREN CO SO MANG NORON RBF
(RADIAL BASIS FUNCTION)

DPé xdc dinh va nhan dang thanh diéu, tac gia st dung mang noron va sit dung thuat
todn quyét dinh “Winner-take-all”. Mang noron nay gom 5 dau vao twong tmg véi 5 thong
s6 dac trung cia thanh diéu, 6 dau ra twong tng véi 6 thanh am 1a khong déu, sic, héi, nga,
huyén, niang. Trong bai nay, do téc gid 4p dung dé nhan dang thanh diéu phu thudc ngudi

s ~ ’ A~ N ’ . ~
néi nén mang noron st dung 25 nit an nhw hinh 4 dwéi day.

MBoi triromg thit nghiém 1 co s& dit liéu diing cho qud trinh thue nghiém bao gom khoing
300 cau doc tir cac bai bao trong cac tap chi. Cac cau dwoc thu am trong moéi trirong trong
nha, do mot giong nam doc, st dung micro thuong va card am thanh cia mdy tinh sich tay
IBM-T30, cic thong s6 1ay mau nhw bang 1 duéi day. Céc cau dwoc gan nhan bang tay t&i

mitc am Vi.

Lép 4n

Selecting
Maximum

Activation

Thanh diéu

Lépra

Hinh 4. Mang noron nhan dang thanh diéu

8. KET QUA THU'C NGHIEM

Bdng 1. Céc thong s6 lay mau thir nghiém

STT | BDic ta thong s6 Pon vi
1 S6 lwong ngudi 25 ngudi, 15 giong nam, 10 giong nir
2 Tén s6 lay mau 11025 Hz
3 S6 kénh 1 (Mono)
4 Bit ma hoa 8 bit
5 Tham s6 Thoi gian am hiru thanh,
nang lwong, Pitch

Hé thong sau khi dwoc xay dung, da cho tién hanh nhan dang trén ciing mot tap dir liéu
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gom 100 cau. Tap dir lidu nay ciing 14 tap dé thir nghiém cho mang trén. Két qua nhan dang
nhw sau:
+ Céc tham s6 chinh cda am thanh thu duwoc déu phit hop véi cau tric tham s6 xay dung

trong modun. Céc file ¢6 nhieu & mitc thap va trung binh thi viéc tach tin hiéu chinh
xac hon.

+ Tinh ning nhan dang thanh diéu cho két qua ban dau twong doi tot véi do chinh xédc &
mirc tir 13 83,77% va & mic cau 1a 70,15%. Diéu nay ching té6 kha ning phan 1ép t6t
cia mang noron RBF (Bang 2).

Bdng 2. Két qua nhan dang

Sac |Huyen| Héi | Nga | Niang | Khong | Tong cong | Do chinh xac
Sac 120 2 4 3 0 2 131 92%
Huyeén 1 84 3 3 2 0 93 90%
Héi 3 4 65 6 3 7 88 74%
Nga 2 4 3 38 4 6 57 67%
Nang 4 2 5 6 49 3 69 1%
Khong 0 0 2 2 1 93 98 95%
Nhan diang | 120 84 65 38 49 93 536 83.77%

Céc thanh “hdi”, “ngd”, “ning” c¢6 ty lé nhan dang nham cao hon cdc thanh khéc.

9. KET LUAN

Bai b4o nay da trinh bay qua trinh thue nghiém nhan dang thanh diéu cho tiéng Viét sir
dung ky thuat sit Iy tiéng néi va mang noron. Két qua nhan dang cho thdy mang noron cé
kha ning phan biét cidc thanh diéu twong doi tot. Tuy nhién nhirng két qua trong bai nay
chi 1a nhitng két qua buédc dau. Trén co s& thanh cong cia bai bdo nay, tdc gid dang tiép
tuc tién hanh nghién cttu phwong phdp nhan dang tiéng viét trén co s& moé hinh ban am tiét,
xay dung céc thuat toan dé tach va gdn nhan ban am tiét, phan tich cac véc to dac trung va
ap dung phuong phap tim kiém dé nhan dang tiéng Viét cé s6 lwong tir khong han ché
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