Science & Technology Development, Vol. 8, No. 4-2005

TONG HGP MOT SO Ani 18T TIENG VIRT
DUA VAO CAC CHU KY CAO PO

Lé Ti&€n Thudng, Lé Ngoc Phi
Trudng Pai hoc Bich khoa — Pai hoc Quéc gia Tp. HCM
(Bai nhdn ngay 31 thding 8 ndm 2004, hoan chinh sita chita ngay 24 thdng 01 ndm 2005)

TOM TAT: Bai bdo gidi thidu mdt phuong phdp thic hién viéc téng hgp mdt sé’ am tiét
tiéng Viét dya trén cdc chu ky cao dé va quy ludt thay doi ciia né. Phuong phdp nay da dugc tdc
gid sit dung dé xdy dung gidi thudt va viét chuong trinh hoan chinh thuc hién viéc téng hop mot
$6" dm tiét co bdn trong h¢ thong cdc dm tiét tiéng Vigt. Két qud thu dugc rdt khd quan, nhitng
dm 1iét téng hop duge cd chdt lugng rdt ré rang, tix dé cho thdy day Ia mdt phuong phdp cé thé
dp dung dé thyc hién tong hop tiéng ndi tiéng Vig.

L Gidi thi¢u

Hé th&ng tdng hdp ti€ng néi néi chung ¢6 nhiém vy nhin cdc chir viét & ngd vao, thuc hién dng
hdp (tao ra) va phdt d&€n ngd ra (loa) chudi ti€ng néi tuong Wng mot cdch 16 ring, sao cho ngudi nghe
c6 thé hi€u 15 dudc ndi dung ma hé théng tdng hop ti€ng néi mudn truyén dat. Do d6, viée tdng hop
ti€ng néi con dude goi la viéc chuyén chif viét sang ti&€ng néi — TTS (Text—To-Speech). Nhu vy, hé
théng t8ng hdp ti€ng néi ti€ng Viét s& nhin di liu ngd vao (ban phim) 12 cic chit viét tiéng Viet,
thyc hién t8ng hgp va phdt d&€n ngd ra (loa) chubi ti€ng néi ti€ng Viét tuong tng. Pidu nay thé hién o
trong hinh 1.
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Hinh 1: Nhiém vu t8ng hop ti€ng néi

V§&i nhiém vy nhu vy, khd ning (ng dung ma hé théng t6ng hgp ti€ng néi s& mang lai 12 vd
cling to 18n, dic biét 1a trong linh vuc Vién théng va Cong nghé théng tin. Vi vdy, viéc tim ra mét
phuong phdp hiéu qud nhdt d€ thuc hién viéc tdng hgp ti€ng néi 14 mot huéng nghién citu da va dang
thu hit rdt nhiu c4dc nha khoa hoc trén thé& gidi [4].

Hién tai, dd c6 rat nhi€u dé tai nghién cdu vé phudng phép thuc hién téng hdp ti€ng néi cia céc
nudc trong khu vire va trén th€ gidi nhu Trung Qudc, Thdi Lan, Indonexia, Nhat Bdn, Anh, Phdp, Tay
Ban Nha... da dugc cong bd. Trong d6, rdt nhiéu ngdn ngif di dugc t6ng hdp ti€ng néi thanh cong nhw
ti€ng Anh, ti€ng Phdp, ti€ng Tdy Ban Nha... Chuong trinh t8ng hdp ti€ng néi clia cdc ngdn ngit trén di
dudc cong b v4i chat lugng c6 thé chdp nhan dugc. Mt s& chuong trinh da xud't hién trén thi trudng
thudng mai. Gin day viéc nghién cifu v& dé tai,nay cang dudc thic diy manh do sy phdt trién cia
cong nghé mdy tinh va cdc chip xif 1y s6 tin hiéu (DSP) [4].

Trong khi ti€ng n6i cla cdc ngdn ngit khic dang dugc ddu t nghién cu rdt manh do nhitng ng
dung rdt phd bi€n ma né s& mang lai thi viéc thuc hién tSng hop ti€ng n6i dGi v6i ngdn ngit ti€ng Viét
van con 12 vin dé khd méi mé. Piéu niy Ia do bdn chd't 4m hoc clia ti€ng néi ti€ng Viét c6 nhitng dic
trung rdt khdc biét so v4i ti€ng n6i cla cdc ngdn ngif khdc. Viéc nghién citu thuc hién tdng hap ti€ng
néi ti€ng Viét doi héi phdi tim ra nhitng gidi phdp riéng, thich hgp véi cdc dic trung ciia tiéng néi
ti€ng Viét. Do vdy, yéu ciu phai phan tich k§ ludng, chinh xdc cdc dic trung thi méi c¢6 thé thuc hién
tdng hop ti€ng néi ti€ng Viét mdt cdch hidu qui nhat [8].
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IL. Cd s& thuc hién

Viéc tdng hgp ti€ng néi néi chung c6 thé duge thuc hién dua wén nhiéu cich khdc nhau nhy 1a
thu Am trudc, tdng hop formant, k&t ndi... Tuy nhién hién nay phudng phép dang phét tri€n manh nhat
va dudc 4p dung nhiéu nhit 1a phudng phap k&t ndi. Phudng phap nay c6 dic diém la t5n dung lugng
bo nhd 16n d& luu trir dif liéu cdc don vi cd bdn cla ti€ng ndi (vdn dé nay hién nay cdé thé chdp nhin
dugc) nhung chit lugng ti€ng néi t8ng hop dudce rat 16t (hién nay, ddy la van dé duoc wu tién nhat) [1].
Y tudng tdng quit ciia phudng phdp nay 12 ti€ng néi hoan chinh ciia mot tir dude k&t ndi tir cdc don vi
ngit Am khdc nhau. Cdc don vi nglt 4m nay c6 thé dudc chon lya tly theo titng trudng hdp va tirng
ngdn ngit khdc nhau, tir d6 s€ tao ra cdc phudng phdp riéng nhung cac phuong phdp nay cé chung dac
diém 1a ti€ng néi dude tdng hdp bing cdch k&t n6i cdc don vi ngif Am lai vdi nhau [5). Xét vé mat ciu
triic thi mdt Am tiét ti€ng Viét dudc ciu tao ti nhitng thanh phan nhé hon nhu sau:

Bdng 1: CAu tric Am tiét ti€ng Viét

Thanh diéu
Am Vin
ddu Am Am Am
dém chinh cudi

Chi ti€t v& dic di€m, chifc ning va ciu tric ting thanh phédn trong dm ti€t ti€ng Viét dudc trinh
biy rd trong tai liéu tham khdo [1]. @ day bai béo tap trung nghién ciu bin chit ngit 4m hoc ciia cic
am chinh (do cdc nguyén am tiéng Vigt ddm nhiém) va dnh hudng cdc thanh diéu 1€n cdc nguyén dm
dé. Tir d6 tim ra mdt gidi thudt thuc hién viéc tdng hop ti€ng néi cdc nguyén am ti€ng Viét.

Ban chit cla ti€ng néi 1a do sy dao dong ciia day thanh ddi (xud? phdt tit luéng khong khi phdt
ra tit phéi), tit d6 tao ra sy dao dong (nén hodc gian) cla ludng khong khi ngay trudc miéng ciia ngudi
n6i. K&t qua 12 tao ra sy chénh léch cuc bd v& 4p sudt khong khi. NEu dung micro d€ nhén biét sy
chénh 1&ch nay thi ti€ng néi sé& dudc thé hién dudi dang cdc dao dong vé dién. Dao ddng niy dugdc thé
hién trong hinh vé sau (hinh 2)
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Hinh 2: Dang séng tié€ng néi cia tir ‘A’

Vé ban chdt nglr 4m, cdc nguyén 4m dudc tao ra tif sy dao dong c6 chu ky cla diy thanh ddi.
Dua trén ¢d s& d6 va bing su phén tich, khdo sdt va théng ké, tc gid rit ra k&t ludn 1 ddi vdi cdc
nguyén am ti€ng Viét, chu ky cao dd dudc thé hién rit rd rang, phin biét gilta cdc nguyén am khic
nhau, dang séng 2 chu ky cao do clia mot s& nguyén 4m thé hién trong hinh 3.
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Hinh 3: Dang séng hai chu ky cao dd clia mot s6 nguyén 4m ti€ng Viét

Bén canh d6, cdc nguyén Am ti€ng Viét cdn mot dic di€m quan trong khdc 1a su thay ddi céc
dinh chu ky cao do trong doan ti€ng néi. Cdc dinh nay cé thé duge xem nhu 12 cyc dai dia phuong
trong mién thdi gian trong khodng thdi gian ton tai cla mdt chu ky cao do ti€ng néi. Céic dinh nay
dudc tdc gid ddnh ddu (nguyén 4m O) lai trong hinh 4:

Hinh 4: C4c dinh chu ky cao d¢ tir ‘0’

Cd sd thuc hién va gidi thuat chi ti€t d€ xdc dinh cdc dinh chu ky cao dd ti€ng néi s& dugc trinh
bay trong phin sau. Biing sy phén tich, tic gid nhan thay cdc dinh chu ky cao dé c6 hai théng s6 cin
phén tich. D6 13, bién do ciia cdc dinh va khodng cdch lién ti&p gifta cdc dinh. Pidu ndy dudc thé hién
trén (hinh 5).
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Hinh 5: B6n dinh chu k¥ cao d6 lién ti€p trong tf ‘O’ (phdng ldn)

Trén hinh 5, mot doan lién ti€p b6n chu k¥ cao dd dugc phéng 16n. Trong d6, A;, A, Aiz, A
12 bién do cdc dinh chu ky cao d9, Tj, Tisi, Tisz, 12 khodng cdch giita cdc dinh chu ky cao do. Viéc téng
hgp ti€ng néi cdc nguyén 4m ti€ng Viét dugc thuc hién dua trén cd s& cdc dic trung vira dé cip & trén.
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IIL. Trich cdc dac trung

Viéc téng hdp ti€ng néi dudc dua trén cic dic trung di dudc phén tich, trich ra va luu trif sdn
trong cd sd dit liéu. Nhu di dé cip 8 trén, trong phudng phép t8ng hop nay, hai dic trung dude sit dung
dé tdng hop ti€ng néi 1a dinh cdc chu ky cao do va hai chu k¥ cao dd k& tiép nhau trong ti€ng néi.

D4i véi cdc nguyén Am ti€ng Viét, cdc dinh chu ky cao dd 12 mdt dic trung rit quan trong. D&
t6ng hgp dugc cdc nguyén 4m nay thi viéc dau tién 1a phdi thuc hién xdc dinh chinh xdc vi tri cdc dinh
chu k¥ cao dd nay. Viéc ddnh ddu nay dugc thyc hién dya trén cd sd sau: xdc dinh dinh chu ky cao do
dau tién. Pinh chu ky cao d6 12 di€m c6 bién dd cuc dai trong pham vi chu k¥ cao d dé. Do d6, trong
pham vi ton tai cia tin hiéu ti€ng néi, diém c6 bién dd 16n nhét 1a dinh cia mot chu k¥ cao do, diy
dugc xem nhu la dinh ciia chu ky cao d§ ddu tién. Pinh chu ky cao do ddu tién nay dugc 14y 1am diém
m&c dé€ thyc hién viéc ddnh ddu cdc chu ky cao do k& ti€p v& hai phia trong doan ti€ng néi cho d&n
hé&t khodng tin hiéu cla ti€ng néi. Viéc ddnh ddu nay dugc minh hoa trong hinh 6:

cita 56 do ﬁ/m diing cita 56 do /Iim qud dai
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(a) i

Hinh 6: Xdc dinh dinh chu ky cao do dwa vio cita s& dd tim
(a) Cita s6 dd tim c6 chiéu dai hgp 1y, (b) Cita s8 do tim qud dai

Nhu vdy, khi da xdc dinh dudc dinh mdt chu ky cao dd, thi dinh cdc chu ky cao do k€ tiép sé
dudc xdc dinh dya trén diém mdc vira duge xdc dinh va mdt cia s§ do tim. Cita s3 nay s& dugc dich
lién ti€p vé& hai phia trén ca doan tin hiéu ti€ng néi d€ xdc dinh hét ta't cd cdc dinh chu k¥ cao d6. Pic
diém clia cita s6 do tim 12 6 chiéu dai cd dinh. Viéc xdc dinh chiéu dai clfta s8 phu thudc tric ti€p vao
tin s6 cao do ciia ti€ng néi. G ddy, v6i tin s8 14y miu 44100 miu/gidy, tic gid chon cita s do tim ¢6
chiéu dai 13 L = 500 miu. Viéc chon chiéu dai nay dva trén co s& phan tich ti€ng néi ciia ban than tic
gid, rit ra chu ky cao dd (nghich ddo cila tdn s6 cao dj) trong ti€ng ndi clia minh. Chiéu dai cia cita
s6 dd tim hop 1y dao dong trong khodng 16n hon mét chu ky cao dd va nhd hon hai chu ky cao dé trong
tin hiéu ti€ng néi clia ngudi 6ng hdp (hinh 6a). NEu chiéu dai cia clta s6 dd tim qué ngin (nhé hon
mét chu ky cao d@3) thi ti€ng néi tdng hop duge s& cé thém nhiu chu ky cao d6 mdi so véi ti€ng néi
gdc, ngudc lai n€u chon cla s6 do tim qué dai, (Idn hon hai chu ky cao d§) — hinh 6b thi ti€ng néi tdng
hop dugce sé mit di nhiéu chu ky cao dd mdi so véi ti€ng néi gdc. C4 hai trudng hgp nay déu 1am cho
ti€ng néi tdng hgp c6 chi't lugng rd't xdy, 6 thé khong nghe dugc. Do viy, néu tdng hop ti€ng néi clia
ngudi khac, chiéu dai nay cé thé sé thay ddi cho phi hop vdi giong néi clia ngudi d6 dua trén viéc xdc
dinh chu k¥ cao do cia ngudi tdng hgp ti€ng néi.

Luu dd gidi thudt do tim va ddnh ddu cdc chu ky cao do ciia ti€ng néi dudc thé hién trong hinh
Z

Sau khi da thyc hién viéc ddnh ddu dinh cdc chu ky cao d, viéc trich hai chu ky cao d dwdc
thyc hién don gidn bing cdch tich doan ti€ng ndi giita hai chu k¥ cao d6 ké nhau dugc xdc dinh ti cdc
dinh chu k¥ cao d6 di ddnh ddu. K&t qud ndy da dugc thé hién trong hinh 2.
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Hinh 7: Luu d6 gidi thuat
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IV. Téng hgp ti€ng néi

Viéc téng hgp ti€ng néi dva trén cic dic trung di dudc trich ra & trén. Nhu dd nhin xét, dang
séng clia cdc nguyén 4m c6é dang gin tuin hoan, chu k¥ cao d6 gan nhu dudc lip lai trong sudt chiéu
dai 4m ti€t. Do d6, tdc gid dua ra gidi thuit tSng hdp cdc Am tiét ti€ng Viét bing cdch cong chdng 1dp
cdc doan ti€ng néi cd sd trong mién thdi gian [6].

Poan ti€ng néi cd s& dugc tao ra bing cdch nhén truc ti€p hai chu k¥ cao dd lién ti€p cila ti€ng
n6i di dudc trich ra vdi cita s hamming c6 ciing chiéu dai dugce dich khdp v8i doan 2 chu k¥ cao dd.
Qud trinh ndy dudc minh hoa trong hinh 8.

Cda s8 hamming : Cl 8 hamming vé chu k3 pithe vé chdng
; 1 sotil :
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Hinh 8: Nhin clta s6 hamming véi hai chu ky cao do
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D& dang nhin thdy bing tryc quan, viéc nhan cita s6 hamming c6 tdc dung: Gilf nguyén dang
séng cla doan gitta chu k¥ cao dd ddng thdi 1am suy hao dang s6ng hai bién cla chu ky cao do.

Doan ti€ng néi cd sd sau khi dudc tao ra, sé dudc dich lién ti€p tdi vi tri dinh cla cdc chu k¥ cao
dd, ddng thdi dudc nhdn vdi hé s0 1a gid tri bién dd dinh ciia chu k¥ cao d tuong dng (ddy la cdc ddc
trung da dugc xdc dinh va luu triz trudc). Qu4 trinh nay dudc minh hoa trong hinh 9 nhu sau:
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Hinh 9: Dich va cdng don cdc doan ti€ng néi cd s6.

6] diy, mot vin dé ddng quan tim la s6 14n dich va cong ddn cdc doan ti€ng ndi cd s8. Diéu nay
dugc quyét dinh bdi chiu dai cia ti€ng n6i. Thong s& ndy dude xac dinh bdi didc trung v€ vi tri cdc
dinh chu ky cao dd. Qud trinh dich va cong dén dudc tém tit trong s dd hinh 10 nhu sau:

Poc chiéu dai am 1ié1

|
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Higu chinh cita 56
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S
Dich cita s6
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Hinh 10: Luu db gidi thuit cong don chong 1dp
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V. K&t ludn, huéng phit trién

Dua trén thudt gidi nhu trén, tdc gid da vi€t dudc mot chudng trinh téng hop ti€ng néi. Cic 4m
ti€t tdng hgp dugc 1a céc nguyén dm don don cia tieng Viétnhu a, 0, 6, 0, i, u... cdc nguyén am két
hgp véi cdc thanh digu (4, 4, d, d, 0...), cdc Am ti&t kép (ao, do, 6i, vi.. ) —la cdc am tiét k&t hop tir
hai nguyé&n 4m don. Cdc Am i€t t8ng hgp dudc c6 chat lugng t6t: rd rang, tu nhién, dé phan bigt. Viéc
ddnh gid chat lugng ueng n6i tng hgp dugc thyc hién dua trén viéc so sdnh giita ueng néi tong hop
dudc va tiéng néi goc Dua trén viéc quan sdt dang séng tin hiéu ti€ng néi trong mién thdi gian va dd
thi phd trong mién tdn s ciia tin hidu ti€ng néi clia cdc nguyén Am ‘6” hink 11 va ‘e’ hinh 12 ciia tin
hiéu géc (thu trice tiép) va tin higu tong hgp, c6 thé nhin xét 1a dang séng va phd ciia tin hiéu gdc va
tin hiéu dng hgp dudc 1a twong ddi giéng nhau. Ngoai hai nguyén dm nay, tdc gid ciing da phan tich
hau hét cdc nguyén am khic trong hé thSng cdc nguyén Am ti€ng Viét va déu cho két qud tudng tu
nhuv vdy. Tuy nhién, cd s& chinh dé ddnh gid chat lugng ciia ti€ng néi tdng hop dude 1a nghe va so
sdnh ti€ng néi gdc va ti€ng néi tdng hgp dugc. Trong qud trinh thuc hién dé tai nay, tic gid da viét
chu’dng trinh thuc hién viéc tdng ho‘p cdc nguyén dm don va mot s6 4m kép trong ti€ng Viét. Cic 4m
ti€t tdng hdp dugc c6 chat lugng 161, ¢6 thé nghe 16 rang, ty nhién, chdp nhin dugc.
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Hinh 11: Dang séng va phd tin hiéu ti€ng néi géc cla nguyén am ‘6’
(al) Dang s6ng tin higéu géc (a2) Dang séng tin hiéu téng hop
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Hinh 12: Dang s6ng va phd tin hiéu ti€ng néi gbc ciia nguyén am ‘e’
(al) Dang séng tin hiéu goc (a2) Dang séng tin hiéu tdng hop
(b1) Ph& tin hiéu gdc (b2) Phd tin hiéu tdng hap
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Céc k&t luan sau ddy didc riit ra trong qud trinh phan tich, khdo sdt va téng hgp ti€ng néi cic
am (i€t ti€ng Viét. Dang séng ti€ng néi cla cic nguyen im tleng Viét c6 dang gin tuan hoan. Hai
dic trung quan trong nhat c6 thé dugc sif dung dé (8ng hgp tiéng néi 1a hai chu ky cao do ké ti€p va
cdc dinh chu ki cao do. Piy 1a hai dac trung phdn biét cdc am ti€t va ciing 12 hai dic trung phén biét
giong néi ciia nhitng ngudi khdc nhau. K&t ludn nay dudc rit ra bdi vi ti€ng n6i tdng hgp dudc dva trén
chu ky cao d6 va su thay ddi cia chiing c6 thé duge nhdn dang giong ndi cla tirng ngudi mdt cich
chinh xdc.

Két qua t8ng hop mdt s6 am tiét ti€ng Viét ¢6 chat lugng t6t, cho thdy day 1a mdt huéng nghién
cifu rit c6 trién vong. Mic du vy, day ciing chi 12 k&€t qué cd ban, chuong trinh t6ng hop ti€ng néi chi
dugc thuc hién trén cdc nguyén am. Pé thuc hién 16ng hgp ti€ng ndi thanh cong, doi hdi phdi thuc
hién thanh ¢ong cdc phu 4m va thyc hién nghién cifu dnh hudng cla cdc tir trong ciu, tir d6 mdi t6ng
hdp dugc hoan chinh mot vin bdn.

VIETNAMESE SPEECH SYNTHESIS BASED ON PITCH PERIODS

Le Tien Thuong , Le Ngoc Phu
University of Technology - VNU-HCM

ABSTRACT: The purpose of this paper is to present a method applied to the Vietnamese speech
synthesis based on pitch periods and it's changes. The method is used to build up the algorithm and to
syntesize some Vietnamese basis syllables. The results of the method analysis have show that this is an
efficient approach for Vietnamese speech synthesis.
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