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MO DPAU

Tiéng néi nhan tao hay con goi 1a tiéng noi tong hop da c6 lich st trén 200
nim. Pén nay, tiéng noi tong hop da phat trién vuot bac khi c6 chat lugng gan
gidng con ngudi (46 dé nghe, dé hiéu) 13n kha niang tmg dung rong rii trong doi
song xa hoi. Hién nay, c6 thé dé dang bat gip san pham tong hop tiéng ndi & nhiéu
noi trén internet, trén cac tmg dung di dong, hé théng hoi dap tu dong ... Khi
nghién ctru vé tong hop tiéng nodi, mot trong nhimng chu dé duge quan tim nhat
hién nay 12 phuong phap diéu khién va thich nghi cac dic trung tiéng noi dé tao
ra tiéng noi téng hop theo phong cach va ngir diéu tiy y. Thong thudng, dé xdy
dung dugc tiéng néi tong hop véi dic trung ciia mot ngudi néi cu thé, can thu 4m
mot luong 16n dit liéu (khoang 10 gio trong mdi truong phong thu tidu chuan) cta
chinh giong nodi d6 dé huan luyén [1]. Diéu nay khién viéc tao ra cac giong ndi
tong hop méi theo yéu cau rat ton kém vé chi phi, mat nhiéu thdi gian va kho thuc
hién véi cac ngdn ngit nghéo tai nguyén. Hon nita, hién nay tong hop tiéng néi co
cac yéu cau cao hon so véi viée chi st dung giong doc ¢6 san, d6 1a cac nhu ciu
xay dung giong noi riéng, giong doc c4 nhan hoa, hay nhu cau phuc hdi hodc nhan
ban giong [2] [3]. Do viy, véi luong dit liéu miu thich nghi nho (tir vai cau dén
vai chyc cau) thi viéc nang cao chit luong tong hop van con 1a mot thach thiec.

Céc dic trung riéng biét ciia nguoi ndi (gdm dic trung giong néi va dic trung
ngit diéu) déu bao ham trong phd tin hiéu, tin sb co ban va trudng d6. Do d6, dé
thue hién k§ thuat chuyén doi va thich nghi giong néi, can phai chuyén déi tat ca
cac tham s6 dic trung giong nodi ngudn thanh cac tham sb dic trung giong noi
dich. Cac nghién ctru diéu chinh, bién d6i tham sb dic trung giong noi va thich
nghi giong n6i da phan méi chi dugc ap dung trong cac cong trinh nghién ciru cua
cac tac gia nudc ngoai trén cac ngdn ngilt phod bién nhu tiéng Anh, tiéng Nhat,
tiéng Trung va van dang con 1a thach thirc [4] [5].

Véi tiéng Viét, day 1a ngdn ngit nghéo tai nguyén va 1a ngdn ngir phirc tap
do c6 chira thanh phan ngir diéu va nhiéu tir muon, ngay ca cac k¥ thuat tong hop
tién tién nhat ap dung cho tong hop tiéng Viét cling chua giai quyét duoc triét dé

cac van d€ nhu doc cau dai va tor muon [6]. Pa c6 mot s6 nghién ctiru vé chuyén



d6i didc trung giong néi va thich nghi giong noi ap dung ddi vai tiéng Viét [7] [8],
tuy nhién, cac nghién ctru ndy van tiép can phuong phap tong hop thich nghi dwa
trén HMM va cho chét luong tong hop thap. Vi vay, viéc nghién ciru mot giai phap
tdng hop tiéng noi tiéng Viét dua trén thich nghi 1 mot van dé cap thiét ca vé tinh
khoa hoc va tinh kinh t&.
Luén an can tra 101 dugc cac cau hoi nghién ctru:

- Phuong phéap nao gitip téng hop tiéng ndi dam bao chét lugng cho ngdn ngi

nghéo tai nguyén nhu tiéng Viét trong khi chi c6 vai phut miu thich nghi?

- Can tdi thiéu bao nhiéu dit liéu thich nghi (duoc huan luyén cing hé thong)

dé dam bao giong tong hop dat dugc chat luong va do twong dong cao?

- Néu thich nghi bang miu dit liéu chi vai gidy va khong can huan luyén lai

md hinh thi hé théng c6 thé thyc hién dugc khong va luong miu thich nghi tdi

thiéu can bao nhiéu?

- Kich thudc mau s& anh huong nhu thé nao dén chit luong tong hop va uu

nhuoc diém cua cac phuong phap nay?

Tur cac 1y do cap thiét nay toi da chon luan an “Nghién ciru phat trién hé
thong thich nghi giong néi trong tong hop tiéng Viét va img dung”. Vi muc
tiéu chinh 1a nghién ctru va xay dung duoc hé thong tong hop tiéng noi tiéng Viét
bang cac k¥ thuat huan luyén thich nghi cac dic trung 4m hoc ctia nguoi néi dua
trén DNN nham: 1) Nang cao chat luong tong hop tiéng noi dua trén thich nghi
bang cac dé xudt cai tién vé do ty nhién; 2) Tong hop giong néi mdi mang cac dic
trung 4m hoc ctia giong néi dich voi chat lugng va d6 twong dong cao trong khi
chi can st dung mét luong dir liéu miu nho; 3) Tong hop giong ndi tirc thi voi
luong mau nhé ma khong can tén chi phi huan luyén lai.

DPong goép cua luan an 1a dé xuat phuong phap tong hop giong noi dua trén
k¥ thuat thich nghi bang mang no-ron siu (DNN) dé cai thién chét luong tong
hop. Va quan trong nhét 1 kha ning bat chudc hoic tao mot giong ndi méi bat ky
v6i ngit liéu hudn luyén tir da nguoi ndi va da phong cach véi chi mot luong mau

nho, cu thé:



- Pé xuat hai m6 hinh tong hop thich nghi phu thudc nguoi néi dua trén DNN
véi diéu kién it dir liéu mau huin luyén nhung tao ra giong méi tot nhat c6 thé
(tir gio tré di ludn dn goi tdt khdi niém nay bang thudt ngit Few-shot TTS): 1)
Mo hinh tong hop thich nghi phu thudc ngudi néi dua trén hoc chuyén doi
(transfer-learning); va 2) M6 hinh tong hop thich nghi phu thudc ngudi néi dua
trén trich xuat vector biéu dién dic trung.

- Pé xuat md hinh tong hop thich nghi doc 1ap ngudi néi dua trén DNN véi
diéu kién chi can mot vai cdu miu ma khong can huan luyén lai mé hinh nhung
van tao mot giong mdi chép nhan duogc (twr gio tro di luan an goi tat khai niém
nay bang thudt ngix Zero-shot TTS).

- Xay dyung dugc bd co sd dir lidu (CSDL) tiéng noi tiéng Viét dam bao chit
lugng lam bd dit liéu co s cho nhi¢m vu huin luyén mé hinh téng hop va thich
nghi. Phuong phap xiy dung bd CSDL chi phi thap va cac ky thuat bo sung
thong tin nhén thong qua phuong phap chén diém dimg 1y hoi, chén dau cau va
phién am tir muon.

- Xay dyng dugc tng dung thich nghi da ngudi néi st dung duoc trén cac thiét
bi da nén tang.

Luan 4n ¢ y nghia thuc tién 16n boi viéc ting cudng chat lwong tong hop
dua trén thich nghi gitp giam thiéu chi phi dé xdy dung mot giong mdi (chi phi
tinh toan, chi phi xdy dung dit liéu ciing nhu thoi gian téng hop), cho phép tao
giong doc c6 tinh ca nhan hda cao phuc vu da muc dich. Hon nira, thich nghi giong
néi s& gitp tang hiéu qua va tinh than thién cta giao tiép ngudi — may bang tiéng
néi (vi du: cac hé thong chi dan bang tiéng noi trong giao théng, cac ki-6t ban
hang ty dong, h¢ théng doc sach bao tu dong, hd trg cac hé théng phién dich co
thich nghi 101 dich, cac hé théng bién dbi/phuc hdi giong/nhan ban giong v.v.).
Tat ca cac wu diém ndy s& md rong kha ning dua cong nghé tong hop tiéng néi dé
dang Gmg dung vao thyc té.

Déi twong va pham vi nghién ctru ctia ludn an 14 hé thong tong hop tiéng néi
tiéng Viét c6 thé cd nhdn héa bang phwong phdp thich nghi trong diéu kién so

lirong mau thich nghi han ché ¢é hudn luyén va khéng phai hudn luyén lai. Nghién



ctru cling s& xay dung tng dung cho viéc bat chudc hodc phuc hdi giong duoc tich
hop hodc chay trén cac nén may tinh da nén tang. Dir liéu huan luyén va dir liéu
mau (giong dich) duoc chon gidi han & giong mién Bic va giong mién Nam véi
phong cach doc thong tin thoi sy cha dé chinh tri, x3 hoi.
Phuong phap luan st dung:
- Khao sat, phan tich cac phuong phap tong hop tiéng noi dya trén thich nghi
m&i nhat, hidu qua nhat di duoc dung trén thé gidi, lua chon phuong phap hiéu
qua va phu hop véi tiéng Viét;
- Ké thira cac nghién ciru di c6 ctia cong dong nghién ctru, tiép tuc nghién ctru
phat trién cac phuong phéap tong hop tiéng néi dua trén thich nghi phu hop véi
tiéng Viét;
- Dua trén cac phuong phap duoc nghién ciru, phat trién thir nghiém tng dung
tai tao/nhan ban giong néi nham danh gia ky ludng chat luong tong hop cia cac

mo hinh.

Céu tric luan an gdm céc phan:

« Chwong 1: Gidi thiéu tong quan vé tong hop tiéng noi va tong hop tiéng
n6i v6i kha ning diéu chinh dic trung dau ra. Ciu tric tong quan ctia mot hé théng
tong hop tiéng ndi dua trén thich nghi co ban. Tong quan tinh hinh nghién ciru vé
tong hop tiéng néi dua trén thich nghi ndi chung va thich nghi tiéng Viét noi riéng.
G161 thiéu cac muc tiéu va pham vi nghién ctru chinh cta luan an.

« Chwong 2: Xay dung bd co so dit liéu (CSDL) tiéng Viét cho hé thong tong
hop va thich nghi va cac quy trinh kém theo nhiam nang cao chét lugng, giam chi
phi khi xay dung b CSDL da ngudi ndi cho cac hé thong tong hop tiéng Viét. Bén
canh phuong phéap b6 sung thong tin nhan nhu chén diém dimg 14y hoi va phién am
tir murgn gitp tang cudng do tu nhién cta md hinh tong hop. Bo CSDL tiéng va k§
thuat ting cudng nhin thong tin ciing chinh 12 phan co so dé xay dyng cac mé hinh
thich nghi ¢ cac chuong tiép theo. Cac thir nghiém va danh gia ciing cho thiy rang
v6i cac phuong phap tong hop thong thudng bit budc phai str dung mot tai nguyén
16n (hang chuc gio cho mdi giong méi va hang chyc gid huén luyén) dé thuc hién
tong hop giong méi va diéu nay 1a khong kha thi trong thuc té. Tir d6 chi ra nhu
cau tmg dung céc k¥ thuat thich nghi trong tong hop tiéng noi dé giai quyét cc ton

tai trén.



« Chwong 3: Trinh bay phuong phép cai tién mé hinh tong hop dua trén thich
nghi nham nang cao chat luong tong hop thong qua hai dé xuat: 1) Cai tién mo
hinh tong hop thich nghi Few-shot TTS bang phuong phép tinh chinh nhiéu lan
(Multi-pass fine-tune) dya trén k§y thuat hoc chuyén doi (Transfer-learning) nguoi
no6i va ngdn ngit v6i lwong mau phai hoc it hon nhidu mé hinh chinh chinh truyén
théng (Fine-tune) hodc so v6i huan luyén mo hinh co sé tir dau va 2) Cai tién mo
hinh tong hop thich nghi Few-shot TTS bang vector EMV dé biéu dién dic trung
giong noi chi voi vai cau noi. Ca hai ky thuat thich nghi déu yéu cau dir liéu mau
phai xuét hién trong qua trinh huén luyén va v6i cac mé hinh dé xuat hudng toi
str dung luwong dit liéu thich nghi it din. Noi dung trinh bay cling bao gém cac
nghién ctru hién nay, mé hinh dé xuét va danh gia. Huéng tiép can thich nghi chi
v6i vai phut dir lidu gitp giam do phuc tap khi mudn xdy dung mot giong tong
hop méi, diéu nay giup ting kha ning Gmg dung cic mé hinh téng hop trong thyuc
té. Ttr 46, chi ra nhu cau x4y dung mé hinh thich nghi voi luong dir liéu chi mot
cau duy nhat ma khong can huan luyén lai mé hinh.

« Chuong 4: Dé xuit phuong phap nang cao hiéu niang ciia mé hinh tong hop
thich nghi chi phi thap voi diéu kién mau it nhét c6 thé ma khéng can huan luyén
lai m6 hinh (Zero-shot TTS) thong qua hai k¥ thuat: 1) Ap dung vector biéu dién
dic trung giong noi hiéu qua; 2) Mo hinh khtr nhidu khuéch tan phd Mel (Mel-
spectrogram denoiser) cho phép tong hop am thanh chat luong cao hon so véi cac
mod hinh co s¢. M6 hinh tong hop dua thich nghi bang Zero-shot TTS khong doi
hoi dit liéu thich nghi phai ¢ trong tap huan luyén va chi st dung duy nhat mot cau
mAu cta ngudi ndi dé thich nghi. Chwong 4 trinh bay mot hudng tiép can khac dé
thich nghi giong noi trong diéu kién chi c6 mot cau thich nghi duy nhat va khong
phai huan luyén lai mé hinh. Huéng tiép can nay giup don gian hoa trong viéc tong
hop giong méi va mo rong kha nang tng dung ciia cac mo hinh téng hop thich
nghi.

« K&t ludn: Trinh bay cac dong gop chinh ctia luan an va chi ra cac han ché
va hudng phat trién tiép theo. Cudi ludn an ciing dé xuat mot tmg dung thir nghiém
nhan ban giong c6 thé chay trén cac thiét bi tinh toan da nén tang dé danh gia tinh

kha thi va mo ta cdc minh chiing lién quan.



Chuong 1. CAC NGHIEN CUU LIEN QUAN VA KIEN THUC
CO SO VE TONG HQP VA THiCH NGHI GIONG NOI

Trong Chuong 1, phan dau tién gidi thiéu tong quan cac nghién ciru lién quan
vé hé thdng tong hop tiéng nodi va cac van dé kho khan can giai quyét. Tiép theo,
trinh bay vé nhu cau téng hop tiéng noi véi kha nang diéu chinh dic trung dau ra
va céac nghién ctru lién quan vé tong hop tiéng ndi thich nghi va tmg dung. Sau
d6, mo ta cac kién thirc s¢ va cac thanh phan chinh ciia mot hé théng tong hop
dua trén thich nghi, cach dénh gia chit luong tong hop dua trén thich nghi, tong
quan vé tinh hinh nghién ctru trong va ngoai nudc va cudi cung 1a xac dinh cac
hudng nghién ctru chinh va pham vi cta luan an.

1.1. Pit van dé

Tong hop tiéng néi nhan tao di duoc Gtng dung rong rii trong cudc séng va
tir 1au da tro thanh mot chu dé 16n trong nghién ctru vé tri tué nhén tao, ngdn ngir
tu nhién va xir Iy giong noi. Khi c6 sy phat trién cta hoc sau, tong hop tiéng noi
dva trén mang no-ron da phat trién manh, mot lugng 16n cong trinh nghién ctru
tap trung vao cac khia canh khac nhau cta tong hop tiéng noi dva trén mang no-
ron [9] [10] [11]. Do d6, chét luong cia tiéng néi tong hop da duoc cai thién dang
ké trong nhitng nim gan day.

Muc tiéu quan trong nhat ciia mot hé théng TTS 14 tong hop duoc tiéng noi chat
luong cao. Chét luong cua tiéng néi duoc x4c dinh boi nhidu khia canh lién quan dén
nhén thtrc 101 n6i, bao gom tinh dé hiéu, tinh ty nhién, biéu cam, ngit diéu, cam xuc,
phong cach, 46 manh mé&, kha nang diéu khién giong, v.v. Trong khi cac phuong phap
tiép can no-ron di cai thién dang ké chat luong cua giong noi tong hop dat duge nhu
con ngudi thi van con nhiéu hudng di nham cai tién cac ton tai cua hé thong tong hop
tiéng ndi, trong d6 thu nho kich thudc dit liéu huan luyén bang cac ki thuat thich nghi
1a cach tiép can phd bién va chiém wu thé nhat [12] [13] [14].



1.2. Tong quan vé tong hop tiéng néi va tong hop thich nghi
1.2.1. Tong hop tiéng néi

Trudc khi néi vé téng hop tiéng ndi, can phén tich ban chat cach con nguoi
tao ra 4m thanh va tiéng néi. Am thanh va tiéng noi cia con ngudi dugce tao ra boi
su tuong tac phirc tap cua cac thanh phan trong co thé nguoi. Hau hét cac Am
thanh va tiéng n6i déu bat dau bang hé thong ho hip, hé thong nay s& day khong
khi ra khoi phoi theo m6 ta trong Hinh 1.

Pho tiéng néi

Frequency [kHz)

Bo loc Am
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7 Nép gip
thanh quin

Khi quan
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0
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Hinh 1: Ciu tao bd loc nguodn tao ra 4m thanh va 10 néi ciia con nguoi [15]

Theo Iy thuyét b loc ngudn [15], ludng khong khi tir phdi gay ra rung dong
& nép gap thanh quéan, noi tao ra m thanh ngudn. Bo loc am dinh hinh céu tric
phd ctia 4m thanh ngudn. Am thanh va 101 néi duoc loc cudi cuing duoc phat ra tir
miéng.

C6 thé mo ta chi tiét nhu sau: Khong khi di qua khi quan va di vao thanh
quan, noi c6 hai nép gip co nho, duoc goi 13 “Nép gap thanh quan”. Khi cac nép
gép thanh am duoc tap trung lai voi nhau dé tao thanh mot duong dan khi hep,
ludng khi 1am cho ching dao dong theo chu ky. Céac rung dong nép gip thanh
quan diéu chinh ap suit khong khi va tao ra Am thanh tuan hoan. Nhimg 4m thanh
duoc tao ra, khi cac nép gap thanh quan rung dong, dugc goi 1a “4m hitu thanh”,

trong khi 4m thanh ma cac nép gap thanh quan khong rung dong duogc goi 13 “4m



vo thanh”. Cac dudng dan khi phia trén thanh quan duoc goi la “Day thanh quan”.
Cac 1u6ng khong khi hon loan dugc tao ra tai cac phén bi co thit ctia thanh mon
hodc thanh quan ciing gop phan tao ra 4m thanh ngudn khong theo chu ky duoc
phan phdi trén mot dai tin sé rong. Hinh dang cua dudng thanh 4m va vi tri cia
cac khop ndi (ttrc 1a ham, lud1, vat dém, moi, miéng, rang va vom mi¢ng cung) la
yéu t6 quan trong dé xac dinh dic trung Am hoc cua tiéng noi. Trang thai cta cac
nép gip thanh 4m ciing nhu vi tri, hinh dang va kich thuéc cua cac khép nbi thay
ddi theo thoi gian dé tao ra cac Am thanh khac nhau mét cach tuan ty.

Con ngudi c¢6 thé kiém soat qua trinh phat 4m (tao ngudn) va doc 4m (loc)
mot cach doc lap. Do do, am thanh va 161 n61 duge coi 1a phan ing cia bd loc
duong 4m, noi cung cip ngudn 4m thanh. D& mo hinh hoa cac hé théng loc ngudn
nhu vay cho viéc tao ra tiéng noi, nguén am thanh hodc tin hi€u kich thich x(z)
thudng dugc thue hién nhu mot hé thdng phat xung dinh ky cho giong néi, trong
khi tiéng on tring duoc sir dung lam ngudn cho 101 néi khong chinh 4m. Néu céu
hinh dudng am khong thay ddi theo thoi gian, bd loc dudng am s& tré thanh mot
hé théng tuyén tinh bat bién theo thoi gian (LTI) va tin hiéu dau ra y(?) c6 thé
duoc biéu thi bang tich chap cua tin hiéu dau vao x(z) va dap ung xung cta hé
thdng A(z) nhu cong thuc sau:

Y1) = h(1) *x(1), (1.1)
trong d6 d4u hoa thi * biéu thj tich chap.

x(7) h(t) (1)

X)) x T(w) x Rlw) = (o)

b P

> ()

Phuong trinh trén dugc mo ta trong mién thoi gian, cling c6 thé dugc biéu
dién trong mién tan s6 nhu sau:

Y(w) = H(w) X(w). (1.2)



Cong thirc mién tan sé cho biét rang phd giong nodi Y(w) dugc mod hinh hoa
nhu mot san pham ctia phd 4m thanh ngudn X(w) va phd 4m thanh cua bo loc dudng
am H(w). Pho cua bo loc duong am H(w) duoc biéu thi bang tich cia ham truyén
qua duong thanh am T(w) va cac dac tinh bic xa tir miéng va mitii R(w), nghia la:

Y(w)=[T(w) R(w)] X(w). (1.3)

Duya trén nguyén tac tong hop tiéng noéi ty nhién, viéc tong hop tiéng néi
nhan tao ciing theo nguyén tic voi dau vao dua trén tiéng noi tw nhién cia con
ngudi nham tao ra mot md hinh téng hop, sau cing c6 thé ding mé hinh tong hop
nay dé sinh tiéng n6i ngau nhién bang dau vao vin ban hodc cic ma hoa ngit 4m
(4m vi, md 4m thanh, ma phan cing). Hinh 2 mé ta tryc quan qua trinh tong hop
tiéng néi nhan tao.

Qua trinh Qua trinh

i
|
Nhan van ban huin luyén | tng hep
|
|
|

X)
) "l Mohinhtbnghop [ >
—_—
[ ], '
Tiéng néi ty nhién | Tiéng no6i nhan tao

ctia con nguoi | »)

(@) | Van ban hogc
Vin ban hoic | ma hoa ngir am
ma hda ngir am (x)

Hinh 2: M hinh tong hop tiéng néi nhén tao
Khdi ni¢m tong hop tiéng néi

Téng hop tiéng néi (Speech Synthesis) 1a qua trinh tao ra tiéng noi con ngudi
mot cach nhan tao tir dau vao 13 vin ban hoidc cac ma héa ngir 4m. Tong hop tiéng
n6i chinh 1a mot phan trong linh vyc xir Iy ngdn ngit ty nhién.

Chuyén doi vin ban thanh tiéng néi (Text to Speech — viét tit 1a TTS) 1a mot
cong nghé quan trong trong tong hop tiéng ndi, cong nghé ndy tao ra séong am
tiéng ndi dau ra mot cach tiy ¥ tir vin ban bang dau vao. Nghién ciru cta ludn 4n
12 mot nhanh nam trong tong hop tiéng noi tir vin ban (TTS).

C6 thé mo ta hé thong TTS bang md hinh tinh x4c suit phan phdi du doan:

r(ylx, Y, X) (1.4)



trong d6, Y 1a 4m thanh tiéng noi dung dé huan luyén va X 1a van ban gan nhan
tuong tng, x 13 vin ban dau vao va y 1a tiéng noi can tong hop.

Néu coi 0 va O 1an luot 1a dic trung am hoccuayvaY, [val lan luot 1a dic
trung ngdn ngit cta x va X, A 1a mo hinh, thi ta c6 thé biéu dién biéu thirc trén

dudi dang cac bién dai dién va phuc thudc nhu sau:

POl Y, X) = [[f St S {p(yIO)p(Oll, Dp{D)p(lx)p(v] 0)p<0|L.A)p(A)p<L|X)} dododa  (1.5)
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1.2.2. Phan logi cic phwong phdp tong hop tiéng néi

p(Y)

C6 thé phén loai cac nghién ctru vé tong hop tiéng noi theo cac nhom sau:

*Téng hop dwa trén khép ndi (Articulatory Synthesis): Tong hop khop
ndi [16] tao ra tiéng nodi bang cach md phong hanh vi cua bd phan khdp nbi cua
con ngudi nhu méi, ludi, thanh quan va dudng thanh 4m chuyén dong. Tuy nhién,
rat kho dé mo hinh héa cac hanh vi ctia khép ndi nay hoat dong trong thyc té. Do
d6, chat luong giong noi do tong hop khdp ndi thuong kém hon so véi chat lugng
giong noi bang cac ki thuat tong hop sau nay.

*Tong hop formant (Formant Synthesis): Tong hop formant [17] tao ra 10
no6i dua trén mot tap hop cac quy tic diéu khién mé hinh bo loc ngudn don gian
hoa. Cac 161 n6i duogce tong hop boi mot mo-dun tong hop phu va mét mo hinh 4m
hoc v6i cac thong s6 khac nhau nhu tan sb co ban, giong néi va muc tiéng on.
Tong hop formant cé thé tao ra giong nodi dé hiéu véi tai nguyén tinh toan vira
phai, phtt hop véi cac hé thdng nhung va khong dira vao kho ngir lidu giong noi

clia con ngudi quy mé 16n nhu trong tong hop ghép ndi. Tuy nhién, giong noi
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téng hop nghe kém tu nhién hon va hoi may. Hon nira, rat khé dé xac dinh cac
quy tic tong hop.

*Téng hop dua trén ghép ndi (Concatenative Synthesis): Téng hop dua
trén ghép ndi [18] dua vao viéc ndi cac doan 16i nédi duge luu trix trong co so dir
ligu. Cach nay chi thuc sy hiéu qua khi by dir 1i€u am thanh da 16n ca vé kich
thudc, do da dang phat 4m va cac dic trung phd am thanh. Cé ba kiéu tong hop
ghép nbi: Tong hop chon don vi am; Téng hop am kép (dipphone) va; Tong hop
chuyén nganh. Tuy nhién, TTS dua trén ghép ndi yéu ciu co s dir liéu ghi 4m
khéng 15, bao gdm tat ca cac xac sudt két hop c6 thé co cia cac don vi tiéng noi.
Mot nhuoc diém nita 1a giong noi dugc tao ra kém tu nhién va kém tinh truyén
cam do diém ghép ndi kém muot do su cing thing, cam xuc, ngir diéu, khac nhau
tai tirng thoi diém thu Am.

“Téng hop dwa trén tham so thong ké (Statistical Parametric Synthesis-
SPSS): Pé giai quyét nhirng han ché ciia TTS ghép ndi, tong hop tiéng noi tham
s6 théng ké (SPSS) dugc dé xuit [19]. Y tudng co ban 1a thay vi tao truc tiép dang
song thong qua ghép ndi, trude tién cé thé tao ra cac tham sé 4m thanh [20] [21]
can thiét dé tao ra giong noi, sau d6 khoi phuc giong noi tir cac tham sé 4m thanh

d3 tao bang mot s thuat toan [22] [23] [24].

Vin Trich l'lit ('I::,lc~ TOI}g h?'p ths;tm By phat am | 6ng Am
0 trung ngon ngir s0 thong ké (Vocoder)
an

Hinh 3: Téng hop tiéng néi dua trén tham so thong ké

SPSS thuong bao gom ba thanh phan: mot mé-dun phan tich vin ban nhim
trich rt dic trung ngdn ngit ; mot mo-dun dy doan tham sb théng ké (md hinh
am hoc) va mot mo-dun phan tich, tong hop thanh song 4m. Co thé mé ta cac mo-
dun trong Hinh 3. SPSS ¢4 mét s vu diém so véi cac hé thong TTS trude day: 1)
Tinh ty nhién, &m thanh ty nhién hon; 2) Tinh linh hoat, dé stra do6i cac tham sb
mot cach thuan tién dé kiém soat 161 noi tao ra; 3) Chi phi dir li¢u thép, yéu cAu it

ban ghi hon so vé6i tong hop ghép ndi. Tuy nhién, SPSS ciing c6 nhirng han ché
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cua nd: 1) Gigng no61 dugc tao ra cd dJ ro rang kém hon so véi thuc té nhu: 4m
thanh bi bop nghet, u hoac nhiéu; 2) Giong noi1 dugc tao ra van mang dac trung
giong may va co thé d& dang phan biét voi giong ndi ghi 4m cua con nguoi.
Trong nhitng nam 2010, khi mang no-ron va hoc sau da dat duogc tién bo nhanh
chong, mot sé cong trinh 1an dau tién dua mang no-ron sau (Deep Neural Network
viét tat 1a DNN) vao SPSS, vi du nhu dua trén DNN [9] va dua trén mang no-ron
hdi quy (RNN). Tuy nhién, cic mé hinh nay thay thé HMM béang mang no-ron va
van dy doan céc dic trung 4m hoc tir cac dic trung ngon ngit, tudn theo md hinh
cua SPSS.
*Tong hop giong dwa trén mang no-ron: V&i su phét trién ctia hoc sau, TTS
dua trén mang no-ron duoc dé xuat, sit dung DNN 1am mé hinh xwong séng dé
tong hop giong néi. Mot mé hinh tong hop dua trén mang no-ron c¢6 thanh phan

nhu mo ta trong Hinh 4.

] l Phén tich vin I bdc | Mb hinh 4m
Va . trun
- ban — hoc
ban ngon :
ngir

Hinh 4: Ba thanh phén co ban ciia mang no-ron TTS
Mot s&6 mé hinh no-ron ban dau duoc ap dung trong SPSS dé thay thé HMM

cho mé hinh 4m hoc, sau d6, WaveNet [10] duoc dé xuét dé truc tiép tao ra dang
song tir cac dic trung ngdn ngir. Pay co thé duge coi 13 mé hinh TTS dwa trén
mang no-ron hién dai dau tién. Cac md hinh khac nhu DeepVoicel/2 [25] van
tun theo ba thanh phan trong tong hop tham sé thdng ké, nhung nang cip chung
v6i cac md hinh dya trén mang no-ron tuong tng. So véi cac hé thong TTS trude
day dya trén tong hop ghép ndi va tong hop tham sé thong ké, vu diém cia téng
hop giong noi dya trén mang no-ron bao gdm chit lugng giong néi cao ca vé do
dé hiéu va tinh ty nhién, dong thoi it yéu ciu qua trinh tién xu 1y phire tap. Sau
do, nghién cuu [26] dé xuét tao ra truc tiép cac dic trung am thanh tir chudi Am vi

thay vi cac dic trung ngdn ngit. Pay c6 thé duoc coi 13 nghién ctru dau tién vé tong
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hop giong ndi dua trén md hinh mot ludng vao ra (trong luan 4n s& gitr nguyén thuat
ngit tiéng Anh End-to-end)'.

* Tong hop dwa trén End-to-end: Hinh 5 mo ta kién trac mot hé thong tong hop
End-to-end, trong d6 phan tao phd Mel gém hai mé dun: Dau tién 1a mé dun mi
héa vin ban dé chuyén hoa chudi ky tu thanh chudi cac véc to biéu dién, sau do
mo dun Sequence-to-sequence (tir gio tré di ludn dn goi tdt la Seq2seq) s& ude
lwong phd Mel tir chudi vée to nay. Cudi cung, tir phd Mel dugc chuyén doi thanh
tin hiéu tiéng no6i nho bo phat am. Mot s6 mod hinh End-to-end tiéu biéu (Vi du:
Tacotron 1/2 [27] [28], Deep Voice 3 [29] va FastSpeech1/2 [11] [30]) dugc dé
xuat dé don gian hoa cac mo-dun phan tich van ban va tryc tiép 1y chudi ky tu
hodc 4m vi 1am d4u vao, va don gian hoa cac dic trung 4m thanh véi phd Mel.
Sau do, cac hé théng TTS End-to-end hoan chinh dugc phat trién dé tao truc tiép
dang song am tir van ban, chiang han nhu ClariNet [31], FastSpeech2 [30] va
EATS [32].

Bé m3 hé Vector .
van| Domanoa |- 4. | Sequence to BY phat | gono am
ban van ban trung Sequence am
VTR
spectrogram

Hinh 5: Téng hop End-to-end TTS
Hién nay, c6 hai kién trac TTS phé bién tién tién nhét 1a: 1) Kién trac ty hoi
quy (autoregressive) va; 2) Kién tric khong ty dong hdi quy (non-autoregressive).

So sanh hai kién trac dugc mé ta trong Hinh 6.

! Thu4t ngit “End-to-end” trong TTS c6 mét ¥ nghia chwa nhit quan. Trong cic nghién ciru ban du, “End-to-
end” d& cap dén m6 hinh chuyén vin ban thanh phd mel 13 End-to-end, nhung van st dung mét bo tdng hop
dang song riéng biét (vocoder). N6 ciing c6 thé dé cap dén cic mo hinh TTS dya trén mang no-ron khéng st
dung céc dic trung ngdn ngit hodc 4m hoc phirc tap. Tuy nhién, mé hinh End-to-end nghiém ngit dé cap dén
viéc tao truc tiép dang song tir van ban.
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Hinh 6: So sanh mé hinh tw dong hdi quy va khong tw dong hoi quy
i) Kién triic TTS tw hoi quy (autoregressive TTS)

Cho x = {x1,X,,...,Xm} biéu dién cho chudi van ban dau vao, va y, biéu
dién cho cac khung tiéng néi duoc tao ra trudc y,,y = {V1,¥,..., Yn} dai dién
cho chudi muc tiéu cua cac dic trung 4m hoc.

Qua trinh giai ma khung tiéng noi thit 7 13 y, tuan theo phan phdi c6 diéu kién
p(Ve|V<r, %, ), trong d6 khung tiéng néi y, phu thudc vao toan bd chudi vin ban
dau vao x, lich st giai ma mot phan y., va cac tham sé mang 6. Xac suat chung
cua mQt bd gidi ma ty dong cd thé duogc xac dinh nhu sau:

p(yIx,0) = [It=1 p(Vely<e, %, 6) (1.6)

Diéu kién trén x dam bdo tinh phtt hop vé ngit am va diéu kién dua trén lich
st giai ma mot phan y., dam bao sy phu thudc thoi gian. Vi bd giai mi cé tac
dong truc tiép dén su phu thudc thoi gian cua tin hi¢u dm hoc dau ra, phép gidi
ma tu hoi quy thuong dugc thuc hién trén bd gidi ma. Mac du phép giai ma tu hdi
quy nay dam bao su phu thudc thoi gian cua tin hiéu am hoc, nhung n6 khéng cho
phép xtr Iy song song va lién quan dén tinh toan lap nhiéu. Ngoai ra, cac van dé
¢ hitu cta hé théng TTS tu hdi quy 1a kho diéu khién téc d6 doc va ngit diéu
ciing nhu 16i b qua hosic lap tir [11] [33].
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- Kién tric chi tiét ciia Tacotron2

Kién triic TTS tu hdi quy ndi bat nhu Tacotron2 tao ra phdé Mel tir vin ban
va sau d6 tong hop giong noi tir cac phd Mel da duoc tao bang cach sir dung mot
bd phat 4m di duoc huan luyén riéng. Chung thudng méic phai van dé 1a téc do
suy dién chdm va gip cac van dé ton tai (bo qua va lap lai tir). Xuong sdng cua
Tacotron 13 mé hinh Seq2seq véi co ché chi v (attention) [34]. Hinh 7 mé ta md
hinh tong hop tiéng n6i bang Tacotron2, bao gdm mot bd ma hoa (ludn dn sé gii
nguyén thudt ngit tiéng Anh la Encoder), mot bd giai ma (ludn dn sé giit nguyén
thudt ngir tiéng Anh la Decoder) dua trén co ché chu ¥ va mot mang xtr Iy sau. O
mirc cao, md hinh Tacotron 14y cac ky ty 1am du vao va tao ra cac phd Mel, sau
d6 duogc chuyén dbi thanh dang song. Kién trac cia Tacotron va Tacotron2 kha
giong nhau, déu chia thanh hai phan riéng biét:

— Phén 1: Mang du doan phd 4m thanh dugc dung dé chuyén doi chudi ky
tu (text) sang dang phd Mel & mién tan sé.

— Phén 2: Bo phat 4am bién d6i 4m thanh tir phé Mel (mién tan sd) sang song

am (mién thoi gian).

Waveform ‘
Mel Spectrogram Samples
jm———————————— i
lm — ’ :
I 5Conv Layer :
I
| Post-Net WLOAE 2
: Y Y '
|
1
I I
: 1
| s Llnear. :
| ( Progression I
! 2 Layer 2LST™M  ——————
: Pre-Net =P Layers ( ) |
! L Y, Linear I Stop
| Progression .' » Token
1 J
I Decoder I
. S . N /S J
Location Sensitive |
Attention
- T T T T T T
I R ; = : ]
Input _J Text : Character I 3 Conv Bidirectional :
Text ’ Phonetization : ~ Embedding Layers LSTM :
I 1
« Encoder )

Hinh 7: So d6 khéi kién tric hé thong cia Tacotron2 [28]
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ii) Kién triic TTS khong tw hoi quy (non-autoregressive TTS)

Trong nhitng nim gan ddy, cac mo hinh TTS khéng tu dong hdi quy (non-
autoregressive) dugc thiét ké cho phép tao ra cac phd Mel voi téc do cuc nhanh
va tranh cc van dé ton tai ciia hé théng TTS ty dong hoi quy, d@)ng thoi dat duoc
chat lugng 4m thanh gan tuong duong véi cac mo hinh ty héi quy trude d6 dya
trén kién trac mang chuyén doi chuyén tiép (Feed-Forward Transformer —viét tit
1a FET) méi cho phép xir 1y song song véi co ché ti cha ¥. Mot bd ma hoa FFT
m3 hoa mot chudi tir diu vao van ban thanh cac chudi 4n va mot bd gidi ma FFT
tao ra cac dic trung am thanh dau ra tir cac vector ngir canh mot cach song song.
Cung v6i md hinh bd phat Am song song, viéc trién khai toan bo mo hinh song
song cho d¢ tré thip. Phuong phap khong tu hdi quy khong phu thude vao lich st
gid1 ma, no tao ra cac dac trung am thanh dau ra du6i dang tich ctia xéac suat doc
1ap c6 diéu kién cta ting khung tiéng noi:

p(ylx, 0) = [Tt=1 p(yelx, 6) (1.7)

Su doc 1ap c6 diéu kién cho phép mé hinh tao ra nhiéu khung tiéng néi muc
tiéu dong thoi, din dén giam dang ké viéc tinh toan so v&i phan tir ty hdi quy. Mo
hinh khéng tu hdi quy chi phu thudc vao co ché tu chi y ciia no dé giai ma cac
dic trung Am thanh tir cac dic trung van ban di duge ma héa, ma khong ¢ bat ky
dau vao tir hoi quy nao.

- Kién triic chi tiét ciia FastSpeech2

Trong sd cac phuong phap TTS khong tu hdi quy, FastSpeech 13 mot trong
nhitng mo hinh thanh cong nhat. FastSpeech2 dugc ra doi thay thé FastSpeech dé
giai quyét van dé anh xa mot-nhiéu v6i co ché huan luyén theo co ché dudng éng

(pipeline) don gian va cho chat luvong tong hop 4m thanh cao [11].
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Hinh 8: Kién triic tong quan ciia FastSpeech2 [30]

Kién triic md hinh tong thé cua FastSpeech2 dugc thé hién trong Hinh 8. Bo
ma héa chuyén d6i chudi nhiing 4m vi (phoneme embedding) thanh chudi am vi
an, sau d6 bo thich nghi phuong sai (variance adaptor) thém thong tin phuong sai
khac nhau nhu truong do, cao d6 va cudng do vao chudi an, cudi cung 1a bo giai
ma phd Mel s& chuyén d6i chudi 4n di thich nghi thanh chudi phd Mel mot cach
song song. Kién trac str dung khéi FFT, day 12 mot 16p ngin xép cta 16p tu chi
(self-attention) [35] va tich chdp 1D nhu trong FastSpeech, lam ciu tric co ban
cho bd ma hda va bo giai ma phd Mel, kién trac nay gitp sinh phd Mel song song
thay vi mot cac tuan ty nhu cac mod hinh TTS tu dong hoi quy. Khac véi
FastSpeech huan luyén dya trén hé théng chung cit (distillation) giita bd day va
bo hoc (teacher-student) va truong d6 am vi (phoneme duration), FastSpeech2
thue hién dugce mot s6 cai tién. Pau tién, né loai bo dudng éng chung cét gitta bo
day va bo hoc va str dung truc tiép cac phé Mel ctia Am thanh gdc (groundtruth)
1am muc tiéu huén luyén mo hinh, diéu ndy co thé tranh mat thong tin trong céc
phd Mel duoc chung cat va ting chat luong giong noéi. Thir hai, bd variance
adaptor khong chi bao gom bo du doan truong do ma con ca bd du doan cao dd
va cuong do. Trong do: 1) B6 dy doan trueong d§ su dung truong do am vi thu
duoc bang cach cin chinh cudng birc [36] 1am muc tiéu huin luyén chinh xac hon

thay vi trich xuét tir anh xa b cha ¥ ctia mé hinh day tu phuc hdi va 2) Cac cong
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cu du doan cao d6 va cuong dd bd sung c6 thé cung cip thém thong tin vé phuong
sai, diéu nay rat quan trong dé giai quyét van dé 4nh xa mot-nhiéu trong TTS.
1.2.3. Téng hop tiéng néi véi kha ning diéu chinh dic trung diu ra

Trudc ddy, mo hinh cta tong hop tiéng no6i dua trén tham sé thong ké da thay
thé hoan toan tong hop tiéng néi dua trén lua chon don vi boi kha ning thich nghi
va diéu khién cac dic trung ciia ngudi ndi va phong cach noi. Tong hop tiéng noi
dira trén HMM c6 thé ap dung thanh cong cho nhiéu nghién ctru mé rong bang cac
k§ thuat thich nghi giong noi va di duoc chimg minh 13 cai thién dang ké chat luong
tiéng noi tong hop [37]. Bai vi, tong hop thng ké dua trén HMM c6 thé sir dung
cac phuong phap ndi suy [38], hdi quy da vector cam xuc [39] va k¥ thuat thich
nghi [40] dé d& dang chuyén d6i hodc diéu chinh phong cich va cam xac noi,
phuong phap nay d tré thanh phuong phép chinh trong tong hop tiéng néi c6 cam
xuc trong cac giai doan trudc.

Mic du tong hop duya trén théng ké bang HMM da cho chét lugng tot nhung
n6 van con cac han ché. Pau tién phai ké dén 13 anh xa dau vao dén phan cum dya
trén ciy quyét dinh trong tong hop giong noéi dua trén HMM khong hiéu qua dé
dién dat cac phu thudc ngir canh phtic tap va van dé XOR (khong tinh toan duoc
perceptron don), diéu nay c6 thé dan dén qua khdp (overfit) dir liéu hudn luyén.
Thtr hai, anh xa dac trung thanh cum str dung cac phan bd Gauss don 1é v6i ma tran
hiép phuong duogc thiét 1ap dya trén hai gia dinh vé tinh doc 1ap: 1) Sy doc lap co
diéu kién gitra cac khung trang thai va 2) Su doc lap cua cac dic trung 4m thanh
trong mot khung. Diéu nay din dén cac dudng bao pho (envelopes spectral) duoc
tai tao bi 1am min qua murc va chét luong ciia giong ndi tong hop bi giam st.

Tir ndm 2013, cac k§ thuat thong ké str dung DNN chiém wu thé [9], dic biét
trong vai nim gan day, cac k¥ thuat ap dung mang ddi nghich GAN cho tong hop
tiéng [41] va kién trac End-to-end [42] cang trd nén phd bién. Hién nay, cac ky
thuat DNN d4 thay thé hoan toan mé hinh HMM trong viéc xay dung mé hinh 4m
hoc va mé hinh trudng d6. Cac moé hinh DNN chi yéu cidu mét 1an tinh toan duy
nhit dé du doan dic trung, 1am cho nd phu hop hon cho viée tong hop theo thoi
gian thuc. Mt khac, DNN 14p m6 hinh xéc suat c6 diéu kién thay vi x4c suat chung
nhu trong m6 hinh DBN (Deep Belief Networks), n6 hi¢u qua véi nhiém vy anh xa

dic trung. Tuy nhién, cac nghién cru hién tai vé mé hinh DNN tép trung chi yéu

18



cho mo hinh phy thudc nguoi noi, diéu nay doi héi mot luong dir liéu dang ké tir
mot ngudi noé1 duy nhét dé tao ra mdt mo hinh 4m hoc 6n dinh. Do d6, cac phuong
phap thich nghi da ngudi néi dyua trén DNN di duoc dé xuat.

1.2.4. Tong hop tiéng néi hiéu qud

Khi c6 thé tong hop giong ndi chat lugng cao va co kha ning diéu khién
duoc thi nhiém vu quan trong tiép theo 13 tong hop giong noi hiéu qua (Efficient
Speech Synthesis), ttrc 1a 1am thé nao dé giam chi phi tong hop giong noi bao gdm
chi phi thu thap va gan nhin dit liéu, huan luyén va duy dién cho cac mé hinh
TTS. Céc cach tiép can chinh khi xay dung cac md hinh tong hop giong hiéu qua
¢6 thé nhom thanh cac muc tiéu:

e TTS it dir liu. Nhiéu ngdn ngit nghéo tai nguyén va thiéu dir liéu huan
luyén. Lam thé nao dé tan dung viéc hoc khong giam sat/ban giam sat va hoc
chuyén d6i da ngdn ngir dé giup cac ngdn ngir co ngudn tai nguyén thap 1a mot
huéng di nhan duoc nhiéu s quan tim. Vi du nhu ‘ZeroSpeech Challenge’ [43]
12 mot sang kién hay dé kham pha céac k¥ thuat cho phép hoc mé hinh ngdn ngir
tryc tiép tir Am thanh ma khong can bat ky vin ban hoic kién thirc ngén ngit nao.
K¥ thuat stir dung la su két hop cua ba thanh phén khong gidm sat: BO ma hoa du
doan tuong phan (CPC), bd phan cum (k-mean) va mé hinh ngén ngtr (LSTM
hodc BERT). Bén canh d6 ‘Multi-speaker multi-style voice cloning challenge’ [5]
cling mé ra céc thach thirc trong nhan ban giong, diéu chinh giong noi cia mot
ngudi noi dich c6 it dit liéu dé thich nghi thong qua hai nhiém vu: 1) Nhan ban
giong tir 100 mau/ngudi nodi cho trude kém mot bo dit lidu da ngudi nodi (Few-
shot track) va 2) Nhan ban giong tir 5 mau/ngudi néi cho trude (One-shot track),
cac k¥ thuat chinh duogc st dung cho cac nhi€ém vu nay 1a thich nghi dua trén ma
hoa dac trung (Embedding based) va thich nghi dya trén tinh chinh mo hinh (Fine-
tuning based).

e TTS it tham s6. Cac hé théng TTS bing no-ron ngay nay thudng sir
dung mang no-ron 16n v4i hang chuc triéu tham sé dé tong hop giong noi chat
luong cao. Hé théng nay han ché kha nang ing dung trén céc thiét bi di dong, IoT
va céc thiét bi tai nguyén nho khac do bd nhé va muc tiéu thy dién ning 16n. Viéc
thiét ké cac mo hinh nhd, gon, nhe v&i bd nhd nhd, tiéu thu dién ndng thép va it

d tré 1a rat quan trong.
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e TTS it ning lwong. Huan luyén va phuc vu mot mo hinh TTS chét luong
cao doi hoi tiéu tdn nhiéu nang lugng va thai ra nhiéu carbon. Viéc cai thién hiéu
qua sir dung nang luong, vi du nhu giam FLOP trong huan luyén va suy dién TTS
1a gitp nhiéu ngudi duge huong loi tir cac ki thuat TTS tién tién, dong thoi giam
luong khi thai carbon ra moi truong.

1.2.5. Thich nghi trong tong hop tiéng néi
1.2.5.1. Khai niém

Thich nghi trong tong hop tiéng no6i (hay goi tit 1a ‘thich nghi TTS’ hodc
“TTS thich nghi’) 1a kha ning téng hop giong ndi mang phong cach tuy ¥ tir bat
ky nguoi nao véi mot luong dit liéu mau thuc cua giong ndi d6 (reference speech),
giong noi tong hop s& mang dic trung cua giong néi dich hodc giong tham chiéu
(target speaker hoac reference speaker) voi cac dac trung cua giong noi (voice
characteristics) va cac dac trung ngr di€u (prosodic features) [4]. Thich nghi TTS
tiy theo ngir canh dugc goi bang cac thuat ngir khac nhau trong hoc thuat va cong
nghié¢p, vi du nhu thich nghi giong néi (voice adaptation) hoac thich nghi nguoi
noi (speaker adaptation) [44], nhan ban giong noi (voice cloning) [45], c4 nhan
hoa giong néi (custom voice) [13]. Thich nghi TTS 1a mot chii d& nghién ctru ndng,
rat nhiéu cc cong trinh trong linh vuc tong hop tiéng nodi gan day da nghién ctu
su thich nghi giong n6i [13] va thir thach nhan ban giong néi ciing thu hit rat nhiéu
nhom nghién ctru tham gia [5] [46]. Trong ludn 4n nay khai niém thich nghi giong
noi (hodc thich nghi nguoi néi) duge dinh nghia gidi han 1a kha nang nhan ban
giong ndi ciia nguoi noi tiy v voi lugng dit liéu mau han ché.
1.2.5.2. Mo hinh

Giong ndi ngudn ( Pha ,'/’ \\\ A
1 Huén luyén . & ,"I t%ghhrg}lli
Mau giong ( .
néidich Phari tlc? & Trich Anh xa Tong iong néi
(Y) L xuat dac trung hop dich méi

Hinh 9: M hinh tong quat ciia h¢ thong tong hop tiéng néi dwa trén thich

nghi
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Biéu dién tin hiéu giong néi ngudn va giong noéi dich 1an lugt 14 X va ¥, biéu
dién cac dic trung tiéng néi ngudn va dich 1 x va y, ham chuyén ddi co thé xay
dung nhu sau:

y=Jx) (1.8)
trong d6 f{.) con duoc goi 1a ham anh xa theo khung. C6 thé biéu dién tong quat
cac khéi trong hé théng tong hop thich nghi nhu Hinh 9 va va biéu dién khong
gian dic trung tong quat véi muc tiéu dich tim thich nghi trong Hinh 10.

Trong kich ban thich nghi TTS, mé hinh ngudn TTS (thuong duoc huan luyén
trén tap dir liéu da nguoi né1 (Multi-speaker)) thuong dugc thich nghi voi it dir
liu thich nghi cua tirng giong noi dich. Thich nghi TTS dugc xem xét tir hai khia
canh: 1) Thiét 1ap thich nghi chung, bao gdm cic cai tién vé tong quat hoa mo
hinh TTS ngudn dé hd trg giong ndi méi va su thich nghi véi cac mién khac nhau;
2) Cai dat thich nghi hiéu qua, bao gdm viéc giam dit liéu thich nghi va cac thong

s6 thich nghi cho ting giong néi dich.

E Giong ngudn! 4 i Giong dich |
| Giong néi 1 ; Chuac6 trong
Y U >0 i tap huan luyén |
! {y=fx) = » Szzzzzzzzzzzzzl

. ; ng noi X . , \
: 0 o one ' Giong dich !
! Giong ndi 2 E e E
| o ; s
| ° Giong noi 3 | ~— i
! - Giong ndin i C6 trong tap !
| “._huan luyén_-
i Huan luyén ; Khong gian dac trung giong noi

da nguoi néi;

Hinh 10: Khong gian dic ciia hé thong tong hop tiéng néi dwa trén thich
nghi
1.2.5.3. Thich nghi chung
e Tong quat héa mé hinh nguon. Cac cong trinh nghién ctru trong nhom

nay hudng dén cai thién tinh téng quat hoa ciia mé hinh TTS ngudn. Trong huin
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luyén mé hinh ngudn, vin ban ngudn khong chira di thong tin 4&m hoc nhu am
thanh, 4m sic cta giong ndi va mdi trudng ghi 4m dé tao ra giong nodi dich. Két
qua 14, mod hinh TTS c6 xu hudng duoc trang bi qua nhiéu dir liéu huan luyén va
c6 kha ning téng quat hoa kém ddi v6i nhitng giong néi méi (thich nghi kém).
Nghién ciru [13] dé xudt mo hinh diéu kién 4m hoc, cung cip thong tin 4m hoc
can thiét lam d4u vao mo hinh dé hoc cich 4nh xa van ban thanh giong noéi véi
kha ning téng quat hoa tét hon thay vi ghi nhé. Mot cach khac dé cai thién tinh
téng quat cia mo hinh TTS ngudn 1a ting sd luong va tinh da dang cua dit liéu
huan luyén. Nghién ctru [12] nang s6 nguoi ndi dé ting sé luong giong khi huin
luyén mo hinh TTS ngudn, c6 thé khai quat tét giong noi chua timg xuat hién
trong qua trinh huan luyén cho muc tiéu thich nghi.

e Thich nghi da mién. Trong thich nghi TTS, mdt yéu td quan trong 14 tiéng
n61 dung thich nghi ¢6 cac diéu kién hodc phong cach am hoc khéac véi dir liéu
giong no6i duoc st dung dé huan luyén mé hinh TTS nguén. Theo cach nay, cac
thiét ké dac biét can duoc xem xét dé cai thién tinh téng quat héa ctia mo hinh
TTS ngudn va hd tro cac phong cach cia giong néi dich. AdaSpeech [13] thiét ké
mo hinh diéu kién 4m hoc dé mo hinh héa tot hon trong céc diéu kién am hoc da
dang nhu thiét bi ghi am, tiéng 6n moi truong, trong am, toc d6 nodi, 4m sic cla
giong noi, v.v. Bang cach nay, mo hinh c¢6 xu hudng tong quat hoa thay vi ghi nhé
cac diéu kién Am hoc va c6 thé thich nghi tdt v4i dir lidu giong ndi véi cac diéu
kién am hoc khac nhau. AdaSpeech3 [3] diéu chinh mé hinh TTS theo phong cach
doc sang phong cach tir do, bang cach thiét ké thich nghi chén khoang dirng, thich
nghi nhip diéu va 4m sic. Mot sd nghién ctru khac dé cap ky thuat chuyén do6i
giita cac phong cach noéi mot cach ty nhién, chang han nhu tiéng Lombard [47]
hoic tiéng thi tham [48]. Mot sb cong trinh [49], [50] dé xuét thich nghi giong noi
giita cac ngdn ngir, vi dy: tong hop giong néi tiéng Trung bang cach st dung giong
no6i tiéng Anh dé huin luyén ma dit liéu huan luyén khong cé bat ky giong noi

tiéng Trung nao.
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1.2.5.4. Thich nghi hiéu qua

Nhiéu dir liéu thich nghi hon s& din dén chat luvong tong hop tét hon, nhung
chi phi thu thap dit liéu cao. Ddi v6i thich nghi tham sd, toan b mé hinh TTS
[44] [51] hodc mdt phan ctia md hinh (Vi du: bd giai ma) hodc chi vector biéu
dién dic trung giong ndi speaker-embedding (ludn dn nay sé gitt nguyén thudt
ngir tiéng Anh speaker-embedding cho mét s6 trieong hop) [45] [44] [13] c6 thé
duoc tinh chinh. Twong ty, viée tinh chinh nhiéu thong sé hon sé& cho chét luong
am thanh tét, nhung lai lam tang chi phi trién khai va bo nhd. Trong thuc té, muc
tiéu thich nghi 1a str dung it dit liéu it tham s6 nhung van dat dugc chit luong
thich nghi giong noi cao. Co thé chia cic nghién ctru ndy thanh mot sé nhom: 1)
Thich nghi it dit liéu; 2) Thich nghi it tham sb; 3) Thich nghi dit liéu chwa duogc
gan nhén; 4) Thich nghi khéng phai huan luyén lai mé hinh (Zero-shot TTS).
1.3. Cac kién thirc co sé
1.3.1. Co so vat ly

Co s& vat 1y ctia 4m thanh dic trung boi ba yéu té chinh: truong dd, cao do
va cuong do (nang lugng).

a) Trwong d (duration): Truong d6 lién quan dén d6 dai ctia Am thanh, phu
thudc vao thoi gian 1au hay mau ma am phat ra.

b) Cao dj (pitch): Cao d6 ciia 4m thanh phy thudc vao tan s6 dao dong cua
day thanh trong mot don vi thoi gian. Am cao ¢6 tan sé dao dong nhanh hon, trong
khi am tha”ip c6 tan sd dao dong cham hon. Pon vi do cao d6 1a Hz. B cao cua
giong c6 thé cung cap thong tin vé gidi tinh, tudi tac va cam xuc.

Mot s6 ngdn ngit nhu tiéng Viét va tiéng Trung sir dung cao do dé tao ra nhiing
don vi ngit &m nhu thanh diéu, ngir di¢u va trong am.

¢) Cuong dé (energy): Cudng do lién quan dén d6 manh cta Am thanh, va
phu thudc vao bién d¢ dao dong cua vat thé. Khi bién do dao dong cang rong, am
thanh cang manh va vang 16n. Pon vi do cuong do 12 dB. Cuong d6 13 yéu td quan

trong tao nén trong am trong ngon ngir.
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1.3.2. Céu tao tiéng Viét

Tiéng néi tiéng Viét 1a mot ngdn ngir phire tap so vai cac ngdn ngit khac boi
n6 14 ngdn ngir don Am tiét c6 thanh diéu, moi Am tiét ludn mang mot thanh diéu
nao do (Bang 1) [52]:

Bang 1: So' d6 ciu tao Am tiéng Viét
THANH DIEU
AM DAU VAN
(phu am dau) | Am dém | Am chinh | Am cuéi

1.3.2.1. Don vi ngir am

*Am tiét (syllable): Chudi tir dwoc con ngudi tao thanh tir cac hop am tinh
tir 16n dén nho. Pon vi tir nho nhét 13 am tiét. Mot tir nhu “tong hop” dugc phat
am thanh “tong” va “hop”, gdm 2 am tiét. C6 thé chia cac am tiét thanh bdn loai
[53]: Am tiét md; Am tiét nira mé; Am tiét nira kin; Am tiét dong. Tong sb am
tiét khong trung 1ap phat 4m bang tiéng Viét 1a 18.958 nhung sé am tiét 43 su
dung trong thuc té chi khoang 7000 am tiét [54].

* Am thanh (sound): Am thanh (hay con goi 13 4m thanh ctia ngén ngi) 1a
don vi ty nhién nho nhat cta 16 ndi. Tiéu chi thuong duogce stir dung dé phan biét
gitra cdc am thanh 1a dac trung am hoc va dac trung nguyén am. Theo do, am
thanh dugc chia thanh hai loai chinh la nguyén am (vocal) va phu am (consonant).

* Am vi (phoneme): Am vi 14 phan doan nho nhat ciia Am thanh, dung dé cdu
tao va phan biét vd am thanh cua cac don vi ¢6 nghia ciia ngén ngit hoac phan biét
gifra cac cach phat am. Dudi am vi khong thé phan chia dugc nira, néu chia nho,
s& khong thu duoc gi [55]. Tiéng Viét ¢6 22 am vi phu 4m, 14 4m vi nguyén 4m
va 2 am vi ban nguyén am.

*Hé thong thanh diéu (tone): Thanh diéu 1a thuat ngir dung dé chi do cao
ciia am tiét dugc sinh ra do su rung dong cia diy thanh a4m. Tuy vao do rung
nhanh hay chdm, manh hay yéu cua day thanh am s€ cho cac am sdc khac nhau.
Tiéng Viét gém c0 6 thanh diéu. Trén chir Viét, nam thanh dugc ghi lai béng nam
diu trong chit viét: 1. Thanh huyén, 2. Thanh nga, 3. Thanh héi, 4. Thanh sac, 5.
Thanh ning, con mot thanh khong dugc ghi lai bang mdt ddu nao ca 1a thanh

ngang.
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1.3.3. Cdc thanh phén chinh ciia hé thong tong hop thich nghi

Mo hinh tong hop thich chung dugc mé ta trong Hinh 11 gdm: 1) Mot mang
ma hoa nguot nodi (con goi la Speaker Encoder) ma hoa dac trung giong ndi thanh
vector biéu dién dic trung giong ndi (speaker-embedding) dua trén tinh toan mot
vector chiéu cb dinh tir tin hiéu tiéng néi; 2) Bo tong hop chudi tir chudi (Seq2seq)
dua trén viéc du doan phé Mel tir mot chudi hinh vi hodc 4m vi dau vao két hop
véi vector biéu dién dic trung noi co diéu kién; 3) B0 giai ma tai tao cac biéu dién
dic trung an dau vao thanh thanh pho Mel; va 4) Bo phat am cho phép chuyén doi

phé Mel thanh séng am theo mién thoi gian.

Ma hoa
nguoi noi Speaker

Embedding
Bo tong hop

N Phd B0 phat I\N“‘
B0 gidi ma Mol am —>
thich nghi

Hinh 11: So’ d6 khdi hé théng tong hop thich nghi co sé dwa trén DNN
1.3.3.1. Bo ma hoa (Encoder)

Tiéng n6i
hoac phd Mel
am thanh

A 4

van ban

Chudi
Véngn

B¢ md héa 1a mot thanh phan cho phép ma héa cac chudi co chidu dai khong
¢ dinh thanh cac vector biéu dién c6 chiéu ¢d dinh, cu thé 14 mi hoa chudi van
ban hodc 4m vi dau vao thanh cac vector an biéu dién thong tin ngit 4m & muc
khung goi 1a Text embedding. Ngoai ra, b ma hoéa ngudi nodi cho phép ma hoa
céc biéu dién dic trung doc 1ap ngudi noi1 dé thanh céac biéu dién 4n 1a vector dic
trung giong noi.
1.3.3.2. Vector biéu dién dic trung giong néi (Speaker-embedding)

Cach tiép can khi xay dung hé thdng tong hop da ngudi nodi dua trén thich
nghi hién nay sir dung cac biéu dién dic trung ciia nguoi néi dé huan luyén va
diéu chinh mé hinh thich nghi. Dé thuc hién duoc viée do, cac hé théng xu 1y
tiéng néi trude hét phai chuyén doi timg doan am thanh c6 do dai thay d6i thanh
mot vecto cb do dai ¢d dinh dai dién cho danh tinh coa nguoi noi, bao gém cac
thong tin nhu cao d9, tong giong, ngir di¢u, trong am cua mot nguoi ndéi, dugc goi

la vector bi€u dién dac trung giong noéi, sau dé thuc hién phan cum dua trén céac
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vecto ndy. Vector biéu dién dic trung néi ciing dugc st dung rong rii trong cac
tac vu xtr ly ngdn ngit tu nhién nhu: DPinh danh nguoi noi (Speaker identity), phan
doan ngudi noi (Speaker diarization), thich nghi nguoi noéi (Speaker adaptation),
tong hop tiéng noi (Speech synthesis).

1.3.3.3. B¢ giai ma (Decoder)

Khi bd ma héa ma hoa cac chudi tiéng noéi c6 chiéu dai khong cb dinh thanh
cac vector ¢6 chiéu dai ¢ dinh thi bd giai md Decoder s& giai ma cac biéu dién
vector 4n d6 va du doan thanh céc biéu didn 4m hoc. Cu thé 13 bd gidi ma s€ du
doan thanh dic trung 4m hoc twong g hoic thanh tiéng noi theo mién thoi gian
voi dic trung doc 1ap ngudi néi. Khi tong hop, dic trung doc 1ap cua cing mot
ngudi n6i duoc mi hoa bai bd méd hoa tir chudi tiéng noéi dau vao va duge ding
dé diéu khién gid1 ma sinh ra cac dac trung hoac tiéng no6i. B gidi ma duogc huén
luyén dé thuc hién anh xa gitta cac dic trung doc 1ap ngudi ndi va cac dic trung
am hoc hodc giong nodi tuong tng cuia cung mot nguoi noi.
1.3.3.4. B¢ phat am (Vocoder)

B0 phat am chuyén céc biéu dién dic trung am thanh nhu phd Mel thanh
song am thanh c6 thé nghe thiy dugc. Su phat trién ctia bo phat 4m giong néi cd
thé dugc chia thanh hai giai doan: B6 mi hoa giong néi duoc st dung trong tong
hop giong noi tham s6 théng ké (SPSS) [23] [24] va bo ma héa dua trén mang no-
ron [10] [56]. Mot s6 bo phat am phd bién trong SPSS bao gdbm STRAIGHT [23]
va WORLD [24]. Liy bé ma héa WORLD lam vi du, n6 bao gdm céc budc phan
tich phat 4m va tong hop bo phat 4m. Trong phan tich phat 4m giong noi, né phan
tich giong néi va nhan céc dac trung dm thanh nhu hé ) mel-cepstral, tan sb dai
va FO. Trong qua trinh téng hop bd phat 4m, no tao ra dang séng giong ndi tir cac
dac trung am thanh nay.

Céc bo phat 4m dua trén no-ron ban dau nhu WaveNet [10], WaveRNN [57]
tryc tiép nhan dau vao 1a mot chudi cac dic trung ngdn ngit va ngir am (chira
thong tin vé am vi, am tiét, tir, v.v.), sau d6 dua qua mo hinh xéc suét va tu hoi
quy dé du doan ra mdi mau 4m thanh c6 diéu kién dua trén cac du doan trude do
dé tao dang song. WaveNet nguyén ban 13 loai mang non-conditional, ttrc 1a khong
nhan dau vao nao ma chi sinh ngau nhién cac doan 4m thanh v6 nghia. Tuy nhién

trong Tacotron2, nhom nghién ctru str dung mot phién ban sira d6i cia WaveNet
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dé tao ra cac mau dang song theo mién thoi gian co diéu kién trén phd Mel. Tt
1a WaveNet duoc thiét ké dé nhan dau vao la dang phé Mel, dau ra la song am
tuong tng. Sau d6, Prenger [56] va Kim [58] 1dy phd Mel 1am dau vao va tao dang
song thay vi dau vao 1a cac dic trung ngit am. Vi dang séng tiéng ndi rat dai nén
viéc tao dang song tu hdi quy mat nhiéu thoi gian suy dién (do kién trac tu hoi
quy déng vai trd nut that ¢o chai chinh khi tao séng thoi gian thuc), do vay cac
kién trac ty hoi quy nhu WaveNet va Char2Wav duoc thay thé hodc cai tién dé
tang toc do quy dién. Cac md hinh tong quat nhu mé hinh sinh dwa trén dong chay
(Flow) [59], mang d6i nghich (GAN) [60], bd tur ma hoa (VAE) [61] va mo hinh
xéac suat khuéch tan khir nhiéu (DDPM) [62] duogc st dung trong qua trinh tao
dang song. Nhu vay, co thé chia bd phat &m mang no-ron thanh cac loai khac
nhau: 1) B phat am tu hdi quy, 2) Bo phat am dua trén dong chay, 3) Bo phat am
dua trén GAN, 4) B0 phat am dya trén VAE va 5) B phat am dya trén mo hinh
khuéch tan (Diffusion model).

1.3.4. Pdnh gid chit lwong hé thong tong hop thich nghi

Pé danh gia hiéu nang cia hé thong tong hop tiéng noi hodc hé théng thich
nghi giong noi can sir dung két hop giira cach danh gia chu quan dira vao cam tinh
(MOS, SIM) va danh gia khach quan thong qua do cac dai lugng vat Iy (MCD,
WER) nhu sau:
1.3.4.1. MOS (Mean Opinion Score)

Str dung thang do ¥ kién trung binh (MOS) duogc sir dung dé do chét luong
ctia hé thong TTS thong qua danh gia mot cach dinh tinh trén co s cac bai kiém
tra kha nang nghe hop 1é va dang tin cdy. MOS 1a thudc do duoc khuyén nghi sir
dung dé danh gia chat luong giong ndi tong hop (Khuyén nghi ITU-T P.85) [63].
Ban than MOS duoc tinh trung binh tir mot sb thanh phan riéng 1é cua ting phién
do. Thang danh gia duogc sir dung phd bién nhét 1a thang do Xép hang danh muc
tuyét ddi (ACR), gdm nam cap d0: 5. Xudt sdc (nhw con nguoi); 4. Tot (gan giong
con nguoi),; 3: Trung binh (hoi may); 2. Kem (nhw may),; 1. Té.
1.3.4.2. MCD (Mel-Cepstral Distortion)

Thang do su bién dang mel cepstral (MCD) [64] 13 mot phép do ludng muc
d6 khac nhau cta hai chudi mel cepstral. MCD giita chudi mel cepstral tong hop

va tu nhién cang nho thi giong no6i tong hop cang gan voi viéc tai tao giong noi tu
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nhién. Dé tinh toan MCD, trich xuat hé sb cepstral tir tin hiéu 4m thanh va tinh
toan khoang cach giita cac hé sé nay trong hai tin hiéu am thanh. MCD duoc tinh
bang cach 1ay trung binh cong ctia khoang cach Euclide giita cac hé sb cepstral
trong hai tin hiéu giong ndi trén mot khoang thoi gian nhat dinh. N6 hoan toan
khong phai 1a mot thude do hoan hao dé danh gia chat lugng cua bai phat biéu
tong hop nhung thudng 13 mot chi s6 hiru ich khi két hop véi cac thude do khac.
1.3.4.3. SIM (Similarity)

Thang do sy trong dong ctia cac giong nodi (SIM) duge sir dung dé danh gia
su gidng nhau giita cac hé théng thich nghi giong noéi duoc dé xuit boi Voice
Conversion Challenge (VCC) [65]. Nguoi nghe s€ dugc nghe cac cap cau am
thanh dugc tao boi mot hé thong tong hop tiéng nodi va 4m thanh gdc dé danh gia
xem cédc cau am thanh nay c6 phai cua cung mdt nguoi néi hay khong. Nguoi
nghe c6 bén (4) Iya chon dé cho diém: 4. Chdc chdn la giong nhau; 3. C6 thé
giong nhau; 2. C6 thé khdc nhau; 1. Chdc chdn la khdc nhau. Piém cang cao, c¢6
¥y nghia cang c6 nhiéu diém twong dong giita giong téng hop va giong ngudi noi.
1.3.4.4. WER (Word-error-rate)

Chi s6 16i tir (WER) duoc sir dung dé do luong ty 18 phan trim cac tir bi nhan
dién sai trong vin ban nhin dang tir 4m thanh tong hop so vé6i vin ban nhin dang
tir am thanh gbc. Chi sd ndy cung cap thém thong tin ddnh gia chét luong tong
hop théng qua kha ning nhan dang tiéng néi thanh van ban cta cac hé thng ASR
san co [66].
1.3.4.5. Phan tich phuong sai (ANOVA)

Phan tich phuong sai (ANOVA) trong tong hop tiéng noi 1a mot phwong phap
théng ké duogc sur dung dé kiém tra su khéc biét gitra cac nhom trong vi¢c danh
gia chat lugng hodc hiéu suét ctia cac hé thdng tong hop tiéng noi. Trong ngir canh
nay, cac nhom co thé 1a cac phuong phap hoic mé hinh khac nhau cia tong hop
tiéng n6i. Muc tiéu chinh cia ANOVA 1a xéac dinh xem c6 sy khéac biét y nghia
ndo do giira cac phuong phap hay mé hinh tong hop tiéng noéi khong (vi du phan
tich ANOVA trong danh gia MOS hodc SIM), va néu c6, thi nhdom nao hodc
phuong phap nao giy ra sy khac biét nay [65]. Quy trinh thyc hién kiém dinh
ANOVA trong tong hop tiéng néi bao gdm: Chuan bi dit liéu ; Xac dinh gia
thuyét; Thuc hién phan tich ANOVA; Kiém dinh hau nghiém; Phan tich Két Qua.
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1.4. Tinh hinh nghién ctru hién nay vé tong hop thich nghi
1.4.1. Mjt s6 nghién civu gin ddy trén mét s6 ngon ngiv khdc

Cac k¥ thuét tong hop tiéng néi va tong hop dua trén thich nghi da 1a k¥ thuat
chinh ton tai trong ca thap nién tir nhing nam 1990. Tiép d6, tong hop tiéng néi
str dung DNN tré 1én chiém wu thé véi viée ung dung cho mé hinh 4m hoc, mé
hinh truong d9, trich xuat dic trung va phan tich van ban da cé nhiéu phan tich
theo nhiéu nhém khac nhau. Cac nghién ciru di chi ra rang, hé théng DNN co s&
dd vuot qua cac hé théng HMM tiéu chuan vé chat luong tiéng noi tong hop thong
qua huéng tiép can hoc sau, vi DNN c¢6 thé hoc cac anh xa phtic tap tir cac dic
trung ngoén ngir dén céac dic trung am hoc. Mot $6 nghién ctru dc 13p da chi ra
rang, DNN c6 thé tao ra giong ndi tong hop ty nhién hon so véi tong hop giong
néi dya trén HMM thong thuong cho mot ngudi ndi trong cac diéu kién huan
luyén khac nhau [9]. Tuy nhién, chi mot sé cac nghién ciru giai quyét cau hoi liéu
tong hop tiéng noi dua trén DNN c6 thé cung cp cac k¥ thuat thich nghi ¢ tinh
linh hoat tuong ty nhu tong hop tiéng néi dua trén HMM hay khong, mic du da
c6 cong trinh thanh cong trong linh vuc nay trong bdi canh nhan dang giong noi
dua trén DNN [67]. M6t nghién ctru so bo da duoc thyc hién vé sy thich nghi cua
ngudi noi trong téng hop dua trén DNN [68], nhung chi ¢6 mot sy chuyén ddi dic
trung duoc st dung dé sitra d6i dau ra cia DNN. Céc giai doan tiép sau 13 sy phat
trién cua cac ky thuat tong hop tiéng noi tir van ban dya trén thich nghi (hay con
goi 1a Thich nghi TTS hodc tong hop thich nghi — TTS Adaptation).

Cdc hwong nghién ciru chinh cé thé mé ti nhw sau:

e Thich nghi it dir liéu Few-shot TTS. Mot s nghién ctru d3 xay dyng mo
hinh téng hop thich nghi it dir liéu hay con goi 1a thich nghi Few-shot TTS bang
cach chi sr dung moét vai cap dir li€u van ban va am thanh trong khoang tir vai
gidy dén vai phat dé huan luyén mé hinh. C6 hai phuong phap tiép can chinh trong
hudng nay, d6 1a: 1) Thich nghi théng qua tinh chinh mdt phan mé hinh hoic toan
bd md hinh; 2) Thich nghi dua trén vector biéu dién dic trung giong noi. Nghién
ctru [69] dua ra phuong phap thich nghi bang cach huan luyén trrde mo hinh trén

mot b dit li¢u 16n va sau do tinh chinh mé hinh véi mot it dir liéu nhé. Nghién
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ctru [70] chi ra mot vai kiéu vector biéu dién dic trung giong ndi khac nhau dé
thich nghi Few-shot TTS: 1) Biéu dién dic trung giong ndi tir mo hinh huan luyén
trudc dung d-vector, x-vector va biéu dién chuyén d6i giong néi (voice
conversion-VC); 2) Biéu dién dic trung giong néi thong qua tbi wu hoa chung sir
dung vector nhing ma héa vi tri dé gan ID cho mdi nguoi néi khac nhau hoic
vector ma hoa thong tin phong cach néi toan cuc (Global style token - GST). Tuy
nhién, béi vi ca d-vector va x-vector déu duoc huin luyén trudc cho nhiém vu
nhén dang, cdc mo hinh chi nham muc dich phan biét cach néi cua nhitng ngudi
no6i khac nhau, vi vay chiing ¢é thé b qua nhiing thong tin khong gitp phén biét
nhitng ngudi n6i khac nhau. Piéu nay co thé khong tét cho mé hinh TTS. Mot
vector dai dién giong noéi 1y tudng cho cac moé hinh TTS nén mo hinh héa moi dac
trung clia nguoi noi, nhung khong nhét thiét phai ¢6 ranh gidi rd rang giita ting
ngudi ndi. Biéu dién VC chta théng tin can thiét cho viée tao tiéng noi, dy co
thé 1a 1y do khién no6 vuot trdi so véi cac vector biéu didn huin luyén trude (d-
vector, x-vector) trong cac danh giad khach quan va chu quan. Thuc nghiém da
chting minh sy két hop céac biéu dién ctia nguoi néi dugc huan luyén trude véi
cac biéu dién cia ngudi néi duge t6i vu hoa chung mang lai két qua tot hon so
v6i str dung bat ky biéu dién don 1¢ nao. Nghién ctru [13] [45] so sanh chit lwong
giong noéi voi cac luong dir liéu thich nghi khac nhau va thdy ring chat luong
giong n6i duoc cai thién nhanh chong véi viée ting dan dir liéu thich nghi khi kich
thudc dir liéu nho (dudi 20 cau) nhung cai thién cham vé1 hang chuc cau thich
nghi.

e Thich nghi it tham s6. Dé hd trg nhidu nguoi dung, cac tham sd thich
nghi cua mdi giong néi dich can du nhoé dé giam mac st dung bd nhé trong khi
van duy tri chat luong tong hop cao. Vi du, néu mdi ngudi dung/giong néi sir dung
tham s6 100MB thi tong dung luong bd nhd s& 1én dén 100PB cho mot triéu ngudi
dung. Mot s6 nghién ctiru dé xuat giam tham sé thich nghi xudng murc thip nhat
trong khi van duy tri chat lwong thich nghi.

Céc hé thong tong hop da nguoi noi thong thudng yéu cau mot luong dir liéu

dang ké dé mo hinh héa nhirng ngudi néi da dugce quan sat trong qua trinh huan
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luyén. Tuy nhién, nhiéu tng dung dugc ca nhan héa chi c6 thé cung cip mot luong
rat nho dir 1liéu miu (Vi du: khoi phuc kha ning giao tiép cho nhitng ngudi bi mat
giong noéi, khoi phuc giong cua céac vi nhan, khéi phuc giong ctia nhitng nguoi qua
¢d ...). Nhitng nhu cau nhu vay doi héi mét ki thuat thich nghi cho phép sao chép
giong noi chi cAn mot vai mau tham khao thong qua hudn luyén, dugc goi 1a thich
nghi Few-shot TTS. Nhu vdy, thich nghi Few-shot TTS 1a cach tong hop mét
giong m&i sao cho giéng giong dich voi mot lwong dit liéu nhé ¢ huan luyén.
AdaSpeech [13] d& xudt chuan hoa 16p c6 diéu kién dé tao cac tham sd, thang do
va do léch trong chuan hoa 16p tir cac vector biéu dién dic trung giong ndi dwa
trén viéc tao tham sé theo ngir canh [71] va chi tinh chinh cac tham sé lién quan
dén chuan hoa 16p co diéu kién va vector biéu dién dic trung giong noi dé dat
duoc chat lugng thich nghi. Moss va cong su [72] dé xuat mot phuong phap tinh
chinh chon céc siéu tham sé mé hinh khac nhau cho nhiéu giong néi khac nhau
dua trén toi wu héa Bayes. Phuong phap nay dat dugc muc tiéu tong hop giong
noi cia mot giong nodi cu thé chi v&i mot sb luong nho céc mau giong noi.

e Thich nghi Zero-shot TTS. Zero-shot TTS 1 mot hudng tiép can moi dé
thich nghi giong mdi véi chi mot cau hodc vai gidy mau ma khong can huan luyén
bd sung. Ky thuat nay cho phép thich nghi giong méi ma khong can hudn luyén
lai, hon nita luong dir liéu can dé huan luyén cuc nhé (chi can mot cau hodc vai
gidy dir liéu giong dich) [73]. Zero-shot TTS trong tong hop tiéng noi 1a cac ky
thuat hudng dén huin luyén mot mé hinh cho phép tao cac giong moi duéi diéu
kién cac giong nay chua timg xuit hién trong qua trinh huan luyén hodc khong
xuat hién trong suét qua trinh hoc giam sat [74]. Cac nghién ciru ndy mé ra mot
sO tmg dung hiru ich nhu hé théng speaker thong minh (c6 tai nguyén nho) co thé
ké chuyén hoic giao tiép bang giong noi riéng; hoc giong mdi tai chd ma khong
can huin luyén lai; cic hé thong thuyét minh linh hoat theo giong cta speaker
duoc cung cip ngay tai chd. Cac miu Zero-shot TTS da nguoi ndi thuong sir dung
vector biéu dién dic trung giong nodi c6 thé dé dang thich nghi véi giong ndi mai,
cho phép chiing tao giong ndi bang giong nodi clia ngudi néi méi voi luong rat it

dir liéu hon nhiéu so véi cac phuong phap thich nghi bang tinh chinh: Hiéu qua
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ctia nhitng md hinh nay diy hta hen vé chat luong cta giong tong hop va kha
nang khai quat cho nhiing ngudi n61 méi. Nhin chung, Zero-shot TTS 1a mdgt linh
vuc tha vi va dang phat trién nhanh chéng, dong thoi c6 kha ning tac dong dang
ké dén cach cac hé thong TTS duoc xay dung va sir dung trong tuong lai.

Mot s6 nghién ctru [75] [12] [76] tién hanh thich nghi Zero-shot TTS, str
dung vector biéu dién dic trung giong ndi dé trich xuat cac biéu dién dic trung
giong noi (vi du nhu d-vector, x-vector va vector LDE) tir cac Am thanh mau. Kich
ban nay kha hap din vi khong can dir liéu va huan luyén lai cac tham so thich nghi.
Tuy nhién, thir nghiém cho thay, chét luong thich nghi chua du t6t do cac vector
biéu dién dic trung giong ndi dugc dé xuat biéu dién dic trung giong néi chua hiéu
qua, diéu ndy cang thé hién rd khi giong néi dich (target-speaker) rat khic voi giong
no6i ngudn (source-speaker).

1.4.2. Mt sé nghién ciru hi¢n nay vé tong hop tiéng Viét
1.4.2.1.  Cdc hé thong tong hop tiéng néi tiéng Viét sir dung ky thudt ghép noi
va lwa chon don vi am

"Hoa sung" 1a mot hé thong TTS Tiéng Viét str dung don vi am dip-phone va
ban am tiét. M6 hinh CART dugc chon dé xdy dung miu trudng d6 va thuit toan
mién thoi gian PSOLA (TD-PSOLA) duoc sir dung dé diéu chinh cao do va trudong
do cua cac don vi tiéng n6i. Tuy nhién, han ché cua Hoa Stng 1a khong bao ham
duoc hét cac 4m tiét mGi nhat hodc cac tir muon, kho ngit liéu nho khong thé tong
hop dugc cac am tiét bao gdm cac ban am tiét, khong tai tao duoc nhiing thay doi
quan trong vé FO do hién twong déng am... [77]

Nghién ctru cia MICA (Pai hoc Bach Khoa Ha Noi) vé tong hop tiéng néi
dua trén ky thuat ghép ndi cac don vi 4m thanh khong dong nhat [78]. Hé thong
tong hop tiéng nodi phurong Nam (VoS) phat trién bai Vii Hai Quan va nhoém phat
trién tai AlLab thudc Pai hoc Cong nghé - Pai hoc Quéc gia H6 Chi Minh [79]
str dung k¥ thuat tong hop lua chon don vi khong dong nhét véi cac don vi tiéng
no6i 1a am tiét tré 1én, giong tong hop 1a ciia phwong ngir Nam Bo. Chét luong tong
hop tét hon trong mién gi6i han (Vi dy: binh luan bong d4). Tuy nhién, qué trinh

chuyén ti€p gilra cac phan ndi cua song am van khong mugt ma, tron tru.
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1.4.2.2.  Cdc hé thong tong hop tiéng néi tiéng Viét dua trén tham sé thong ké
(SPSS)

Déi v6i phan tong hop tiéng noi tiéng Viét dua trén tham sé thong ké HMM,
chi ¢6 hai nhom chinh sau: 1) Tir Vién Cong nghé Thong tin (IolT, thudc Vién
Khoa hoc va Cong nghé Viét Nam) [80] va 2) Tur truong Pai hoc Van Nam, Trung
Quédc [81]. Ca hai nhom déu dung kién trac 16i cia HTS dé phat trién hé théng
TTS cho tiéng Viét giong Ha Noi. Theo danh gia chu quan, cong bd dau tién vé
tong hop giong noi tiéng Viét dua trén HMM 1a cong trinh ctia Vién cong nghé
thong tin [80]. Hé théng nay chi ap dung HTS cho tiéng Viét vé6i kho ngit liéu
huén luyén bao gém 3000 cau giau ngir am, dugc gan nhin ban ty dong & cap do
am. Cong trinh cua truong Pai hoc Van Nam [81] cling chi don gian 1a ap dung
k¥ thuat tong hop dwa trén HMM cho tiéng Viét bang cach sir dung bo téng hop
STRAIGHT?. Khoang 600 cau c6 nhin duoc st dung dé huin luyén mo hinh
HMM. Mot danh gid so bd (10 nguoi) da dugc thuc hi¢n voi cung mdt két luan
vé giong noi tong hop nhu cong trinh cia [80]. Cac nghién ctru tiép theo ctia Vién
CNTT [82] tap trung vao tdm quan trong cia cac dic trung ngir diéu. Cac dic
trung ngir diéu bo sung tir tiéng Anh st dung mo hinh ToBI di duoc sir dung trong
cac nghién ctru nay, bao gdm: 1) Ngit diéu cudi cum tir va 2) Trong 4m va cao do.
Tir ntra cudi ndm 2013, Vién nghién ctru Qudc té MICA (Pai hoc Bach khoa Ha
No6i) va Phong thi nghi€ém Tri tu€ nhan tao AlLab (Pai hoc Khoa hoc tu nhién TP
HCM) ciing bat dau co nhitng nghién ciru, phat trién hé thong tong hop tiéng Viét
tham s6 thong ké dua trén HMM.
1.4.2.3.  Céc hé thong TTS Tiéng Viét dwa trén DNN

Mang no-ron sau (Deep neural network - DNN), véi kha nang giai quyét van
dé HMM, d3 tré nén pho bién khong chi trong viéc tong hop giong néi ma con
trong nhiéu van dé phu thudc vao ngit canh khac nhu nhan dang giong noi tu dong
[83]. Vi su phat trién cua hoc sau, TTS dua trén mang no-ron duoc dé xuat véi
viéc stir dung mang no-ron hoc sau lam mé hinh xwong séng dé téng hop giong

n6i. Mot s6 mé hinh no-ron ban dau duoc ap dung trong tong hop tiéng noi dua

2 http://web.wakayama-u.ac.jp/~kawahara/STRAIGHTadv/index_e.html
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trén tham sb thong ké SPSS dé thay thé HMM trong mé hinh 4m hoc. Sau do,
WaveNet duoc dé& xut dé truc tiép tao ra dang séng am tir cac ddc trung ngdn
ngir va nd c6 thé dugc coi md hinh TTS no-ron hién dai dau tién [10].

Viettel da gi6i thiéu hé thdng TTS tiéng Viét dira trén DNN dau tién dat MOS
(Mean Opinion Score) vugt troi so véi cac hé théng tong hop tiéng noi tiéng Viét
dua trén HMM vé d¢ dé hiéu va tu nhién (so voi cac hé théng TTS tiéng Viét khac
lic d6 nhu MICA va VAIS va két qua duoc danh gia trong hoi thao qudc té& vé Xur
Iy tiéng no6i va vin ban tiéng Viét - VLSP 2018) [84]. Cac h¢ thong TTS cho tiéng
Viét sau d0 tiép tuc dugc cai tién va cong bd v6i cac cong nghé cap nhat [85].
1.4.3. Mt 56 nghién civu hién nay vé tong hop thich nghi cho tiéng Viét

Mot s6 nghién ctru thich nghi cho tiéng Viét trudc ddy dwa trén hudng tiép

can chinh 13 tham sé thong ké HMM [7] [8].
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Hinh 12: So d6 khdi tong hop tiéng néi dura trén thich nghi bing HMM [7]
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Pé chuyén d6i cac dic trung giong noi cua 1oi ndi tong hop thanh cac dic
trung cta ngudi néi muyc tiéu can diéu chinh cac HMM cho cac 4m vi ban dau
thanh cac HMM cua ngudi néi muc tiéu. Véi cach nhu vy, cac tham sé xac
suat dau ra cia cac mo hinh Markov an duoc sira doi dé phan anh cac dic trung
giong nodi ctia ngudi ndi muc tiéu. Két qua 1a cac thong sd giong néi duogc tao
ra trd nén gan hon véi cac thong sé ctia ngudi ndi muc tidu va cac dic trung
giong noi cua 10i néi tong hop ciing trd nén gan hon véi ngudi ndi muyc tiéu.
Cac k¥ thuat thich nghi chinh thuong dugc st dung nhu MAP, VFS, MLLR
hodc két hop chiing véi nhau.

Thuat toan cuc dai hau nghiém (Maximum A Posteriori - MAP) duogc su
dung dé cap nhat cac tham s ctia timg phan bd xac suat dau ra trang thai tiy thudc
vao dit liéu thich nghi [86]. Tuy nhién, dé thuat toan MAP thich hop thi can c6
day du thong tin tién nghiém vé cac tham sé mé hinh. Trong céch tiép cin nay,
thong tin tién nghiém thuong dugc st dung 1a cac HMM doc 1ap ngudi ndi. Néu
luong dir liéu thich nghi nho hodc rai rac thi cac woc lugng MAP khong dang tin
cay. Pé khic phuc van dé nay, thuat toan VFS duoc dé xuat két hop véi udc luong
MAP dé ndi suy cac tham s6 méi cho tap phan bd khong co trong tap huan luyén
va lam min cac vécto chuyén doi ctia cac phan bd udc lwong MAP di huan luyén
[87]. Cac nghién clru thich nghi st dung thuat toan MAP/VFS (Vector Field
Smoothing) yéu cau nhiéu tham sb dé kiém soat sy thich nghi, vi du nhu trong
s6 cho hé sd 1am min cta mat do tién nghiém cho VFS va sd PDF dé tinh cac
vector chuyén doi. Do d6, khong dé& dé xac dinh mot tap cac tham sb cho phép
cung cip hiéu suét tot nhat trong tong hop giong néi dung cho HMM.

Thuat toan hoi quy tuyén tinh uéc lugng kha nang cuc dai (MLLR) dya
trén hoi quy tuyén tinh udc luong kha ning cuc dai (maximum likelihood) va
chi yéu cau mot thong s6 duy nhét dai dién cho sé ma tran hdi quy. Thudt toan
MLLR dugc st dung dé tim phuong thirc bién d6i cac tham sb dic trung, ddy
1a thuét toan dau tién dugc ap dung cho h¢ théng TTS dua trén HMM [88].
MLLR tim kiém phép anh xa tuyén tinh cia HMM dé cuc dai hoa xac suét cia

dir liéu thich nghi tir ngudi nodi dich. Pé budc cac méd hinh tuwong ti nhau cho
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qua trinh thich nghi, hdi quy hodc phan cum dua trén cdy quyét dinh duoc sir
dung dé chia sé phép bién ddi giita cic phan bd ciia mdi cum ngit canh. Chia
sé cac phép bién doi gitra nhiéu phan b giup giam khoi lwong dit liéu can thiét
cho qua trinh thich nghi. Do d¢, thuat toan thich nghi dya trén MLLR dugc ua
chudng va st dung pho bién hon thuat toan MAP-VFS trong trudng hop thiéu
dir li¢u dich.

Nghién ctru [7] dé& xuét sir dung mé hinh lai ghép HMM cho tong hop
tiéng Viét va dé diéu chinh tham s thich nghi khi tong hop, nghién ctru da dé
XuAt ap dung thuat toan MLLR két hop voi thuat toan cuyc dai hau nghiém
(MAP) thay thé cho céac thuét toan don thuan chi sir dung MAP hodac MLLR;
hoic thay thé cho cac thuit toan két hop MAP voi thuat toan 1am min trudng
véc to (VFS). Nghién ctru trén ciing di chi ra rang chi véi mot lugng dir liéu
“dich” han ché (100 cau), két hop véi tip HMM chung cta nhiéu giong néi,
nhiéu dic trung va phong cach noi khac nhau, c6 thé tong hop dugc tiéng noi
c6 chét lugng dugc cai thién [89]. Nghién ctru [8] dé xuat mo hinh lai ghép gitta
mo hinh Markov an va phdi x4c suat da khong gian (MSD-HMM). Chi tiét cac
mo dun cua hé théng trong Hinh 12 nhu sau:

e Huin luyén: Dau tién, trong giai doan huin luyén, hé s6 mel-cepstral
duoc thu thap tir co s dir liéu giong nodi bang cach phan tich mel-cepstral [90]
[91]. Céc dic trung dong nhu hé sb delta va delta-delta cling duoc tinh toan tir hé
sb mel-cepstral. Sau do, ddi v6i mdi Am vi, HMM doc lap v&i1 ngudi noi con got
1a HMM am vi khoi tao, dugc huan luyén bang cach sir dung hé s6 mel-cepstral,
delta va delta-delta ctia chung.

e Thich nghi: Trong giai doan thich nghi, cic vecto dac trung dugc tinh
toan tir mau dir liéu thich nghi da cho. Sau d6, cac HMM khéi tao duoc chuyén
thanh HMM cua giong néi dich bang cach ap dung k¥ thuat thich nghi giong néi.
O mo hinh nay, c6 thé bién d6i cac théng sé phd am thanh bang cach str dung mot
s6 k¥ thuat thich nghi giong n6éi nhu MLLR [92] hodc MAP-VFS. Pay 1a mot
thuat toan két hop tdi da thich nghi posteriori (MAP) va lam min trudng vecto
(VFS). Sau d6, dé mo hinh hoa va thich nghi dong thoi cac thong sé kich thich
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clia tiéng néi cling nhu cac thong sd phdé am thanh, phan bd xac suat da khong
gian (MSD) HMM [93] va thuét todn thich nghi MLLR [88] duoc sur dung.

e Tong hop: Trong giai doan tong hop, mot vin ban cho trude tiy ¥ can
téng hop s& dugc bién ddi thanh mot chudi am vi. Mot cdu HMM dai dién cho
toan b van ban dugc tong hop bang cach ndi cac Am vi HMM theo trinh tir Am
vi. Ttr cdu HMM thu duoc, chudi tham s6 mel-cepstral duoc tao ra bang cach sir
dung thuat toan [94] duoc md ta ngin gon trong phan tiép theo. Bing cach sir
dung bd loc MLSA (Mel Log Spectrum Approximation) [22], 161 néi duoc tong
hop tir cac hé $6 mel-cepstral duoc tao ra.

Tuy nhién, cach tiép can tong hop thich nghi dya trén tham sé thong ké HMM
c6 nhimg nhugc diém cd hitu d6 1a: 1) M6 hinh dua trén HMM cho chat luong
téng hop thap hon rat nhiéu so véi DNN [84] [95]; 2) Cac nghién ctru hién nay
[96] chi ra rang cac k¥ thuat tong hop thich nghi dua trén HMM cho chit luong
thap hon so voi cac k¥ thuat DNN va d3 duoc chi rd trong muc 1.2.3. 3) M6 hinh
thich nghi dya trén HMM khéng thé thue hién dugc cac nhiém vu tong hop thich
nghi voi dit liéu rat nho (chi vai cau) hodc thich nghi khéng can huan luyén lai.
1.4.4. Huong nghién ciru chinh cua ludn dn

Luan 4n tap trung vao nghién ciru phuong phap tong hop tiéng noi tiéng Viét
dua trén thich nghi v6i hai huéng tiép can chinh 1a: 1) Tiép can theo hudng thich
nghi it dir liéu c6 huan luyén lai mo hinh (Few-shot TTS) va 2) Tiép can theo
huéng giam téi da dir liéu mau va khong phai huan luyén lai mé hinh (Zero-shot
TTS). Mdi hudng tiép can nay s& c6 wu, nhugc diém khac nhau, duoc phan tich
chi tiét theo bang dudi day:

Bang 2: So sanh wu nhwoc diém ciia hai phwong phap tiép cin tong hop

dua trén thich nghi

Tiép can theo huéng Tiép cin theo huéng
Few-shot TTS Zero-shot TTS
Pinh e Thich nghi véi it dir liéu va | e Thich nghi véi it dir ligu va
nghia huéan luyén lai mo hinh dé tao khong phai huén luyén lai mo
giong mai hinh dé tao giong méi
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Phuong Dua vao tinh chinh, dua vao Duya vector dic trung, DNN
phap vector dac trung va DNN va mo hinh khuéch tan khir
nhiéu
Uu diém Chét luong va do twong dong Chi can luong mau rat nho dé
cao thich nghi (vai gidy)
Phu hop cac ung dung doi hoi Khéng can huan luyén lai nén
giong mdi dam bao chat luong thoi gian téng hop giong moi
nhung khong cin qua nhiéu ture thi (vai gidy)
mau Phu hop cho ung dung tao
giong mdi tic thi
Nhuoc Can s6 lugng mau 16n hon zero- Chat luong va do twong dong
diém shot dé thich nghi (vai phut) kém hon (¢ mirc chip nhan
Can thoi gian 16n dé huan luyén duoc)
va ton chi phi trién khai mot
giong méi (nhiéu chuc gio)

1.5. Két luan Chuwong 1 va cic ndi dung nghién ciru chinh ciia luin an

Téng hop tiéng nodi dua trén thich nghi 1a mot bai toan thudc linh vyc chuyén
ddi va thich nghi giong noéi voi muc tiéu bién ddi két qua tong hop giong mdi
mang cac dic trung cta giong noéi mau. Voi tiéng Viét, day 1a ngon ngit nghéo tai
nguyén va 13 ngdn ngit phic tap do cé chira thanh phan ngir diéu nén tong hop
tiéng noi ciing nhu thich nghi giong ndi trong tong hop van 1a bai toan kho, it
nguoi giai.

Do vy, van ton tai nhitng kho khin nhu cac bai toan tong hop tiéng noi va
chuyén d6i thich nghi vé chat lugng tong hop va chi phi mau huén luyén cho tiéng
Viét, co thé ké dén nhu sau:

1) Céc nghién ctru vé tong hop thich nghi cho tiéng Viét con rat han ché,
can c6 cac nghién ctru danh gia anh hudng ctua mau tiéng néi dich han ché hoic
khong c6 trong qua trinh huan luyén;

2) Céac nghién ciru vé thich nghi cho tiéng Viét méi chi sir dung mo hinh
HMM cho huén luyén dir liéu mau han ché va chua c6 mo hinh thich nghi cho
tiéng Vié¢t nao sir dung DNN;

3) Chua c6 nghién ctru nao ap dung mo hinh thich nghi End-to-End cho

tieng Viét voi dit liéu mau nho ¢6 huan luyén hodc khong huan luyén;
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4) Can c6 Gmg dung dé danh gia tinh kha thi ctia cac mé hinh thich nghi
giong nodi tiéng Viét.

Ttr cic van dé thuc té trén, ludn 4n tap trung nghién ctru mot s6 ndi dung chinh
nhu sau va cac ndi dung do nham tra 1o cho céc cau hoi nghién ctru dugce dat ra
trong trang 2 phan M¢ dau:

1) Xay dung bo CSDL phuc vu cho tong hop va thich nghi;

2) Nghién ctru k¥ thuat thich nghi Few-shot TTS dua trén DNN cho tiéng
Viét va danh gia;

3) Nghién ciru k¥ thuat thich nghi Zero-shot TTS dya trén DNN cho tiéng
Viét va danh gia.

Pham vi nghién ctru: D6i twong nghién ctru 13 tiéng noi tiéng Viét; M6 hinh
nghién ciru 13 tong hop thich nghi giong tiéng Viét nham c4 nhan hoa giong noi
tong hop, cu thé 13 nhan ban giong néi véi dir liéu ctia don nguoi néi va da ngudi

no6i. Ung dung nhan ban giong danh gia tinh kha thi 1a ing dung nhan ban giong.
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Chuong 2. XAY DUNG CO SO DU LIEU TIENG VIET
CHI PHi THAP CHO TONG HQP VA THiCH NGHI GIONG NOI

Muc dich cta hé thdng thich nghi cho téng hop tiéng d6 13 tong hop duoc
tiéng ndi véi mau thich nghi nho hodc it tai nguyén. Mot trong nhitng hop phan
quan trong nhat trong hé théng tong hop dua trén thich nghi 1a hé théng tong hop
tiéng noi. O mot khia canh khac, c6 thé coi thich nghi giong néi chinh 13 bai toan
con trong linh vuc téng hop tiéng n6i. Do vay, mdt trong nhitng nhiém vu chinh
ctia luan an khi nghién ctru tong hop tiéng néi dua trén thich nghi 1 nghién ctru
md hinh tong hop tiéng noéi tiéng Viét. Tuy nhién, trong nghién ctru tong hop tiéng
néi tiéng Viét c6 han ché 16n nhét chinh 1 thiéu b6 CSDL & I6n, da dang, dam
bado chat legng va chi phi thip cho cdc nghién citu tong hop; Ngodi ra, mot trong
nhirng van dé con ton tai cia hé théng t(fng hop tiéng Viét la do tw nhién cua cau
dai va doc tir mwon [97].

Chuong 2 phén tich cac k¥ thuat xdy dung bd CSDL tiéng cho tong hop thich
nghi va cac phuong phap gan nhan va phién 4m bo sung cai thién ngit diéu cho hé
théng tong hop tiéng néi tiéng Viét, cac ndi dung gom: 1) Trinh bay phan tich cac
bd CSDL cho tong hop tiéng néi hién nay; 2) Trinh bay quy trinh xdy dung bo
CSDL tiéng dam bao chét luong cho tong hop va thich nghi [CT6][CT4]; 3) Mot
s6 phuong phap bo sung thong tin nhdn nham tang cuong do tu nhién cta hé thong
TTS tiéng Viét thong qua céac k¥ thuat nhu thém dau cau, chén diém dung ldy hoi
va phién am tir muon [CT5] [CT4]; 4) Két qua xay dung bd CSDL.

2.1. Xay dung bo CSDL tong hop va thich nghi

Tong hop tiéng néi tiéng Viét dang duoc cha ¥ nhiéu hon trong thoi gian gan
day do su can thiét trong cac tmg dung thuc té. Cac giai phap vé bao ndi, sach noi,
phat thanh vién a0, tong dai tra 101 ty dong ngay cang phd bién. Thong ké dén thoi
diém hién tai hau hét cac bao dién tir 16n tai Viét Nam déu tich hop TTS dé tu
dong doc ndi dung cac bai viét véi ngir diéu va chét luong khé tu nhién (Vi du:

dantri.vn, tienphong.vn, laodong.vn, ...).
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Theo thong ké ctia VLSP, trong bdn nam t6 chirc ddnh gia, nam 2018 cac mo hinh
DNN dat wu thé trong VLSP [98], vao hai nim 2019-2020 cac nhom nghién ctru
tap trung vao st dung cac md hinh Tacotron2 chiém uu thé dé phat trién cac hé
thdng tong hop tiéng Viét véi mé hinh 4m hoc sir dung Tacotron2 két hop véi bo
phat am pho bién nhu Waveglow hoic HifiGAN [97] [99]. Ciing theo bao céo tir
t6 chirc ndy, tir nhitng nim 2021 tr di cac nhom nghién ciru tong hop tiéng Viét
da tap trung sir dung mo hinh FastSpeech2 chiém uu thé, mot sb nhom dé xuat sir
dung VITS ciing dat duoc cac két qua noi bat [85].

C6 thé thiy rang, cac nghién ctiru End-to-end cho tong hop tiéng Viét di kha
cap nhat v6i nghién ctru qudc té. Tuy nhién, cac nghién ctru ciing chi ra cac van
dé thach thire trong cac nghién ctru tong hop tiéng noi véi dic trung cia tiéng Viét
nhu x4y dung bd CSDL chuyén biét cho tong hop tiéng Viét, cac van dé véi tong
hop cau dai hoac doc cac tr muon [97].

Tiéng Viét 1a ngon ngir don am tiét va co thanh diéu. Dé tong hop tiéng Viét
chét luong tét, viéc dam bao chat lugng cua thanh diéu tong hop sao cho cang gan
v6i thanh diéu tu nhién 1 rat quan trong. Trong xir 1y tiéng ndi, viéc xay dung
mot bo co sd dit lidu chat lwgng phuc vu nghién ctru tong hop va huan luyén luén
1a yéu t6 quan trong. V&i cac ngdn ngir giau tai nguyén nhu tiéng Anh, tiéng Nhat
qua qua trinh phat trién 1au doi dd c6 nhing bo co so dir liéu 16n, da dang. O Viét
Nam, cac cong trinh nghién ctru xir Iy tiéng néi da cé tir nhitng nim dau thé ky
20. Pén nay, nhiéu bo dit lidu tiéng no6i da duogc cong bd rong rai nhu VOV (nguén
phat thanh vo tuyén), MICA VNSpeechCorpus, Allab VOS (Voice of Southern
Vietnam), Allab VIVOS, VAIS-1000, VLSP. Tuy nhién, cac bo co s¢ dir li€u
tiéng Viét phuc vu nghién ciru tong hop tiéng néi van con nhiéu han ché, chua co
bo dit liéu dam bao chat lugng c6 kich thude trén 10 gid danh cho TTS duoc cong
b6 [97]. Vi du kho vin ban dé xuat trong MICA VNSpeechCorpus [100] dugc
thiét ké t6t va chira bai phat biéu chat luong tot. Tuy nhién, mic du tong kich
thudc cua ngir liéu 10n, nhung s6 lugng cau ngan thich hop cho sy thich nghi trong
tong hop tiéng néi 1a kha nho. Nhitng han ché c6 thé chi ra 13 bd co so dit liéu thu

am nho, chat luong chua cao, khong da dang (mot sb bo thu thap tir cac ngudn dix
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ligu da phuong tién san c6, mot sd bo dit lidu xay dung tr mot vai ngudi noi hoac
giong no6i theo mdt phuwong ngtr cua mot vung mién nao do), mot s6 b dit liéu ¢6
tiéu chi xdy dung chua rd rang nhu vira str dung dé nhin dang vira st dung dé
tong hop.

2.1.1. Thong ké cdc by CSDL cho tong hop hién nay va bp CSDL dé xudt

* Mot s6 b CSDL ciia cac ngdn ngir giau tai nguyén mé cho TTS:

B0 dir li¢u Thoi gian | SO nguoi | SO cu Ngon ngir
(gio) doc

LJSpeech 24 1 13.100 | Tiéng Anh
VCTK 44 109 400 | Tiéng Anh
AISHELL-3 85 218 88.035 | Trung Qudc
DiDiSpeech-1 572 4500 225.000 | Trung Quoc
DiDiSpeech-2 227 1500 171.361 | Trung Qudc
J-MAC 31,5 39 - Nhat Ban

JVS 30 100 - Nhat Ban

* Mot s6 bd CSDL tiéng Viét mé cho TTS dwoge cong bd:

B0 dir li¢u Thoi gian | SO nguoi S6 cAu Phong cach doc
(gio) doc

Poc truyén v6i nhiéu
VLSP 2020 9,5 1 7.770  an

nglr diéu
VAIS1000 0,2 1 1.000 Phat thanh vién VOV
INFORE 25 1 14.935 | Poc truyén bang TTS
VietTTS-v1.1 35,9 1 22.884 | Poc truyén bang TTS

Ngoai ra, c6 thé thay rang tai Viét Nam c6 khong it nhitng tdp doan doanh
nghiép don vi nghién ctru 16n, nhung nhitng bd CSDL phuc vu cho nghién ctru
TTS lai rat thiéu va han ché vé ca chat luong va d6 da dang, kho tiép can [97]. Tur
thuc té d6, luan an xac dinh tinh cap thiét khi xay dung mot bo co so dir liéu tiéng

néi tiéng Viét dam bao chat luong, chi phi thap véi giong ndi da dang (gidi tinh,
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dd tudi, khu vuc séng) va chién luogc 16 rang, phuc vu cho cac nghién ctru téng
hop va thich nghi giong noi.

Khi nghién ctru tong hop hodc thich nghi giong noi, viéc tao mot md hinh
cho mdt nguoi ndi cu thé véi luong dit 1iéu han ché 1a mot thach thic ngay ca voi
cac ngdn ngir giau tai nguyén. Doi v6i tiéng Viét rat kho dé thuc hién mot nghién
ctru nhu vy do yéu cau vé thiét ké dir liéu. Pau tién, 4m thanh phai dwoc ghi lai
trong mot phong thu cach am, khong nhidu dé dam bao giong thu chat lugng. Thir
hai, ngudi néi phai dugc chon dé bao ham nhiéu do tudi cling nhu khu vuc sinh
séng. Tht ba, cAn chon loc dé dam bao do can bﬁng am hoc (du cac am vi, tir vung
trong tiéng n6i). Nhu vay, CSDL du tot dé huin luyén hé thong tong hop va thich
nghi giong no6i phai 1a sy két hop c6 tinh chon loc gitta thu thip CSDL tir nguén
am thanh san c6 va xay dung CSDL tu thu 4m (Hinh 13).

Thu thap
van ban

Chon

Chuén hoéa
cau thu Thu

van ban, cat
cau

Lam sach
dir liéu

Chuyén
am tiét
sang
mirc am
vi

mo hinh TTS

Thu thap Chuyén sang Chon cau

Dir ligu am A ey )
¥ + A
thanh khéng”| o thAanh e ban + Cl}uan
6 nhin tho Phan doan héa

Hinh 13: Quy trinh xdy dung di liéu tir ngudn am thanh cé sin va tu thu 4m

2.1.2. Quy trinh xdy dung b CSDL cho tong hop va thich nghi
Su khéc biét giita bo xay dung CSDL cho tong hop va thich nghi d6 la:

- CSDL cho tong hop don nguoi ndi can sd gio dir liéu huan luyén cho mdi
giong doc du 16n (trén 10 gid), trong khi CSDL cho huén luyén da ngudi noi thi
mdi giong doc khong can qua 16n (khoang 450-500 cau) nhung sd giong doc can
nhiéu va da dang (tir vai chuc dén hang trim nguoi). Tuy nhién ca hai bo dir liéu
nay can dam do can bang 4m vi va bao ham sb luong tir vung nhiéu nhat co thé.

-Co s¢ dir liéu dung cho thich nghi la cac bd c6 CSDL don nguoi ndi ¢o kich
thude nho sir dung cho tirng muc dich danh gia khac nhau (c6 thé 1a vai gidy hoic

vai phut, c6 chon loc).
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Do viy, dé dam bao bo CSDL cho tong hop tiéng di 16n va da dang can s6 can
xéac dinh xay dyng CSDL tir hai ngudn: 1) Ty thu 4m; 2) Gan nhén 4m thanh tir
ngudn cd sin. Mdi mot ngudn déu co nhimg vu nhuoc diém riéng. Xdy dung
CSDL ty thu 4m ¢6 uwu diém 1a chu dong va giam sat duoc ndi dung va chat luong
thu 4m. Tuy nhién, nhuoc diém ciia phwong phap nay la doi hoi chi phi cao (ton
thoi gian, kinh phi, co s& vat chit va ngudn luc) va kho thu thap sé giong néi da
dang; Xdy dung CSDL tir ngudn ¢6 san ¢6 vu diém sé& tiét kiém duogc chi phi thu
am va da dang giong doc ciing nhu c6 thé tao bo CSDL ¢6 thoi lwgng dai nhidu
gid, tuy nhién c6 nhugce diém cta no 13 s& kho kiém soat chit lugng va su dong
déu cua dir liéu, giong doc ngiu nhién thu thap duoc cling s& khd dam bao su can
bang am.

2.1.2.1. Quy trinh xay dung CSDL ty thu dm
Xay dung van ban thu am (Phat trién céc cong cu chon ndi dung, chon loc van
ban dam bao d6 can bang 4m)—> Chon giong doc (Xac dinh kiéu giong doc, kiém
tra giong doc)> Chuan bi thu 4m (Quy tic phat 4m, trang tiét bi thu am, moi
truong thu 4m, phin mém thu 4m)=> Thu 4m (thu 4m trén phan mém, kiém tra
giam sat qua trinh thu 4am)>B6 CSDL thu am chuan (ra soét, chon loc va tong
hop). Cach thuc hién:
+ Phat trién hé théng hd tro thu dit liéu va tuyén giong doc:
e Ung dung mobile, web cho nguoi doc va quan tri;
e Ung dung web.
+ Thiét ké vin ban doc:

e Thiét ké bo van ban thu 4m bao gdm ~10.000 ciu (bao gébm du
céc 4m vi trong tiéng Viét, ndi dung trong 7.000 tir vung thuong
dung trong tiéng Viét).

+ Thu am:

e Chon giong doc;

e Thébng nhit quy tic phat 4m (tén nudc ngoai, tén riéng);

e Nguoi doc tién hanh doc van ban ¢6 san trén phan mém;

e Nguoi doc doc lai cac cdu chua dat dua trén d6 thi song am.

+ Kiém tra 4m thanh:

e Ngudi quan tri kiém tra chat luong mdi 4m thanh da thu am;
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e Dianh diu cac Am thanh chua dat.
2.1.2.2. Quy trinh xdy dung CSDL tir nguon ém thanh cé san
Chon chil dé 4m thanh = Thu thap cac ngudn 4m thanh/video & Chuyén di

vé Am thanh va chuin héa dinh dang - Nhan dang ASR so b ra van ban - Chon

loc am thanh tiéng Viét dya vao vin ban = Chia nhé 4m thanh d3 nhan dang so

bd > Phat trién cac cong cu gan nhin > Quy tic phién am=> Gan nhan 2> Kiém
tra chéo = Nghiém thu. Cac thuc hién:

+ Phat trién hé théng hd tro thu dit lidu va tuyén chon ngudi gan nhan:
e Ung dung mobile, web cho cong tac vién va quan tri;
e Ung dung web.
+ Loc dir liéu tho:
e Thu thap toan b 4m thanh/video thu thap tir cac ngudn khac nhau
(Youtube, VOV, VTV, phim truyén, kénh truyén thanh truyén
hinh khac v.v.);
e Tién xtr Iy 4m thanh/video vé am thanh chuén;
e Chuyén tir Am thanh sang van ban cho toan b dir liéu da thu thap;
e Chon loc am thanh (a4m thanh tiéng Viét, ty 1é 4m thanh c6 tiéng
noi, loai bo am thanh c6 ndi dung trung 1ap).
+ Gan nhan dir liéu:
e Théng nhat quy tic phién 4m (tén nudc ngoai, tén riéng);
e Ngudi gan nhan tién hanh gan nhin van ban cho 4m thanh.
+ Kiém tra chéo:
e Giam sat vién kiém tra chéo chét lugng, mdi cip am thanh/vin
ban da gan nhan dugc kiém tra boi it nhat 1 nguoi, toi da 3 nguoi.
Str dung ti 1€ binh chon chiém da s6 dé lua chon két qua.
2.1.2.3. Chon loc va chudn héa van ban

Nguyén tic chung khi xay dung mot dit liéu tiéng néi 1a dir liéu s& chira dung

cac tur va cau thuong xuyén st dung nhat. Ngoai ra, dit liéu bao gom du 16n céac

bién thé dé c6 thé hd tro tao ra ngdn ngir nodi tw nhién va linh hoat. Do d6, mdi dir

liéu tiéng ndi bao ham mot trong nhirng muc ti€u sau: bao quat vé mat ngir nghia,

bao quat vé mit ca phap, bao quat vé mit ngdn diéu va bao quat vé mat tir. Tuy

nhién dé dam bao dugc dong thoi nhitng muc tiéu trén 1a rat khé. Thong thudng,

cac tu, cac cau va cac doan co gang dugc lua chon sao cho chtra dung tat ca cac
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phu 4m, van, phong phu vé ngit canh (context) va da dang vé tir vung, ngit nghia
va ¢l phép, day du vé thanh diéu.

Do co s& dir lidu giong nodi can duoc xay dung dam bao cac tiéu chi 13 sb
lwong khong quéa 16n nhung dam bao vé sy cAn bang 4m vi (chira di cac am vi)
va pht da s6 ngit canh can c6 ciia mot ngdn ngir. Nén viée dau tién cua xay dung
1a tién hanh thu thap cac dir liéu vin ban da dang. Pau tién, thu thap cac bai bao
dién tir tiéng Viét tir mot s td bao 16n ¢ moi linh vuc. Sau do, chia qua trinh xir
1y van ban thanh cac pha doc lap voi phan bd tham sb lya chon va dir lidu xir 1y
cho nhiéu muc dich. Két qua cudi cung 13 chon ra trong toan bd dir lidu cac ciu
van ban cho nguoi thu am.

Duéi day 1a nguyén 1y chung cua giai thuat Tham lam khi lya chon van ban da
thu thap dugc. Tuy nhién trén thuc té, c6 mot sb cac van dé quan trong khéac anh
huong dén qua trinh chon vin ban. Mot trong nhitng van dé do 13, trong budc
chon cau tiép theo, néu c6 nhiéu cau c6 sb lugng bao phu am tiét béng nhau, thi
s& chon cAu nao? Va hon nita muc tiéu 1a dé chon lya ra tap cau S nho nhét ¢6 thé,
ddng thoi c6 phan bd cac am tiét can bang. Do vay ngoai tiéu chi mdi cau dugc
chon bao phu nhiéu 4m tiét trong tir dién 4m tiét nhat, can phai dua thém vao céc
tiéu chi k khac, vi du nhu d6 dai cac cau hay phan bd cac am tiét trong cau. Viéc
chon Iwa va bé tri anh hudng céc tiéu chi nay v6i nhau nhu thé nao thi phu thudc
vao tiéu chi ndo c6 wu tién dap tmg duoc yéu cau cia tap cau lwa chon, nhung noi
chung viéc lya chon nay thuong dugc mé hinh hoa thanh mdt ham trong s6 W,
thélﬁénsu‘%ﬁuich”cﬁaInSicﬁusovéiyéucéucﬁat@pcﬁuduqcchon.

* Pau vao : Tap cac cau S* thu thdp dudc & budc budc trén
* PAu ra : BO ciu S di loc vdi cac tiéu chi
Bat dau :
e S =0 //S: tdp clu dudc chon
e Khdi tao D=(C,f: = n) // D: TU dién am tiét, sé dém &m tiét dugc gan
bing n.
e L3p cho dén khi ;=0 v&i moi i
// Chon céau
o Xay dung tdp Ung vién Sx = {s;} s; 14 cdc ciu chla nhiéu am tiét
trong D nhat.
o Chon mdt cadu s; thudc S*:
» V6i mdi tiéu chi K, gan trong s6 tiéu chi k cho sj.
= T6ng hdp trong sé w; cla cau.
o Chon Cau Spx €6 wj 1én nhdt.
// Cap nhat cho budc 13p tiép
o Loai bd snx trong C.
o Cap nhat smx vao S.
o Cap nhat sb& dém cla cdc am tiét trong D.
Két thic.
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Bén canh do, khi xay dung hé théng TTS tiéng Viét nd van ton tai nhitng
nhuge diém: 1) Ngir diéu phat am khong ty nhién khi tong hop cau dai (ciu phat
am lién tuc khong ngit nghi ¢ cdu dai), 2) Khong t6t khi doc cac tir muon tiéng
Anh. Nguyén nhan béi vi khi néi cac cau dai hoac cac doan dai ngudi noi thuong
ngit cac cum tir bang chén cac chuyén tir (cac doan nghi) thay vi ngat nghi theo
dau cau diéu d6 khién cau néi dé dé dién dat, d& hiéu hon va ciing dé dang 14y hoi.
Ngoai ra, ¢6 nhiéu tir nudc ngoai (tr muon) trong cac ciu ma khong cé trong tir
dién phat am tiéng Viét. Néu chi thay thé cac tir nuwéc ngoai bang bang phién Am
qudc té (International Phonetic Alphabet - IPA) thi ciu tong hop s& khong phat
am duoc gidng chuan tiéng Viét. Do vy, dé giai quyét van dé nay can hai mé dun
tién xtr Iy bd CSDL ¢6 thé cung cap thém cac thong tin vé 1) Hé thong phat hién
diém dumg dé du doan va chén dau cau vao cac cau dai nham ting tinh ty nhién
ctia cau noi khi tong hop. 2) Hé thong bién dich cac tir muon thanh céc tir phat
am theo chuan tiéng Viét.

2.1.2.4. Chén diém diém dirng ldy hoi va ddu cdu cho van ban nhdn

Khi doc céc cau dai, ngudi doc luén c6 xu hudng dirng nghi 13y hoi sau mot
vai tir hodc sau mot khoang thoi gian hodc & vi tri ctia hai hay nhiéu tir ¢6 tim
quan trong nhu nhau vé mét ¢t phéap (chang han nhu danh tir, dong tir, v.v.) ngoai
cac diém dumng tai vi tri c6 ddu cau. Do vay, cac diém dimg lay hoi trong qua trinh
phat am thuc té khong hoan toan gidng cac vi tri c6 ddu cau trong vin ban gan
nhan hodc van ban dau vao. Ngoai ra, dir liéu nhin dugc cung cap tir két qua cia
hé thong ASR thong thuong chi ¢6 vin ban ma khong c6 dau cau. Chat luong 4m
thanh tong hop ctia mang no-ron sau phu thudc vao dir liéu dau vao. Do do, viéc
thém diu cau & vi tri thich hop co thé bd sung thong tin nhin gitp nang cao do tur
nhién cua hé théng tong hop tiéng noi. Pé giai quyét bai toan nay, luan an da st
dung hai giai phap: Tht nhét, st dung moé hinh BERT dé khoi phuc dau cau trong
cdu van ban gan nhan; Thir hai, bat chudc thoi gian dimg ciia nguoi doc, st dung
moc thoi gian do duoc tir hé thong ASR c6 sin, néu thoi gian im ling hon 0,3
gidy s& dat ddu phdy o vi tri im lang nay. Hinh 14 md ta phuong phép gan nhin
ting cudng d6 tu nhién thong qua két hop giita ty dong chén diu cau va chén diém
dung léy hoi vao vin ban. Dé huin luyén mo hinh TTS, dit li¢u huin luyén duoc

st dung bao gom am thanh goc va van ban tuong ung. Cac van ban gan nhan nay
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duoc dua qua mo hinh BERT két hop ASR khong chi ty dong chén dau cau dé
stra dinh dang van ban ma con dat diu cau & vi tri lién quan dén nhip thd léy hoi.
Nho d6, nhdn van ban duogc ting cudng thém thong tin vé vi tri chén du ciu vao
vi tri thich hop theo hai chién luoc, theo chuan tiéng Viét va theo kiéu ding lay
hoi ctia nguoi doc. Bén canh do, hé théng cling thém mot d4u chidm & cudi vin
ban gan nhdn dé biéu dién két thiic cau néi. Vin ban sau khi xur Iy s& dugc dua
dén budc hau xu 1y phién am tiép theo trude khi dung huin luyén mé hinh TTS.

Két qua ciia mé hinh chén diu va chén diém dirng ldy hoi:

Nhan thé: cam gidc do dén mot cach dot ngot nhung muy xua duéi né di
khéng cho né cham téi my ciing nhuw khéng dé cho né cham téi nén céng hoa.

Nhin sau khi chén dau: cam giac do , dén mét cach dot ngot , nhung muy
xua dudi né di, khéng cho né cham téi mu , ciing nhw khéng d@é cho né cham téi

nén cong hoa.

Chuoi van ban da chén dau

Budc 2

~

Chén diu tai cac vi
tri tuong Ung
Conditional RandomField (CRF) (Ll e Ln)
A
Phat hién diém dimng
lay hoi (>0,3s)

A

VIiBERT embedding

é@B@B T

Chudi vin ban gan nhan ban dau (X) Am thanh tuong ung ()

Hinh 14: Phwong phap chén diu ciu va chén diém dirng liy hoi bd sung
nhan thong tin cho by CSDL
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2.1.2.5. Tir dién phién am tir mwon

Mot trong nhimng thach thirc 16n nhit d6i v6i nhiém vy VLSP Text-To-
Speech [6] 12 vdn ban phién 4m c6 nhiéu tir nue ngoai. Bai vi cac tir nude ngoai
nam ngoai tir vung tiéng Viét va khong thé truc tiép chuyén sang am vi, diéu nay
dan dén kho khin cho nguoi tham gia va xay dung hé thong TTS tiéng Viét. Dé
xtr Iy va giai quyét van dé nay, cach phat am tiéng Viét da duogc st dung dé phién
am cac tir tiéng Anh nay, vi du: “kuttner” s& duoc phat 4m bang “cit no” (xem
thém vi du trong Bang 3). Dé chuyén tir phién 4m nude ngoai sang phién Am tiéng
Viét, luan an da st dung mé hinh dich Transformer co so voi kién triic mo ta trong
Hinh 15 [35].

Két ndi day du
(Fully-Connected)

A

Trang thai

N x Transformer ma hoa > Transformer giai ma x N
A lr
Biéu dién Biéu dien N
i tri ' vi tri b'g

V1 trl Y :
Embedding Embedding
bau vao: Chuoi tir muon: Piu ra: Chudi phién am:
“kutter” “ct no”

Hinh 15: Kién tric Transformer cho mé hinh phién Am tir muon [35]
Kién trac Transformer c6 hai mo-dun 1a md hoa va giai mi va hai thanh
phan duoc két ndi thong qua mot co ché chi y. M6 hinh Transformer sir dung cho
phan nay bao gébm mét chong (stack) N = 6 16p gidng nhau cho ca khdi mi hoa
va giai ma.
Khéi Transformer: Trong kién trac seq2seq, mot tang hoi tiép duoc thay

thé bang mot khdi Transformer. V&i bd ma hoa, khéi ndy bao gdm mdt tang chi
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y da dau (multi-head attention) va mot mang truyén xudi theo vi tri (position-wise
feed-forward network) véi hai tang két ndi day du (fully connected layers). Dbi
v6i bo giai ma, khdi nay ciing bao gom mot tang cha ¥ da dau khac dé nhan trang
thai tir b ma hoa.

Biéu dién vi tri (Position Embedding): Vi ting cht ¥ da ddu khong phan biét
thir ty cac phan tir trong mot chudi, tAng biéu dién vi tri dugc sir dung dé bd sung
thong tin vé vi tri cho tirng phan tir trong chudi.

Dé huin luyén mé hinh phién dich nay, phai tao ra mot sb luong 16n cac cip
tir Anh-Viét nhu vi du mo ta trong Bang 3. Két qua xay dung duogc bo tir dién
phién 4m tir muon phuc vu cho TTS tiéng Viét.

Bang 3: Phién im tir tiéng Anh sang tiéng Viét

Tir tiéng Anh | Tir tiéng Viét
kuttner cat no
Anderson an do son
vera vé ra
reme ré mi

2.1.2.6. Xdy dung b¢ dir liéu bang phwong phép ghi am
Qua trinh s€ dugc thuc hién béng cach str dung cac thiét bi va méi truong thu
am chuyén dung dé thu nhan va luu trit tiéng néi tir cac dir liéu tiéng nodi phuc vu
cho tong hop va thich nghi giong noi.
i) Tién xir Iy vin bdn
Do co s6 dir lidu giong nodi can duoc xay dung dam bao cac tiéu chi 13 sb
luong khong qua 16n nhung dam bao vé sy can bang 4m vi (chira du cac am vi)
va phu da sd ngit canh can c6 ciia mot ngdn ngir. Nén viée dau tién cua xay dyung
1a tién hanh thu thap cac dit liéu van ban da dang. Dé thuc hién phan ndy, can thu
thap cac bai bao dién tir tiéng Viét 16n & moi linh vie. Phan nay ¢ hai nhiém vu
chinh 14 chuin hoa van ban dau vao va chon lya cau thu Am. Dé mo ta chi tiét chia
qua trinh xtr 1y thanh cac pha doc 1ap voi kha ning tiy bién tham sé dau vao va
xuét dit liéu dau ra dé st dung cho nhiéu muc dich. Két qua cudi cung la chon ra
trong toan b dir li¢u dugc cau chung va cau riéng cho ngudi thu am. Qua trinh

c6 thé tom tit & so do tai Hinh 16 sau:
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Thu thap Pha 3:

5 Pha1: Pha 2: .
vén ban ' A Thu 4m
Lam sach Chuan hoa van Ch(_)nAcau thu
dix ligu ban, cat cau am

Hinh 16: Qua trinh lgc va xir ly van ban thu am
Pha 1: O pha nay tién hanh loc 14y tat ca dit liéu c6 nghia tir cac thé ndi dung
<content> trong tap tin *.txt cia cac trang bao dién tir da thu thap duoc. Tiép theo
cit thanh ting cau, moi cau dit thanh mot dong dua vao cac chudi ky tu két thic

¢ I O “'99
. 9 .

cau (“. 7, ). Trong qué trinh ndy can phai loai bo cac dong it y nghia(thoi
gian dang bai, duong dan tat, dia chi v.v); x6a cac chudi ky tu vo nghia (cac dau
hoa thi, ky tu dac biét, cac dau ngét cau, tén tac gid, chu thich, tén nguén trich dan
v.v.); x6a céc cau bi trung lap.

Pha 2: O pha nay nhiém vu chinh 1a chuan héa vin ban theo cac tiéu chuan
tiéng Viét. Mot trong cic cong viéc quan trong 14 tién hanh xir 1y phién dich cac
chit s6 hodc cac don vi do. Cu thé 1a phan tach lam hai phén:

Phdn 1. Xt 1y cach doc s6 va thoi gian bang md ngudn riéng theo cach phién
am thong dung:

- Dinh dang sé:

Phién 4m chir s6 théng qua khai bao mang s6 va mang thap phan. Mot sb
truong hop ngoai 18 bd sung cach doc riéng cho mang s6 (vi du: khong muoi —
khong— 1€, muoi nim —mudi lim, muoi mét — muoi mbt).

- DPinh dang ngay, thang, thoi gian:

- Ky tu gén kém chit s6:

o Néu dinh dang dd/mm/yyyy tu dong dich thanh ngay, thang, nim.

o Néu dinh dang (dd/mm, dd-mm-yyyy va dd-mm) nhung trudc d6 1a chi
"ngay" hodc chit "hom" ding trude (tién td) thi méi phién 4m sang dang ngay,
thang.

o Néu dinh dang hh:mm:ss thi s& dich thanh gio, phit, gidy.

o Néu dinh dang hh:mm thi phai c6 tién t6 "hdi, khoang, lic" & trude thi
mai phién am thanh gid, phut.

o Téach ky tu gin kém chit s6 bang dau khoang cach (vi du: 10kg—10 kg,
10m—10 m, 11h—11 h, 8/10— 8/ 10, 90%— 90 %).

o Sau d6 thay thé ky tu phién 4am cho ky hiéu hodc don vi do bang tir dién
thay thé murc tir (vi du: 10 kg — muoi ki 16 gam, 10 m— mudi mét, 11 hz —

mudi mot hec, 8 / 10 — tAm trén/phan mudi, 90 % — chin muoi phan tram).
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Phdn 2. Phién am céc tir viét tit hodc tén riéng bang tir dién tu dinh nghia
(vi du: TP —thanh phé, HCM — Hb Chi Minh, VNP — Viét Nam dong, Paris
— Pa ri, Samsung —Sam Sung).

Sau khi chuan héa vin ban , mdi bai bao dién tir sau khi duoc xt Iy & pha 2
can dugc ndi lai v6i nhau thanh cac tép 16n hon phuc vu cho tong hop va xt 1y dir
liéu. Sau d6 tién hanh cat chi gitr lai cac cau c6 d6 dai tir 40 dén 90 am tiét. O cudi
cong doan nay ciing thuc hién xda cac dong trung lip va sap xép céac ciu theo thu
tu bang chir cai.

Phdn 3. O pha nay tién hanh kiém tra cac cau bang tir dién tiéng Viét, chi
giit lai cac cdu co cac tir nam trong tir dién. Cong doan cudi 13 chuan hoa cac chir
hoa sang chir thuong.

Pha 3: O pha nay st dung mét cong cu chuyén dung duogc thiét ké hiéu qua
dd duogc cong bd dé lya chon tap cau tdi thiéu dé thu thap co so dit lidu giong noi
dé nghién ciru tiéng nodi. Cong cu nay thiét ké dua trén thuat toan tim kiém tham
lam da trinh nay & Muc 2.3.1.3, thuat toan c6 ddc tinh chon s6 ciu van ban nho
nhit tir tip con nhung bao phu dugc cic don vi ngit 4m tap trung dé giam chi phi
thu thap. Pay 1a pha quan trong quyét dinh y nghia cua dit liéu. O cong doan nay
da chon ra 2 bo dit liéu 1a tap cau van ban thu am chung va tap cau van ban thu
am riéng.

Bang 4 tong hop dir liéu vin ban da thu thap duoc trong cac bude xir Iy xay
dung CSDL ty thu &m ¢ phén trén:
Bang 4: Thong ké cic budc xir ly dir liéu vin ban ty thu Am

Stt Tén Kich thuéc [Pon vi tinh Ghi chua
1 |Duliéu géc 1.978/9.6 Tép/GB |Dtr li€u ¢ dinh dang .txt
Pha 1 1.978/8.1 Tép/GB |Loc ndi dung, xir Iy thd
3 Pha 2 4.036.312 Cau  |Chuan héa vin ban, Cit cAu va
ghép tép
4 Pha 3 250/200 Cau riéng/ |Chon cau thu &m : moi nguoi
Cau chung [thu 250 cau chung va 200 cau
riéng

Pé dam bao da dang trong tiéng noi, ngudi doc da duge chon dén tir cac tinh
mién Bic va mién Nam Viét Nam gdm 26 nam va 28 nit tir 20 dén 35 tudi. Cac

cu ghi am chung muc tiéu 1a 250 ciu c6 thudc tinh can bang ngir am. Thu
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nghiém vé thuét toan lya chon dit liéu duge mo ta trong phﬁn trén cho théy réng
chi can 250 cach phat biéu dé bao tron b monophone va 99% bi-phone. Pay
12 ddu hiéu tbt rang khong phai chon nhiéu cdu dé dap tmg cac yéu cau vé tong
hop hay thich nghi ma van bao ham da cac 4m vi. St dung 250 ciu nay cho tat
ca nguoi doc.

Tong cong c6 54 ngudi mdi ngudi doc 200 cau riéng duoc chon loc vin
ban cén bang ngit 4m bén canh bd 250 cau chung. Két qua dd ghi 4m va thu
thap dugc 9.600 cau doc voi thoi luong khoang 20 gio.

ii) Thu am

Cu thé, phé“m nay st dung mdt cong cu thu dm riéng viét trén nén web dua
trén Docker. Cong cu nay cho phép tao tai khoan dé quan 1y ting user trong toan
bd qua trinh thu 4m (bao gdm viéc quan 1y thong tin ¢4 nhan cta nguoi doc, quan
1y cac cau van ban thu 4m va kiém tra cac cAu da thu 4m cta ting user bang ctra
sO hién thi song 4m kém chtrc ning phat lai 4m thanh da thu). Qua trinh thu am
bao gdbm: Budc dau tién str dung mot microphone TakStar PC-K600 két ndi dén
mot may tinh cé cAu hinh trung binh qua duong line in, mdy tram chay h¢ diéu
hanh Windows 10 va trinh duyét Firefox. Qua trinh thu dugc thuc hién trong
phong thu chuyén dung c6 cach am va khir vong nham dam bao triét tiéu tdi da
cac tap am; Tiép theo ngudi quan tri import toan bd dit lidu van ban thu 4m theo
cAu trac vao hé théng, sau do thiét 1ap sd cau thu Am cho mdi tai khoan, thong sd
thu am gdom: Tc d6 1ay mAu 1a 48.000Hz, do phan giai 16 bit, am thanh thu don
kénh(mono); Cudi cung timg ngudi doc s& dang nhap va doc theo ting cau vin
ban di dugc phan bd. Nguoi doc s& bam nat “Start recording” va doi 3s dé bat
dau doc cu van ban thu 4m hién thi sn bén canh, sau khi doc xong s€ doi 1s roi
an nat “Stop recording” cau thu 4m s& duoc luu lai, mot cira s6 hién thi séng am
da thu ngay sau khi ngudi doc chon ding thu cho phép giam sat chat luong song

am, nut “Play” cho phép nghe lai cau vura thu (Hinh 17).
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Index Start record Record again Welcome thao~

Microphone type/Loai microphone: - Computers/May tinh ¥\ Location/Dia diém thu am: In room/Trong phong
Ngwoi doc: thao chu thi
Dang upload: 0 files!
Ban dang thu &m trang so: 1
Previous = Next

6.day la gidi thwéng van hoc c6 uy tin va anh
hwéng nhat @ anh

Hinh 17 : Giao dién thu 4m trén nén web

Gop i Do DR ol

Trong qué trinh thu 4m néu cau nao khong dam bao thi nguoi doc chi can thuc
hién lai budc nay dé ghi d¢ bang cau thu 4m méi. Qua trinh thu 4m dwgc giam sat
boi nguoi quan tri dé dam bao cac cau thu am dat chit lugng theo yéu cau. Véi
cac cau khong dat yéu cau ngudi quan tri s& danh gia 1a “Bad” trong muc “verify”,
khi d6 ngudi thu 4m s& mo cira s6 “Recording again” dé thu 4m lai cac cAu chua
dat da duoc loc. Qua trinh thu am hoan tat, dit liéu thu Am duoc dong goi mdi cau
thu am thanh céc file ting file *.wav va file van ban *.info chira thong tin twong
ung. Sau qua trinh thu am, mét nhém ra soat sé lam tiép nhiém vu nghe lai va loc
dir liéu 14n 2 dé dam bao ndi dung thu 4m va chit luong thu 4m dugc kiém soat.

2.1.2.7. Xy dung bé di liéu chi phi thdp tir nguon c6 sdn

Vi¢c thu thap luong dir liéu do rét tn kém, mat thoi gian va khong thé néu
mudn téng hop thém giong mdi. Vi vay, can c6 chién luge tu xay dung bd dir licu
TTS tir cac ngudn ghi chat lugng mién phi. Tuy nhién, cic ngudn nay thuong
khong duoc phién 4m diy du hodc dugce dan nhan thich hop, ddy 1a mot thach
thire 16n trong qua trinh phat trién kho ngit liéu TTS. Do d6, mot khia canh khac
cua thich nghi hiéu qua TTS 1a thich nghi dir li¢u trén dit li¢u chua dugc phién
am. Luan an tién hanh x4y dung hai bo dit liéu tir ngudn c6 san: 1) Dir liéu cho
mo hinh co s& TTS, day 1a bo dir liéu tiéng Viét 16n ctia nguoi noéi don 1¢; 2) B
dir liéu thich nghi dugc chia thanh nhiéu bd dir liéu con véi nhiéu kich ¢& khac
nhau dé danh gia chat luong ctia hé théng thich nghi.

i) Xdy dwng bé CSDL tir nguon dam thanh cé sén

Thu thap dir liéu theo phuwong phap truyén thong tén nhiéu thoi gian va ton

kém (chon van ban, chon ngudi noi, ghi am ...) [CT7]. Tuy nhién, day 1a mot
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nhiém vu bat kha thi khi ban mudn xay dung giong mdi theo yéu cAu mot cach
nhanh chéng (do ngudi néi khong cé di thoi gian dé thu am). Chién luoc thu thap

dwr 1i€u dugc mo ta trong Hinh 18 nhu sau:

Dir liéu 4m than Thu thap Am |ASR Chuyén sang viin Loc Lua chon ciu + Huan luyén

khéng co nhin thanh thd bin + Phin doan Chuin héa

Hinh 18: Quy trinh xAy dung dir li¢u tir nguén 4m thanh c6 sin
- Thu thap dir liéu thd cta 4m thanh: Tir cic ngudn Am thanh dugc ghi 4m
san voi cht lugng tiéu chuan va 4m thanh 13 rang da duoc ghi lai trong phong thu
v6i thoi luong ghi 4m t6i thiéu 20 gio. Ngudn 4m thanh thu duoc c6 thé tir mot
doan truyén doc dai ky hodc giong ctia mot phat thanh vién hodac MC trén TV,
radio.

- Nhan dang tho va phan doan: Cho bo am thanh tho thong qua hé théng nhan
dang ASR dé chuyén sang vin ban, hé théng ASR chuyén d6i 4m thanh thanh vin
ban va cit cac tép Am thanh trong tap dir liéu thanh cac doan 4m thanh c6 do dai
tor 3-10 gidy (tuy theo su tam dung hoac khoang l1dng). Cac ban nhac cé tap &m
hodc phat am khong r0 rang s€ tu dong bi loai bd. Chi nhitng doan am thanh c6
van ban rd rang méi dugc gitr lai (chon dd tin cay ASR trén 95%).

- Chon céac cau van ban va chuan héa &m thanh: Loc cac ciu van ban dugc nhin
dang dé giit lai tap hop cac cdu it nhit nhung bao ham nhiéu am tiét trong tiéng Viét
nhit bang thuat toan tham lam d trinh bay tai Muc 2.1.2.3. Chi giir bd 4m thanh ¢
kich thudc khoang 13 gio. Kich thudc nay dugce coi 13 da bao pha kha nhiéu 4m vi
trong tiéng Viét. Trude khi hudn luyén, can chuan héa 4m thanh sang dinh dang tép
wav, tbc d6 mau 1a 20.500Hz, kénh don 4m. Bén canh d6, da giam 50% am luong
ctia mdi tép Am thanh va giam tiéng 6n bang cach cat bot khoang ling & dau va cudi
mdi 4m thanh trude khi huan luyén. Cubi cing cic cip Am thanh — vin ban da chon
loc duoc dua qua cac md dun lam giau thong tin nhan dé bd sung diém dimg 13y hoi
va phién am tr muon.

ii) Xdy dung bé dir ligu thiv nghi¢m thich nghi TTS tiéng Viét

Pé xay dung cac tap dir liéu nho dé danh gia chat lwong thich nghi, trudc
tién, chia tap dit li¢u thanh cac tap nho va tién hanh danh gia so bg, sau do loc va
chi gitr lai cac tap dir liéu dai dién. Chi giir lai va chia nhitng ngudi né1 muc ti€u
(dich) thanh cac tap nho voi nhiéu kich ¢& khac nhau: 1, 1, 1, 50, 200, 800 va
4500 cau (twong ung véi 1, 3, 5 gidy va 4, 16, 60 phut va 5 giod). Tu tap dir li¢u
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ctia nguoi ndéi muc tiéu, bang cach ap dung lya chon van ban dua trén tim kiém
tham lam dé tim cac cau toi wu c6 pham vi ngitr 4m t6t nhéat [101].
2.2. Panh gia két qua xay dung b CSDL cho tong hop va thich nghi
Két qua hai bo CSDL ty thu 4m va tir ngudn am thanh c6 san duoc liét phan
tich chi tiét nhu Bang 5.
Bang 5: Thong ké dir liéu da xiy dung

Stt B0 dir li¢u Tong | Tongso Am | S0 Am S6 Am
s0 cAu | tiét xudt | tiét trung | tiét khac
hién binh/cau biét

I | B CSDL ty thu A&m
1.1 | B6 250 cau chung 250 3.268 13,06 1.205
da nguoi noi
1.2 | B§ 9.600 cauriéng | 9.600 | 105.232 10,96 5.516
da nguoi noi
II | Bo CSDL tir nguon Am thanh cé siin
2.1 | B0 don nguoi noi 5.074 | 100.284 19,76 2.278
ntr
2.2 | Bo don nguoi noi 13.125| 280.130 21,34 2.893
nam

Luan an st dung mot s6 mo-dun dé dém hai tap dir liéu van ban dya trén tan

suat xuat hién va sy khac biét cia am vi, am tiét va tir trén bd CSDL da ngudi néi.

Két qua nhu trong Bang 6:
Bang 6: Thong ké 20 4m vi phd bién nhit ciia 2 b dit lidu (b6 silence)
B dir li€éu 250 cau chung Bo dir li€éu 9.600 cau riéng

Stt Bi S61an | Mono | So Bi S6 | Mono | Solan
phone xuét phone lin phone lin phone xuét

hién xXuat xXuat hi¢n

hién hién

1 ea-ngz 89 ngz | 526 a-iz 3236 a | 17928
2 a-iz 84 a 510 | oo-ngz | 2576 | ngz 16940
3 00-Ngz 78 1z 347 | ea-ngz | 2544 iz 12532
4 l-a 76 nz 340 aa-nz | 2028 nz 11484
5 0a-ngz 59 k 296 ieenz | 2016 k 9728
6 aa-nz 58 i 286 u-ngz | 1936 00 9420
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ngz-k 56 00 265 l-a 1928 1 9144
u-ngz 54 dd 236 a-nz 1888 dd 7924

k-o 53 tr 232 aw-iz | 1876 tr 7452
10 aw-1z 52 aa 227 00-iz 1856 aa 7296
11 a-nz 51 wa | 218 i-ngz | 1788 ke 6896
12 ie-uz 51 kc 216 w-a 1744 aw 6632
13 | wa-ngz 50 ie 211 | oa-ngz | 1676 ie 6588
14 aa-tc 49 aw | 202 k-o 1644 wa 6392
15 oW-1z 49 ee 190 ie-uz 1604 uz 6316
16 ie-nz 48 uz 188 ngz-k | 1600 0 5856
17 | uw-ngz 48 0 183 k-uo 1556 t 5772
18 w-a 45 uw 182 ow-iz | 1556 mz 5768
19 | wa-kc 45 th 180 b-a 1544 ee 5640
20 00-1Z 44 tc 175 | uw-ngz | 1516 m 5544

Chét lugng am thanh thu dugc phan tich bang phan mém Praat phién ban 6.0
dé danh gia cac dic trung vé song am, phd 4m thanh, cao do va cuong do am
thanh. O Hinh 19 sau s& 1 phan tich song 4m cua hai giong nam va giong nif khi

doc cau van ban c¢6 ndi dung “Pdy la mot chuyén muc toi cam thdy tam dac va uy tin”.

3.498667 (0.286 / s)

0.2318

0

-0.3841
5000 Hz

500 Hz
2580 Hz

OHz 1252 Hz

dé \ . Text
(18)

1 diy i fmotf"* muc | ft6i] cim | thdy | tam
Hinh 19: Anh séng 4m va anh ph ciia mdt ciu né6i di thu 4m

Viéc danh gia dir liéu duoc thuc hién thong qua viéc danh gia moi truong

thu 4m, ty s6 tinh hiéu nhiu [80]. Qua phan tich va dnh gi4 toan bd dit liéu co
thé danh gia Am thanh thu it nhidu, 4m thanh thu rd rang va chit luong tot.

Str dung mét cong cu phan tich va gan nhan tu dong dua trén kho dir liéu thu

am (tén 1a Audio alignment), tir d6 tién hanh phan tich va thong ké sy khac biét

cua am vi gitra cac doi tugng thu am dé chi ra cac dac trung cua doi tuwong. Ty

57



dong dua gan nhan dua trén phuong phap phan khiac mé hinh Markov an (HMM).
Qua d6, cac dang song giong noi duge sap xép thang hang véi cac phién am tuwong
g bang cach sir dung thuat toan Viterbi. Vi viée sir dung mot tir dién phéat am,
da chuyén doi tir mirc phién 4m sang cic murc 4m vi trong Gng, thong ké thoi gian
am vi dugc thu thap tur tép MLF.

Khoang thoi gian trung binh ctia cac am vi (mean duration of the phonemes)
1a yéu t6 giup nang cao chit lwong tong hop tiéng noi thong qua viée lira chon 4m
vi dya trén cdy quyét dinh véi trong s6 d6 dai am vi. Qua thong ké cac giong nix
cung d6 tudi thi cac don 4m vi nguyén am c6 luong thoi gian twong duong nhau.
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Hinh 20: Biéu dd phan bo truwong dd Am vi clia cac giong nir véi cling lira
tudi
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Hinh 21: Biéu dd ctia cac phan b6 truong do 4m vi ¢ nhiéu d9 tudi, gioi tinh
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Hinh 20 mo ta d6 dai 4m vi cta cac giong nit véi cung do tudi, c6 thé thay
dai phan bd kha nho, cho thy rang cac giong nit & cing mot d6 tudi c6 téc d6 noi
tuwong dong nhau. O hinh 21 chi ra rang & phan bo da dang da ngudi néi ¢ nhiéu
gidi tinh do tudi khac nhau chung c6 thé thdy rd do dai 4m vi kha rong.

Nhu muc dich caa bo dir lidu nay dé xdy dung hé thong tong hop dua trén
thich nghi. Két qua chi ra mot diéu rat quan trong rang c6 thé khong can dung qua
nhiéu dit liéu thay vao dé chi can st dung dir lidu c6 d6 twong dong nhu do tudi
hodc gidi tinh dé dat duoc két qua ti uu trong thich nghi.

2.3. Két luin Chwong 2

Chuong 2 da tién liét ké cac bo dir liéu da cong bd cho tong hop tiéng ndi cia
cac ngdn ngit gidu tai nguyén va ngdn ngit tiéng Viét. Phéan tich cho thiy, thiéu
tram trong cac bd CSDL cho nghién ctru tong hop va thich nghi giong néi tiéng
Viét. Chuong 2 ciing trinh bay két qua nghién ctru xay dung bd CSDL chi phi
thap tir hai nguén dir liéu ty ghi 4m va dit lidu c6 sin theo cic quy trinh chit ché
dé dat duoc bo CSDL don nguoi ndi va da ngudi ndéi dam bao chét lugng cho téng
hop va thich nghi [CT6] [CT3]. Bén canh d¢, trinh bay phuong phap bo sung nhan
thong tin thong tin van ban théng qua ki thuat chén dau két hop chén diém dimng
léy hoi va phat am tr muon dé tang cuong dd ty nhién khi huén luyén céc hé
théng TTS tiéng Viét [CT5][CT4].

Phan nay trinh bay quy trinh va phuong phap. Muc dich cia quy trinh va
phuong phap nay dé dam bao chi phi thap trong xay dung CSDL tir dit liéu khong
duoc gén nhan san co trén Internet sir dung ASR chét luong tdt va mot chién luge
thu thap va loc dir liéu hiéu qua. Két qua da xay dung duogc 02 bo CSDL tiéu
chuan don ngudi néi (1 nam va 1 nit) va 02 bd CSDL da nguoi (250 cau chung
va 9.600 ciu riéng) va bdo CSDL kiém thtr 4p dung cho tong hop va thich nghi.
Trong d6, bd CSDL da ngudi ndi c6 54 nguoi ndi, gdm 26 giong nam va 28 giong
nit voi phuong ngit Bac/Nam voi do dai cua timg giong da dang tir vai chuc phit
dén vai gio (bao gdm céc giong tu thu 4m va thu thap tir ngudn Am thanh ¢ sin).
Pay 12 nén tang quan trong dé xay dung cac hé thong tong hop va thich nghi giong
Viét trong cac Chuong tiép theo.
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Chuong 3. MO HINH TONG HQP THICH NGHI CO HUAN LUYEN VOI
MAU NHO (FEW-SHOT TTS)

Nhu da trinh bay & Chuong 2, trinh bay phuong phap xay dung bo CSDL
tiéng néi cho tong hop va thich nghi va mot sé phuong phap ting cudng nhin
thong tin dé tang cudng do tu nhién cua cac hé thong tong hop. Thong thudng, dé
tao ra mot giong tong hop mai thi viéc huin luyén mot giong néi tir ddu thudong
yéu ciu mot tap dir li¢u 16m, doi hoi thu 4m trong moi truong khat khe vé do dn.
Tuy nhién, v6i nhimg hé théng dua trén DNN hodc End-to-end hoan chinh thi
luong dir liéu can ¢ thé 1én téi nhidu chyc gio dir liéu, dan toi tén thoi gian, cong
strc va chi phi. Vi vy, cac nghién ctru vé thich nghi giong néi 1a rat quan trong
trong viéc tao ra cac giong mdi mot cach nhanh chong nhung yéu cau it dir liéu.

Noi dung ctiia Chuong 3 s& tra 101 cho cau hoi: Phwong phdp ndo gitip tong
hop tiéng néi tot cho ngén ngir nghéo tai nguyén nhw tiéng Viét trong khi chi ¢6
vai phiit mdu thich nghi? Can toi thiéu bao nhiéu dir liéu thich nghi (dwoc hudn
luyén cing hé thong) dé dam bao giong tong hop dat diege chat lrong va dg twong
dong cao? Chuong 3 s& trinh bay cac dé xuit cai tién mo hinh tong hop dua trén
thich nghi tong hop giong néi tiéng Viét chat lugng cao, ndi dung gdm: 1) Trinh
bay phuong phap thich nghi giong néi tiéng Viét dung Multi-pass fine-tune [CT3];
2) Trinh bay phuong phap thich nghi giong noéi tiéng Viét dung vector dic trung
giong n6i (EMV) [CT2]; 3) Thir nghiém va danh gia da chtimg minh rang, chi can
tir 1 dén 4 phut dir liéu thich nghi da cho chat lugng tong hop tt va do twong dong
cao.

3.1. Thich nghi few-shot cho tong hop tiéng va cac phwong phap

C6 hai phuong phép thich nghi chinh duoc sir dung trong cic hé thong tong
hop tiéng néi dwa trén mo hinh da ngudi noi trung binh vé dic trung giong néi va
phong cach noi:

1) Phuwong phap thich nghi mo hinh dua trén tinh chinh lai mé hinh:
Phuong phap nay sir dung dir liéu ciia da ngudi noéi dé huin luyén mot mo hinh

trung binh. P61 vo1 mot ngudi ndéi muc ti€u cy thé, mo hinh trung binh dugce dicu
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chinh v&1 mot lugng nhé dir liéu muc ti€u. Sy thich nghi co thé dat duoc b::ing
cach diéu chinh lai tt hodc mot phan cac tham sé ciia mo hinh. Mot s6 dé xuét
chon gitr nguyén mot sé tham sé mo hinh va diéu chinh lai cac tham s6 khac cta
mo hinh, trong khi mdt s6 dé xuét chon diéu chinh lai tat ca cic tham sb caa mod
hinh.

2) Phwong phap thich nghi mo hinh dua trén ma héa dac trung giong
noi: Trong phuong phap nay, mdt vector hoac mang nhiing dugc st dung dé biéu
dién ngudi néi va phong cach néi ctia giong néi huan luyén. Trong qua trinh huén
luyén mo hinh trung binh, vector hoac mang nhung duoc st dung dé phan biét cac
dac trung am thanh tir nguoi n61 va phong cach néi khac nhau. Vao pha du doan,
céc biéu dién cua nguoi néi myc ti€u dugce st dung nhu mot phﬁn cua ddc trung
dau vao dé tao ra giong ndi ctia ngudi ndi muc tiéu.

Mot s6 mo hinh TTS dya trén mang no-ron bao gdm cic mo-dun mi hoa
ngudi ndéi nham muyc dich ma hoa biéu dién an dé diéu khién cac dic trung mong
mudn khi tong hop tiéng n6i nhu giong noéi, ngir diéu, phong cach noi, hodc nhidu
[29] [102], ngoai viéc ma hoa vin ban. Trong sd cac mo hinh d6, mé hinh TTS da
ngudi noi (tir gio ludn dn goi tdt khdi niém nay bang thudt ngit Multi-TTS) ¢6 thé
tong hop bat chude (cloning) giong ndi ctia da nguoi noi. Mot thanh phan quan
trong trong hé théng Multi-TTS 13 bd mi héa ngudi ndi thé trich xuat khong gian
vector clia ngudi ndi tir mot hodc mot vai 101 néi ctia nguoi ndéi mong mudn.
Vector nhiing nay duoc str dung dé tiy chinh dau ra TTS va tao ra céac 101 néi méi
tir nguoi noi dich. B6 ma hoa ngudi ndi ¢ thé duoc huan luyén chung véi cac
mo-dun con lai cia Multi-TTS. Bo mi hoa ngudi ndi ciing c6 thé dugc huan luyén
trudc va dugce st dung dé tao ra cac vector nhing nham huin luyén Multi-TTS
trén tap dir liéu da nguoi noi [75].

Dé trién khai Few-shot TTS, cac nghién ctru trude ddy da dé xuat qua trinh
thich nghi giong ctia ngudi n6i huan luyén trude cac md hinh trén mot tap dir lidu
16n g@)m da ngudi noi, sau do tiép tuc hudn luyén trén mot tap dir liéu nho cia cac
giong néi dich [69]. Tuy nhién, cic phuwong phap nhu vay yéu cau it nhat mot vai

phat miu 4m thanh ciing v6i qua trinh tinh chinh b sung. Do d6, nd kém hap din
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hon so v6i yéu cau thuc té vi nhu cdu nhan ban giong noi ngay lap tirc cic giong
maoi mot cach tuy v.

Mot s6 phuong phap tiép can khac 1a du doan mét vector biéu dién dic trung
giong ndi tir giong noi dé nhan ban giong néi chua cé trong qué trinh huén luyén
ma khong can tinh chinh, st dung bé mi hoa ngudi ndi duoc huan luyén chung
v6i mo hinh TTS [45] hodc mdt mo hinh duoc huin luyén riéng cho nhiém vu xac
minh nguoi néi [75]. Tuy nhién, khé dé tao ra vector biéu dién vector nhiing dai
dién cho moi1 dac trung cua giong noi, bao g@)m ca dinh danh nguo1 no6i va phong
cich noi. Trén thuc té, cac nghién ctru chi ra rﬁng viéc nhung hoat dong kém hi¢u
qua néu cau n6éi mau ngin hon cau noéi dich [102]. Dé giai quyét van dé nhu vay,
mot s6 nghién ciru dé& xuat mot s phuong phap mi hoa nguoi ndi chuyén biét,
mdi bo khac nhau twong tmg dé dai dién cho cac dic trung giong néi da dang (vi
du: phong cach néi va nhidu) hoic chuyén sang vector nhing c6 d6 dai thay doi
dé duy tri thong tin tam thoi [103]. Tuy nhién cac nghién ciru nay chua ap dung
cho ngodn ngir tiéng Viét.

Sau day, luan 4n sé& trinh bay hai dé xuat nham nang cao chét luong hé théng
TTS thich nghi cho tiéng Viét v4i mau thich nghi nhoé c6 huén luyén lai mo6 hinh
(Few-shot TTS): 1) Nang cao chit luong TTS thich nghi don ngudi néi bang k¥
thuat Multi-pass fine-tune; 2) Nang cao chat lugng tong hop thich nghi bang
vector dac trung EMV (Extracting Mel-spectogram Vector).

3.1.1. M6 hinh tong hop thich nghi co sé

Xem xét mot moé hinh téng hop da ngudi néi f(x;, s;; 6, es,) lay mot vin ban
x; va ngudi noi s;. Mo hinh duoc tham sb hoa boi 6, c6 thé huan luyén cac tham
s6 bo ma hoa va bod giai ma, va ey, co thé huin luyén vector biéu dién dic trung
giong noi twong g voi s;. Ca 6 va e, duoc t61 vu hoa bang cach tdi thiéu hoa
ham mét mat L thong qua ddi sanh giita 4m thanh tong hop va 4m thanh gdc (sir
dung L1 hodc L2 trén spectrogram):

MinE o007 (L(F (%0550, e5,), 1)) (3.1)
trong d6 S la tap cua da nguoi ndi, Ty, la mot cac cap van ban - &m thanh huén

luyén ctia nguoi noi s; va y; 1a cap am thanh goc twong ing véi van ban x; clua
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ngudi noi s;. Ky vong 1a thong qua huén luyén cip 4m thanh/van ban cia tat ca
ngudi néi. Trong thuc té, toan tir E cho ham mét mét duoc xap xi bang minibatch.
Str dung § va é dé biéu dién cac tham s va cac vector nhung di dugc huan luyén.

Vector biéu dién dic trung giong ndi di duoc chimg minh 14 ndm bét hiéu
qua dic trung ngudi ndi dé tong hop da ngudi ndi. Ching 1a cac biéu dién lién tuc
chiéu thdp cta cac dic trung giong néi (Embedding ban chét 13 vecto ma hoa dix
liéu dau vao ¢ s6 chiéu biéu dién dic trung nho hon nhiéu so véi dir liéu tho can
dugc xu 1y).

Trong nhan ban giong ndi few-shot, muc tiéu cia md hinh nhim muc dich
trich xuat cac dic trung ctia ngudi ndi nhin thay s, (co trong tap S) tir mot tip Am
thanh mau dé thich nghi Ys, va tao ra mot am thanh khac dya trén mét van ban
nhat dinh cho nguoi néi do.

3.1.2. M6 hinh thich nghi dwa trén tinh chinh
Néu thich nghi chi dua trén vector nhung, chiing ta c6 muc tiéu:

rrelin E G i)~Ts, {L(f(xk:ski , esk):yk)} (3.2)
Sk

trong do T, la cac cap am thanh — vén ban cua giong noi dich s.
beé thich nghi toan b mo hinh, ta ¢c6 muc ti€u sau:

glein L XY ~Ts), {L(f(xk' Sk; 0, eSk)'yk)} (3.3)
) Sk

Mic du thich nghi toan bd cac tham sb ciia md hinh cung cp nhiéu thong tin
hon cho viéc thich nghi giong néi, nhung viéc toi vu hda mé hinh nay 1a mot thach
thire, dac biét 1a d6i véi mot sb luong nho mau thich nghi. Trong khi chay t8i wu
héa, viéc lya chon céan than sd 1an lap lai 1a rat quan trong dé tranh mo hinh trang
bi thiéu hodc thira thong tin.

3.1.3. Mo hinh thich nghi dwa trén ma hoa vector dic trung

Phuong phap ma hoéa ngudi ndi dé udc tinh truc tiép vector biéu dién dic
trung giong néi tir cac mau Am thanh ma khong can dua 4m thanh vao huan luyén.
Mot mé hinh nhu vay khong yéu cau tinh chinh trong qua trinh thich nghi nhan
ban giong nodi, do do, cung mot md hinh co thé duoc str dung cho tat ca nguoi noi

khong xuat hién trong qua trinh huan luyén.
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Cu thé, chirc niang ma hoa nguoi ndi, Encoder(Y,,; ©), nhan mot tap hop

o
cac mau am thanh thich nghi Y;, vaudce tinh e, . Ham tinh toan dugc tham s6 hoa
boi ©. Ly tuong nhat 13 bd ma hoa nguoi néi cé thé duoc huan luyén cing voi mod
hinh sinh da ngudi n6i tir dau, véi ham mat mat dugc xac dinh cho chat lwvong 4m
thanh duoc tao ra:

r‘;}ig E (xi,yl-)i}i {L(f(xl-, si; ©, Encoder (Ys,; @), yi)} (3.4)

Luu ¥ rang bd ma hoa ngudi nodi dugce hudn luyén véi cac nguoi néi hién co.
Trong qué trinh hudn luyén, mot tdp hop cdc miu am thanh thich nghi Y, duoc
ldy mau ngau nhién dé huan luyén nguoi ndi s;. Trong qua trinh suy luan, Y, mau
am thanh tir ngudi néi muc tiéu s, dugc st dung dé tinh Encoder(Ys; ©). Tuy
nhién, ton tai cac thach thirc vé téi uu hoa khi quy trinh huén luyén dugc xay dung
trong phuong trinh trén dugc bat dau lai tir dau (from scratch). Mot van dé tiém
an 1a khi mo hinh khép voi giong noi trung binh dé giam thiéu suy hao tong quat
thuong gip phai van dé ‘suy giam ché 6’ (mode collapse) do mot mé hinh sinh
dir liéu khong du da dang dé phan phdi cac diém dir liéu dau vao, do vy mé hinh
khong thé tong quat hoa dang cach. Mot y tuong dé giai quyét tinh trang mode
collapse 13 ding cac ham mat mat dé phan biét cho cac vector nhiing trung gian,
hoic 4m thanh duoc tong hop. Tuy nhién, trong trudng hop nay, nhitng cach tiép
can nhu vay chi cai thi€én mot chut su khac biét gitra cac ngudi noi. Thay vao do,
nhiéu dé xuat huan luyén riéng bé mi hoa ngudi néi. Pay ciing 1a cach tiép can
cua luan an.

Phéan vector biéu dién dic trung giong noi és, dugc trich xuét tir mo hinh
tong hop da nguoi noi da duge huan luyén trude f(x;, s;; 6, es;). Sau d6, m6 hinh
ma hoa ngudi noi Encoder (Y, ; ©) duge huan luyén dé du doan céac vector nhiing
tir mau am thanh thich nghi. Him muc tiéu cho bai toan hdi quy twong tng thu
duoc két qua t6t nhat bang cach str dung ham mat mat L1 giita vector nhung udc
lugng va vector nhiing muc tiéu:

mgn E g s {L|Encoder(YSi; @) — &1} (3.5)
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3.2. Néng cao chat lwong TTS thich nghi don nguwdi néi bing ky thuat
Multi-pass fine-tune
3.2.1. Ky thugt hoc chuyén déi trong tong hop tiéng ndi

C6 nhiéu nghién ciru vé tong hop giong ndi véi cac ngdn ngir giau tai nguyén
nhu tiéng Anh va tiéng Trung cho phép téng hop giong noi méi véi luong dir licu
nho dua trén cac k¥ thuat thich nghi. Mot trong nhimg cach tiép can dé khic phuc
han ché dir liéu 1a tinh chinh mé hinh. Pé thuc hién duoc diéu d6, can phai mot
mo hinh huin luyén trudce (pre-trained model) hoc tir mot lwong 10n dir liéu. Tuy
nhién, chua c6 nghién ctru nao danh gia chinh xac s6 lwgng mau dir lidu tdi thiéu
dé tong hop mot giong ndi mai cho tiéng Viét. Cac cong trinh trude day [104] da
nghién ctru kha ning thich nghi dé c6 TTS cam xtc bang cach tinh chinh mé hinh
TTS trung tinh véi mét tap dir liéu cam xtc nhé. Mac du st dung cung mdt ngén
ngit tiéng Anh nhung tap dir lidu thich nghi can co kich thudc kha 16n (40 phut).
Hoic nghién ctru [105] d4 chirg minh rang viéc sir dung Tacotron2 dé thich nghi
dir liéu hiéu qua v6i giong nodi da ngdn ngit va c6 thé chuyén doi mé hinh TTS
hién c6 sang mot giong ndi mdi véi cing mot ngdn ngir hodc khac ngdn ngit bang
cach st dung 20 phut dit liéu. Tuy nhién, voi cach ap dung tinh chinh mé hinh
truyén théng, két qua c6 chat luong thap va do tuwong dong thap.

Hoc chuyén d6i (Transfer-learning, viét tat 1a TL) 1a mot k¥ thuat hoc may
phé bién cho phép md hinh da duogc huin luyén trén mdt tc vu cu thé c6 thé duoc
str dung lai dé hudn luyén cho mot mé hinh trén mot tac vu khac co lién quan.
Thay vi huan luyén mé hinh tir dau trén dit liéu méi, TL cho phép sir dung cac tri
thirc da hoc dugc tir tdc vu trude do &p dung vao tac vu maéi [106]. Co thé mé ta
cu thé k¥ thuat hoc chuyén doi 1a viéc ung dung kién thic da hoc duoc tir van dé
nay (source domain — Dy ), v6i nhiém vu ngudn (source task - Ts) sang van dé
khac (target domain - D7) v6i nhiém vu dich (target task - 77) c6 lién quan. Mot
mién D duogc dinh nghia 1a:

D ={X,P(X)} (3.6)
trong d6 X 1a mot khong gian dic trung va P(X) 1a phan phdi xac suét ciia X =
{x1,...,%,} € X.Cho mdt mién D, mot tac vu duoc dinh nghia 1a T = {Y, £ (x)},

trong d6 Y la mdt khong gian nhan va f: X — Y la mot ham du doan khach quan.
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Kién thirc vé Dg va Ts c6 thé gitp huan luyén ham dich fr(x) ctia nhiém vu dich
Tr trong mién dich D7. Hoc chuyén doi nham cai thién viéc hoc ham fi(-) cho
nhiém vu dich T trén mién Dy7. Dic biét, hoc chuyén doi giip cho viéc hoc may
nhiém vu nguén T dugc khéc phuc dang ké trong diéu kién khan hiém dit liéu
ctia nhiém vu dich 7. Trong diéu kién dir liéu han ché, viéc huan luyén mot mo
hinh méi véi luong dit liéu nho c6 thé dan dén mo hinh kho ¢6 kha niang tong quat
hoéa tét. Tuy nhién, kién thirc tir nhiém vu nguén T dugce hudn luyén trén mot tap
dir liéu 16n c6 thé rat hiru ich. Céach tiép can nay da duogc s dung rong rii trong
cac bai toan vu hoc mdy. C6 hai cach tiép can pho bién cta hoc chuyén doi: 1) dé
tinh chinh tham s mé hinh ngudn cho nhiém vu dich [1]; va 2) dé hoc cac biéu
dién dac trung sir dung mang nguén cho nhiém vu dich [107].

Hoc chuyén d6i 4p dung trong tong hop tiéng néi, cho phép mé hinh hoc
mot giong n6i méi nhanh chéng thong qua hoc chuyén doi cac tham sé huan luyén
tir cac mo hinh dwoc hudn luyén trude. Hoc chuyén d6i thuong duoc thuc hién
cho cac nhiém vu ma tap dir liéu c6 qua it dir liéu dé huan luyén mé hinh quy mo
day du tir dau. Trong tong hop giong noi, bang cach tinh chinh trén hai khong gian
con nho hon, c¢6 thé chira it dit liéu hon va giong noi tong hop ty nhién va giéng
nhau hon. Pbi véi TTS, cac cong trinh trude day di tap trung vao phuong phap
hoc chuyén ddi va meta-learning tong hop dé thich nghi voi giong néi méi [75]
[44] [1]. Mot cach tiép can truyén thong 1a tinh chinh mé hinh 4m hoc cta giong
néi da huan luyén trude véi tap dir lidu cta giong noéi dich [104] [105]. Khi tinh
chinh, m6 hinh chi cap nhat tham s6 cua mo-dun gidi ma. Sau khi tinh chinh,
ching ta c6 thé hoc duoc toan bd dic trung cua nguoi ndi tr mot lugng nho dir
liéu.

Trong nghién ctru cta [69] d dé xuat mot phuong phap hoc chuyén doi hiéu
qua tir mot hé thdng tong hop tiéng noi tir van ban dua trén Seq2seq-TTS di duoc
huén luyén bang s luong 16n dit lidu tiéng nodi co phong cach ndi binh thudng
cia cung mot ngdn ngit & hoc chuyén doi phong cach néi va gidi tinh. Trong

Hinh 22, phuong phap hoc chuyén d6i cua nghién ctru [69] chia lam hai budc:
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Pau tién hudn luyén mot hé thong Seq2seq-TTS véi mot giong nit binh thuong
v6i dit lidu 16n khoang 16 gio (goi 1a Ts). Sau d6, hé thong tinh chinh mo hinh da
hoc véi giong noi nam binh thudng véi dit liéu han ché khoang 2 gidr (goi 1a Tr).
Cudi cung, str dung mot it mau giong dich Drvéi dit liéu khoang 30 phut, hé théng
tinh chinh lai mé hinh mét 1an nita d¢é tao ra tiéng néi tong hop c6 dic trung gidng
giong dich Tt (giong nam ving mién). Vi su thanh céng cta k¥ thuat hoc chuyén
doi phu thudc vao su giéng nhau gitra cac nhiém vu nguén va nhiém vu dich,
nghién ctru dd st dung cach tiép can tinh chinh duoc trinh bay trong hinh dudi
thay vi thich nghi giong Ts (giong nit binh thudng) truc tiép thanh giong Tr (giong
nam ving mién). Tuy nhién c6 thé thay rang dé, xuat nay méi ap dung hoc chuyén
d6i trén cuing mdt ngdn ngit 13 tiéng Anh ma chua ap dung cho ngdn ngir nghéo

tai nguyén voi dir liéu ngudn han ché.

khung tiéng noi khung tiéng néi khung tiéng néi
T Hoc giong noi T Hoc phong cach T
—> :
Giong noi Ts Giong n6i T Gigong no6i Tt
(giong nir TL | (giong nam TL | (giong nam
binh thuong) | binh thuong) | ving mién)
Seq2seq-TTS Seq2seq-TTS Seq2seq-TTS

T Phong cdch néi giong nhau T Phong cach noi khac nhau T

Khdc vé nguoi néi Gidng vé nguoi noi

Cac am vi Cac am vi Cac am vi
Hinh 22: So d0 ludng thich nghi giong néi bang tinh chinh truyén thong
[69]

3.2.2. Dé xuat ky thudt Multi-pass fine-tune cho tong hop tiéng noi tiéng Viét

Mo hinh am hoc co ban cua hé théng TTS End-to-end c6 thé coi 1a mot ham
chuyén thong tin vin ban thanh cac dic trung 4m thanh va n6 cho thiy ring mot
cach tiép can thong thudng 1a tinh chinh mé hinh 4m hoc cua ngudi néi da duge
tinh chinh truéc v4i mau dir liéu cta giong noi1 dich dya trén Tacotron2 (duoc
biéu thi ¢ bén trai ctia Hinh 23 [CT3)).

Tuy nhién, véi cach tiép can tinh chinh truyén thong, dé tao ra mot tiéng noi
moi bang mot ngdn ngit mdi khiac véi méd hinh hudn luyén truée van can mot

luong 16n dir lidu (> 5 gio va diu nay rat kho v6i cac ngon ngir it tai nguyén).
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Néu sir dung luwong dit liéu qua nho, rat dé gay ra hién tuong qua khop (overfitting

do) thich nghi truc tiép trén md hinh 4m hoc End-to-end.

~ 1A B
Dulitu 1 6 hinh TTS g
Tiéng Anh| g~y
Pre-trained | Copy %
Fine-tune ¢ Tham s6 o
7 E i
Dit liéu_»l g Dit liéu fn
Tiéng Afn| MO hinh TTS 2 TV trung gian | 7| M0 hinh TTS g
Pre-trainedl [ Copy E" Pre-trained Copy o
Fine-tune| v Tham s6 o Fine-tune ) y Thamso =
Dit lidu _4 \ Dit lidu ‘
thich nghl\i M6 hinh TTS ;* Vocoder thich nghi'*\ M® hinh TTS ;* Vocoder
a) Tinh chinh truyén thén ulti-pass fine-tune
Tinh chinh truyén thong b) Multi-pass fine-tu

Hinh 23: Thich nghi mt giong n6i méi véi Multi-pass fine-tune

Pé giai quyét nhirng van dé nay, luan 4n dé xuat ban dau muwon mot mo hinh
huén luyén trude cia tiéng Anh 13 ngdn ngi gidu tai nguyén va cd cac am vi twong
duong voi tiéng Viét. M6 hinh huin luyén trude nay da duoc hudn luyén bang
giong doc nit ¢ thoi lwong hon 23 gid, md hinh da bao ham day du 4m vi va 4m
ctia mot ngdn ngir 13 tiéng Anh va tiép theo duoc tinh chinh 1an thir nhat vi mot
mo hinh hudn luyén trudc bang tiéng Viét trung gian (huan luyén bang giong nam
phong cach doc c6 thoi lwgng khoang 5 gid) && mé hinh hoc chuyén d6i cac vector
nhing 4m vi chia sé tir tiéng Anh sang tiéng Viét (dm vi, 4m), sau d6 tinh chinh
14n thtr hai voi mot mau giong noi thich nghi (giong nit phong cach doc voi thoi
luong vai phut) dé hoc chuyén doi dic trung 4m hoc ctia ngudi noi giita hai giong
tiéng Viét v6i chi mot lwong mau nho. Luan an goi n6 1a phuong phap "Tinh chinh
nhiéu 1an" hay con goi 12 "Multi-pass fine-tune" va bién thi so dd & bén phai cta
Hinh 23, mé hinh dé xut chi cAu mot mau nho dé diéu chinh mot giong n6éi méi.
Vi dic trung am hoc chinh d3 duoc hoc chuyén d6i tir tiéng Anh (tap dit liéu 16m)
va tiéng Viét (tap dit liéu trung binh), dé tao ra giong noéi méi, do vy chi can mot

lugng nhé dit liéu thich nghi cling cho phép hoc dac trung giong noéi dich.

68



Hinh 24 mé ta cac bude dé thuc hién Multi-pass fine-tune, trong dé s biéu
dién tham s6 ngudn, T biéu dién tham s giong trung gian va T biéu dién tham sb
giong dich:

1) Dau tién huan luyén mang vé6i s luong 16n dit liéu tiéng Anh dé sinh ra
b6 tham s6 cia md hinh tiéng Anh wl, w2,..w!, bl, bZ,..bl;

2) Sau d6 dung mang nay dé huin luyén thich nghi giong tiéng Viét trung
gian, cic tham s6 ciia mo hinh tiéng Anh wd, w2,..wé, b}, b2, .. bk duoc cip nhat
bang cac tham sb cia md hinh tiéng Vit trung gian
W71~I,W.12wl, .. W;I, b%,, bTZ,,, . blT,;

3) Cudi cung dung mang nay dé huin luyén thich nghi giong tiéng Viét dich,
céc tham sb ctia mo hinh tleng Viét trung gian WT/ WT/, WT/, bT/, bT/, blT/ duoc
cap nhat bang cac tham sb thich nghi cua giong tiéng Viét dich
wi,w2,..wk, b}, bz,..bL. V&i phuong phap tinh chinh truyén théng mé hinh
chi huin luyén mo6 hinh tiéng Anh va cdp nhat b0 tham sb

wd, w2,..wl, b, b2,.. bl boi bo tham sb thich nghi wk,wZ,..wk, bk, b2,.. bk

~Fine-tune "~ < .

A

‘,-" Truyenthong \\.\
’I_'"l_n_e:t_une lin 1 Fine-tune {an 2.
/’/‘/ ~.\_~.*/1 '~.~'\~-
DPic trung am hoc DPic trung dm hoc DPic trung am hoc
Tiéng Anh giong nir Tiéng Viét giong nam Tiéng Viét giong nir
[(OO000C0] [00000] [00000]

R [00000] m[00000] m0OO000)]

A W2 bz A ,bz A W%b%

m[00000] m[OOOO00] w[00000]

4 Wslb1 4 ;llb;l + W'Zl"b’:ll"
[O00000] [0DO0000O] [CO0000]
Giong nir Giong nam Giong nir

bic trung van ban bic trung van ban biéc trung van ban

Tieéng Anh Tieng Viét Tiéng Viét
(nguodn) (trung gian) (dich)

Hinh 24: C4p nhit tham sé thich nghi bg‘“lng Multi-pass fine-tune
va tinh chinh truyén thong
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Trong hoc chuyén doi da ngdn ngit, giong ndi dich duoc hoc chuyén doi tir
mot ngdn ngit khac véi giong néi ngudn. Vi ngdn ngi dich co thé st dung két hop
cac am vi khac nhau dé phat 4m tir, nén viéc dong bang bd mi hoa vin ban s& gay
ra cac van dé vé phat am trong ngdn ngit dich. Do vay, can thuc hién thanh ba
budce: Pau tién, cin dong bang bo giai mi va bo md hoa sau (posterior encoder)
trong sudt qua trinh tinh chinh. Tiép theo, vi vai tro clia bd giai ma va bo ma hoa
sau 13 tai tao am thanh chat luong cao tir dir liéu gdc, khi nhitng mo-dun nay da
dugc huan luyén da véi mot tap dit liéu 1on (¢ day 14 bo dit liéu tiéng Anh va tiéng
Viét trung gian) va khong can phai tinh chinh trén mot tap dit liéu nho. Pong bang
bo giai m3 mang lai nhiéu loi ich vi khong can phai thuc hién truyén xudi qua bo
giai mi da dong bang, nén c6 thé tiét kiém bo nhé va tai nguyén tinh toan dé sinh
am thanh c6 d0 phan giai cao. Cubi cung, bd ma hda van ban va bg du doan truong
d6 (duration predictor) dugc huin luyén tir dau. Dé c6 kha ning tong quat tot hon,
khong dua diéu kién vector biéu dién dic trung giong néi vao bd dy doan trudng
do.

Mo hinh anh xa 4m vi gitra cac ngdn ngit ngudn va ngdn ngir dich dua theo
cach phat Am cua tir, vecto biéu dién dic trung giong nodi ctia ngudi nodi cii bi dong
bang va mo6 hinh TTS chi cho phép ngudi ndi mai thich nghi vector nhiing. Do
d6, ky thuat tinh chinh nhiéu lan nay ciing cho phép hoc chuyén dbi véi mot ngon
nglt moi.

3.2.3. Thir nghi¢m ddnh gid va két qua
3.2.3.1. Thw nghiém danh gia
* By dir liéu

Dé danh gia kich thudc tdi thiéu va sd luong 19p tinh chinh nham tao ra mot
giong n6i m&i mot cach hi€u qua, luan an sur dung 3 loai tap dir li€u:

- Tap dit liéu tiéng Anh: Str dung kho ngir liéu LISpeech-1.1, day 1a tap dir
liéu giong noi da cong bd bao gdm 13.100 doan Am thanh ngin ctia mdt giong nir
doc 7 cudn sach. Mdi clip duoc cung cap mot phién am (vin ban) di kém. Cac doan
am thanh c6 d6 dai khac nhau tir 1 dén 10 gidy va c6 tong thoi luong khoang 24
gio.

- Tap dit liéu tiéng Viét trung gian: Str dung bo dir liéu tiéng Viét trung gian,

bao gdm 13.125 doan 4m thanh cua giong nam doc tin tirc thoi sy duge xay dung
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tir Chuong 2. Cac doan 4m thanh c6 d6 dai khac nhau tir 1 dén 10 gidy va c6 tong
thoi lugng khoang 15 gio.

- B0 dit liéu thich nghi: 4 bd thich nghi tir 50 dén 800 cdu (tong thoi lugng
tir 4 dén 60 phut).

* Cai dat thir nghiém

Luén an da st dung Tacotron2 + Waveglow co s& dé danh gia hé théng TTS
thich nghi. Thong qua tién hanh nhiéu thir nghiém lién quan dén xir Iy dit liéu.
Mang Tacotron2 c6 hai thanh phﬁn: bd ma hoa va bd giai ma. mdt thay d6i nhé
s0 voi mo hinh ban dau. Dé thich nghi véi dic trung cua tiéng Viét, dau vao md
hinh 13 cip d6 am vi thay vi cdp d6 ky tu. Am vi duoc chuyén dén 16p vector
nhiing dugc biéu dién bang 512 chiéu. Sau d6, cac vecto nay di qua mdt chong 3
16p chap, tiép theo 14 cac 16p LSTM hai huéng don 1¢ dé tao ra cac dic trung duge
ma hoa [CT4]. Pau ra cia bd ma héa duge str dung boi mot mang cht ¥ mang lai
mot vecto co chiéu ¢ dinh. Cubi cung, bd giai ma co nhiém vu chuyén doi vecto
nay thanh mot phd Mel sau d6 phd Mel s& duoc chuyén ddi thanh dang song am
nhd bo phat am WaveGlow. Dé huan luyén mé hinh Tacotron2 can giam thiéu sai
s6 dau ra ciia md hinh voi tham sé gbc bang cach sir dung sai s6 trung binh binh
phuong (MSE) va huin luyén mé hinh véi khoi tao tir cac tham sé mé hinh huén
luyén trudc hoic khi tao tir ddu twong Gng véi cac thir nghiém sau:

Thir nghiém 1. Xac dinh lugng dit liéu tiéng Viét tdi thiéu dé hudn luyén
mo hinh Tacotron?2 tir ddu (from scratch) va tinh chinh truyén thong. Két qua danh
gia dugc thé hién trong Bang 7:

- Cot 2: Hudn luyén mé hinh tryee tiép tir dau véi chi dix liéu thich nghi (khong
str dung mé hinh hudn luyén truéce).

- Cot 3: Hudn luyén mé hinh bang cdch tinh chinh mé hinh hudn luyén trudce
bang tiéng Anh két hop dir liéu thich nghi (M6 hinh hudn luyén trudce lan 1 sie
dung tdp dir lieu LJspeech 1.1).

Thir nghiém 2. Panh gia mo6 hinh thich nghi giong néi Multi-pass fine-tune
theo phuong phap huan luyén dir liéu thich nghi két hop vi mo hinh huan luyén
trudc bang tiéng Viét trung gian (dd dwgc hudn luyén tinh chinh tir mé hinh hudn
luyén trude bang tiéng Anh). Day 1 huan luyén thich nghi dé tao ra mot giong

n6i méi tr dir liéu thich nghi véi k¥ thuat Multi-pass fine-tune. C& mau thich nghi
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thay doi tir 4 phut dén 1 gio dé danh gia chat luong thich nghi. Két qua danh gia
thé hién & cot 4 cua Bang 7.

Thir nghiém 3. Panh gia sy gidng nhau cta giong gbc va giong thich nghi
ctia mo hinh tinh chinh truyén thong va mé hinh Multi-pass fine-tune. Sir dung
thudc do SIM dé do d6 twong ddng cua giong ngudi va giong tong hop bang cach
cho 11 nguodi nghe chuyén nghi¢p nghe 90 cap cau dugc tao ra bdi mo hinh tinh
chinh truyén théng va moé hinh Multi-pass fine-tune (mé hinh dé xuét) dé danh
gia mirc d6 twong dong (giéng nhau) gitta cac cip cau, Am thanh gdc ciing duoc
dua vao danh gia dé dam bao sy khach quan. Két qua danh gia thé hién & cot 2 va
coOt 3 cua Bang 8.
3.2.3.2. Kétqua
* Chit lwong mé hinh tinh chinh truyén thong

Str dung thang do MOS dé danh gia chat luong giong néi do hé théng tao
ra. Phan tong hop tiéng néi duge danh gia boi hai nhom goém 23 ngudi nghe
12 chuyén gia va tinh nguyén vién. Trong cot 2 va 3 ciia Bang 7, so sanh chat
lwvong am thanh (MOS) gifra bo dir li¢u huin luyén tur dau va tinh chinh truyén
thong:

- Néu huén luyén tir dau voi bo dir liu tiéng Viét, véi 5 gid dir lidu chat
luong bai phat biéu rat kém (MOS = 2.66). Huan luyén véi dit liéu dudi 1 gid sé
khong nghe dugc gi.

- Néu tinh chinh tir mé hinh huén luyén trudc bang tiéng Anh véi 1 gio dir
liéu thich nghi giong Viét thi chat lugng s& ngang nhu huan luyén tir dau dit lidu
tiéng Viét 5 gio, nhung chat luong 4m tong hop van kém (MOS = 2.68).

Bang 7: Bing thong ké chét lwgng thich nghi (MOS) theo mé hinh
Multi-pass fine-tune va cac mé hinh khac

Thoi | Huén luyén tir | M6 hinh huin luyén | M3 hinh huén luyén
gian dau (dir liéu truéc bang tiéng truéc bang tiéng Vit
tiéng Viét) Anh trung gian
+ Dir li€u thich nghi | + Dir liéu thich nghi
16 phut 1.29 1.33 3.78
60 phut 1.31 2.68 3.87
5 gio 2.66 N/A N/A
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* Chat lwgng m6 hinh Multi-pass fine-tune
Trong cac cot 4 ciia Bang 7, dya trén mé hinh huén luyén trudc bang tiéng
Anh, néu tinh chinh tur bo dir liéu tiéng Viét trung gian sang bg dir 1iéu thich nghi
nho thi chi can 16 phat (200 cau) da cho chat luong kha t6t véi diém MOS 1a
3.78/4.69 so voi cua giong that ctia ngudi noi.
* Tinh twong dong
Bang 8: Bing danh gia d twong dong ciia md hinh tinh chinh truyén
thong va Multi-pass fine-tune khi so sanh véi giong ngwdi néi véi chi 4
phiit dir liéu thich nghi

Mo hinh thir nghiém MCD SIM
Am thanh gdc (Groundtruth) - 3,99
Tinh chinh truyén thong 10.65 1.13
Multi-pass fine-tune 7.94 2.87

Ciing trong cung mot bang, chi voi 4 phat div liéu thich nghi, m6 hinh Multi-
pass fine-tune tao ra mot giong néi téng hop c6 do twong ddong cao hon nhiéu so
v6i giong ndi tong hop tir phwong phép tinh chinh truyén thong dat 2.87/3.99 so
v6i giong gbe ctia ngudi noi.

SIM ctia m6 hinh tinh chinh truyén thong

100%
80%
60%
40%
20%
0
S1 S2 S3 sS4 S5 S6 S7 S8 S9 S10 S11

® Chic chin khac nhau ™ C6 thé khac nhau ® C6 thé gidng nhau ® Chéc chin gidng nhau

X

SIM cta mo6 hinh Multi-pass Fine-tune
100% ] . . —
80%
60%

40%
~ 1 = n A
0% | |
S8 s9 510 S11

S1

® Chic chin khac nhau ®C6 thé khac nhau ® Co thé giéng nhau ® Chic chén gidng nhau

Hinh 25: So sanh sy twong dong ciia ctia mé hinh tinh chinh truyén thong
(trén) va mé hinh dé xuét (dwéi) trén tit ca cac cip ciu danh gia
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Tién hanh phan tich danh gia SIM theo phwong phap [65], tong hop diém
trong dong cua nguoi nghe cho toan bd cac cap cau duoc danh gia (gitta giong
tong hop va am thanh gbc) thé hién trong Hinh 25, trong d6 ky hiéu S1, S2, .. biéu
dién thir tu ctia ngudi danh gia. Biéu dién cho cho thay do tu tin vé kha ning “chac
chin gidng” va “co thé gibng nhau* cua hai mé hinh dé xuat va mé hinh co so 1a
rat rd rang.

Bing 9: Bang phan tich ANOVA vé diém danh gia twong dong giira mé
hinh tinh chinh truyén thng va mé hinh dé xuit

P Binh o
Tong . Gia tri
) . Bdc ty | phuong y e ..
Mo Nguon binh thong | Giatri | F toi
. . do trung )
hinh phwong sai phuong . ke p han
(df) binh
(SS) (F)
(MS)
Tinh e, , 4.69E-
Gitra cac nhom
chinh 6.630 10 0.663 5.188 07| 1.860
truyén Trong cac
théng | nhom 40.767 319| 0.128
. . 4.94E-
Multi- | Gitra cdc nhom
49.121 10 4912 | 12.287 18 | 1.860
pass -
Trong cac
fine-tune
nhom 127.533 319 0.399

Phan tich ANOVA mot chiéu (phu thudc mot bién duy nhat 1a mé hinh TTS)
trong danh gia do twong ddng SIM giita cac mo hinh cho két qua ¢ Bang 9. Céc
gia thuyét cho phan tich ANOVA ban dau nhu sau :

o Gia thuyét khong(Ho: TAt ca cac phuong phép c6 chat lugng twong dong

bang nhau (khong c6 su khac biét).

o Gia thuyét thay thé(Hi): C6 sy khac biét it nhat mot cap phuong phép.

Qua két qua phan tich ta thdy mé hinh tinh chinh truyén thdng c6 (F=5.188> F
t61 han, p<0.05) va mo hinh dé xuat c6 (F=12.287>F t6i han, p < 0.05) cho thay
cac két qua thuc nghiém c6 sy khac biét va c6 y nghia théng ké.

Str dung d6 do méo phd Mel (MCD) dé do ludng mirc 6 khac nhau cta hai
chudi phd Mel dé danh gia hiéu suit chuyén d6i giong noi [64]. Bang 8 cho thiy
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rang Multi-pass fine-tune cho phép tao ra giong ndéi méi véi MCD thap hon nhiéu
so voi phuong phap tinh chinh truyén thong (giam 2.74). Hinh 26 mé ta phd Mel
clia giong ndi tong hop va giong nguoi néi. Chi véi 4 phat dit liéu thich nghi
(khoang 50 ciu), giong noi tong hop thich nghi cho thiy sy twong dong vé cac

truong do am vi va su tuong dong cao vé van phd am thanh.
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Hinh 26: Sy twong ddng giira giong tong hop va giong nguoi néi chi véi 4
phut dir liéu thich nghi

Phan nay da chimg minh rang néu sir dung cac k¥ thuat tinh chinh truyén
thong thi 1 gio dir liéu thich nghi giong Viét khong du dé tong hop cac giong méi
ma can t6i thiéu 3 gid. Ludn an ciing dé xuat mot sé thay doi don gian d6i vdi mod
hinh TTS Seq2seq co s& voi mot sd ky thuat Multi-pass fine-tune dé thich nghi
giong n6i méi sang cac ngdn ngit it tai nguyén nhu tiéng Viét. Luan an da chimg
minh rang chi mat 4 phat dit liéu thich nghi dé tao ra giong ndi méi v6i d6 twong
ddng cao va chi mat 16 phut dé tao ra giong noéi chat lwong tot.

C6 thé thiy rang sy thich nghi nay din dén viéc phat am cac tir ciia giong noi
dich t6t hon so vé&i giong ndi ngudn trong didu kién ngdn ngir dich nghéo tai
nguyén cé thé muon cac ngdn ngit ngudn gidu tai nguyén. Tuy nhién viéc giam
di li¢u thich nghi nho hon so véi 4 phut dit li€u cia phuong phép Multi-pass fine-
tune van con 1a thach thic khi ap dung k¥ thuat thich nghi. Trong phan tiép theo
luan 4n sé tiép tuc nghién ctru cac hudng thich nghi khac véi dit liéu it dan so véi

phuong phap da trinh bay ¢ phan nay.
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3.3. Nang cao chit lwong tong hop thich nghi biang vector diic trung EMV

Huan luyén mo hinh Multi-TTS yéu cau nhiéu giong néi khac nhau dé tao
ra mot mo hinh téng quat. Tuy nhién, mo hinh tong hop giong néi trung binh s&
bi méo hodc trung binh hoa, dan dén chat lugng thap néu giong noéi ciia nguoi
n6i moi ¢é qué it dir liéu dé huén luyén. Mot trong cac phuong phap thuc hién
13 tinh chinh m6 hinh, néu khong, mé hinh s& c6 chat lugng thich nghi thap. Tuy
nhién, dé dat dugc chét luong thich nghi cao, it nhat phai c6 hang ngan budc
tinh chinh mé hinh st dung k¥ thuét tinh chinh truyén thong hodc st dung k¥
thuat Multi-pass fine-tune (théng qua hoc chuyén d6i tir cac ngdn ngir giau tai
nguyén) da dé xuat & Muc 3.2. Mot phuong phép tiép can khac dé huan luyén
mo hinh Multi-TTS dua trén DNN 14 st dung cac mo-dun md héa ngudi noi dé
trich xudt cac biéu dién an dic trung ctia ngudi ndi va phong cach néi [108] [109].
Céc phuong phap nay di cho thay kha nang hoc dugc cc dic trung giong ndi méi
v6i thoi gian 1dy mau va thoi gian tong hop giam dang ké. Vi vy, phan nay dé
xuat giai phap thich nghi da ngudi ndi Few-shot TTS dura trén kién trac trich xut
ddc trung giong ndi voi vu thé 13 giam thoi gian tinh toan huan luyén so véi cac
phuong phap dua trén tinh chinh tham sd.
3.3.1. Dw dodn va diéu khién cdc dic trung tiéng néi

Pé giam khoang cach thong tin (do dau vao khong chtra tat ca thong tin dé du
doan muc tiéu) giira dau vao (chudi vin ban) va dau ra muyc tiéu (phd Mel) va giam
b6t van dé anh xa mot-nhiéu dbi voi huan luyén mé hinh TTS khong tu dong hoi
quy, mot sd thong tin dic trung cta giong nodi bao gdm cao do (pitch), cudng dd
(energy) va truong do (duration) duoc du doan chinh xac hon dira trén nén tang da
gidi thiéu trong mé hinh [30] (Hinh 27): Trong huan luyén, trich xuat truong do,
cao do va cudng do tir dang song giong néi dich va truc tiép 1y chung lam dau vao
c6 diéu kién; Trong suy dién, st dung cac gia tri dugc du doan boi nhitng bd du
doan duoc huan luyén chung v6i mo hinh dé suy dién ra phd Mel hoic suy dién

truc tiép sang song tiéng noi.
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3.3.1.1. B¢ thich nghi phuwong sai (Variance adaptor)

S S R (- T m— (—
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Hinh 27: Kién tric Variance adaptor [30]
B0 thich nghi phuong sai (Variance adaptor) nham muc dich thém thong tin

phuong sai (nhu truong do, cao do, cudng dd) vao chudi 4m vi an, ¢ thé cung cp
du thong tin dé du doan giong noi bién d6i va giam van dé anh xa mot-nhiéu trong
TTS. Mo ta ngin gon thong tin vé phuong sai nhu sau: 1) Trudng d6 4m vi, biéu
thi truong d6 giong néi phat ra; 2) Cao do, 1a mot dic trung chinh dé truyén tai cam
xuc va anh hudng 16n dén cam xtc caa giong ndi; 3) Cuong do, cho biét cuong do
& mutrc khung pho Mel cua tiéng néi va anh huong truc tiép dén am luong va ngir
diéu cua giong noi. Thong tin vé phuong sai khac ¢ thé duoc thém vao trong bo
thich nghi phuong sai, vi du nhu cdm xuc, phong cach néi va ngudi néi. Tuong
g, bo thich nghi phuong sai bao gom: 1) Bo du doan truong do (duration
predictor); 2) Bo du doan cao d0 (pitch predictor); va 3) B6 du doan cuong do
(energy predictor), nhu dugc biéu dién trong Hinh 27b. Trong huin luyén, lay gia
tri ctia truong do, cao do va cuong do trich xuat tir cac ban ghi 4m nguoi nédi 1am
dau vao cho chudi an dé du doan cac giong ndi muc tiéu. Pong thoi, str dung truong
dd, cao do va cuong do dyua trén am thanh géc lam muc tiéu dé huin luyén céc yéu
t6 dé du doan truong do, cao do va cuong do, duoc str dung trong suy dién dé tong

hop giong noéi dich.
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Trong Hinh 27¢, cac yéu t6 du bao truong dg, cao do va cuong do chia sé ciu
trac md hinh tuwong ty (nhung cac thong sé mé hinh khac nhau), bao gdm mang
chéap 2 16p 1D voi ham kich hoat ReLU, mdi yéu t6 du doan tiép theo s& dua dén
16p chudn hoa va 16p bo hoc (dropout), va mét 16p tuyén tinh bd sung dé chiéu cac
trang thai an vao chudi dau ra. Cac doan sau s& mé ta chi tiét vé ba yéu t6 du doan
tuong ung:

* Dw doan trwong do (duration predictor)

B6 du doan trudng d6 14y chudi an 4m vi 1am dau vao va dy doan truong do
ctia mdi 4m vi, biéu thi s6 khung phd Mel trong Gmg véi 4m vi ndy va dugc chuyén
d6i thanh mién logarit dé d& dy doan. Bo du bao trudng do duoc tdi wu hoa voi
ton that sai s6 binh phuong trung binh (MSE), 14y truong do trich xuét lam muc
tiéu huin luyén. Thay vi trich xuét thoi lugng am vi bang mé hinh TTS tu dong
hdi quy duoc huin luyén trude trong FastSpeech, sit dung cong cu cin chinh
cudng birc (MFA) ctia Montreal [36] dé trich xuat trudong d6 4m vi, nham cai thién
d6 chinh x4c cta cin chinh va do d6 giam khoang cach thong tin gitta dau vao va
dau ra ctia mé hinh.

* Du doan cao dg (pitch predictor)

Cac hé théng TTS dya trén mang no-ron trudc day voi du doan cao do [110];
[25] thudng du doan truc tiép dudong bao cao do. Tuy nhién, do sy bién d6i 16n ca
cao do ciia am thanh gdc, phan phdi cta cac gia tri cao do du doan rat khac véi
phan phéi 4m thanh gbc. Pé du doan tt hon cac bién thé trong dudng bao cao do,
st dung bién d6i Wavelet lién tuc (CWT) dé phén tach chudi cao d¢ lién tuc thanh
biéu dd cao d6 va 1ay biéu d6 cao d6 lam muc tiéu huin luyén cong cu du béo cao
do duoc tbi wu hoa véi ton that MSE. Trong suy dién, bd du doan cao d6 du doan
biéu d6 cao d9, tiép tuc duoc chuyén ddi tro lai thanh duong bao cao do bang cach
sir dung bién d6i Wavelet lién tuc nghich dao (iCWT). Pé liy duong bao cao do
1am dau vao trong ca huan luyén va suy dién, luong hoa cao d FO (gia tri Am thanh
gbc/am thanh dy doan tuwong tmg cho huan luyén/suy dién) ctia mdi khung tiéng
n6i thanh 256 gia tri c6 thé c6 trong log-scale va tiép tuc chuyén né thanh vector

nhung cao d§ va thém nd vao chudi an da mé rong (Hinh 28).
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Hinh 28: Chi tiét trong cong cu dw doan cao d9. CWT va iCWT lan lwot
biéu thi bién d6i wavelet lién tuc va bién doi wavelet nghich dso [30]
* Duw doan cwong do (energy predictor)

Tinh toan dinh mic L2 ctia bién d6 cua mdi khung bién d6i Fourier thoi gian
ngan (STFT) 1am cudng d6. Sau d6, lwong tir hoa cudng do ctia mdi khung tiéng noi
thanh 256 gia tri c6 thé don nhat, mi hoa né thanh vector nhung cudng do e va thém
1n6 vao chudi an md rong twong tur nhu cao do. Sir dung cong cu du bao cuong do dé
du doan cac gia tri ban dau cua cuong do thay vi cac gia tri lugng tir hoa va tbi wu
héa cong cu du bao cuong d voi ham méat mat MSE.

* Kién tric tong hop tiéng néi tir vin ban khong tw hdi quy co sé (Non-
autoregressive TTS)

Lu4n 4n x4y dung kién trac bo TTS khong hoi quy co sé dya trén FastSpeech2
[30], 1a mot trong nhitng md hinh tong hop don ngudi ndi pho bién nhat trong TTS
khong tyr dong hoi quy. M6 hinh bao gdm ba phan; mot bd mi héa am vi, mot bo
giai mi phé Mel va mot bo thich nghi phuong sai (Variance adaptor). B ma hoa
am vi chuyén mot chudi vector biéu dién dic trung giong néi thanh chudi am vi
an. Sau do, bo thich nghi phuong sai du doén cac thong tin khac nhau trong tiéng

no61, chang han nhu cao d6 va cuong do & cap am vi.
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Bo ma hoa vin ban encoder®*(-) ma hoa chudi vinban co do dainla W =
{w; €V|i =1,...,n} véi mot tir vung V thanh mot diy cac vecto an h = {h; €
RP |i = 1,...,n} v6i D chiéu nhu sau:

h = Encoder™t (W) (3.7)

Pé cho phép mo6 hinh tao &m thanh ngudi néi, mot bo ma hoéa ngudi noi
EncodersP*(+) duoc thém vao dé ma hoa dic trung am hoc ciia mét vector biéu
dién dic trung giong noi toan cuc e € RPe véi chiéu D, nhu sau:

e = Encoder®P*(0) (3.8)

Bo6 mi hoa Decoder(+) suy dién mot chudi an c6 d6 dai T mang dic trung
am hoc O cua chudi dich 0 ={o, € RPa|t = 1, ..., T} véi cac dic trung c6 chiéu
Dy:

0; = Decoder(0;_4, h) (3.9)

Vecto biéu dién dic trung giong ndi clia ngudi ndi e duoc ndi voi moi vecto
van ban dugc ma hoa H trén toan bd chudi. Nghia la, chirc nang bo Decoder da
ngudi ndi Decoder™* duoc mé rong tir cong thic trén nhu sau:

0, = Decoder™t(o,_,,Cat(h, e)) (3.10)
trong d6 Cat(-) 1a ham ndi gitra & va e. Bo qua giai thich vé bd phat 4m, thudong
duoc huan luyén riéng dé tao dang séng tir biéu do phd Mel.

Hon nita, bo thich nghi phuong sai du doan truong d6 cia mdi am vi dé diéu
chinh d6 dai caa chudi 4m vi an thanh do dai cua khung tiéng néi. Cubi cing, bd
giai ma phd Mel chuyén ddi chudi an 4m vi dugc quy dinh vé d6 dai thanh chudi
phd Mel. Ca bd ma héa am vi va b giai ma phd Mel déu bao gdm cac khéi Feed-
Forward Transformer (khdi FFT) dya trén kién trac Transformer [35].

Nhu vay co thé thiy vai tro cta bd thich nghi phuong sai trong viéc huan
luyén va trong suy dién cac dic trung tiéng néi nhu cudng do (energy), cao dod
(pitch), truong d6 (duration). Pay 1a hop phan quan trong trong md hinh tong hop
thich nghi giup hé thong hoc va diéu chinh dugc cc dic trung giong, tong hop

dugc cac tham s6 dau ra mot cach tuy y.
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3.3.1.2. Biéu dién ddc trung giong ndi va phong cdch néi
Cac nghién ctru trude day vé vector biéu dién dic trung giong ndi da dé xuat

nhiéu dua trén cac phuong phép tiép can GMM va DNN, dé trich xuat vecto co
chiéu ¢d dinh. Nghién ciu [111] da dé xuat mot mo hinh i-vector, duge tinh toan
bang cach st dung hdn hop mé hinh GMM (Gaussian Mixture Model) va mo hinh
UBM (Universal Background Model®). Vao nim 2018, [112] da dé xuat x-vector,
cho phép trich xuét cac dic trung bang cach st dung mé hinh DNN duoc hudn
luyén truc tiép dé phan biét ngudi néi. Nghién ctru cho thay rang dic trung x-
vector vuot trdi hon dang ké so véi i-vector trong nhiém vy nhin dang ngudi noi
khoang 3% EER. Trong céc hé thong nhan dang ngudi néi x-vector thuong duoc
tinh toan & cap do6 cau. Pé lam duoc diéu d6, dau tién cac vecto duoc trich xuat &
cap d6 khung (frame level), sau d6 ching duoc tong hop trén tit ca cac khung
tiéng noi (frame) dé tao ra mot vecto c6 chiéu cd dinh. Qua trinh nay dan dén do
nhay dbi v6i cac vecto ngoai lai. Néu c6 tiéng dn trong giong noi, cac vecto dau
ra c6 thé khac nhiéu so voi vecto dugce tinh toan trong méi trudng sach. Bé giam
thiéu van dé nay, [113] da dé xuit md hinh Thin-ResNet st dung CNN va
NetVLAD (hodc GhostVLAD) dé tao ra cc vecto c¢6 do dai ¢ dinh, vuot troi
hon hiéu suit cua i-vecto va x-vecto. Pay ciing chinh 13 ¥ tuéng tao ra vector biéu
dién dic trung giong nodi & cp d6 khung va ciing hoc cach tong hop cic vecto
theo thoi gian.
* Kién triic vector nhiing

Hé thong x-vector: Kién trac dua trén hé thong vector nhung DNN duoc mo
ta trong [114]. Mo-dun cua duoc xay dung bai bd cong cu Kaldi voi dit liéu huin
luyén tir VoxCeleb. 5 16p dau tién hoat dong va truot trén khung tiéng néi voi ngi
canh thoi gian ngan. Khung tiéng noéi hién tai c6 nhén 1a ¢ & giita cac s6 xung
quanh cua ngit canh khac. Ldp cang cao, nd cang hoc duoc nhiéu ngit canh trén
khung tiéng néi gbc.

Thin ResNet: ResNet da stra d6i ma hoa cac pho 2D, tiép theo 1a mot 16p
NetVLAD dé tong hop céc dic trung dé tao ra mot bo mo ta dau ra c6 chiéu cb

dinh. Thin-ResNet bao gdm mot s6 khoi 1a mot chong phép toan tich chap véi

3 UBM la mdt mo hinh thudng sir dung CI}O xéc thue sinh tric hoc Vfi‘l’lhéln dang nguoi noi dé dai dién cho dic )
trung chung, doc 1ap voi con ngudi ndi d€ so sanh vdi cac mo hinh vé dic trung cua timg ngudi khi dua ra quyet
dinh chap nhén hodc tir choi.
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kich thudc nhan 13 1 va 3. Kién trac c6 3 triéu tham sb so v6i ResNet-34 tiéu
chuan (22 triéu) [115] béi vi trong mdi khdi du, mé hinh loai bo s6 luong kénh dé
giam kich thudc va ting tée do xtr 1y.

* Vector biéu dién diic trung giong néi cho xac thwe ngudi néi (speaker

verification)

Xac thuc hodc dinh danh ngudi néi (Speaker verification) gdm hai thanh phan:
Thi nhat 1a mot bd vector biéu dién dic trung giong néi duge huin luyén dé tao ra
vecto nguoi noi co chiéu ¢b dinh & cac ca”ip dd cau dugc st dung dé dai dién cho
dac trung cia ngudi néi. Thir hai, mdt by phan loai dé phan bi¢t (dinh danh) cac
vecto ngudi noi voi nhau. Trong bai bao [116] da dé xuat mot mo hinh ting cuong
kha nang dinh danh ngudi noi trong moi trudng nhiéu sir dung bd phan 16p DNN.
Nghién ciru dé xuat: 1) Panh gia hiéu qua cua cac mo hinh vector biéu dién dic
trung giong noi khac nhau va bo phéan loai (classifier) trong cac diéu kién khac
nhau; va 2) dé xuit mot bo phan loai mang no-ron bén trén vector nhiing va huan
luyén n6 véi dit lidu ting cudng. Két qua thir nghiém chi ra rang pipeline dugc dé
xuat hoat dong t6t hon pipeline truyén théng 5% F1 trén bo thir nghiém sach va
9% F1 trén bd thir nghiém nhiéu (Bang 10).
Bang 10: Két qua két hop hé thong trich xuat va phan 16p trong hé thong
xac minh ngudi néi [116]

F1(%) EER(%)
Clean | SNR20 | SNR15 | SRN 10 | SNR 5 | Clean | SNR 20 | SNR 15 | SRN 10 | SNR 5
x-vector+LDA+PLDA % 89.0 884 §8.2 §6.6 846 | 114 123 12.6 142 158
ThinResNet+LDA+PLDA | 89.3 884 8§74 86.1 848 | 115 119 125 14.1 156

x-vector+LDA+DNN 920 92.0 91.0 90.0 89.0 9.1 10 10.1 111 121
x-vector+DNN f 93.0 920 91.0 91.0 90.0 95 53 10.5 10.8 11.0
ThinResNet+LDA+DNN | 95.0 95.0 94.0 94.0 920 5.6 6.2 6.5 68 7.6
ThinResNet+DNN f 95.0 95.0 94.0 94.0 93.0 5.6 6.2 6.1 6.9 )

* nofation indicates that (x-vector+LDP+PLDA) is the baseline model.
T notation means that the size of the vector is 512-d, and the others have size 150-d.

Nghién ctru nay da nghién ctru hiéu qua ctia cac bd trich xuit va phan loai
khac nhau ddi v6i nhiém vu xac minh ngudi néi trong cac moi truong nhidu khac
nhau. Cac thtr nghiém cho tha”iy khi giam ty 1¢ SNR, dg chinh xac cua hé théng cling
giam xudng 4,6% F1, cho thiy rang cac vector nhiing nhay cam véi mdi trudng
nhiéu, khoang cach gifra tin hiéu sach va nhidu. Dé giai quyét van d¢, luan an ciing
dé xuat bo phan loai DNN, gitip rt ngan khoang cach hiéu suat giira tin hiéu sach

va nhiéu. Khi két hop bo phan loai DNN véi bo trich xut vector nhung dwa trén

82



ThinResNet, hé théng da dat duoc hiéu suat tot nhat voi 94% F1, trai nguoc voi
86,1% F1 su dung bo phan loai PLDA trong cung mot moi truong.

Nhu vay c6 thé thay rang vector biéu dién dic trung giong néi 1a yéu t6 quan
trong nhat trong dinh danh ngudi néi, né bao ham cac dic trung riéng dé phan
biét ciia nhitng ngudi néi khac nhau. Tuy nhién, ca Thin-ResNet va x-vector déu
dugc huin luyén trude cho muc dich nhan dang giong noi, nén cdc mo hinh chi
tap trung vao viéc phan biét giira cac nguoi noi khac nhau va cé thé b qua nhiing
thong tin khong c6 ich cho muyc dich nay, dan dén két qua khong tét cho mo hinh
TTS [117]. Do d6, dé tao ra mot dai dién nguoi noi ly tudng cho mé hinh TTS,
can mo hinh hoa tit ca cac dic trung clia ngudi néi ma khong nhét thiét phai phan
biét rd rang giira timg ngudi néi. Do vay, phan sau day s& dé xuat mot vector bicu
dién dic trung giong noéi mot cach day di phuc vu cho tong hop thich nghi giong
noi.

3.3.2. Dé xuit vector trich xudt dic trung Extracting Mel-Vector (EMV)

Bo6 mé hoa 1a mot thanh phan cho phép ma hoa cac chudi do dai khac nhau
thanh céc vector biéu dién c6 sb chiéu ¢b dinh. Trong mo hinh TTS da ngudi noi
coban [118][5] [119], trong bd ma héa ciia ngudi ndi, mot thanh phan quan trong
1a vector nhiing ctia ngudi noi, biéu dién tin hiéu giong cua ngudi néi dudi dang

vector ddc trung.

Mai hoa
vi tri
B§ thich nghi | B6 phat
¥ . B 2 cpo ™) O p a Ly
phuc;ng e 0 giai ma Am
Ma hoa D Tiéng noi
Vi tri @

Ma hoa am vi

EmbeHdinEta ]
—
Am vi ID ngudi néi

Hinh 29: So' d6 kién tric ciia hé théng tdng hop giong noéi da nguoi néi co

ban sir dung vector bi¢u dién dic trung giong néi co ban

83



Hé thong tong hop da ngudi ndi dua trén thich nghi phai str dung dic trung
ctia nguoi n6i dé huan luyén va diéu chinh mé hinh thich nghi. Pé lam diéu do,
hé thong xir 1y tiéng nodi phai trude tién chuyén doi mdi doan am thanh c6 do dai
khac nhau thanh mot vector c6 d6 dai ¢d dinh biéu thi danh tinh cua nguoi noi,
dugc goi la vector nhung ctia nguoi noi, va thuc hién phan cum dya trén cac vector
nay. Vector nhing ctia ngudi noi cling dugc str dung rong rai trong cac tac vu xua
1y tiéng nodi nhu xac dinh danh tinh nguoi néi, phan tich da ngudi noi, diéu chinh
tiéng néi va tong hop ngodn ngit. Phuong phép truyén thong thuong s dung mot
module nhung dé trich xuét vector dai dién. C6 thé mé ta toan hoc phuong phap
truyén théng nhu cong thirc sau day:

espk = Encoder(Speaker_ID) (3.11)

Heé thong tong hop tiéng noi da ngudi ding vector nhing nguoi néi co ban
biéu dién trong Hinh 29. Tuy nhién, phuong phap co ban nay khong thé nim bat
duoc cac dic trung riéng cua ting ngudi nodi, chang han nhu danh tinh, gidi tinh,
tudi tac va strc khoe ctia ho vi né chi dua vao chi sb dinh danh ngudi noéi lam dau
va0. Mo hinh cua FastSpeech2 [30] dugc xay dung dua trén cau tric Transformer
v6i mang tu cht y va mang truyén xudi trong mdi khdi Transformer. Cé viéc nhan
ma tran trong qua trinh tu cht ¥ va mang truyén xudi hai 16p déu tén nhiéu tham
s6, khong hiéu qua cho viéc thich nghi.

Dé giai quyét van dé nay, mot s6 nghién ctru dé xuat mot phuwong phap thay
thé lién quan dén mot vecto phong cach dai dién cho phong cach néi cua ngudi
noi. Vi du: Trong nghién ctru [45] [12] st dung phuong phap thich nghi giong noi
béng bd ma hda nguodi nodi dé trich xuit mot vector hodc méot chudi vector dé biéu
dién dic trung cua chudi tiéng néi hodc chi tinh chinh vector biéu dién dic trung
giong n6i nén khong thé dat du chét luong. Trong nghién ctru [120], d3 gidi thiéu
vector dai dién phong cach tong quat GST (Global style token). Vector ndy duoc
huan luyén khong c6 nhin dé mé hinh héa dic trung 4m hoc va kiém soat qua
trinh tong hop theo nhiéu phong cach noi khac nhau, bao gom ca tdc do, cach noi
va tinh doc 1ap cua vin ban. Phuong phap nay d6i khi thé hién sy chuyén doi

phong cach néi thanh cong. Tuy nhién, vi huan luyén xen k& chi ¢dam bao tiép xtic
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v6i mot sé két hop cé thé c6 cla cac 16p phong cach noéi trong qua trinh huin
luyén, nén nd c6 thé dan dén mat kha ning biéu dién phong cach ctia ngudi noi.
Mot nghién ctru khac [121] d4 sir dung bo chuin héa 16p thich nghi theo phong
cach ndi SALN (Style-Adaptive Layer Normalization) dé diéu chinh mirc tang va
d6 1éch cuia kiéu nhap van ban voi phong cach néi cé duoc tir am thanh ngan dung
lam mAu tham khao, cho phép moé ta chung vé vecto phong cach néi dai dién cho
phong cach noi ctia ngudi ndi tir ddu vao 4m thanh tham chiéu dugc ma hoa boi
bo ma hoa phong cach.

Trong luan 4n nay dé xuat mot mo-dun Mel-Vector Extraction (goi tit 13
mo-dun EMV) duoc dé xuét dua trén kién trac ban dau ctia bo ma hoa phong cach
n6i Mel-style da stra d6i c6 thé trich xuit mot vecto stv ¢ dinh tir phé Mel, nhu
duoc mo ta trong Hinh 30. Coi § 1 tiéng noi tong hop dugc tao ra boi mé hinh
sinh G v6i dau vao 1a van ban x va vector dic trung stv va cac tham sé co thé
huin luyén duoc 6, ta co biéu dién dau ra phé Mel nhu sau:

Y = G(x,stv; 0) (3.12)
trong d6, vector biéu dién dic trung giong ndi stv dugc sinh bdi mo-dun EMV
thong qua mi hoa phd Mel cua Am thanh gbc X 1am mAu thich nghi nhu sau:

stv = EMV (Mel_X) (3.13)
Kién tric tong thé ciia mo hinh dé xuat bao gém cac thanh phan chinh nhu
sau: M6-dun ma héa 4m vi (Phoneme Encoder) dung dé bién ddi chudi am vi dau
vao thanh chudi 4m vi an. Positional Encoding (mé hoéa vi tri) dé mé hinh c6 kha
ning xac dinh duoc thong tin vé vi tri trong d6i cua cac tir trong cau. Mo-dun
EMV duoc sir dung dé trich xuit cac dic trung vé ngudi ndi va phong cach néi tir
dau vao phd Mel thanh mot vector dic trung giong nodi. Sau d6, B thich nghi
phuong sai (Variance adaptor) s& thém thong tin vé truong do, cao do va cuong
do vao chudi Am vi 4n nay. Va bo gidi ma s€ si dung céc thong tin nay dé dy doan
ra phd Mel. Cudi cing, bo phat 4m sé& chuyén d6i cac phé Mel nay thanh tin hiéu
tiéng noi. Kién triic tong thé duoc mé ta trong Hinh 24.
Chtrc nang va kién trac chi tiét ctia cac mo-dun EMV dé xuat s& dugc trinh

bay dudi day. Trong khdi mé-dun EMV nay, ciu triic gom ba thanh phan chinh
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1a khéi m3 hoa dic trung (Encoder Feature), Khéi giai mi dic trung (Decoder
Feature) va Khéi vector nhing biéu dién dic trung (Embedding Feature). Theo
do:

1) Tai khéi Encoder Feature, dau tién tiéng néi ddu vao chuyén d6i thanh
phd Mel dugce dua dén 16p két ndi day du (fully-connected FC) va cac ham kich
hoat Mish (ham kich hoat tir kiém soat khong don diéu) dé chuyén doi mdi khung
cua phé Mel thanh céac chudi an. Ham kich hoat Mish dugc lua chon do dat duoc
hiéu ning vuot troi hon ReLU va Swish trong nhiéu thir nghiém [122] va do Mish
thé hién duoc sy 6n dinh khi thay d6i cac siéu tham sé nhu kich thuéc 16 (batch
size), d§ sau cia mo hinh, ti 1€ hoc, bo kiém soat hoa (regularizer),... Ham kich
hoat Mish dugc dinh nghia bang cong thirc toan hoc nhu sau:

Mish(x) = x * tanh(softplus(x)) (3.14)
trong d6 x 1a dau vao ctia ham kich hoat Mish va tanh 13 ham tanh théng thuong.
Ham softplus(.) dugc dinh nghia bdi cong thure:

softplus(x) = log(1 + exp(x)) (3.15)
Mish c6 mot sé dic diém quan trong: 1) Pong bién: Ham Mish c6 tinh chat dong
bién, tic 1 dau ra ting khi dau vao ting va giam khi dau vao giam. Kha ning chiu
duoc dau vao 16n: Pic tinh tanh trong ham Mish gitip ham nay chiu dugce dau vao
16n hon so v6i cac ham kich hoat khac nhu sigmoid hodc ReLU. Diéu nay gitp
tranh hién tugng "triét tieu gradient" va cho phép mang no-ron hoc dugc hiéu qua
khi xtr Iy dau vao 16n; 2) Hinh dang gidng ham ReLU: Ham Mish c¢6 hinh dang
gan giéng voi ham ReLU & cac ving duong, tao diéu kién cho hoc nhanh chong
va gitp tranh van dé "dead neurons" (noron khong hoat dong) ma thuong xay ra
v6i ReLU; 3) Kha ning bién d6i dir liéu: Ham Mish c6 tinh chat phi tuyén, cho
phép n6 bién d6i dir liéu mot cach linh hoat va phirc tap hon so véi cac ham kich
hoat tuyén tinh nhu sigmoid va tanh.

Sau d6 két qua s& chuyén qua hai 16p két néi day du (FC). Muc dich ctia khbi
Encoder Feature 12 chuyén d6i dic trung dau vao thanh dic trung bo ma hoa.

2) Tiép theo, vector nay s& dugc dua qua khdi giai ma dic trung Decoder

Feature. Bing cach st dung Conv1D +ReLu voi két ndi du dé nim bét (capture)
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duoc chudi thong tin tur tiéng n6i mau da cho, muc tiéu ctia mo-dun nay s¢ chuyén
d6i dau ra ciia Encoder Feature thanh dic trung bo giai ma. Ngoai ra, két noi tat
(skip-connection) ciing tich hop dé str dung cac dic trung c6 gia tri cua cac khoi
trude d6 va giai quyét duoc van dé triét tiéu gradient.

3) Cudi cung, dau ra cua Decoder Feature sé& duoc chuyén sang mé-dun
Embedding Feature, mo-dun nay c6 thanh phan tu cha y tip trung vao cac dic
trung quan trong v6i két ndi du cong 16p affine dé ma hoa cac thong tin mot cach
tong quét toan bo dic trung giong néi va phong cach nodi. Ap dung nd & cap khung
dé EMV c6 thé trich xut thong tin phong cach néi tét hon ngay ca véi mot mau
tiéng nodi ngin. Sau d6, tam thoi tinh trong sb trung binh dau ra tu chi ¥ cia cac
mAu thich nghi va c¢6 duoc mot vecto phong cach ndi mot chiéu stv. Nhu vy mo-
dun nay s€ tao ra mot vecto dai di¢n cho phé Mel va vecto nay s& thém thong tin
didc trung giong ndi vao mé hinh chuyén vin ban thanh giong noi. Vecto dai dién
EMV sé& diéu khién dau ra cia mo hinh TTS va tao ra giong noi tong hop twong
tu nhu vecto dau vao. Chi tiét kién trac cuia EMV duoc thé hién trong Bang 11.

Bang 11: Kién triic Trich xuat Mel-Vector (EMYV)

Lép Piu vio x Pau ra
Mel T x80
FC + Mish T x128
FC + Mish T x128
ConV1D + ReLu 128x T (chuyén vi)
ConVI1D + RelLu 128x T
Self — Attention T x128 (chuyén vi)
FC layer 1x128
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Hinh 30: a) So @0 kién triic ciia md hinh dwa trén thich nghi Multi-TTS
tiéng Viét véi mé-dun Trich xuit Mel-vector (EMYV) va b) Céu tric chi tiét
cua mo-dun EMV

3.3.3. Ham mdt mdt huin luyén

Mo hinh dé xuat dugc huan luyén voi phuong phap hoc da nhiém (dugc biét
dén nhu 14 joint-training hodc multi-stask learning) v6i viéc huan luyén nhiéu ham
mat mat dong thoi. Him mat mat cia md hinh 13 tong ciia ham mat mat L1 du
doan pho Mel tir vector ¢ diéu kién EMV va cac ham mat mat L2 du doan trudng
dd va cac ham mat mat du doan bo sung cua cac dac trung &m thanh nhu ham mét
mat du doan cao d¢ va cuong do. Ham méat mat téng quat huén luyén cua m6 hinh
nhu sau:

Lfinal = Lmel + Lduration + Lpich + Lenergy (3-16)
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1. Ham mét mat L,,,;: Khoang céach giita phd Mel du doan va phd Mel myc
tiéu dugc mo ta nhu sau:

Lmer = ]E[” 5) -y ”1] (3.17)
2. Ham mét mat phuong sai Layrqtion Lpich»> Lenergy: Sai s6 binh phuong
trung binh gitra trrong do cac am tiét, cao do va cuong do cua mau du doan

va muc tiéu nhu sau:

Lauration = |1d = A3, Lpich = |IP = DI13 Lenergy = |l — €113 (3.18)
3.3.4. Thir nghi¢m ddnh gid va két qua
3.3.4.1. Thu nghiém danh gia

Dé danh gia cac hé théng TTS da ngudi néi, phan nay sir dung mé hinh tong
hop giong nd1 da ngudi nod1 hién dai nhu FastSpeech2 [30] va bo phat am HifiGAN
lam mé hinh co s& (baseline model), nhu dugc mé ta trong Hinh 28. Kién trac
FastSpeech2 bao gdm cac phan chinh: 1) B mi héa am vi chuyén d6i chudi
nhung 4m vi thanh chudi an 4m vi; 2) Bo thich nghi phuong sai nham muc dich
thém thong tin phuong sai nhu thoi lugng, cao do va cuong do vao chudi 4n &m
vi; 3) Bo giai ma pho Mel chuyén d6i song song thir tu an duoc diéu chinh thanh
thir ty phd Mel; 4) Bo phat Am bién d6i tir ph Mel sang dang song.

Cong cu MFA (Montreal Forced Align) dugc sir dung dé trich xuét truong
d6 am vi tiéng Viét [36]. Qua trinh da ngudi ma hoa co ban ldy ID ciia ngudi ndi
lam dau vao dé ma hoa ngudi ndi twong Gng thanh cac vecto dic trung ciia ngudi
néi. Variance adapter doan trudng do, cao do va cuong do dugc téi wu hoa véi
ham sai s binh phuong trung binh (MSE) dé cuc tiéu héa sai s6 dau ra cia mo
hinh v6i 4m thanh gbc. K§ thuat phan phdi dit liéu ciing dugc sir dung mic dinh
trong cdc mo hinh TTS dé xuit va co s& dé giit cac tham sb dic tinh tiéng noi
thich nghi [CT2].

Trong md hinh Multi-TTS duya trén thich nghi dé xuat nhu dugc mo ta trong
Hinh 30, s& thay thé vector biéu dién dic trung giong ndi co sé bang mo-dun EMV
dé ma hoa cac dic trung cta ngudi ndi truc tiép tir phd Mel.

Tién hanh hai thir nghiém dé danh gia hiéu suat ctia cac mé hinh cho tiéng
Viét:
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Bo dir liéu: Mot bo dit lidu tiéng Viét da ngudi néi c6 nhin di dugc str dung
dé danh gia mo hinh: tong cong 54 ngudi noi, bao gdbm 26 giong nam, 28 giong
nit va phuong ngit Bic-Nam, véi mdi nguoi néi doc khoang 500 cau. Dir liéu
thich nghi dugc chia thanh bén bo (1an luot 1a 1 phat, 2 phit, 4 phit va 16 phut)
dé hudn luyén cac mo hinh Few-shot TTS.

Thir nghiém 1: Panh gia chit luong 4m thanh tong hop duoc tao ra boi md
hinh Multi-TTS co s& (d4 sir dung k¥ thuét thich nghi bang phan phéi dit liéu
[CT1]) va mé hinh dé xuat Multi-TTS dua trén thich nghi. Dé uée tinh luong am
thanh t4i thiéu dé huan luyén mé hinh TTS duya trén thich nghi, bd dit liéu 16 phat
khong can dung dé danh gia. Am thanh gdc cling dugc thém vao dé danh gia nhim
dam bao tinh khach quan. Két qua danh gia duoc trinh bay trong Bang 11.

Thang do MOS dugc sir dung dé danh gia chat luong giong néi do hé théng
tao ra. Am thanh dugc tong hop tir mé hinh TTS da nguoi néi co s& va mé hinh
TTS nhiéu giong néi thich nghi s& dugc 26 ngudi nghe danh gia véi do tin tudng
95%. Mbi ngudi nghe s& nghe mot bo gdm 120 cau 4m thanh duoc tron 1an giira
am thanh géc, am thanh dugc tao bdi mo hinh co sé va thich nghi.

Ngoai ra, chi s6 WER ciing sir dung dé x4c thyc tinh dé hiéu cta giong noi
duoc tao. Sir dung mé hinh Wave2vec ASR d3 duoc huin luyén trude dé tinh ty
16 151 tir (WER) [66]. Ca MCD va WER déu khong phai 1a thudc do tuyét dbi dé
danh gia chét luong giong noi, vi vay chi st dung chung dé so sanh twong dbi.

Thir nghiém 2: Panh gia mirc 46 giéng nhau cta 4m thanh tong hop duoc
tao bo1 mo hinh Multi-TTS co s& va mod hinh Multi-TTS dua trén thich nghi so
v6i am thanh gbc chi v6i 1 phat dit lidu thich nghi. Phan tich phé Mel ctia 4m
thanh tong hop duoc so sanh v6i 4m thanh gbc dé thay su khac biét giira cac mau.
Két qua danh gia duoc thé hién trong Bang 12.

Do méo Mel-Cepstral (MCD) duoc str dung dé do mirc d6 khéc nhau cua hai
chudi Mel-cepstral nham danh gia hiéu suat thich nghi ciia giong tong hop. Chi
s6 SIM ciing duoc st dung dé so sanh su gidng nhau ctia Am thanh tong hop va
am thanh gdc. 26 ngudi nghe c6 4 lwa chon dé danh gia ting cap am thanh voi do
tin tudng 95%. 90 cdp dm thanh dugc stir dung dé danh gia, mdi mod hinh tao ra 30
cau am thanh (duoc tron ngau nhién giita cic 4m thanh duoc tao bai cac md hinh

thich nghi dé xuat, mé hinh co ban va am thanh gdc).
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3.3.4.2. Két qua
Bang 12: Bang danh gia chat lwong giira mé hinh Multi-TTS co sé (sir dung
vector biéu dién dic trung giong néi co bian) va Mé hinh Multi-TTS dua
trén thich nghi (sir dung mo-dun EMYV) véi do tin twéng 95%

Truwong d¢/ | M6 hinh Multi-TTS co' s¢ | M6 hinh Multi-TTS dua trén
Mo hinh thich nghi
MOS (1) WER(}) MOS(T) WER(})
Am thanh gdc
(Groundtruth) 4.60 1.35 4.60 1.35
1 phut 3.39 8.40 3.81 5.00
2 phut 3.52 7.28 3.87 2.75
4 phut 3.59 6.16 4.00 2.00
16 phut 3.61 5.60 - 1.25

Trén Bang 12 chi ra rang, chi can 1 phat dit liéu tiéng noi dich thi mé hinh
Multi-TTS dua trén thich nghi d3 c6 thé tong hop duoc am thanh c6 diém MOS
dat 3.81 so v&i diém 4.6 cta ngudi ndi. Piém sb nay cao hon han so véi MOS
sinh tir m6 hinh Multi-TTS co s& (st dung 16 phut giong dich). Piém sé6 WER
cling thé hién rang mo hinh Multi-TTS dua trén thich nghi tong hop giong t6t hon
mo hinh Multi-TTS co s6.

Bang 13: Mirc d§ twong dong giira cac M6 hinh Multi-TTS co s& va Mo hinh
Multi-TTS dwa trén thich nghi so véi Am thanh gdc chi véi 1 phit dir liéu
thich nghi véi d¢ tin tuwéng 95%

M6 hinh thir nghiém MCD SIM
(1 phut dir liéu thich nghi)
Am thanh goc (Groundtruth) - 4.0
Mo hinh Multi-TTS co sé 7.36 1.96
M6 hinh Multi-TTS duya trén thich nghi 6.54 2.60

Bang 13, cho thiy rang, chi v6i 1 phut dit liéu giong néi mau thich nghi, mo
hinh Multi-TTS dua trén thich nghi c6 diém twong dong SIM 14 2.60 so v6i 4.0
clia giong noi con ngudi. Piém sb nay cao hon 25% so voi diém SIM 1.96 ciia mod

hinh Multi-TTS co s¢ (st dung 1 phat miu thich nghi). Piém MCD cta miu
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Multi-TTS dua trén thich nghi cling gidm hon 10% so vé1 mo6 hinh Multi-TTS co

9

SO.

Multi-TTS co so
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13 S14 515516 S17 S18 S19 520 S21 S22 S23 S24 S25 S26

B Chéc chin khac nhau ™ C6 thé khac nhau ™ C6 thé gidng nhau B Chéc chan gidng nhau

Multi-TTS duya trén thich nghi
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B Chéc chin khac nhau ™ C6 thé khic nhau ™ C6 thé giébng nhau ™ Chéc chén giéng nhau
Hinh 31: So sanh sy twong dong ciia ciia mé hinh Multi-TTS co s& (trén) va
mo hinh dé xuat (dwéi) trén tit ca cic cip cAu danh gia
Tién hanh phén tich danh gia SIM theo phwong phap [65], tong hop diém tuong
d6ng ciia ngudi nghe cho toan bd cac cip cdu duge danh gia (giita giong tong hop
va am thanh gdc) thé hién trong Hinh 31, trong d6 ky hiéu S1, S2, .. biéu dién thir
tu cta ngudi danh gia. Biéu dién cho cho thdy d6 tu tin vé kha niang “chic chin
gidng” va “cé thé gidng nhau“ cua hai mé hinh dé xuit va mé hinh co s¢ 1a rat rd

rang.
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Bang 14: Bing phan tich ANOVA vé diém danh gia twong dong giira mo
hinh Multi-TTS co s va mé hinh dé xuét
. Binh o
Tong ) Gia tri
3 . Bdc tyw | phuong y o ..
Mo Nguon binh thong | Giatri | F toi
. . do trung )
hinh phwong sai phuong . ke p han
(df) binh
(SS) (F)
(MS)
) ) 1.55E-
Multi- | Gilra cac nhom 57.237 25 2289 | 4.636 = 1.521
TTS Co
. Trong cac
SO ) 372.367 754 0.494
nhém
Multi- ) 1.97E-
Gitra cac nhom | 53.888 25 2.156 | 4.608 1.521
TTS dua 12
trén
. Trong cac
thich ) 352.7 754 0.468
) nhom
nghi

Phan tich ANOVA mot chiéu (phu thudc mot bién duy nhat 1a mé hinh TTS)
trong danh gia do twong dong SIM giira cac mo hinh cho két qua & Bang 13. Cac
gia thuyét cho phan tich ANOVA ban dau nhu sau :

o Gia thuyét khong(Ho: TAt ca cac phuong phép c6 chat lugng twong dong

bang nhau (khéng c6 su khac biét).

o Gia thuyét thay thé(H;): C6 sy khac biét it nhat mot cip phuwong phép.

Qua két qua phan tich ta thidy mé hinh co sé c6 (F=4.636> F t6i han, p<0.05)
va mo hinh dé xuit c6 (F=4.608>F tdi han, p < 0.05) cho thay cac két qua thuc
nghiém c6 su khac biét va ¢ ¥ nghia théng keé.

Truc quan hoa cac vecto kiéu dé hiéu rd hon vé hiéu qua ctia vecto EMV trong
viéc mi hoa cac kiéu cta timg ngudi néi. Trong Hinh 32, minh hoa phép chiéu t-
SNE cuia cac vecto phong cach noi gitta giong nguoi néi va giong tong hop tuong
tmg. St dung giong néi cua 10 ngudi ndi (5 nam va 5 nir), co thé thiy mo hinh
ngudi nodi ctia hé théng st dung EMV thé hién rét tt dic trung clia nguoi noi khi
thé hién su twong dong giita giong nodi clia con ngudi va giong ndi tong hop thong
qua cac diém thé hién dugc cum rd rang gitra tirmg ngudi ndi véi nhau va cac diém

tong hop 1an can voi giong ngudi noi.
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Hinh 32: Hinh anh t-SNE phan bd ciia giong néi ciia ngudi néi va giong néi
tong hop (stt dung EMV)

Céc giong no61 gan nhu duge phan biét gidi tinh rd rang trong hinh anh t-
SNE, tt ca cac giong noi nir xuat hién ¢ bén phai va tat ca cac giong ndi nam xuat
hién & bén trai. Cac diém biéu dién giong tong hop va giong ngudi néi twong ddi
gan nhau, cho thay rang bo ma hoa EMV di hoc cach biéu dién tot khong gian
dac trung cua tirng ngudi noi.

Ngoai ra, Hinh 33 mé ta pho Mel ctia am thanh duoc tong hop tir md hinh
Multi-TTS co s&, md hinh Multi-TTS dua trén thich nghi va giong ngudi noi. Co
thé thay, chi v6i 1 phat dit liéu thich nghi, ph6 4m thanh tong hop kha giéng véi

phé am thanh that va hoan toan khac voi phé am thanh duoc tao ra tr mo hinh
Multi-TTS co s6.

Utterance in Vietnamese: Can bo huyén , cong an huyén , bénh vién huyén , st séng dira bg trieong vé cdp ciru.

Hinh 33: So sanh pho Mel ciia a) Am thanh géc, b) Am thanh dwoc tao ra tir
mo hinh thich nghi va ¢) 4m thanh dwgc tao ra tir mé hinh co' s& véi mau
giong noi thich nghi dai 1 phut
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3.4. Két luan Chwong 3

Trong Chuong 3 di trinh bay mét sé k¥ thuét thich nghi tién tién hiéu qua
cao v&i luong dir liéu thich nghi nho trén thé gidi. Tir phan tich da chi ra cac
nhuoc diém cia cac phuong phép tinh chinh truyén théng. Trén co s d6 dé xuit
x4y dung mot hé thong tong hop thich nghi giong Viét Multi-pas fine-tune sir
dung k¥ thuat hoc chuyén doi va thir nghiém dé danh gia hé thong thich nghi. Két
qua danh gia da chimg minh rang: 1) Véi ky thuat Multi-pass fine-tune, chi can
mot luong dit liéu nho (4 phiif) cho phép hé thong tong hop duogc tiéng ndi co do
trong dong cao (véi diém sé SIM dat 2.87/3.99) so v6i 1.13/3.99 ctia md hinh
tinh chinh truyén théng va chi can 16 phit dir liéu thich nghi cho phép hé thdng
tong hop duogc tiéng nodi véi chat luong cao véi diém MOS dat 3.78/4.69 (twong
duong 4.03/5) so voi 2.68/3.99 ctia mé hinh tinh chinh truyén théng [CT3].

Trong Chuong 3 ciing dé xuit mdt mo hinh thich nghi nham nang cao chat
luong cho hé thong Multi-TTS tiéng Viét voi kién tric mo-dun vector dic trung
EMV @é khic phuc cac nhuoc diém cua cac vector nhung biéu dién dic trung
giong n6i co ban. M6 hinh duoc dé xuat di cho thay hiéu suat vuot troi so véi mo
hinh Multi-TTS co s¢ sir dung vector biéu dién dic trung giong néi truyén thong.
Qua thuc nghi€ém, chi vdi 1 phtt, mé hinh dé xuét dat do tuong d@)ng cao va chat
luong giong néi tot so véi giong noi gde. Chi véi I phait dit lidu thich nghi, miu
Multi-TTS trén c6 kha ning thich nghi da cho chat lugng MOS dat 3.8/4.6 va
diém tuong dong SIM dat 2.6/4 [CT2]. Biém MOS nay twong duong véi diém sir
dung 16 phut dit 1i€u thich nghi dya trén k¥ thuat Multipass-fine-tune ma da trinh
bay trong 3.3.1. Piéu d6 ching t6 md-dun EMV da biéu dién hiéu qua cac dic
trung ctia ngudi noi so voi vector biéu dién dic trung giong néi co ban (x-vector,
d-vector, Thin ResNet), phit hop v6i mé hinh huin luyén Few-shot TTS va c6
kha niang biéu dién cac dic trung 4n ciia ngudi ndi nhin thiy trong qua trinh huan
luyén.

Tuy nhién viéc doi hoi huan luyén lai mo hinh 12 mot han ché cua cac ky
thuat ndy va luong dir liéu thich nghi mot vai phat van chwa da hip dan. Trong
Chuong tiép theo, luin an s& danh gia mo-dun EMV dé ting cuong hiéu ning cta
hé thong tong hop dua trén thich nghi cho mé hinh Zero-shot TTS véi dit liéu
chua tirg xuét hién trong tién trinh huan luyén. Trén co sé d6 sé& tién hanh nghién

curu va dé xuat cac giai phap va moé hinh cai tién trong Chuong 4.
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Chuong 4. MO HINH TONG HQP THIiCH NGHI KHONG HUAN
LUYEN VOI MAU TOI THIEU (ZERO-SHOT TTS)

Nhu d trinh bay & Chwong 3, cac k¥ thuat tong hop tiéng néi dya trén thich
nghi hién nay dua trén hai ludng chinh: mot 1a tinh chinh mé hinh bang dir liéu
thich nghi ¢6 kich thudc nho va hai 1 huan luyén toan bd mé hinh thong qua mot
vector biéu dién dic trung giong néi cua giong dich. Tuy nhién, ca hai phuong
phap nay doi hoi dir liéu thich nghi phai xuat hién trong qua trinh huan luyén, diéu
nay khién thoi gian huan luyén sinh ra giong mgi kha ton kém. Ngoai ra, mo hinh
TTS truyén théng st dung ham méat mat don gian dé tai tao céc dic trung 4m hoc,
tuy nhién viéc t6i wu ndy dua trén cic gia dinh phan phdi khong chinh xac din
dén két qua am thanh tong hop bi nhiéu.

Dé giai quyét cac ton tai nay va lam rd cau hoi nghién ctu: Néu thich nghi
bang mau dit liéu chi vai gidy va khéng can hudn luyén lai mé hinh thi hé thong
c6 thé thuce hién dwoc? Luong mau thich nghi 16i thiéu can bao nhiéu va kich
thwée mdu sé dnh hwong dén mé hinh nhw thé nao va wu nhiege diém ciia phirong
phdp nay so véi cac phwong phdp da trinh bay trong Chwong 3? Chuong 4 dé
xuat mo hinh Adapt-TTS cho phép nang cao hiéu ning téng hgp 4m thanh & mirc
chap nhan dugc tir mau thich nghi nhé khong can huan luyén. Chuong 4 sé& trinh
bay cac ndi dung: Kién trac Extracting Mel-vector (EMV) cho phép biéu dién dic
trung ctia nguoi ndi va phong cach noi tét hon; M6 hinh Zero-shot TTS cai tién
v6i thanh phan 12 mé hinh khir nhiéu khuéch tan phd Mel (Mel-spectrogram
denoiser) cho phép tong hop giong méi ma khong can phai huan luyén lai voi chat
luong tot hon [CT1]; Tién hanh cac thir nghiém va phan tich két qua danh gia cho
mo hinh dé xuat; Ung dung thich nghi trong tong hop tiéng néi [CT7].

4.1. Cac nghién ctru lién quan

Cac mé hinh tong hop TTS trén c6 thé tong hop tot véi cac giong ton tai
trong dir liéu huan luyén hodc nhin thy trong qué trinh huan luyén. Tuy nhién,
néu khong huén luyén lai thi chat luong tong hop van con 1a mot thach thuc

16n [12] [73].
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Hién nay, c6 hai k¥ thuat thich nghi chinh thuong duoc st dung da duoc
trinh bay & Chwong 3: Mot 14 tinh chinh toan bo hodc mot phan 16p mang véi dit
liéu thich nghi dua trén mot mé hinh huin luyén trude (d3 duoc huan luyén voi
luong 16n dir 1i€u); va hai 1a st dung mot vector dé mé hinh héa duge dic trung
ctia nguodi no6i véi mot luong mau thich nghi nho (Few-shot TTS) [5] [45]. Hai
phuong phéap nay ¢6 uu diém 1 cho chét luong tong hop tot va giong téng hop ¢o
d6 tuong dong cao véi giong dich. Tuy nhién, dé hoc giong mdi van can tinh chinh
mot luong mau cia giong dich dé cap nhat cac tham s6 mo hinh va qué trinh huin
luyén nguoi ding co trong qua trinh huin luyén trong thoi gian dai (nhiéu gio
tham chi nhiéu ngay). Piéu nay din dén ton tai nguyén tinh toan va ton thoi gian
dé sinh giong mdi, han ché nhiéu kha ning tng dung vao thyc té. Hudng tiép cin
dé giai quyét van dé nay chinh 1a thich nghi trong hop tiéng nodi v6i mau nho
khong huan luyén lai mo hinh (Zero-shot TTS).

4.1.1. Zero-shot TTS

Trong bai toan Zero-shot TTS, mot van dé chinh 1a ¢ khoang cach vé do
twong dong gitta nhimg nguoi néi da xuat hién va chua xuat hién trong qua trinh
huin luyén mo hinh. Zero-shot TTS da duoc dé xuét dau tién boi Sercan O. Arik
[45]. Y tuong sir dung bd ma hoa ngudi noéi lam tin hiéu diéu hoa da duoc kham
pha thém boi Ye Jia [75], trong d6 dé xuat mot mang phan biét ngudi ndi duoc huin
luyén truée boi hang ngan ngudi néi doc 14p va sir dung mang nay dé trich xuat ra
vector nhiing c6 chiéu dai ¢b dinh ctia vai gidy giong noi thich nghi tuy nhién phuong
phap nay duoc chimg minh 13 kém hiéu qua do vector nhiing trich xuat tir nhiém vu
phan biét nguoi ndi chi tét cho nhiém vu phan biét va khong phu hop cho viée tai tao
day du dic trung giong nodi. Nghién ctru [12] dd ¢d gang thu hep khoang cach vé
chét luong gitta ngudi ndi ¢ trong tap huan luyén va ngudi ndi khong cé trong
tap huan luyén trong mé hinh Zero-shot TTS bang cach sir dung cac vector nhiing
nhiéu thong tin hon. Nghién ctru nay di dé xuit mot vector biéu dién dic trung
giong n6i 1a LDEs (Learnable Dictionary Encoding) dua trén mang no-ron dé ting
cudng do twong dong va do ty nhién cua giong va str dung x-vector nham ting

kha nang mo rong cho nhi€ém vu xac minh ngudi néi. Véi viée st dung cac phan
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vector nhung ctia nguoi néi duge cha y dé ma hoa phong cach néi tong quat hon
thay vi am thanh cua nguoi néi [102] cling nhu cadc phuong phap gidi ma khac
nhau trong khong gian 4m hoc chang han nhu ludng tong quat héa dic trung [76],
nhiing nd luc tiép theo di duoc thuc hién nhim thu hep khoang cach vé chét lugng
giita nhitng giong néi da xuat hién va chua xuét hién trong qua trinh huan luyén.
Ngoai ra, viéc thich nghi cac mé hinh Multi-TTS dé sao chép giong véi it giong
dich yéu cau su da dang (gém s nhiéu giong chat lwong cao va nhiéu thudc tinh
giong no6i) cta da nguoi nodi trong dit lidu huan luyén va rat quan trong dé dat duoc
su khai quat hoa cao trén tip ngudi ndi chua timg xudt hién [45]. Do d6, day van
1a cac thach thirc 16n va chua phai 1a mot nhiém vy duge giai quyét hoan toan.
Ngoai ra, trong mo hinh TTS thich nghi, cac mo6 hinh am hoc truéc day chu
yéu st dung t6n that don gian (vi du: L1 hodc L2) dé tai tao lai cac dic trung 4m
hoc. Tuy nhién, su t6i vu hoa nay dua trén cac gia dinh phan phdi khong chinh
xéc, dan dén dau ra bi md va 1am min qua mirc. Mot s6 phuong phap hién tai cd
ging giai quyét van dé nay bang mang dbi thi chung (GAN) [121], viéc huin
luyén mot mang GAN tuong ddi phuc tap va doi khi co thé that bai do bo phan
biét (Discriminator) khong 6n dinh. Nhitng van dé ndy can trd tinh tu nhién cta
giong noi tong hop. Cac nghién ctru gan day ciing chimg minh tinh hiéu qua cia
m6 hinh khuéch tan so v6i mo hinh GAN trong nhiéu tac vu [123].
PaLS = (. e, ¥0)i2, x] € X°.ef € ESyf € Y°} vi
U={(e"y")"x" € X¥el € ELy! €YY

biéu dién twong tng lan luot cac tap dir liéu xuét hién va khong xuét hién trong
qua trinh huin luyén, trong d6 x{,x}' € RP biéu dién cac dic trung an cta vin
ban véi D chiéu trong khong gian dic trung X c6 thé quan sat dugc bang cach sir
dung mot mo hinh huan luyén truéc; ef, e € RX biéu dién vector nhung dic
trung giong néi K chiéu trong khong gian &;

YS={yl,y3,..y2}va 4.1

Yo ={1ys .. ve} (4.2)
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biéu dién 4m thanh twong ng cta ngudi ndi da xuat hién va chua xuét hién trong
khong gian dic trung Y trong d6 C;, C,, 13 s6 nguoi ndi, Y = Y U Y biéu dién
hop cta hai tap nguoi néi da xuat hién va chua xuat hién va giao cia Y N Y% =
@. Muc tiéu huan luyén mé hinh: f: X - Y trong d6 ham muc tiéu:

y =argmax( f,(x) —y),c €YS. (4.3)
4.1.2. Mé hinh khuéch tin (Diffusion model)

Phuong phap tong hop tiéng nodi dya trén nhidu thém nhidu vao 4m thanh
géc, va mang duogc hoc dé du doan tin hiéu géc chua bi nhiéu. S6 luong nhiéu
khac nhau dugc thém vao trong qua trinh hun luyén, vi viy mé hinh duoc ky
vong s& hoc qua trinh loai bé nhidu véi bat ky lugng nhiéu nao. Trong qua trinh
suy luan, bat dau tir mot tin hiéu ban dau chira mot luong nhidu nhét dinh, mang
s& tinh chinh tin hiéu theo cac vong lip dé dat dugc chit luong cao.

Mo hinh thong ké khuéch tan khtr nhidu (DDPM - Denoising diffusion
probabilistic model, hay goi tat 1a diffusion model - mé hinh khuéch tan) di cho
thay hiéu qua cao trong nhiém vu sinh anh va sinh 4m thanh [62]. M6 hinh khuéch
tan 1a mot chudi Markov di duoc tham sb hoa va dugce huin luyén bang cach st
dung suy dién bién phan dé tao ra cac mau khép gidng véi dir liéu gbc sau mot
khoang thoi gian hiru han [62].

Mo hinh khuéch tan gdm hai qua trinh ngugc nhau nhu mé ta tai Hinh 34: 1)
Qua trinh khuéch tan xuéi (diffusion process) 1a mot chudi Markov véi cac tham
s6 ¢ dinh nhiam chuyén di dir liéu phtrc tap thanh phan phdi Gauss dang hudng
(isotropic) bang cach dan dan thém cac nhiéu Gauss vao anh sach x, timg budc
cho dén khi anh bi ph4 v& ciu tric thanh x;; 2) Qua trinh phuc hdi (reverse
process) hay con goi 1a qué trinh khuéch tan nguoc 1a mét chudi Markov duoc
trién khai bang mang no-ron dé hoc cach phuc héi x da bi pha v& cau trac vé dir
liéu gbc x, tir nhiu tring Gauss théng qua huan luyén lap di lap lai. Muc tiéu
huan luyén gdm c6 hai muc tiéu, mot 1a 13 téi thiéu hoa khoang cach giita nhidu
khuéch tan x; va giai ma qua trinh phuc hdi x;; va hai 13 t6i da héa lam sao dé

log x4c suat phuc hoi gitra x,16n nhat dya trén bo giai ma nhiéu x,.
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Trong sudt qua trinh khuéch tan xudi, xdc dinh phan b dit lidu xo~q(x,) va
bién an x, & budc t, nghiém cudi gan dung duge xac dinh trong chudi Markov va
duoc dinh nghia nhu sau [62]:

q(xirlxo) = Tli=q q(xelxe—1), (4.4)

qCxelxe—1) 2= N(xg; /1= Bexemq, Bel) v6i By € (0,1) (4.5)

trong d6 B, 1a tc d6 khuéch tan ¢ bude . Quy trinh nguoc lai, md hinh khuéch

tan nguoc nham phuc hodi x, tir x; bi phd huy. Pidu nay dugc huin luyén bang

cach udc tinh nhiéu trong qué trinh huén luyén, duogc dinh nghia nhu mot chudi
Markov dé hoc chuyén dbi Gauss bét dau tir p (x7) = N(xp; 0; I):

Po (xor) = () [Ti=1 Po (xe—11x¢), (4.6)

Po(Xe—1lxe) 1= N(x¢—1; o (x¢; ), Zg (245 1)) (4.7)

Mo hinh khuéch tan c6 tinh linh hoat cao va cho phép sir dung bat ky kién
tric nao c6 kich thudc dau vao va dau ra gibng nhau. Pay la dic trung quan trong
nham tmg dung mo hinh khuéch tan trong téng hop tiéng noi dé dat duoc giong

tong hop co chat lugng cao va gidng nguyén mau nhét co thé.

Qua trinh phuc hdi (Reverse process)

v

Po (Xe—1|xt)

Qua trinh khuéch tan xudi (Diffusion process)

Hinh 34: M ta truc quan tién trinh phuc hdi va tién trinh khuéch tan cia
md hinh khuéch tan (Diffusion model)
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4.2. Pé xuiat md hinh Adapt-TTS cai tién hi¢u ning cho tong hop thich nghi
tiéng Viét
Trong phan nay, luan 4n dé xuat mot mo hinh Adapt-TTS dé tong hop mot
giong ndi méi chua tirng xuét hién trong tap huan luyén voi chi mot cau ndi (Zero-
shot TTS). M6 hinh Adapt-TTS dé xut v6i hai thanh phan cai tién va nhitng dong
g6p chinh cua nhu:

1) Dé xuat kién tric Extracting Mel-vector (EMV) cho phép biéu dién dic trung
giong dé khai quat hoa t6t hon. Kién trac nay da to ra rat hiéu qua trong viéc
hoc cai ddc trung giong noéi tir mau rat nho giong dich [CT2].

2) Pé xuit md hinh khir nhidu khuéch tan phd Mel (Mel-spectrogram denoiser)
str dung tinh chat ctia qua trinh khuéch tan nguoc tich hop véi vector dic trung
EMV dé trich chon giong nham sinh giong m&i cho md hinh Zero-shot TTS.

3) Pé xuét ing dung nhin ban giong dé xuat thé hién tinh kha thi cia md hinh
mg dung trong thuc té.

4.2.1. M6 hinh tong quat

Tiéng néi X

Phé Mel T
=4 - ~ Bo khw nhiéu

Am vi khuéch tan phé Mel

stv

B6 giai ma

L

\ 4

A

Tiéng noi

Hinh 35: Kién tric tong thé Adapt-TTS
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Kién trac ciia Adapt-TTS bao gdm céc thanh phan chinh: Mo-dun EMV dé
trich xuét cac dic trung giong ndi va phong cach nodi thanh mot vector dic trung,
Bo ma héa am vi (Phoneme Encoder) dung dé bién d6i chudi 4m vi thanh cac
chudi 4m vi an, sau d6 Bo thich nghi phuong sai (Variance adaptor) s& thém cac
thong tin vé truong do, cao d6 va cuong do vao chudi 4n nay. Bo khir nhiéu khuéch
tan phd Mel (Mel-spectrogram denoiser) s& nhan cac thong tin an & cac budc trudc
d6 dé thuc hién giai ma ra thanh cac phd Mel véi chat luong cao dwa trén nhan
kién tric mo hinh khuéch tan. Cudi ciing, bo phat 4m s& chuyén doi cac phd Mel
ndy thanh tin hiéu tiéng néi. Kién trac tong thé duoc mé ta trong Hinh 35. Chirc
ning va kién trac chi tiét cua cac mo-dun cai tién dé xuét s& trinh bay dudi day.
4.2.2. Ma héa dac trung vei EMV

Chuong 4 dé xuat mot mo-dun twong dong véi Chuong 3 goi 1a EMV c6 thé
trich xuat mot vecto cb dinh tir biéu d6 phdé Mel ciia ngudi ndi c6 kich thude 128
chiéu, dé biéu cic dic trung cta ngudi néi (nhu dic trung giong néi va phong
cach n6i). EMV 1a sé& lay tiéng noi tham chiéu X 1am dau vao, muc dich cua khéi
nay 1 trich xuat mot vector nhung stv c6 chira phong cach va dic trung cia nguoi
noi X.

stv = EMV(Mel _X),stv € RN (4.8)

Cu thé hon, trong md-dun nay, sir dung ba thanh phan (mé héa dic trung,
giai ma ddc trung va nhung dic trung). Trong khi ma héa dic trung (Encoder
Feature), ddu vao cua khdi nay 1a phd Mel (Mel), sau d6 nd s& chuyén qua hai
16p FC va cac ham kich hoat Mish. Muc dich ctia khdi B ma hoa dic trung 1a
chuyén d6i dic trung dau vao thanh dic trung ctia bd ma hoa. Tiép theo, vector
nay s& duoc dua qua khéi Giai ma dic trung (Decoder feature). Bing cach st
dung Conv1D va ReLu, md-dun nay s& chuyén ddi dic trung ctia bo ma hoa thanh
dic trung bo giai ma. Ngoai ra, tich hop két ndi tat s& str dung cac dic trung co
gia tri ciia cac khdi trude 6. Cudi cing, bo giai mi dic trung s& chuyén sang mo-

dun nhung dic trung (Embedding feature), mo-dun nay c6 moé-dun tu cha y va
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16p affine. M6-dun nay sé tao ra mot vecto dai dién cho phé Mel stv va vecto nay
s& thém vao md hinh chuyén vin ban thanh giong ndi. Vecto dai dién s& diéu
khién dau ra cia mé hinh TTS va tao ra giong néi téng hop tuong tu nhu vecto

dau vao. Chi tiét kién tric cia EMV dugc trinh bay trong Hinh 36.

NS Phé Mel
Tiéng no1
B 1
1
/ FC+Mish
1
B0 phat &m Encoder | i 8 4
Feature,
FC+Mish
II
SL
II
Bo gidima <« For
1
II
1
1
| : 5
. II 8
B¢ thich nghi Decoder %
phuong sai Feature g
II 1
1 ,, :
/ =
II :D
1 )
A st ! L x 4
BQAma hoa < StV
am vi ; _
- T Embedding
Am vi *~._Feature | x1

Phd Mel T Extracting Mel-Vector

(stv)

Tiéng noi X
Hinh 36: Ciu tric chi tiét cia md-dun EMV
4.2.3. Bj khir nhiéu khuéch tin phé Mel (Mel-spectrogram denoiser)

B0 giai mi nhan du vao tir chudi 4m vi 4n thong qua Bo thich nghi phuong
sai dé thém céc thong tin cua giong ndi vé nhu truong do, cao do, cuong do, sau
d6 két hop véi vector biéu dién dic trung ngudi EMV nham cung cép day du cac
tham sb 4n nham tai tao cac dic trung cia giong néi. Trong bo giai ma, khdi khir

nhi€u khuéch tan phd Mel s€ nhan dau vao la chuoi x; , bién c 1a dau ra cua bo
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thich nghi phuong sai va budc thoi gian t dé thuc hién khitr nhidu va tong hop 4m
thanh chat luong cao dya trén trén mé hinh khuéch tan. Qua trinh suy dién cua
mo hinh khuéch tan cho Multi-TTS 14 t6i wvu héa ham muc tiéu fy(x,|t,c) dé
chuyén d6i cac phan phdi nhidu thanh mot phan phdi phd Mel twong g v6i thong
tin phuong sai cho truéc, mé hinh nay gdm hai tién trinh chinh (Hinh 37):

B0 khtr nhidu khuéch tan phd Mel

Pho Mel gprET oo
N ¢
AL Mel+Nhiéu
J @il E
B6 ma hoa A Phép chiéu |
am vi 5 dau vao g |
v / : B
" B6 thich nghi l i : =8
phwong sai : Embedding ;
t e x, / khuéch tan
vy v ;
x|
) e T
ik » B0 giai ma o
Bo qua :
phép chiéu X,
v v
Phép chiéu l
A X, !
" \ : déu ra to |
‘}J | i v N2 E
Tiéng noéi Nhi&u
.\ Qud trinh phuc hdi: fo(xto '
% ChoT taitimg bue theo thoi gian:
X Mel dau ra = Mel — Nhiéu

Hinh 37: Kién tric chi tiét ctia khdi khu’ nhiéu khuéch tan

Qua trinh khuéch tan xuéi (Diffusion process) [62]:

Y nghia ctia qua trinh nay dan dan pha v& cdu trac cia phan bd dir liéu mot
céch hé thdng. Pau tién, anh phd Mel dan dan bj 1am nhiu (corrupted) v6i nhiéu
Gauss va bién doi thanh céc bién an. Qua trinh nay duoc goi la qua trinh khuéch
tan xuoi.
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Dit x;....x7 1a chudi cac bién co cung chiéu, trong d6 = 0,1,..., T 1a chi s6
cho budc thoi gian khuéch tan. Khi d6, qua trinh khuéch tan xudi bién d6i phd
Mel x, thanh mot nhiéu Guass x; thong qua mot chudi Markov. Mdi mot bude
chuyén trang thai dwoc dinh nghia trude véi bién 1ap lich fy,85, Ba, ..., Br. Cu thé
hon, mdi phép bién ddi thuc hién phi hop véi xac sudt chuyén trang thai Markov
q(x¢|x,_q, ¢) duoc gia dinh doc 1ap vai bién ¢ va nd duoc dinh nghia nhu sau:

q(xelxe-1,€) = Npy /1= Bex_1, Bel) (4.9)

Toan bo khuéch tan xudi q(xq.7|xe, ¢) 12 qua trinh Markov va ¢6 thé duoc

phén tich nhu sau:
q(xq..., %1%, €) = [1f=1 q(x¢lXe—1) (4.10)

Qua trinh phuc hdi (Reverse process) [62]: Hoc cach khoi phuc phan b
dit liéu, 13 quy trinh tao pho Mel tir nhiéu Gauss. Qua trinh khéi phuc can xac dinh
phan phbi ¢ diéu kién pg (xo.r|x7, €), va xac sudt cla trang thai x,..., xXp_q 6
thé duoc thira s6 hoa dua trén tinh chat chudi Markov:

Po(Xo. .-, X7_1|x7,¢) = [T{=1 Po (Xe-1lxs ©) (4.11)

Théng qua céc bién d6i nguoc pg (x;_1|x;, ¢), cic bién an dan dan duoc khoi
phuc thanh pho Mel tuong mg voi bude thoi gian khuéch tan va diéu kién van
ban c. Noi cach khéc, phan phdi pg (x,]c) thu dugc tir quy trinh nguoc lai.

Dit q(x,|c) 1a phan b phd Mel. Bé md hinh xap xi tot v6i q(x,|c), qua
trinh phuc hoi lai nhim muc dich téi da hoa log-likelihood cua phé Mel:
Elogq(x,i0)[l0gDe (Xo]C€)]. Vi pg(xolc) 1a xac suit ctia mo hinh ban dau, nén st
dung thi thuat tham sd hoa duoc trinh bay trong [62] dé tinh can dudi bién thién
cua log-likelihood ¢ dang dong.

Pit a =1 — B, va @, = [[_; @, Muc tiéu huan luyén ciia b khir nhiéu

khuéch tan phd Mel nhu sau:

minLg = xoet[”e €o(/ Arxgy + (Yte,t,c)”l] (4.12)
trong d6 ¢ duoc 1y théng nhat tir toan bd budc thoi gian khuéch tan, € 1a tham s6

nhidu & bude thir (t — 1) va €, mau khuéch tan ¢ budc thir t.
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B6 khtr nhiéu khuéch tan phoé Mel khong can bat ky ham méat mat phu nao
ngoai trir ham ham mat méat L1 gitra dau ra cia mo hinh €4 (+) va nhiéu Gauss € ~
N(O, D).

Trong qua trinh khuéch tan nguoc phuc hdi mot phd Mel tir mot bién an bang
cach 1ap lai tir du doan mdi budc bién ddi thudn voi eg (x;, t, ¢) va loai bo phan bi
nhiéu nhu sau:

t—1 \/a_t t f_l—ﬁt

trong d6 z ~ N(0,I) vao; =1 /1;&;_1 P¢. Thuat ngit ky han thot gian 7 1a hé
—Ut

€g(xs, t,¢)) + 0,2 (4.13)

s6 ty 1& ctia phuong sai. Luu ¥ rang budc thoi gian khuéceh tan ¢ ciing duoc st
dung lam dau vao cho B9 khir nhidu khuéch tan phd Mel, cho phép chia sé tham
s6 cho tat ca cac budc thoi gian khuéch tan. Két qua 13, phan bb pho Mel cudi
cung p(x,|c) thu duoc thong qua ldy mau ldp trén tit ca cac bude thoi gian dat
trudce.
4.2.4. Sinh am thanh cé diéu ki¢n
V&i nhiém vu sinh 4m thanh c6 diéu kién dya trén nhiéu thong tin dau vao,
coi y 1a cac nhan thong tin diéu kién bo sung thi chuyén moi cong thirc khuéch
tan trén véi diéu kién y nhu sau:
Po (Xe—1lxe) = po(xe_1lxt, y) (4.14)
€g(xe, t) > €9 (X1, 8, Y) (4.15)
trong d6 y 1a cac diéu kién nhu bién c 1a dau ra cua bo thich nghi phwong sai,
vector dic trung giong néi stv sinh boi EMV, thi biéu dién cac cong thirc trén
nhu sau:
Po (xe—11x¢) = pg(x¢—1lx¢, ¢, StV) (4.16)
€g(xs,t) = €g9(x4, t, C, SLV) 4.17)
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4.2.5. Ham mat mdt hudn luyén

Ham mat mat Ly Thay vi sit dung dit liéu sach x, ban dau trong qua trinh
huan luyén Adapt-TTS thi ta nhan duoc gia tri muc tiéu X véi phuong sai
giam dan bang cach chay hai budc 14y mau mé hinh khtr nhiu phd Mel cua

b6 huan luyén:

Lo =% — x9(J@xo + /1 — @;€)|l1, € ~ N(O,I) (4.18)
Ham mat mat chi s6 twong tu vé cau tric (SSIM): Gia tri cia SSIM nam trong
khoang tir 0 va 1, trong d6 1 biéu dién chat luong cam nhan hoan hao so véi
giong noi gbc, luan an ap dung ham mat mat chi sb twong tu ciu tric trong

huan luyén mé hinh TTS nhu sau:

Lssiy = 1 — SSIM(xg(\/@rxo + /1 — @€), %o ) (4.19)

Ham mAat mat phuong sai: Dé ting cudng tinh ty nhién va tinh biéu cam cua

giong ndi tong hop can cung cip thém thong tin phuong sai vé 4m thanh bao

gdm trudng do, cao do va cudng d6. Him mat mat phuong sai ciing duoc
thém vao dé huan luyén bo tao Am hoc nhu sau:

Lauration = |1d — a”%rl’pich =|lp — ﬁ”%rl’energy = |le - é”%: (4.20)

trong d6 st dung d,p va e dé biéu thi truong do, cao do va cuong do cua

mau 4m thanh muc tiéu va st dung d, p va € dé biéu thi twong ng cac gia

tri mau Am thanh dy doan. TAt ca cac trong s6 mat mat duoc dat b::ing 0,1.

*Tém tit qua trinh huin luyén va suy dién:

Qua trinh huan luyén: Bén canh ham loss tai tao mau dugc md ta & trén,

dé danh gia chat luong cua dau ra du doan vé cao do, cudong do va truong do, cac

gia tri loss cua thong tin bién thé duoc tinh toan bang cach sir dung chi s6 18i binh

phuong trung binh (MSE) giita v6éi 4m thanh gdc va 4m thanh nhan tao. Ngoai ra,

dé danh gia mirc d6 giéng nhau ctua phd Mel du doan v6i 4m thanh thuc té, mirc

suy hao duoc tinh toan bang cach st dung sai s6 tuyét d6i trung binh (MAE) va

thude do chi sé twong tu cdu trac (SSIM), cung cap thude do do trung thuc cia

107



am thanh. Gi4 tri loss cudi cung trong qué trinh huan luyén bo khtr nhidu phd Mel
bao gdm cac phan sau day:
Linai = LotLssim + Lauration + Lpich + Lenergy (4.21)

3. Gia tri ham mét mat Lg: Sai s6 binh phuong trung binh MSE giita mau pho
mel du doan va muc tiéu;

4. Gia tri hAm mat mat chi s6 twong dong cau tric Lgg;p (SSIM): Mot trir di chi
s6 SSIM gitra mau phé Mel du doan va muc tiéu;

5. Gia tri ham mat mat phuong sai Lgyrations Lyich»> Lenergy: Sai s6 binh
phuong trung binh gifta trudong dd cac am vi, cao d) va cuong do cua mau
du doan va muc tiéu.

Qua trinh suy dién: Trong qua trinh suy dién, 14y phd Mel dau vao x, khong
bi nhiéu va sau d6 thém nhiéu bang cach str dung phan phdi hau nghiém, tir d6 tao
ra cac mat phang phé Mel véi cac budc ting dan. Cy thé, mo hinh khtr nhidu
fo(xs, t, ©) trudc tién du doan x;, sau d6 x,_; duoc ldy mau bang cach sir dung
phan phéi hau nghiém q(x,_ |x;, x,) duoc cho boi x,va du doan x,_,. Cudi cung,
anh phd Mel duoc tao ra tir x, duoc chuyén d6i thanh dang song bang cach sir
dung mot bd phat am dugc huén luyén trudc.

4.3. Thir nghiém danh gia va két qua
4.3.1. Thir nghiém danh gia

B6 dir liéu: Dé danh gia mo hinh, mot bo dit lidu da nguoi néi tiéng Viét c¢o
nhan da dugc st dung. Bo dir 1i€u bao gém 54 ngudi noi, voi 26 giong nam va 28
giong nir. B dir liéu cling bao gdm ca phuong ngir Bic va Nam, véi mdi nguoi
néi ghi lai khoang 500 cau néi. Dé danh gia chat lvgng 4m thanh tong hop tao tir
cic mé hinh dé xuét, 05 bd dit liéu da duge chuan bi, trong do, 04 b duoc téng
hop tir cac 4m thanh tham chiéu véi khoang thoi gian twong Gmg 1a 1 gidy, 3 gidy,
5 gidy va mot bo 1a cac am thanh gde dé ddi sanh.

Cach danh gia két qua: Luan 4n sé str dung hai mé hinh dé tong hop: mot
13 mo hinh co so (Baseline) dé xuat bai Yi Ren [30] (d3 str dung k¥ thuét thich
nghi bang phan phdi dit liéu [CT1]) va hai 14 mo hinh Adapt-TTS. Luan 4n sir

dung 30 ngudi nghe la cac can bo, gido vién va sinh vién dang hoc tap, lam vi¢c
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tai cac truong Pai hoc tai Viét Nam dé nghe va chdm diém cac Am thanh duoc
cung cip thong qua mot ing dung danh gia nén web. Luan an danh gia hé thong
tong hop bang cach phdi hop danh gia ca theo phuwong phap danh gia khach quan
(Subjective st dung cac chi sé dinh luong nhu WER) va danh gia cha quan
(Objective st dung cac chi s6 dinh tinh nhu MOS/SIM).

Thir nghiém 1: Panh gia chat lwong tong hop tiéng néi: Str dung thang
do MOS (Mean Opinion Score) dé danh gia chat lugng tong hop. Dé dam bao
khach quan, cac 4m thanh gdc duoc dua vao tron 1an cuing dé xac dinh thang diém
t6i da d6i v6i giong nguoi ndi. Str dung chi s6 WER nham do ludng ty 1é phan
tram cac tur bi nhan di¢n sai trong van ban nhan dang tir am thanh téng hop so véi
van ban nhan dang tir 4m thanh géc.

Thir nghiém 2: Panh gia do twong dong giira giong tong hop va giong
ngwoi néi: Str dung chi s6 SIM (similarity) dé do su twong dong gitta Am thanh
téng hop va am thanh gbc cua nguodi ndi muc tiéu. Sir dung 30 nguoi nghe, mdi
ngudi nghe 140 cip cdu Am thanh dé danh gia, cic cu nay dugc t6 hop tir cac mo
hinh co so va dé xuat, va két hop danh gia ca bd 4m thanh gdc, mdi md hinh s&
tao ra 20 cau. Tur chi s6 d6 danh gia duoc hiéu qua cia mo hinh thich nghi.

4.3.2. Két qua
a) Chdt lwong tong hop

Bing 15: Két qua danh gia chat lwong tong hop MOS/WER ciia cic md
hinh co sé va md hinh dé xuit véi cic giong chwa cé trong tap huin
luyén véi do tin tuwémg 95%

Truwong do/ M6 hinh co sé M6 hinh Adapt-TTS
M6 hinh | MOS (1) | WER() MOS(1) WER(])
Am thanh goc
(Groundtruth) 4.53 1.35 4.53 1.35
1 giay 2.05 8.78 2,89 3.38
3 gidy 2.16 7.77 3.29 3.14
5 giay 2.18 6.76 3.31 3.04

Bang 15 chi ra ring véi chi 3 gidy 4m thanh thich nghi cua ngudi néi méi,
du khong can huan luyén lai thi mé hinh Adapt-TTS di tong hop dugc am thanh
dat diém s6 MOS 14 3.29 so voi 4.53 diém cua giong nguoi noi. Piém sd nay cao

hon diém sb ctia mo hinh co so 14 2.16. Piém s WER ciing cho thay chi véi 1
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gidy mau 4m ciia mot giong ndi (reference-speaker) md hinh dé xuét da c6 thé
tong hop dugc Am thanh dat WER 3.38.
b) Bé twong dong
Bang 16: Két qua danh gia do twong dong SIM ciia cac md hinh co béan
va mo hinh dé xuat véi d¢ tin twéng 95%

ATy \ ~ | M6 hinh co s¢ | M6 hinh Adapt-TTS
M6 hinh/Trwong do SIM SIM
Am thanh gbc
(Groundtruth) 3.90 3.90
1 giay 1.16 1.71
3 giay 1.24 2.22
5 giay 1.31 2.6

Bang 16 chi ra rang chi v6i 3 gidy am thanh thich nghi ctia ngudi néi mai thi
mo hinh Adapt-TTS d3 dat d6 twong ddng véi chi sé SIM 1a 2.22/3.90 cua giong
ngudi ndi. Trong khi md hinh co s chi dat chi s6 SIM 1.24/3.9.

SIM m6é hinh co s& (3 gidy)
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11512513S14S515516517518519520521522523524525526527528529S30

® Chéc chan khac nhau ® C6 thé khac nhau ™ C6 thé gidng nhau ™ Chéc chin giéng nhau

SIM mo hinh Adapt-TTS (3 giay)
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40%
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S513514515516517518519520521522523524525526527528529S30

® Chic chin khac nhau ™ C6 thé khac nhau ® C6 thé gidng nhau ® Chéc chin gidng nhau

Hinh 38: So sanh sy twong dong ciia ciia md hinh co sé (trén) va mé hinh
Adapt-TTS dé xuit (dwéi) trén tit ca cc cip ciu danh gia
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Tién hanh phén tich danh gia SIM theo phwong phap [65], tong hop diém tuong
ddng cua ngudi nghe cho toan bd cac cip cau duoc danh gia (gitra giong tong hop
va am thanh gdc) thé hién trong Hinh 38, trong d6 ky hiéu S1, S2, .. biéu dién thir
tur ciia nguoi danh gia. Biéu dién cho cho thiy d tu tin vé kha ning “chic chin
gidng” va “c6 thé giébng nhau® ctia hai md hinh Adapt-TTS dé xuit va md hinh co
so 13 rt 10 rang.

Bang 17: Bang phan tich ANOVA vé diém danh gia twong dong giira mo
hinh co s& va mé hinh dé xuat Adapt-TTS véi 3 gidy Am thanh miu

R Binh o
Tong ; Gid tri
A A . Bac tw | phuong ) o ..
Mo Nguon binh thong | Giatri | Ftoi
. . do trung )
hinh phwong sai | phuwong . ke P han
(df) binh
(89 (F)
(MS)
Gitlra cac nhom 9.415 29 | 0.325| 1.675|0.015712 | 1.487

Co s¢ | Trong cac
110.450 570 | 0.194

nhom
Gilra cac nhom | 36.415 29 1.256 | 2.099 | 0.000774 | 1.487
Adapt- .
Trong cac
TTS . 340.850 570 | 0.598
nhom

Phan tich ANOVA mot chiéu (phu thuéc mot bién duy nhat 1a mé hinh TTS)
trong danh gia d6 twong déng SIM giita cic md hinh cho két qua & Bang 17. Céac
gia thuyét cho phan tich ANOVA ban dau nhu sau :

o Gia thuyét khong(Ho): Tét ca cac phuong phap c6 chét luong tuong dong

bang nhau (khong c6 su khac biét).

o Gia thuyét thay thé(Hi): C6 sy khac biét it nhat mot cap phuong phép.

Qua két qua phan tich ta thdy mo hinh co s& c6 (F=1.675> F t6i han, p<0.05)
va md hinh Adapt-TTS dé xuét c6 (F=2.099>F t4i han, p < 0.05) cho thiy cac két
qua thuc nghiém co sy khac biét va co y nghia thng ké.

Ngoai ra dua vao so sanh anh phd 4m thanh véi 3 gidy miu thich nghi, ¢ thé
thiy: Anh phé Mel (khoanh ving chir nhat) giita 4m thanh duoc tao bai Adapt-

TTS va am thanh gdc c6 do twong déng cao hon han so v4i am thanh duogc tao

111



boi mo hinh co s¢ (Hinh 39). Ngoai ra am thanh tao bdi mo hinh co s¢ ¢6 van mo

hon va mang nhiéu nhicu.

Hinh 39: Anh ph6 Mel cita 3 Am thanh: a) 4m thanh géc b) Am thanh tao
béi Adapt-TTS va c¢) Am thanh tao béi md hinh co sé véi 3 gidy mau thich
nghi

Dé hiéu sau hon vé hiéu qua cua md hinh Adapt-TTS, minh hoa cac vecto
EMV théng qua phuong phap truc quan hoa bang cach tinh toan ma tran khoang
cach gitta cac diém dit liéu ctia Am thanh tong hop va am thanh gbc. Hinh 40 trinh
bay phép chiéu t-SNE miu am thanh nhitng ngudi néi khong nhin thay trong bo
dir liéu da ngudi ndi cia tiéng Viét va am thanh tong hop twong tmg, cu thé, chon
ra 10 nguoi n6i (5 nam va 5 nir). Adapt-TTS cho thiy sy phan tach cac vecto dai
dién nguoi néi 16 rang va gan véi am thanh gbc hon khi so sanh véi mé hinh co
s& (Hinh 40b). Biéu d6 t-SNE ctia mé hinh Adapt-TTS (Hinh 40a) cho thiy am
thanh tong hop va 4m thanh gdc ctia ciing mot ngudi ndi co cum lai gan nhau. Pic

trung gidi tinh cling dugc phan cum rd rang & hai vung khac nhau.
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Hinh 40: M6 hinh héa phan b6 khong gian t-SNE ciia a) M6 hinh Adapt-
TTS va b) M hinh co sé giira giong tong hop va giong ngudi néi cia 10
nguoi

Nhu vay, trong mé hinh Adapt-TTS dé xuat, ban dau khong cung cap bat ky
thong tin nao vé danh tinh ctia ngudi néi cho mé dun mi hoa, phan phéi do bo ma
hoa du doan budc phai ddc 1ap voi danh tinh cia nguoi néi. Do do, Adapt-TTS co
thé chuyén ddi giong noi chi bang cach sir dung mé hinh ma héa. B6 mé hoa dic
trung giong ndi vdi1 EMV va cho phép thich nghi cac dac trung giong noi (truong
d6, cao do, cuong do) bang Variance Adapter. Cac phd Mel duge du doan chinh
x4c hon nhd bd giai ma voi thanh phan Bo khtr nhidu khuéch tan phd Mel theo

mo hinh khuéch tan tao 4m thanh chét lwong cao va it nhidu. Tir d6 cho phép mo
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hinh dé xuat Adapt-TTS tao tiéng noi giéng voi giong noéi clia nhitng ngudi noi
khong duogc hudn luyén bang cach thuc hién chuyén doi giong noéi Zero-shot TTS.

Kha niang hoc nhanh giong nay cho phép tng dung rong rai trong thuc té, vi
nhu hoc giong mai tic thi cua cha me dé trao tiép v6i tré nho trén céc loa thong
minh, thiét bi di dong; hodc xay dung cac tng dung doc bao cdo tu dong bang
giong noi gidng nguoi trinh bay thong qua hoc nhanh mot sé mau giong nho; va
tiém nang c6 thé ap dung duge cho nhiéu nhu ciu khac trong cudc sdng. ..
4.4. Két ludn Chuong 4

Chuong 4 da dé xuat mét kién trac Adapt-TTS cho phép tong hop mét giong
mdi bang phwong phdp thich nghi giong néi bang Zero-shot TTS véi chi mét cdu
néi duy nhdt ciia mau ém thanh ciia nguoi néi méi ma khéng cdan hudn luyén lai
mé hinh. Cac d& xuat sir dung EMV két hop v6i mo hinh khir nhiu khuéch tan
phd Mel cho phép tong hop giong nédi nhan ban voi chat lwgng chap nhan duoc.
Thuc nghiém chimg minh rang chi cAn mot mau 1-3 gidy tiéng noi cua giong nodi
mau da co thé tong hop duoc giong noéi co chat lwgng MOS dat 3.3/4.5 va do
twong dong SIM dat 2.2/3.9 [CT1]. Chét luong Am thanh tao tir moé hinh thich
nghi Zero-shot TTS tuy khong thé dat duoc chat lugng hoac thay thé cho cac mo
hinh t6ng hop thich nghi c6 huan luyén lai mé hinh nhu Few-shot TTS nhung bu
lai mo hinh dé xuit cho phép hoc nhanh giong méi ma khong can phai huan luyén
lai va chat lwong am thanh tong hop van dam bao & mirc chap nhan dugc va dat
duoc d6 twong dong tbt so voi giong dich. M6 hinh Adapt-TTS dé xudt da cho
phép tong hop giong néi méi dwa trén duy nhat mot mdau cau thich nghi va khéng
phdi hudn luyén lai mé hinh, cho phép mé rong g dung ciia mé hinh tong hop
va kha nang dp dung da dang trong cuéc song [CT7]. O phan Phu lyc, luan an s&
trinh bay x4y dung mot tng dung thich nghi dya trén cac k¥ thut da dé xuét trong
ca ba chuong dé ching minh tinh kha thi ctia cic mé hinh dé xuit va cung cap

minh ching ¢6 lién quan.
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KET LUAN

Chuong 1 da trinh bay cac khao sat va phan tich chi tiét vé cac nghién ciru
hién nay ciing nhu kién thirc c6 lién quan vé tong hop va thich nghi giong noi.
Chuong 2 trinh bay két qua xay dung bo CSDL bang cac phwong phéap hiéu qua
v6i chi phi thap lam nén tang xay dung cac mo hinh tong hop va thich nghi &
cac Chuong tiép theo. Cac Chuong 3, 4 dé da trinh bay cac dé xuat va thir nghiém
quan trong nhat ctia Ludn 4n ‘Nghién ciru phdt trién hé thong thich nghi giong
néi trong tong hop tiéng Viét va g dung’ véi cac dong gop chinh. Noi dung
Chuong 3, 4 d4 trinh bay ba phuong phap tong hop tiéng néi dam bao chat luong
cho ngdn ngit nghéo tai nguyén nhu tiéng Viét trong khi chi ¢6 vai phut mau
thich nghi d6 1a cac k¥ thuat thich nghi dua trén DNN cho m6 hinh phu thudc
nguoi nodi (Few-shot TTS) va ddc 1ap nguoi noi (Zero-shot TTS). Céc k¥ thuét
dé xuat chi tiét cua cac Chuong ndy ciling di tra 101 cho cac cau hoi nghién ctru
vé sb luong mau téi thiéu dung dé thich nghi (duoc huan luyén ciing hé théng va
khong huan luyén cing hé théng) kém theo cac thir nghiém va danh gia cu thé:

1) Bé xuat mo hinh Multi-pass fine-tune dé tong hop thich nghi Few-shot
TTS cho tiéng Viét chat lugng cao bang k¥ thuat hoc chuyén doi. M6 hinh phu
thudc nguoi ndi duge dé xuat c6 kha niang nhan ban mot giong méi ¢6 qua huan
luyén nham giai quyét van dé can it dir liéu cta giong ndi nhan ban so v4i phuong
phap truyén thong. Chi véi mau ciu néi 4 phiit cho phép hé thdng tong hop dugc
tiéng noi c6 d6 tuong ddng cao (voi diém sé SIM dat 2.87/3.99) va chi can 16
phiit dit liéu thich nghi cho phép hé thong tong hop dugc tiéng noi véi chat luong
cao v6i diém MOS dat 3.78/4.69 so v6i 2.68/3.99 ctia mo hinh tinh chinh truyén
théng [CT3];

2) Pé xuit kién trac vector EMV (Extracting-Mel vector) c6 kha ning trich
xuit dic trung va biéu dién nguoi néi hiéu qua va mé hinh thich nghi Few-shot
TTS cho tiéng Viét gitp ting cuong chat luong thich nghi. M6 hinh phu thudc
ngudi ndi duoc dé xuat c6 kha nang nhan ban mot giong mdi can it dir liéu hon
cac k¥ thuat tinh chinh. Chi véi 1 phut dit liéu thich nghi, mau Multi-TTS trén c6
kha nang thich nghi da cho chét luong MOS dat 3.8/4.6 va dat diém tuong dong
SIM dat 2.6/4[CT2]; Ngoai ra kién triic Variance adapter ¢é kha niing diéu chinh
giong (diéu khién cac dic trung tiéng noi nhu trudng do, cao dd va cuong do).

3) Pé xuat md hinh Adapt-TTS dé giai quyét bai toan nhan ban giong ndi
khong can huan luyén lai (Zero-shot TTS). M6 hinh doc 1ap ngudi nédi dugce dé
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Xudt giai quyét bai todn nhan ban mot giong mai vai rat it dir liéu va khong phai
huan luyén lai va c6 kha ning ap dung trong thuc té. M6 hinh dé xuét c6 kha ning
nhan ban v&i chi mot cdu mau duy nhét (1-3 gidy) thong qua vector biéu dién dic
trung EMV va kién trac khtr nhiu khuéch tan phd Mel (Mel-spectrogram
denoiser) ma khong can huan luyén lai mé hinh, cho chat lugng tong hop MOS
dat 3.3/4.5 va 46 tuong dong SIM dat 2.2/3.9 [CT1];

4) Xay dung bd CSDL tiéng néi dam bao chit lhrgng va chi phi thip cho
nhiém vu tong hop va thich nghi [CT6] [CT3]; K§ thuat bd sung thong tin nhin
nham ting cuong do tw nhién cho cac hé thong tong hop tiéng noi tiéng Viét thong
qua (chén ddu cau, chén diém dung 13y hoi va phién am tir muon) [CT5][CT4].
Két qua ctia phan nay chinh 1a b CSDL quan trong cho tong hop va thich nghi
str dung xuyén suét cho cac Chuong 3 va 4 cta ludn 4n.

5) Xay dyng duoc irng dung nhan ban giong sir dung dwoc trén céc thiét
da nén tang nham bat chudc va tong hop giong noi bat ky dé chimg minh tinh
kha thi va hiéu ning ctia cac md hinh dé xuat kém cac minh ching [CT7]. Véi
mdi mé hinh thich nghi dé xuét s& c¢6 uu nhuoc diém riéng va tir d6 tinh tng dung
thuc tién khac nhau: M6 hinh Few-shot TTS sé cho chat lwong tong hop tot voi
chi mot lwong nhé vai phit dén vai chuc phit div liéu thich nghi cho phép nhén
ban giong hodc tao cdc giong néi giong doc quyén phuc vu phdt thanh, doc bdo
cdo tw dong; Mo hinh thich nghi Zero-shot TTS voi chi mot cau dir liéu va khong
phdi hudn luyén phit hop véi hoc giong tire thi ciia ngueoi ding, vng dung cho loa
thong minh.

Huwéng phat trién

1) Nghién ctru giai phap ting cudng chat lugng thich nghi v6i cac mau giong
c6 cam xuc hoac giong mau it dir liu.

2) Thyc nghiém cac mé hinh dé xuét trong nghién ctru nay voi cac bo dir licu
tiéng Anh, tiéng Trung, ... 43 cong bd dé c6 nhitng d6i sanh vé tinh hiéu qua cta
mo hinh.

3) Ap dung mé hinh dé xuét cho cac k¥ thuat thich nghi da ngon ngir (multi-
lingual adaptation)

4) Tiép tuc cai tién mo hinh Adapt-TTS va cac thuit toan nén cho mé hinh
huan luyén/ tong hop tuwong tng dé giam duogc chi phi tinh toan va co thé chay

trén céc thiét bi c6 tai nguyén nho.
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PHU LUC

i) Xdy dung g dung nhin ban giong tiéng Viét

Trong phan phu luc, s& trinh bay cac dic ta xay dung mot ing dung thich
nghi dya trén cac k¥ thuat da dé& xuét trong ca ba chuwong: Tinh ning tong hop
tiéng tiéng Viét néi don ngudi ndi c6 cam xuc nhd cac ky thuat phan doan ngir
diéu nhu da trinh bay & Chuong 2. Tinh ning tong hop nhéan ban cac giong bang
cach huén luyén v6i mau dit 1iéu nho tir 1- 4 phat nhu di trinh bay & Chuong 3;
Tinh niang tong hop nhan ban giong véi mau dir liéu siéu nho 1-3 gidy ma ma
khong can huén luyén lai nhu di trinh bay & Chuong 4. Luan an sé thir nghiém
xdy dyng mot mo hinh phan cimg chuyén dung véi cac tai nguyén phan cimg
dugc thiét ké dap tmg duoc viée cai dat ing dung thich nghi tiéng noi chuyén biét.

Pau tién nguoi dung mudn gia giong can cung cap mot lrong nhé miu tiéng
n6i ¢ mo hinh huin luyén thong qua doc mot vai cau vin ban trén man hinh Gmg
dung (theo hudéng dan ctia phan mém). Sau d6, miu giong & dang song tiéng néi
duoc chuyén d6i tir dang tuong tu sang sb s& dugc 14y mau, loc nhidu va chuyén
sang module trich chon dic trung theo mau giong dich hoic giong huin luyén sau
d6 méi chuyén sang module thich nghi. Sau khi d3 huan luyén duogc nguoi noi
moi, ngudi ding co thé tuong tic tao ra cac giong thich nghi bang cach nhép cac
dir liéu van ban dé dua vao module xir Iy ngdn ngit ty nhién, sau d6 két hop vai
module thich nghi dé tao ra giong ndi tong hop phat ra loa ngoai (¢ dang tin hiéu
tuong tw) c6 cac dic trung giéng giong néi dich.

* Thiét ké phan cirng

‘ \ INTERNET and ‘
May tinh

Server Adapt-TTS nhiing+Loa/mic

Thiét bi di dong

Hinh 41: So 0 khdi hé thong két ndi tong thé
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Song tiéng noi
. —_— ADC — . -
(Tuong ) Module thu nhan liy miu (s5] Module trich chon dic
Tiéng néi trung
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o trung giong dich tneng giong huan
luyén
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Memor Text Mg
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[Ban phim ciing/ mem Modale tién zir nghi tiéng néi
Iy va phan tich
van ban
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Song tiéng noi DAC Modu_lﬂ'e tﬁng_hq‘p
3 Module phat tengnot
(Tuong tr) tiéng noi

7

cam tay nho gon.

40-Pin General-Purpose
Input/Output Header
2.4/5GHz Wi-Fi
Bluetooth 5.0

Micro SD Card Slot

2-Lane MIPI DSI
Display Port

USB-C Power
Port 5V/3A

2 x Micro HDMI
Ports (Up to 4K60P)

Hinh 43: Cic cong giao tiép trén Raspberry Pi 4 Model B

Broadcom
BCM2711 CPU i 8GB RAM
ST y
auolaiolne

nhing

L)

PoE HAT Header

4-Pole Stereo Audio
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2-Lane MIPI CSI
Camera Port

Hinh 42: So' @6 khdi hé thong thich nghi giong néi xiy dwng trén hé thong

Phan ctmg duoc st dung 13 may tinh nhiing Raspberry pi 4 Model B vdi cau
hinh : Broadcom DCM2711 CPU Quad core Cortex-A72 (ARM v8) 64-bit SoC
@ 1.5GHz, Ram 8GB, B6 nh¢ 1én dén 128GB, tich hop day du céc cong két ndi
Ethernet/Wifi, giao tiép man hinh LCD/mini HDMI, céac chan vao/ra logic. Céc

man hinh cam Gng, pin roi va cac nat bam ctng duoc lap thém thanh mot thiét bi



* Thiét ké phan mém

Phan mém duoc thiét ké theo ludng sau :

Audio miu Hoc mau . . .
. : Trich chon ; Huan luyén
o A; glong (qdoc ddc trung thich nghi
Nhan bat buge,  van ban)

Vin ban mu(_é A Phan tich MO hinh thich nghi
téng hop ‘ van ban cho tong hop
Am thanh bét Tong hop

chuéc giong am thanh

Hinh 44: So' d6 ludng nghiép vu phan mém rng dung bit chuéc giong

* Giao dién trén di dong

Text to speech 05 2
adaptation Téc do: ®
<)
- 0.5 n 2
Téng hop ti€éng noi Téng hop video

Pitch: o
Céng hoa xa hdi chi nghia Viét Nam, doc
lap, tu do, hanh phtc.

Energy: D)

D3 dung: 63 / 1000 ky ty X6a hét
Chon ngon ngli:  Tiéng Viét v T6ng hdp ém thanh
NGUON AM THANH
Dung sén Giong tham chiéu Audio Result
Tai lén file audio tham chi€u hoéc ghi am ”
giong noi cua ban. Pinh dang file chdp nhan ’ . 0:03
mp3, .wav, .m4a
Giong tham chiéu: Tél Xu6ng
Browse..  record_vo..5912.mp3 m
Nghe lai: “" Broadcast audio nay
> e 0:00 4) ——

Hinh 45: Giao dién trén di dong
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* Giao dién trén thiét bi nhing hoic dé ban

Text to speech adaptation

Tong hop tiéng noi

Cong hoa xa hdi chu nghia Viét Nam, doc lap, tu do, hanh phuc.

63 0 ky tu
Chon ngén ngit:  Tiéng Viét v 0.5 n
Tdc do: °
NGUON AM THANH Dyng san Giong tham chigu
05 o
n file audio tham chigu hoc ghi &m giong néi clia ban. Pinh dang file pitch:
. L er——
Giong tham chiéu: Browse... record_voic..0655912.mp3 m 05 n

Energy: o
Nghe lai: > o 0:00 o) e—

Audio Result

Tong hop am thanh » @ 003

Text to speech adaptation

Tong hop tiéng ndi

PFTs

“1" Broadcast audio nay

Téng hop video

Xéa hét

o) —

May ngay nay, chi Nguyén Thij Lan (khéi 12, phuting Cira Nam, thanh phé Vinh, Nghé An) phéi st dung dé sén thiing nudc dy trit 50 lit cho nhu ciu t5i

thigu clia gia dinh, chi y&u 1a ndu com va tam rira.

"Trwa 13/6, ltic van nudc tir voi dau ndi truc tiép ra dé ding thi t6i thay nudc 6 mau vang duc. Bén trua 14/6 thi nudc dot ngot bi cat ma khong cé
thong bao. Tuan trudc, t6i thao nude ngam chide do trang dé giat thi 4o bj loang 16, & vang nhung khang nghi 14 do nudc’, chi Lan cho hay.

Theo chi Lan, tinh trang nudc sach ¢é mau vang da xuat hién cach day mét thang. Tuy nhién, tai théi diém d6, dudng 6ng nudc cla khu dan cu chay
qua mat muong nudc théi, nghi ngd bi rd 1i nwdce ban vao nén ngudi dan kigén nghi don vi cung cap nudc thay dudng 6ng dan nudc va da dugc gidi

quyét.
"Hai hém nay qu#n o clia nha t6i dang chat déng trong chédu vi khéng c6 nudc dé dung, mai mat nude du trit ciing hét thi chic phai di mua nuéc .
sach v& dung. Nudc vang duc nhu nhirng ngay vira gua thi cé anh hudng dén strc khde ngur 4
Pa ding: 998 / 1000 ky tu Xda hét
Chon ngén ngli: = Tiéng Viét w 0.4 n 2
Tdec db: &
NGUDN AM THANH Dung sin Giong tham chiéu
0.5 [ 1] 2
Lira chon ma hil 6 lua chon giong doc tir mét trong céc giong doc cd Pitch:
- B e )
santrong danh
Mo hinh: Single ~ 0 n 2

Energy: Py

Chon giong doc: Nam mién Bic (Chung) ~

Audio Result

Tdng hop &m thanh

ii) Pia chi demo

bia chi demo g dung tai lién két sau : http://demo.aimed.edu.vn
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Tai xu “1" Broadcast audio nay

Hinh 46: Giao di¢n trén may tinh nhing



1

3

r

o]
-
on
<
o]

én t

quyén

an

A

iii) Chung nh




