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TOM TAT Trong van dé nghién ciu vé tong hop tiéng viet, tong hop thanh diéu déng mét vai tré quan trong va thé hién tinh déc
thu cua tzeng Viét. Cac thudt todn téng hop thanh diéu tiéng Viét thieong sir dung phirong phdp binh phirong 16i thiéu dé cdch diéu
héa tuyén tinh dwong FO ciia cdc thanh diéu tiéng Viét phat dm réi rac hodc lién tuc trong ngit heu. Tiép cdn theo hieéng nay la rat
kho dé cach diéu hoa tuyén tinh dwong FO ciia mot s6 thanh diéu tiéng Viét nhuw thanh ning va thanh ngd.

Bén canh do viéc woc hwong hiéu qua cac diém danh déu pitch (PM) ciia mét phat Gm la bude quan trong ddu tién aé tong
hop thanh diéu cho téi nay van la mot van dé mé. Bai bdo nay trinh bay mét phuong phap woc luong cac PM ciia song tiéng néi va
phwong phap xdy dung mot phép héi quy phi tuyén dé tong hop cdac thanh diéu dwa trén mé hinh Xu di duogc s dung rong rai cho
tieng Trung Quoc pho théng —Mandarin. Thic nghlem dd chimg to tinh hiéu qua cua thudt todn dé xudt cho vin dé xdc dinh cdc
diém danh dau pitch cia tin hiéu tiéng néi dau vio ding ChO tong hop thanh diéu tiéng Viét phat am roi rac. Cdc diém ddnh déu
pitch duwge wée hrong véi @ chinh xdc cao. Céc thanh diéu tong hop nghe rd rang ca véi thanh ning va thanh ngd, giit dwoc duong
nét dac trung thanh diéu twong ung.

Tir khéa: Hitu thanh/vé thanh, Céch diéu dirong FO, mé hinh Xu, Diém danh déu pitch, Téng hop thanh diéu.

I. GIOI THIEU

M&i am tiét tiéng Viét nhat thiét phai duoc thé hién voi mot thanh diéu. Thanh diéu c¢6 chirc ning phan biét vo
am thanh, phan biét nghia cua tir. Néu nhu ngit diéu 1a dic trung cua cdu, trong am 1a ddc trung cua tir thi thanh diéu la
ddc trung cta am tiét tiéng Viét.

S4u thanh diéu tiéng Viét duoc chia thanh hai nhém 16n béng va trdc. Thanh khong dAu va thanh huyén thudc
loai thanh bang c6 duong nét twong ddi don gian. Thanh nga, thanh héi, thanh sic va thanh ning 14 nhirng thanh tric c6
duong nét thanh di¢u phirc tap. Cac thanh ngang, séc, ngd thudc am vyc cao, con cac am huyén, hoi va nang thuéc am
vuc thip. O muc vat 1y, phan thanh cta thanh diéu chinh 1a duong nét cia tan s am co ban FO.

ﬂTz‘in s6 co ban FO mang tinh tuong ddi, dac trung cho tirng thanh diéu. Puong nét FO duoc xac din}‘l béng su
bieén doi tan so dao ddng cua day thanh, do cac co thanh quan, ciing nhu 4p suat dong khi di qua thanh mon diéu phoi.
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Hinh 1. Céc vi du vé dang thanh sac cua am tiét thir nghiém (a) Thanh séc, (b) Thanh ning va (c) Thanh nga
Do bin chét cua tiéng Viét, vin dé tong hop thanh diu tiéng Viét da dugc quan tim nghién ciru [1-6]. Trong
céc nghién ctru nay céc tac gia di sir dung cac mé hinh cach diéu dwong FO khac nhau dé tong hop thanh diéu am tiét
1o nhu [1-2] véi cach diéu tuyén tinh, [3-5] véi phuong phap phan tich va tong hop sir dung md hinh Fujisaki hodc
dwa trén hoc thong ké v6i mé hinh hoc may HMM [6].

Do hién tugng bién thanh cua thanh di¢u kha phirc tap nén cac phuwong phap tong hop thanh diéu cho cau tu
nhién st dung m6 hinh Fujjisaki hoic HMM van 1a van dé mé. Nguoc lai, hinh dang thanh diéu cua 4m tiét hodc tir
tiéng Viét phat am rdi kha on dinh, c6 nhu cau ng dung trong thyc té nhu huén luyén phat am thanh diéu tiéng Viét,
hd trg nguoi khiém thinh sir dung may tinh (phat 4m ky tu/ timg am tiét dugce go ) v.v... Cach diéu héa duong FO cua
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am tiét phat a am roi de téng hop thanh diéu yéu cau doi hoi mot phuong phap hiéu qua thay thé mo hinh Fujisaki (c6
nhiéu tham s, yéu cau giai doan phén tich t6n nhiéu thoi gian va cong sirc) hodc m6 hinh thong ké HMM khong thich
hop cho xtr ly mirc doan 4m ngin mirc am tiét/tr. Phuong phép cach diéu tuyén tinh don gian hon, tuy vy phuong
phép nay lai kho tong hop duoc cac am tiét mang thanh nang va thanh nga tir am tiét khong dau [1].

Vi cac ngon ngir ¢6 thanh diéu nhu tiéng Trung qudc phd thong Mandarin, tiéng Thai mo hinh “pitch target”
cia Xu va cong su duoc nghién ciru va st dung hiéu qua dé sinh duong FO mirc am tiét/ti/ngir doan, xem chang han
[7 12]. Céc tham s6 mo hinh dugc khop (fitting) bang g6i phan mém SPSS. Uu diém ctia mo hinh 1 don gian, it tham
sO va ¢c6 thé hoc thong ké dé sinh ra duong biéu dién FO trong ngit canh. Pau vao cia md hinh 1a cac gia tri FO duoc
tinh bang thuat toan wdc lugng FO goi 1a RAPT (Robust Algorithm for Pitch Tracking) ciia David Talkin [13] trong
chwong trinh get f0 ciia goi ESPS (Entropic Signal Processing System) [19]. Cho dén nay véan dé woc lugng gia tri FO
van 1a vin d& mé, co rit nhidu thuat toan dé woc luong FO, xem chéng han [14, 15] va dich img dung cua cac thuat toan
ndy thudng 1a nhén dang va xur Iy tiéng néi trong méi truong thyc. Tuy nhién trong van dé tong hop duong FO, tin hi¢u
tleng n6i ¢ chat lugng cao, duge thu nhan trong méi trudng phong thi nghiém, khong co nhleu manh. Do vdy chung ta
can mot phuong phép riéng, hiu qua dé woc lwong FO 1am dau vao cho bod cach diéu FO dé tong hop thanh diéu cho 4m
tiev/tu, ...

Dé tong hop thanh diéu cia am tiét tiéng Viét phat am r0i, trong bai bdo nay chung t6i trinh bay thuat toan ude
luong FO cho doan tiéng noi hitu thanh (nhu doan phan van cua tin hiéu am tiét tiéng Viét), phép giai udc luong hé so
hoi quy phi tuyén cia mo6 hinh Xu. Chi ti€t viéc cac thuét nay dugc trinh bay trong phan III va phan IV cua bai bo.

Phﬁn con lai cua bai bao duoc t6 chtrc nhu sau: Phan II, trinh bay mot s6 nghién ctru lién quan cua thuét toan
Xu; Phan IIT 1a d€ xuat thuat toan u6e luong FO, thuat toan ude luong hé s6 hoi quy phi tuyén ciia mo hinh Xu; Cac két
qua thyc nghiém dua ra trong phan IV; Két luan dugc cho trong phan V.

I1. NGHIEN CU'U LIEN QUAN

Dé bién ddi duong FO ciia mot nglt doan am thanh, am tiét thanh mot ngilt doan c6 duong FO thay ddi, am tiét
mang thanh diéu khac, chung ta cAn x4c dinh dang dwdng FO dich va cac diém danh dau pitch (PM-Pitch mark, hoic
c4c Pulse) ctia am thanh gbc [16, 17], sau d6 st dung mot cong cu nan chinh dudng FO ching han thuit toan PSOLA
[1]. Do vay viéc xac dinh gia tri duong FO cua ngit doan tiéng néi, cac diém PM va cach diéu no dé khai quat cho
dudng FO am thanh dich 1a diém quan trong dé téng hop tiéng Viét [1].

A. Uéc lrgng FO va cac diém danh dAu pitch ciia doan tin hiéu tiéng néi hiru thanh
Mot cach u6e luong FO don gian la sir dung phuong phap tu tuong quan. Chia doan tin hiéu tiéng noi thanh cac

khung thoi gian ngan (goi 1a frame) c6 d6 dai nhu nhau va nam trong khoang 10-30 ms (mili gidy), hai frame lién tiép
chdng 1én nhau voi d6 dai nhu nhau va nim trong khoang 5-15 ms.

Trén mdi khung thoi gian ngén frame, ta tinh cac hé sé tuong quan sau:

def M1k @
vk=0,M-LR, = > frame(i)frame,(k +i)

i=0

& day {frame, (i)};" 1a cac mau tin hiu tiéng néi ciia frame;.
Ménhdé1. Vk =L M -LR <R,

Chtng minh:
MG , L ME {frame, (i)Y +{frame (k +i)}
Re. = ; frame, (i) frame, (k +i) < .Z ; -
= i {frame, (i)}’ 3 ik{frame (k+i)} < Mz_:l{framet 0)3 +%hil{framet (i =—= +% =Ry,

Vay Ryt < Ry .

N A -4 Lio1e M- A \ . . A , N
Do frame; nam trén doan tiéng ndéi hGtu thanh, {framet (I)}i:O la tya tuan hoan tai chi so0 ko tuc la

framey(i)~frame (i+ko) Vi=0,M —1-k,,khido R, ~R;,.

Dua trén ménh dé 1 ta o thé woc luong FO tai khung tinh hiéu ngén frame; nhu sau: Fo (t) ~—— :voitlachi
0t
s6 day frame, f; 1a tin s6 ldy mu cua tin hi¢u tiéng noi (thuong fs € [8000,22050]) va K, et arg maxir, .}

1<ksM -1
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Thuat toan trén tuy don gian, nhung d6 chinh xac phu thudc vao tham s0 d6 dai ciia mot frame (voi tiéng ndi co
tan s6 FO thdp nhu giong nam tram ching han, tham s6 d6 dai ctra sd phai dii 16n), ngoai ra khi ¢6 nhiéu gia tri k ma

Rk,t ~ Rko,t va kg khong la dinh ding d6 chinh x4ac cia thuét toan trén khéng cao [13].

Thuét toan RAPT [14] u6c luong FO st dung céc hé sb tu twong quan dugc chuan hoa,
R ] M -1-k .
NCCF, (k) = ——“— .trongdo e, = »  frame,(k +i) ? @)
€0+Ex t i=0
sau d6 tim dinh (chi sO k, tai d6 gia tri tin hidu dat cuc dai dia phuong) cta day sb {NCCFk)} va s dung thuat toan
quy hoach dong dé chon dinh phu hgp.
Noi chung mét thuat toan udce lugng FO déu can bién doi tin hi¢u tiéng n6i ban dau (trong mién thoi gian hodc

mién tan sd) dé 1am ndi bat cac dinh cua tin hiéu, sau d6 lya chon dinh hop ly tir cdc dinh da tim dugc.
Dua trén gié tri FO ciia timg frame trén doan hiru thanh, ching ta c6 thé xdc dinh cac diém PM nhu sau :

pm(t) = pm(t-2) + f, / f,(t) frame, thudc phan hitu thanh, fs 12 tAn s lay mau, fO(t) 1a tan s6 FO
cta frame. . (3)
pm(t) = pm(t—-1)+A frame, thudc phan vO thanh, A Ia tham sé d6 rong cira so.

. T . .

Tét nhién v6i am thanh dich chua x4c dinh véi duong cach digu  f, (t) ., mong muén thi chi ¢6 thé xc dinh
cé’c PM cuia 4m thanh digh béng cach trén, trai lai khi 4m thanh nguén da biét, chung ta c6 thé xac dinh céc‘PM truc
tiép tir song am, xem chang han thuat toan cta Talkin dugc cai dat trong bd cong cu [ESPS, Praat]. Chu y rang thuét
toan cua Talkin tinh cac PM ciing kha phtic tap, trong ty phuong phap tinh FO da d¢ cép o trén.

B. M6 hinh Xu
Mo hinh Xu [7-9] da dugc sir dung rong rai cho tiéng Trung Qubc phé thong —Mandarin ¢é mé hinh héa duong
tan s6 co ban FO cua cac thanh diéu trong ngir canh. Ttr mot s6 nho tham s6 ciia m6 hinh, ching ta tao sinh duong FO
mdi c6 dudng nét thich img cho cac hién twong bién thanh cia cau s& dugc phat am. Cac tac gia da d¢ ra khai niém
“pitch target” trong tiép c4n mo hinh hoa duong FO, trong thuc té ung dung thuong “pitch target” 1a dang tuyén tinh,

va vé thuc chat mo hinh da biéu dién sai s6 xap xi tuyen tinh cua cac gia tri FO bang mot xap xi méi c6 dang 1a ham
phan rd dang ham mii c6 toc d6 suy giam 1a mot gi tri nam trong khoang (0,1) [7, 8].

Noi cach khac, cac gia tri FO ctia tin hi¢u khi phat &m am tiét/tir, ... duge xép xi béng ham c6 dang:
Ft~ae™+at+b. 4)
Nhu vay FO dugc tao ra tir sy két hop cua thanh phdn xp xi tuyén tinh at + b va thanh phan phan rd ham mii

# ciia sai s6 xap xi tuyén tinh. Trong biéu dién trén a 1a d6 doc cua dudng tuyén tinh dich, khi a > 0, dudng tuyén

ae”
tinh dich ting va nguoc lai khi a < 0 thi duong tuyén tinh dich giam, A>0 va e biéu thi tbc do phan rd dang ham
mii ctia sai sO xap xi tuyén tinh cta duong FO.

Néu gan sai s6 [7],

def
yt)=F@t)—(at+b), yt+D)~ae ™ =e"* ae™ ~ky(t).

ke(0,1)

(®)

Nhu vay khi khop (fitting) tung tap dir lleu FO, chung ta c6 thé rit gon viéc tim céc tham s6 hdi quy phi tuyén a,
b, o va A kha phirc tap bang viéce tinh cac tham sé hdi quy a,b va k, trong d6 ke (0,1).
I11. DE XUAT
Trong phin ndy ching t6i dé xut 2 thuat toan twong tng vdi hai bude dé tong hop thanh diéu cua am tiét tiéng
Viét phat am roi.
A. Thuit toan wéc hrgng cac PM dua trén tong tich liy

Trén doan tiéng ndi (trong mién thoi gian hodc mién tan sd), X :{X j}]s jen chung ta xac dinh day tong tich lity

S :{Sj}JsjsN , trong do
def

51=X1,Vj=2,N,Sj=Sj,1+Xj )
va chung ta ciing xac dinh chi s6 khong diém-giao (ZC, zero crossing) nhu sau:

1& [sign(x,)—sign(x, )
Mn:r§/l+1 2

Z (m)= ,m=M+1N @)
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1, x>0
& day M la tham s6 mau dung trude va Sign(x) =40,x=0
-1,x<0
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Hinh 2. Day téng tich liiy ciia mot phat am cho am tiét “s/a/u”

Céc gia tri Z(m) dung dé xac dinh mau tiéng noéi thuoc doan am thanh hodc hiru thanh, khi Zx(m) > a, thi

mau X, thude phﬁn v6 thanh va ngugc lai, tham s6 o, dugc xac dinh b?lng thuc nghi¢m (ch:fmg han, c6 thé chon
0,=0.17).

Thuat toan dugc mo ta va thue hién nhu sau:

Thuit toan 1. EPM (UGc lugng cac gia tri PM ciia song tiéng noi).

Piu vao: Diy tin hiéu tiéng noi {Xm}1sm <N frong mién thoi gian.

Tham sé o, a;€(0,1) : ngudng quyét dinh vo thanh/hiru thanh
Tham so fo min;_ fo max (gla tri nguyen duong, don vi Hz)
Tham s tan s6 lay mau f;, s6 mau ctia mot frame (doan tin hiéu ngin) 1a M.

Piu ra: SO cac doan hiru thanh K, cac diém pitch mark theo 4 phuwong phap iy

pm kl 1<k<K 1<j<n; | pm, 1<k<K 1<j<n; | P 1<k<K 1<j<n, | Pr. 1<k<K 1<j<ny,

Buwére 1: Phan doan tin hiéu {Xm}1Sm <y thanh cic doan tiéng noéi hitu thanh va vo6 thanh
1.1: Xac dinh tin hiéu giao khong diém {Z,(m)} theo cong thirc (7)

1.2: Chia doan tin hidu {X }. ., thanh cic frame do dai M mau, khong chong 1én nhau. X4c dinh ning luong cia

tM
tirng frame, :{Xm}(t—l)M +1<m<tm theo cong thie E = Z X;
m=(t-1)M +1

1.3: Loai bo nén (silence): Xac dinh K va cc doan tin hiéu tiéng néi {Xm}M*‘t“SmSM*‘tk ) k =1, K theo ngudng ning

luong a*max{E}, ¢ day tyi, tk2 1& chi s6 frame nho nhit bat diu va 16n nhit két thic cia mdi doan k, sao cho
E,, 2o max{E}, E _ >a max{E}.

1.4: V6i mbi doan tiéng n6i {Xy by, <memn,, K =1 K, trich doan tiéng néi hitu thanh{X }y cnen,,  Xn, s Xn,
12 mAu x,, bit ddu va mau x, cudi cung cuia doan tin hiéu thir k sao cho Z,(n) < a,.

Bll’O'C 2: Tmln f/fO max » max f/1:0 min

Buéc 3: Lap trén mdi doan tin hiéu hitu thanh {Xm}Nkl k=1

1SMEN 5!

3.1: Tinh téng tin hiéu téng tich Iy S, ={S, }y, men,, K =1 K theo cong thirc (6)

2 [Su

ne peak{S, }
# peak{S, }

3.3: Xac dinh dinh phu hop du tién cua Sk, Pk1la dinh n dAu tién ma Skn trén ngudng meany;

3.2: Xac dinh cac dinh cua Sy, tinh trung binh bién d9 tai cac dinh cua Sy : mean, =
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P, =argmin [S, ,|>mean, .

ne peak{S, }

3.4. Loai cac dinh n e peak{S }.n < p,,
3.5: Chi giit lai cdc dinh p, ; < peak{S, }.p, ; P, < [T kmln’Tkmax]
3.6: Loai tiép cac dinh nho (tht 2 sat ngay cac dinh 16n), tirc 13 loai cac dinh Pkjma Py ; <Min PP ja

fs fs fs

. CoaL gy ————————— > 056% + C AL dgiA ’ ; Coha 1A -
3.7: Loai cac dinh Pej1—Pr | [F’k T pk,j+2_pk,j+1J (Loai cac diém cua duong FO bi nhé 1én so véi

diém gan nhat bén trai va bén phai).
3.8: Chén lai mét dinh

3 Pej+ Py ju
2

(Cheén lai mot dinh d4 bi loai tai diém ctia duong FO bi thap xudng so véi diém gan nhit bén trai va bén phai).

me peak(sk)y pk,j <m< pk,j+1’

fs
< 05* fs N fs
pm Py j

— min Khi Py j+1 7 P j “Peja Pje2— P ja

3.9: bat peak,{S, } 1a tap dinh rat gon.

Bude 4: Lap, trén mdi phan hitu thanh {X }y ey, K =1,

4.1: Chu ky FO trén mdi doan [py;, Pxj+1] ciia doan {Xm}Nklsmstz s foxi =

——, j=L#peak.{S, }-1
pk,j+1 pk,

4.2: Xac dinh cac diém pitch mark theo tiéu chi diém cuc dai dja phuong cua doan {Xm}Nk )

<m<Ny ,

pm,; =max peak X

NP SN<Py

4.3: Xéc dinh cac diém pitch mark theo tiéu chi diém cuc tiéu dia phuong ciia doan {X }Nk1<m<Nk ,

pm, ; =min peak —Xx, 1B 1
Buée 5: Xac dinh cac diém Pulse kiéu Praat[Praat, tvong ty budc 3 nhung liy diém cuc tiéu dia phuong cua tin hiéu

téng tich iy, ta duoc p_  trén mdi phén hitu thanh {Xm}Nk1<m<Nk N k=1K.
.J AT »

Budre 6: Két thic

Tra vé: SO cac doan hiru thanh K, céc diém pitch mark theo 4 phuong phép lay

m, . m, . . ;
p K 1<k a<jzny P K 1<k a<jzng pk,l 1<k<K 1<jsng, | pk,l 1<k<K I<j<ny,

RG rang trong thuat toan ching ta chi st dung cac phép tinh téng va cac phép so sanh nén co the thdy d6 phirc
tap thuat toan 1 1a nho. M 1a d¢ dai ciia mot khung tiéng n6i ngan nén M<=N (N 14 s miu tin higu tiéng no6i dau vao),
vi vay do phurc tap cta thuat toan 1 1a O(N).

Thuat toan duyét tuan ty timg khung tiéng néi (khi tinh cac gia tri nang luong) va duyét ting mau tin hiéu tiéng noi
khi tinh céc gi4 tri di dau cua tin hiéu trén timg doan tiéng noi trich rit dugce nén Thuat toan ludn dimg do s6 lwrong mau
tin hiéu du vao da duoc xac dinh (Thuat toan khong lam viéc véi cau tleng ndi thu nhén trong thoi gian thuc)

Nhén xét: Tir cac PM tim duge chiing ta s& ¢6 mot wde lugng thd cia cac gia tri FO, fo,k, j theo cong thuc ¢

budc 4.1 thuit toan 1, tuy nhién dé co mot wéc lugng tt ctia gid tri duong FO con phai hau xi 1y rat nhiéu, ching han
phép lam tron céc gié tri dudng FO.
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(a)
Hinh 3. Duong FO thé, khong tron ./ (P;,; — P;) ciaam/bon/, (a) {p} 1a céc diém Pulse tinh bang Praat [20],
va (b) la cde diém giao cat 0 chuyén tir dm sang dwong tinh bang thudt todn 1 dé xudt.

B. Thuit toan sir dung phu’(mg phiap binh phwong t6i thiéu dé tinh cic tham s6 hdi quy phi tuyén mé hinh Xu
Viéc tinh cac hé¢ so cua md hinh Xu khi cho truoc gia tri duong FO cung st dung phuong phap binh phuong tbi
thiéu, thay vi tim cac hé sb a, b, o, A ta xac dinh cac hé s a,b, k € (0,1) (k=e™) bang phép cuc tiéu hoa nhu sau:
n-1 9
F(abk)=> f,,,—ali+)-b-k f,;—ai-b —min (8)

i=1

, , n , L.
trong do n 14 s6 frame cua doan tiéng noi, f0 ; la gia tri duong FO ctua doan tieng noi.

1=l

Ap dung phuong phap binh phuong t6i thiéu, tham sé a, b va k can tim théa man hé phuong trinh:

n-1

F _o i o, —a(i+1)—b—k(f,,—ai—b) =0 Zlf o aZI(I+1) b k)ZI—kZIf0,+akZI =0
86. i—0 i-0
n-1 n-1
%:o: > foa-al+)-b-k(f,,—ai-b) =0 = f0|+1—a2(l+l) ka0,+akZ|—nb(1 k)=0
i=0 i=0
oF n1 o1
&=0 fo; foa—ali+)—b—k(f,; —ai-b) =0 foi foin— a2(|+1)f —ka +akZ|f —-b- k)Zfol—

i=0 i=0

bat
o =S fo,i dif n?o =S, dif E fO,i+1 =S, + fO,n - f0,0;52 dif r‘Zil:ifo,i =5, dif f(' +1) fo,i+1 =S, + r]fo,n;
. i=0 i=0 i=0 i=0 (9)
ify;.; =S;— Sy Z(Hl)fo, =S,+5S,
ef n-1 def n-1 5
fO,i fO,i+1’ Sy,z = Z fO,i (10)
i=0 i=0
I |
Do Vl e N,Zi = \d +1),Zi2 =W taco
i-0 2 3 6
6(S;-S;)—a(h-Yn(2n+2)-3(n-Dnb(1—-k)—-6kS, +ak(n-)n(2n-1) =0 (12)
2S, —an(n+1) —2kS, +akn(n —1) = 2nb(1-k) (12)
S,, —a(S, +S,)—kS, , +aks, —b(L-Kk)nFo =0 (13)

Két hop (11) va (12), (13) va (12) ta dugc a(1-k) va k théa méan hé phuong trinh sau:
—a(l-k)(n-)n(n+1) +k -12S,+6(n-1)S, =6(n+1)S, —12S, (14)

—a(l-k) 2S,-S,(n-1) +k -2S,+2S,Fo =2F,S -2S (15)
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Thuit toan 2. XNF, tinh tham s hdi quy phi tuyén cho mé hinh Xu, v6i phuong trinh hdi quy dang (8).

Piu vao: Diy gia trj FO {fo i}oggn cua doan soéng am.

Péiu ra: Sb thuc a,b vak, trong d6 0 <k< 1 sao cho ham Fa'b‘k {fO,i}OSi <, dat gia tri nho nhét

Bude 1: Tinh So, f, S1, Sy, Ss, Sy, Sy theo cong thire (9).

Budce 2: Tinh a(1-k), k theo cong thirc (14) va (15), tir d6 suy ra ak.
Bude 3: Tinh b theo cong thic (12)

Tra vé: a, bvak

Do mot am tiét tiéng Viét thuong dai khong qua 500 mili gidy va do d6 thuong n khong vuot qua 30 néu xét
mot frame dai khoang 20 mili gidy, nén chiing ta bo qua khong udc lugng do phuc tap cia thuat toan 2.
Sau khi xac dinh duogc cac hé sé hdi quy phi tuyén a, b va k dudng FO duge sinh bang cong thirc:

def — (16)
d=fgg —b, fii" =a*t+b+k"™d,t =1,n, 6 day (n+1) 1a sé frame.

IV. THUC NGHIEM

Thyc nghiém dugce t6 chirc dé thé hién cac uu diém cua thudt toan 1 va sy hidu qua cta phép giai ciia hdi quy
phi tuyen trong van dé tong hgp thanh di¢u cho am tict roi thudt toan 2.
A. Dir liéu thwe nghiém

Dt li¢u thyc nghiém gérp phat 4m cac 4m tiét mang thanh diéu dién hinh cia mot giong nam dé phén tich hiéu
qua cua cach udc lugng cac diém PM, mdt tap cac phat am cua am tiét mang cdc thanh tiéng Viét d€ cach di¢u hoa
duong FO dién hinh cua cac thanh theo thuat toan 2. Tiéng noi dugc thu nhén trong méi truong van phong do on thap,
tan o0 lay mau 1a fs = 11025 Hz, dinh dang 16bit, don kénh.

Céc am tiét dugc chon dé phat am gom hon 70 am tiét roi, giong nam va 581 giong nir (phat thanh vién chuyén
nghiép), cau van ban duge chon tir truyén dé meén phiéu luu ky bao gdm day du cac dang dic tinh ngir am cua 4m tiét
tiéng Viét:

e Dang am tiét chi c6 nguyén am
. Dang am tiét khong c6 phu 4m dau
. Dang am tiét két thuc 12 ban nguyén am.

Dang am tiét két thuc 1a p-t-c/ch.

Hinh 4. Cau “Pimg lo, xem may vén trdi dém nay c6 co dbi gi6.” — Trich truyén dé meén Phiéu luu ky

B. Thir nghiém xac dinh cac diém PM

Cac cong thire cho thdy thuat toan 1 c6 khdi lugng tinh toan nho hon so voi thuat toan kiéu ding quy hoach
dong [13] dé toi uu hoa cach lya chon cac PM tur tap cac dinh cua song tiéng n(:)i. V¢ d¢ tin cdy cuia thudt toan 1, chiing
toi s€ so sanh thuat toan 1 vdi thuat toan kiéu Talkin dugc cai dat trong phan mém Praat [20].

Tham sb ﬂ)min = 50 Hz, fO.x = 550 Hz va ngudng loai bé &m nén o, =02 va ngudng quyét dinh hitu thanh/vo
thanh o, = 0.17 (dé loai bo céac phan tin hi¢u v6 thanh thudc phu dam dau va am cudi).
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0.115873

0.5459

-0.003082F= /4 A/ AR AR

-0.4812
5000 Hz|

500 Hz

149.3 Hz

0 Hz| 75 Hz

Hinh 5. Xac dinh cac Pulse 4m /ndm/ giong nam bang Praat [20]

So v6i phuong phap ciia thuat toan 1 sir dung cac diém cuc dai dia phuong cua tong tich luy cac gia tri mau am
thanh tir 6 dua ra gia tri chu ky-tan so, Praat thuc hién viée tinh gid tri tan so trong cac khoang thoi gian 10ms.

180 - 180.000 -+
160 160.000 4
140 W 140.000 4 m
120 A 120.000 A
100 A 100.000 A
80 A 80.000 A
60 A 60.000 A
40 A 40.000 A
20 A 20.000 A
0 - 0.000 -
1 3 5 7 9 11 13 15 17 19 1 4 7 10 13 16 19 22 25 28 31 34 37
a-Day gia tri F0 tir Praat b-Day gia tri FO tur Thudt todan 1

Hinh 6. So sanh cac day gia tri FO tir Praat va b-Thuét toan 1

Dbi sanh song song cac két qua, chiing ta thiy mot sé vin dé nhu sau:

- Praat tinh gia tri tn s6 trong cc khoang thdi gian 10 ms nén cac khoang thoi gian tinh déu nhau, sé liéu tin
s0 dua ra duoc lam tron hon.

- Tuy nhién, trén thyc té Praat dé méat nhiéu dix li¢u khi phan tich 4m thanh. Véi tan sé am thanh 140 Hz — ta c6
twong duong khoang thoi gian mdt chu ky t; = 1000/140 = 7,143 ms. Viéc tinh toan trong cac khoang thoi
gian 10 ms da lam mat khoang 1/3 dit li€u tin hi¢u thyc té, chua k& phén bi loai bo trong qua trinh stra 16i. Do
do, trong vi du so sanh véi Thuat toan 1 - xac dinh tryuc tiép cac diem PM va chu ky, tan so tuong tng — ta
thay so luong FO cta Praat thu dugc it hon so v&i Thudt toan 1.

- Céch tinh theo thuat toan sir dung trong Thuét toan 1 chi ra cu thé cac diém PM, chi r& dugc cac chu ky tin
hiéu am thanh. Trén co s& d6 co thé phan tich k§ hon cac dac tinh c6 thé c6 ciia &m thanh, phuc vu tot hon
cho muc dich Phén tich — Téong hop 4m thanh tiéng noi.

C. Téng hgp dudong FO dién hinh ciia cic thanh di¢u tiéng Viét theo md hinh Xu véi phép giai hdi quy phi tuyén
cua thuit toan 2.

Céc két qua tong hop thanh diéu dugc thuc nghiém cho céc am tiét dwoc thu nhan dé bao gdm cac dang am tiét
tiéng Viét nhu:
e Chi c6 nguyén am
e Khong c6 phy 4m dau
e Két thuc 14 ban nguyén am.
e Két thuc la p-t-c/ch,...

Dé tong hop duong FO dién hinh cua mot thanh diéu trude khi tong hop mot 4m tiét phat 4m roi mang thanh
tuong ung tir mGt Am tiét mang thanh ngang (vdi cac am tiét khong tin cung la p-t-c/ch) hodc thanh ning (vdi cac am
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tiét tan cung la p-t-c/ch), chdng t6i da xay dung mot cong cu bién tap duong FO va giai hoi quy phi tuyén ciia thuat toan
2 dé xuit Cac budc tién hanh phan tich bao gom:

Buéc 1. Tinh duong nét FO ciia am tiét mang thanh diéu
Buéc 2. Bién tap lai cac gia tri FO bang cach kéo nha, luu ¥ tai cac vi tri dién hinh cta dudong FO
+ Gid tri FO ban dau
+ Gid tri FO két thiic
+ Gid trj FO bat ddu di lén
+ Gid tri FO bdt dau di xuong
Buoc 3. Tinh cac hé s6 hdi quy a, b va k cta duong FO theo thuat toan 2.
Buéc 4. Tong hop dudng nét thanh diéu méi sinh duoc bang cong thirc (16).
Buéc 5. Xac dinh cac diém PM ctia 4m tiét mang duong nét FO méi s& dugc tong hop ra duya trén cong thirc (3)
Buoc 6. Xac dinh cac PM tir song am }iét clia 4m tiét ddu vao, mang thanh ngang (v6i cac m tiét khong tan cing 1a p-
t-c/ch) hodc thanh nang (vdi cac 4m tiét tan cung 1a p-t-c/ch) theo thuat toan 1.
Buéc 7. St dung phuong phap PSOLA dé chuyén song am tiét dau vao thanh song am tiét c6 duong nét FO sinh ra &
budc 4.
Buéc 8. Cam nhén bing tai cau ndi tdng hop, so sanh véi cau ndi goe va didu chinh lai.
Buéc 9. Luu lai cac gia tri FO bat dau, hé sb a,b va k.

- 520 Hz
470 Hz
- 420 Hz
370 Hz e
| 320 Hz
270 Hz
[2eeHz /
170 Hz \
C120Hz v S
" 70 Hz ad
Hinh 7. Buong nét FO dién hinh cta thanh ngd (giong nit) sau khi bién tap

Mot luu ¥ vé ddc diém duong nét cua duong FO’dié‘n hinh cta cac thanh diéu tiéng Viét khi phat am cac am tiét
101 (xem bang 2) s€ cho chung ta st dung mot bd h¢ s6 hoi quy {a, b, k} cho céc thanh {nganh, huyén, sac, ndng} va
dung 2 bo tham s0 {a, b, k} cho thanh nga va thanh héi.

Bang 2. Hinh dang thanh diéu tiéng Viét phat 4m roi [19]

Thanh Am 1 Am Huéng Puong nét FO dién hinh
vue diéu
Khéng dau Cao Bang Khong doi bi ngang
. ) . i Thanh huyén duoc phat am ¢ am vuc thap hon so véi thanh
Huyén Thap Bang Khong doi ngang. Duong nét di xuong thoai thodi deu tir dau den phan
Ccudi am tiét.
) Cao ) i Duong nét di 1én phu thudc vao loai hinh am tiet va d6 dai
Sac Trac Khong doi ngén cua nguyén am. Duong FO di ngang dén gitra vin va sau
d6 di 1én ¢ phan cudi am tiét.
Nzng Thap Trac Khong doi Puong FO di xudng dot ngot & phan cuoi am tiet
Puong FO bat dau véi muc cao cua thanh huyen, di xuong
. < P PO thoai thoai dén giira van, di ngang mot thoi gian ngén va sau
Ho! Thap | Trac DOThUGNG 1 46 1ai di Ien can déi voi duong di xuong. Gia tri FO & diu va
cudi &m tiét xap xi bang nhau.
Puong FO bit dau & do cao cao hon thanh huyén, thip hon
« P P thanh ngang. O gitra am tiét giam xudng dot ngot, hoic co
Nga Cao Trac Boi huong hiép tuong bi dit, sau d6 lai ting 1én dat tin s cao nhit &
cudi am tiét.
Sac (&m tan cung p- £ N R 2 .
t-c/ch) Thap Bang Khoéng doi bi ngang
Nang (am tan cung £ x R 2. .
p-t-c/ch) Thap Bang Khéng doi i ngang
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Céc am tiét da dugce bién ddi thanh dugc cac chuyén gia ngir 4m kiém tra cho thay 1a 4m nghe rd, khong bi hién
tuong re, thanh diéu tong hop nghe 10 rang, gilt dugc duong nét dac trung thanh diéu twong ung, dac biét phuong phap
dé xut da tong hop tot cac thanh nga va thanh ning.

Phuong phap cach diéu duong FO de xuat khong can di vao chi tiét x@y dung luat nhu phép cach diéu tuyén tinh
trong [2], diéu nay 1a do phép hdi quy tuyén tinh tao ra sai sO 16n rat kho dé tao ra duong cach diéu bam sat phan di
xudng cing nhu phan di 1én cua duong FO cua song &m tiét mang cac thanh ngd va thanh ndng. Ngoai ra, phuong phap
dé xuat c6 thé mo rong sang viée tong hop dudng FO ctia song am tir tiéng Viét (tir da am tiét). Trong cac nghién ciru
tiép theo chiing t6i s& mo rong thuat toan 2 dé khao sat hién tuong bién thanh trén tir da am tiét ciia tiéng Viét.

V. KET LUAN
Bai bao da dé xudt hai thuat toan trong van dé tong hop tiéng néi véi cac dong gop méi nhu sau:

e Thir nhit - thudt toan xac dinh cac diém danh dau pitch cua tin hiéu tiéng n6i gbc trong mién thoi gian dua
trén tin hiéu tong tich lily. Thuat toan don gian, khong cin phép chia thanh cac doan ngin (frame) nhu cac
phuong phap khéc, dat d chinh x4c cao véi tin hiéu 4m tiét dau vao dung cho tong hop thanh diéu Viét. Véi
dir liéu am thanh tiéng Viét cua cac Am tiét va ngit doan dugc thir nghiém da bao ham dﬁy dua hién tuong ngir
am tiéng Viét, két qua tinh cac diém danh dau pitch theo tiép c4n méi da chimg to sy dung din, chinh xac
tuong duong va hon tiép can tinh kiéu Praat.

e Thir hai - thudt toan xac dinh cic tham s6 hoi quy phi tuyén theo tiép can pitch target cua mo hinh Xu dé sinh
duong nét FO dién hinh ciia cic thanh diéu tleng Viét. Thuat toan h01 quy phi tuyén don gian, két qua sinh
duong FO dién hinh ciia cac thanh diéu 1a kha tot (ké ca cac 4m tiét tan cung p-t-c/ch), chat lugng tong hop
thanh diéu ciing van t6t v6i cac thanh ng, thanh ning ciia cac am tiét tiéng Viét phat 4m roi.

Trong cac nghién ciru tiép theo ching t6i s& mé rong két qua dé tong hop thanh diéu cho céc tir da 4m tiét trong
tiéng Viét véi cac diém danh dau pitch dugc lya chon ty dong tir ti€p can tong tich 1y ctia chiing t6i.
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AN EFFICIENT METHOD FOR DETERMINING PITCH MARKS AND NONLINEAR
REGRESSION FOR VIETNAMESE TONAL SYNTHESIS

Ta Yen Thai, Nguyen Van Hung, Ngo Hoang Huy, Pham Kim Thu

ABSTRACT: In the study of Vietnamese synthesis, synthesis of tones plays an important role and shows the uniqueness of
Vietnamese. Mixed-tone algorithms in Vietnamese often use the least squares method to simulate the linearity of FO lines of
Vietnamese tones that are discrete or continuous in the dialect. Access in this direction is very difficult to stylize the linear FO of
some Vietnamese tones such as heavy bar and bar.

Besides, the effective estimation of the pitch mark (PM) of a pronunciation is the first important step in the synthesis of tones
so far that is still an open question. This paper presents a method for estimating the PM of speech waves and the method of
constructing a nonlinear regression for the synthesis of tones based on the Xu model which has been widely used for Chinese -
Mandarin. Experimentation has proved the effectiveness of the algorithm proposed for synthesizing Vietnamese tone tone discrete.
The synthesized tones sounded with both the heavy bar and the fallen bar, keeping the corresponding tone characteristic. In
addition, every syllable in Vietnamese (vowel, no consonant, ending in vowel or end is p-t-c / ch) are synthesized well hear, no
phenomenon fade...

Keywords: Voiced/unvoiced decision, Zerocrossing, Pitch mark FO contour stylization, Xu model, Tone synthesis.
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