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MO PAU

Thong thuong, de xay dung dugc tiéng néi tong hop vai dic trung clia mot
nguoi néi cu thé, can thu am mot lugng 16n dir ligu (khoang 10 gi¢ trong moi
truong phong thu tiéu chuan) cta chinh giong ndi do de huan luyén. Diéu nay
khlen viéc tao ra cac giong noi tong hop theo yéu cau rat ton kém vé chi phi va
mét nhiéu thoi gian, kho thuce hién V0’1 cac ngon ngl ngheo tai nguyén nhu tleng
Viét. Hon nira, hién nay tong hop tiéng noi ¢6 cac yéu cau cao hon so v6i viée
chi sir dung giong doc c6 sin, d6 14 cic nhu cu xay dung giong noi riéng, giong
doc ca nhan hoéa, hay nhu cau phuc hdi hodc nhan ban giong. Cac nghién ciru
diéu chinh, bién d6i tham s dic trung giong no6i va thich nghi ngudi nodi chi da
phan méi chi dugce ap dung trong cdc cong trinh nghién clru cla cac tac gia nude
ngoai trén cac ngon ngir pho bién nhur tleng Anh, Nhat, Trung. Tai Viét Nam cac
nghién ctru nay van tiép can phuong phéap tong hop thich nghi dira trén HMM va
cho chét lugng tong hop thap.

Cau héi nghién ciu: Phuong phap nao gitp tong hop tiéng nodi dam bao
chat luong cho ngdn ngir nghéo tai nguyén nhu tiéng Viét trong khi chi c6 vai
phut mau thich nghi? Can tdi thiéu bao nhiéu dit liéu thich nghi (dugc huén luyén
cung hé thong) dé dam bao giong tong hop dat duoc chét lwong va do twong
dong cao? Néu thich nghi bang mau dit ligu chi vai gidy va khong can huén luyén
lai mo6 hinh thi hé théng ¢6 thé thuc hién duge khong va luong mau thich nghi
t0i thiéu can bao nhiéu?

Muc tiéu chinh ciia luin 4n: nghién ctru va xay dung dugc hé thong tong
hop tiéng noi tiéng Viét bang cac ky thuat hudn luyén thich nghi cac dic trung
am hoc cua ngudi ndi dya trén DNN nham: 1) Nang cao chét lugng tong hop
tiéng noi dua trén thich nghi bang cac dé xuat cai tién vé do tu nhién; 2) Tong
hop giong n6i méi mang cac dic trung 4m hoc cia giong noéi dich voi chit luong
va do twong ddng cao trong khi chi can sir dung mot luong dit liéu mau nho; 3)
Téng hop giong néi tirc thi véi lugng mau nhd ma khong can ton chi phi huin
luyén lai.

Pong gop cia luin an: 1) D& xudt hai mo hinh tong hop thich nghi phu
thudc nguoi noi dua trén DNN véi diéu kién it dir liéu mau huan luyén nhung
tao ra giong mai t6t nhét c6 thé (Few-shot TTS): i) Mb hinh tong hop thich nghi
phu thudc ngudi néi dya trén hoc chuyén do6i (transfer-learning); ii) M6 hinh
tong hop thich nghi phu thugc nguoi noi dua trén vector biéu dién dic trung; 2)
Dé xuit mo6 hinh tong hop thich nghi doc lap nguoi noi dya trén DNN véi dleu
kién chi cin mot vai cAu mau ma khong cin huan luyén lai mé hinh nhung vin
tao mot giong méi chap nhan duoc (Zero-shot TTS); 3) Xay dung dugc bd co so
dir liéu (CSDL) tiéng noi tiéng Viét dam bao chat lwong 1am bo dit liéu co s
cho nhiém vy huin luyén mé hinh tong hop va thich nghi. Phuong phap xiy
dung b CSDL chi phi thdp va cic cai cai tién gan nhin nhdm ting cudong do tu
nhién; 4) Xay dung duoc Gng dung thich nghi da nguoi néi su dung dugc trén
céc thiét bi da nén tang.



D01 twgng va pham vi nghién ciru cia ludn an: Hé thong tong hop tiéng
noi tiéng Viét co thé cd nhdn héa bang phuong phdp thich nghi trong diéu kién
6 lwong mau thich nghi han ché cé hudn luyen va khéng phdi hudn luyen lai.
Nghién ctru cling s& xay dung tmg dung cho viéc bat chude hodc phuc hoi giong
dugc tich hop hodc chay trén cac nén mdy tinh da nén tang. Dir ligu huin luyén
va dit liéu mau (giong dich) dugc chon gidi han & giong mién Bic va giong mién
Nam véi phong cach doc thong tin thoi sy cha dé chinh tri, x3 hoi.

Céu triic ludn 4n gom cac phan

Chwong 1: Gidi thi€u tong quan v¢& tong hop tleng noi va tong hop tleng noi
v6i kha nang diéu chinh dic trung dau ra. CAu tric tong quan ctiia mot hé thong
tong hop t1eng n6i dya trén thich nghi co ban. Tong quan tinh hinh  nghién ctru
vé tong hop tiéng noi dua trén thich nghi n6i chung va thich nghi tiéng Viét noi
riéng. Gidi thi€u cac muc ti€u va pham vi nghién ctru chinh cta luan an.

Chuong 2: Xay dung bo co so dir lidu (CSDL) tiéng Viét cho hé thong tong
hop va thich nghi va cac quy trinh kém theo nhdm nang cao chit luong, giam chi
phi khi xay dung bo CSDL da ngudi néi cho cac hé thong tong hop tiéng Viét.
Bén canh phuong phap bo sung thong tin nhan nhu chén diém dimg lay hoi va
phién 4m tir muon gitp ting cudng do tw nhién cua mo hinh tong hop. B6 CSDL
tiéng va k¥ thuat ting cudng nhin thong tin nay ciing chinh 1a phan co s¢ dé xay
dung cic mé hinh thich nghi & cac chuong tiép theo.

Chwong 3: Trinh bay phuong phéap cai tlen chat luong md hinh tong hop
tiéng noi dya trén thich nghi thong qua hai dé xuét: 1) Cai tién mo hinh tong hop
thich nghi (Few-shot TTS) bang Muli-pass fine-tune dya trén ky thuat hoc
chuyén d6i nguoi ndi va ngdn ngit (transfer-learning) v0i lugng mau phai hoc it
hon nhiéu so v&i huén luyén mé hinh co s& va 2) Cai tién mé hinh tong hop thich
nghi (Few-shot TTS) bang vector EMV biéu dién dic trung ngudi néi chi voi
vai cau noi. Ca hai k¥ thuat thich nghi déu yéu cau dit liéu mau phai c6 trong tap
huén luyén va véi cac mé hinh d& xuit hudng t6i sit dung lwong dir liéu thich
nghi it dan.

Chuong 4: Dé xuit phuong phap néng cao hiéu nang cua md hinh tong hop
thich nghi chi phi thap véi diéu kién mau it nhat c6 thé ma khong can huan luyén
lai m6 hinh (Zero-shot TTS) thong qua hai k¥ thuat: 1) Ap dung vector biéu dién
dic trung ngudi ndi hidu qua; 2) M6 hinh khir nhidu khuéch tan phd Mel (Mel-
spectrogram denoiser) cho phép tong hop 4m thanh chat lwvong cao hon so v6i cac
md hinh co s6. M6 hinh tng hop dua thich nghi bing Zero-shot TTS khong doi
hoi dit liéu thich nghi phai c6 trong tap huin luyén va chi sir dung duy nhat mot
cAu mau ciia ngudi noi dé thich nghi. Hudng tiép can nay gitip don gian hoa trong
viée tong hop giong méi va mé rong kha ning tmg dung ctia cac mé hinh tong hop
thich nghi.

Két luan : Trinh bay cic dong gop chinh ciia luan 4n va chi ra cic han ché
va huéng phat trién tiép theo.



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

Trong Chuong 1, phan dAu tién gioi thiéu tong quan cac nghlen ctru lién quan
vé hé thong tong horp tleng noi va céc van dé kho khin can giai quyét. Tlep theo,
trinh bay vé nhu cau tong hop tiéng noi voi khd nang diéu chinh dic trung dau ra va
cac nghién ctru lién quan vé tong hop tiéng noéi thich nghi va timg dung. Sau d6, m6
ta céc kién thirc so va cac thanh phan chinh cia mot hé théng tong hop dua trén thich
nghi, cac danh gia cht lugng tong hop dua trén thich nghi, tong quan vé tinh hinh
nghién ciru trong va ngoai nude va cudi cing 14 xéc dinh cac hudng nghién ctru chinh
va pham vi cta luan an.

1.1. Téng hop tiéng néi
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Khdi ni¢m tong hop tténg noi

Téng hop tiéng noi (Speech synthesis) la qua trinh tao ra tiéng néi con nguoi
mét cach nhan tao tur dau vao 14 van ban hodc cic mi hoa ngit 4m. Tong hop
tiéng noi chinh 1a mot phan trong linh vuc xir Iy ngon ngit tur nhién.

Téng hop tiéng noi tir van ban (Text to speech — viét tat 1a TTS) 1a mot cong
nghe quan trong trong tong hop tleng, cong nghé nay tao ra song am tleng noi
dau ra mot cach tiy ¥ tir vin ban bang dau vao.

C6 thé mo ta h¢ théng TTS bang mo hinh tinh xac sudt phan phéi du doan:

p(ylx, Y, X)
trong d6, Y 1a &m thanh tleng no6i dung de huin luyén va X 1a van ban gan nhan
tuong Gng, x 14 vin ban dau vao va y la tiéng noi can téng hop.
1.1.1. Phdn logi cic phwong phap tong hop tleng noi
Hai kién trac TTS phd bién tién tién nhét hién nay la: 1) Kién triic tw hoi quy
(autoregressive) va; 2) Kién triic khong tw déng hoi quy (non-autoregressive).
M&i mot k1en tric ¢6 nhimg wu nhuoc diém khac nhau.
1.1.2. Tong hop tiéng néi véi khd néing diéu chinh dic trung diu ra

Hién nay, cac ky thuat DNN da thay thé hoan toan mé hinh HMM trong viéc
xay dyng mo hinh 4m hoc va mé hinh truong d9. Cac mo hinh DNN chi yéu cau
mot 1an tinh toan duy nhat dé du doan dic trung, 1am cho no6 phu hgp hon cho viéc



téng hop theo thoi gian thyc. Tuy nhién, cac nghién ctru hién tai vé mo hinh DNN
tap trung chu yéu cho mé hinh phy thudc ngudi néi, diéu nay doi héi mot lugng
dir ligu dang ké tir mot nguoi noéi duy nhét dé tao ra mot mo hinh 4m hoc 6n dinh.
1.2. Thich nghi trong tong hop tiéng noi
1.2.1. Khdi niém
Thich nghi trong tong hop tiéng noi (hay goi tat 1a “thich nghi TTS hodc ‘TTS
thich nghi’) 1a kha nang tong hop giong ndi tiy ¥ tir bat ky nguoi nao véi mot
lwong dit liéu mau thuc nho (reference speech), giong néi tong hop sé mang dic
trung cia giong ndi dich (target speaker) voi cac dac trung cua giong noi (voice
characteristics) va cac dac trung ngit di€u (prosodic features). Thich nghi TTS
duogc goi véi cac thuat nglt khac nhau trong hoc thudt va cong nghiép, chéng han
nhu thich nghi giong noéi (voice adaptation), nhan ban giong noi (voice cloning),
ca nhéan hoa giong noi (custom vozce)

Biéu dién tin hidu giong noi nguon va giong néi dich lan lugt 1a X va ¥,
biéu dién cac dic trung tiéng noi ngudn va dich 1a x va Y, ham chuyén dbi co
thé xdy dung nhu sau: y= f{x) trong d6 f{.) con dugc goi 1a ham anh xa theo

khung.
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Hinh 2: M6 hinh tong quat va khong gian dac trong hé thong TTS dua
trén thich nghi
Thich nghi TTS dwoc xem xét tir hai Khia canh: 1) Thiét lgp thich nghi
chung, bao gdm céc cai tién vé tong quat héa mé hinh TTS ngudn dé hd
tro giong n6i méi; 2) Thich nghi higu qud, bao gom viéce giam dir li¢u thich
nghi va cac thong s6 thich nghi

1.2.2.  Thich nghi chung
1.2.3.  Thich nghi hiéu qud

Muc tiéu thich nghi st dung cang it dit li€u va tham $6 nhung van dat duoc chat
lwong thich nghi giong néi cao. Co thé chia cac nghién ciru trong thé loai nay
thanh mot s6 nhom: 1) Thich nghi it dit liéu; 2) Thich nghi it tham sé, 3) Thich
nghi dit liéu chua dwoc gdn nhan; 4) Thich nghi khéng phdi hudn luyén lai mé
hinh (Zero-shot TTS).

1.3. Tinh hinh nghién ciru hién nay vé tong hop thich nghi

1.3.1. Mot ) nghién ctru gan day trén mot so ngon ngir khac



- Thich nghi it dir liu Few-shot TTS. C6 hai phuwong phap tiép can chinh trong
huéng nay, d6 1a: 1) Thich nghi théng qua tinh chinh mét phan mé hinh hoic
toan bo md hinh; 2) Thich nghi dua trén vector biéu dién dic trung ngudi noi.
Mot s6 nghién ctru di xay dung thich nghi few-shot bang cach chi sir dung mét
vai cap dir liéu van ban va giong, thay dbi tir vai phut dén vai gidy. Chien va
cong su kham pha mot vai kiéu speaker embedding khac nhau dé thich nghi few-
shot. Yue va cong su ding tan dung chudi tiéng néi dé thich nghi few-shot. Chen
va cong su, Arik va cong sy so sanh chat lugng giong néi véi cac lugng dit liéu
thich ngh1 khac nhau va thiy rang chét lugng giong néi cai thién nhanh chong
véi su gia tang cua dit liéu thich nghi khi kich thudc dir liéu nho (dudi 20 cau)
va cai thién cham véi hang chuyc cau thich nghi.
- Thich nghi it tham s6 Mot s6 cong trinh dé xuat giam thong sb thich nghi cang
it cang t6t trong khi van duy tri chat lugng thich nghi. AdaSpeech dé xuat chuan
hoa 16p co diéu kién dé tao cac tham s thang do va do léch trong chuan héa 16p
tir cac speaker embedding duya trén viéc tao tham s6 theo ngit canh va chi tinh
chinh cac tham sb lién quan dén chuan héa 16p co didu kién va speaker
embedding dé dat dugc chat luong thich nghi. Moss va cdng su dé xuat mot
phuong phép tinh chinh chon céc siéu tham s6 mé hinh khac nhau cho nhiéu
giong noi khac nhau dua trén t6i uu héa Bayes.
- Thich nghi Zero-shot. Mot s nghién ctru tién hanh thich nghi zero-shot, sir
dung speaker embedding noi dé trich xuat cac speaker embedding cuia cac 4m
thanh mau. Kich ban nay kha hip dan vi khong cén dir liéu va tham s thich
nghi. Tuy nhién, chat luong thich nghi khong du t6t, dac biét khi giong néi dich
(target-speaker) rat khac véi giong noi nguon (source-speaker).
1.3.2. Cac nghién citu End-to-end cho tong hop tleng Viét

Theo thong ké ctia VLSP, trong 4 nim to chirc danh gid, vao nam 2018 cac
mo hinh DNN dat uu thé trong VLSP, vao hai naim 2019-2020 cadc nhém nghién
clru tap trung vao sir dung cic mo hinh Tacotron2 chiém wu thé dé phat trién cac
hé thdng tong hop tiéng Viét (véi mé hinh am hoc sir dung Tacotron2 két hop
v6i Vocoder pho bién nhu Waveglow hodc HifiGAN). Ciing theo nghién ciru tir
t6 chirc nay, tir nhitng ndm 2021 tré di cac nhom nghién ctru tong hop tiéng Viét
da tap trung sir dung md hinh Fastspeech2 chiém vu thé, mot sé nhom dé xuét
sir dung VITS ciing dat duoc céc két qua noi bat. Co thé thay rang, cac nghién
ctru End-to-end cho tong hop tiéng Viét da kha cap nhat v&i nghién ctru quoc té,
tuy nhién cac Van dé thach thirc trong cac nghién ciru cac tong hop. tiéng noi Vol
dic trung cua tiéng Viét nhu xay dung bo CSDL chuyén biét cho tong hop tiéng
Viét.
1.3.3. Mt s6 nghién ctru hién nay vé tong hop thich nghi cho tiéng Viét
Ky thudt thich nghi dwa trén HMM: SonPT va NinhDK st dung mo6 hinh lai
ghép HMM cho tong hop tiéng Viét va dé diéu chinh tham sé thich nghi khi
tong hop, nghién ciru di dé xuat ap dung thuat toan hdi quy tuyén tinh kha
nang cuc dai (MLLR) két hop vai thuat toan cuc dai hau nghiém (MAP) hoac



két hop MAP véi thuat toan 1am min truong véc to (VFS). SonPT da chi ra
ra rang chi voi mot luong dit liéu “dich” han ché (100 cau), két hop vai tap
HMM chung ciia nhidu giong néi, nhidu dic trung va phong cach néi khac
nhau, c6 thé téng hop dugc tiéng ndi co chat lwgng duoc cai thién. Tuy nhién,
cach tiép can tong hop thich nghi dwa trén tham sb théng ké HMM c6 nhiing
nhuoc diém cb hiru d6 1a: 1) M6 hinh dya trén HMM cho chét lugng tong hop
thap hon rat nhiéu so véi DNN; 2) C4c nghién ctru hién nay chi ra rang cac ky
thuat tong hop thich nghi dya trén HMM cho chat luong thip hon so véi cac ky
thudt DNN; 3) Mo hinh thich nghi dya trén HMM khong thé thuc hién duge cac
nhiém vu téng hop thich nghi véi dit ligu rat nho (chi vai cau) hodc thich nghi
khéng can huan luyén lai.

1.4. Két luan chwong 1 va cac ndi dung nghién ciru chinh ciia luiin 4n

Téng hop tiéng noi dua trén thich nghi 13 mét bai toan thudc linh vyc chuyén
doi va thich nghi tiéng néi véi _muc tiéu bién doi két qua tong hop giong méi mang
cac dic trung cia giong ndi mau. Vi tiéng Viét, day la ngdn ngir nghéo tai nguyén
va la ngon ngir phic tap do ngdn ngir ¢4 chira thanh phan ngi diéu nén tong hop
tiéng noi ciing nhu thich nghi tiéng noéi trong tong hop van 1a bai toan kho it nguoi
giai. Do vay, van ton tai nhiimg kho khan nhu cc bai toan tong hop tiéng noi va
chuyén dbi thich nghi vé chét lugng tong hop va chi phi mau hudn luyén cho tiéng
Viét, co thé ké dén nhu sau: 1) Cdc nghzen ciru vé tong hop thich nghi cho tleng Viét
con rat han ché, can cé cdc nghzen cwu danh gia anh hwong cua mdu tleng noi dich
han che hodc khong c6 trong qud trinh hudn luyén; 2) Cdc nghién ciru vé thich nghi
cho tiéng Viét méi chi sir dung mé hinh HMM cho hudn luyén dir liéu mau han ché
va chiea cé mé hinh thich nghi cho tiéng Viét nao sir dung DNN; 3) Chita cé nghién
ciru ndo dp dung mé hinh thich nghi End-to-End cho tiéng Viét voi dit liéu mau nho
¢6 hudn luyén hoac khong hudn luyén; Cdn c6 thém cac nghlen ciru ve ndng cao chat
lwgng tong hop thich nghi tiéng néi tleng Viét; 4) Can cé 1mmg dung dé danh gid tinh
kha thi ciia cac mo hinh thich nghi tiéng néi tiéng Viét.

Tir cac van dé thuc té trén dan dén ludn 4n s@ tap trung nghién ctru mot s0 noi
dung chinh nhu sau: 1) Xdy dung b6 CSDL phuc vu cho tong hop va thich nghi; 2)
Nghién ciru ky thudt thich nghi Few-shot TTS dia trén DNN cho tiéng Viét va déanh
gid; 3)Nghién cieu ky thudt thich nghi Zero-shot TTS duwa trén DNN cho tiéng Viét
va danh gia.

Pham vi nghién ciru: D6i twgng nghién ctru 14 tiéng noi tiéng Viét; M6 hinh
nghién ctru 13 tong hop thich nghi tiéng tiéng Viét nhim c4 nhin hoa giong noi tong
hop, cu thé 1a nhan ban giong ndi véi dir liéu ciia don ngudi néi (Single-Speaker) va
da ngudi n6i. Ung dung nhan ban giong danh gi4 tinh kha thi 13 g dung nhan ban
giong.



Chuong 2. XAY DUNG CO SO DU LIEU TIENG VIET CHI PHIi
THAP CHO TONG HQP VA THICH NGHI TIENG NOI

Mot trong nhitng nhiém vu chinh ciia luan 4n khi nghién ctru tong hop tiéng
noi dua trén thich nghi 1 nghién ctru mo hinh tong hop tiéng néi tiéng Viét. Tuy
nhién, trong nghién ctru tong hop tiéng néi tiéng Viét c6 han ché 16n nhat chinh la
thiéu bé CSDL di I6m, da dang, dam bdo chat heong va chi phi thap cho cdc nghién
ciru tong hop; Ngodi ra, mot trong nhimg van dé con ton tai ciia hé thong tong hop
tiéng Viét la d tw nhién cua cdu dai va doc tir muon. Chuong 2 phén tich cac ky
thuat xay dung bo CSDL tiéng cho tong hop thich nghi va cac phuong phap gan nhan
va phlen am bo sung cai thién ngir diéu cho hé thong tong hop tiéng noi tiéng Viét,
cac ndi dung gom: 1) Trinh bay phan tich cac bo CSDL cho tong hop tiéng noi hién
nay; 2) Trinh bay quy trinh x4y dung b CSDL tiéng dam bao chét lugng cho tong
hop va thich nghi CT6] [CT4]; 3) Mot s6 phuong phép bd sung thong tin nhin nham
tang cuong do ty nhién ctia hé thong TTS tiéng Viét thong qua cac k¥ thuat nhu thém
d4u cau, chén diém dimg liy hoi va phién am tir mugn [CT5] [CT4]; 4) Két qua xay
dung b CSDL.
2.1. XAy dung by CSDL tong hop va thich nghi
Cac nghién ctru End-to-end cho tong hop tiéng Viét da kha cép nhat v6i nghién
ctru qudc té. Tuy nhién, cac nghlen clru cling chi ra cac van dé thach thirc trong
céc nghién ciru tong hop tiéng noi v6i déc trung cua tleng Viét nhu xay dung bo
CSDL chuyén biét cho tong hop tiéng Viét, cac van dé vai tong hop cau dai hoic
doc cac tir muon.
2.1.1. Thong ké cdic by CSDL cho tong hop hién nay

* Mgt s6 b CSDL tiéng Viét mé cho TTS dwoge cong bo:

B dir liéu Thoi gian | S6 nguoi So Phong cach doc
(gio) doc ciu
VLSP 2020 9,5 1 7.770 | Do¢ truyén vGi nhiu
ngit di€u
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 nhiing tap 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 lugng va do da dang. Tir thyce té do, luan
an xac dinh tinh c4p thiét khi x@y dung mét bo co so dir liéu tiéng noi tleng Viét
dam bao chét lugng, chi phi thdp véi giong ndi da dang (giGi tinh, do tudi, khu
vuc song) va chién luoc rd rang, phuc vu cho cac nghién ciru tong hop va thich
nghi tiéng noi.

Khi nghién ctru tong hop hoic thich nghi tiéng néi, viéc tao mot mo hinh cho
mot ngudi ndi cu thé véi lugng dir lidu han ché 1a mot thach thirc ngay ca voi
céc ngdn ngir giau tai nguyén. Ddi véi tiéng Viét rat kho dé thuc hién mot nghién
ctru nhu vy do yéu cau vé thiét ké dit liéu. Dau tién, 4m thanh phai duoc ghi lai



trong mot phong thu cach am, khong nhiéu dé dam bao giong thu chat luong.
Thur hai, ngudi néi phai dugce chon dé bao ham nhiéu do tudi cling nhu khu vuc
sinh séng. Thtt ba, cAn chon loc dé dam bao do can béng am hoc (du cac am vi,
tir vung trong tiéng noi). Nhu vay, CSDL dii tot dé huan luyén hé thong tong
hop va thich nghi tiéng noi phai 1a sy két hop c6 tinh chon loc gitra thu thap
CSDL tir ngudn am thanh sin c6 va xay dung CSDL tu thu am.
2.1.2.  Quy trinh xdy duyng by CSDL cho tong hop va thich nghi

Dé dam bao bo CSDL cho téng hop tiéng du 16n va da dang can sb cin xac
dinh xay dung CSDL tur 2 nguon. Mot 1a ty thu dm; Hai 1a gan nhan am thanh tu
ngudn c6 sin. Quy trinh mo ta nhu hinh 3 ¢6 thé mé ti nhu sau:
Quy trinh xdy dwng CSDL tw thu am : Xay dung vin ban thu 4m (Phat trién
cac céng cu chon ndi dung, chon loc vin ban dam bao d6 can bang am)~>
Chon giong doc (Xéc dinh kiéu giong doc, kiém tra giong doc)> Chuan bi
thu 4m (Quy tic phat am, trang tiét bi thu 4m, moi truong thu am, phan mém
thu 4m)> Thu 4m (thu 4m trén phan mém, kiém tra gidm sat qué trinh thu
4m)->Bo CSDL thu 4m chuén (ra soat, chon loc va tong hop).
Quy trinh xdy dung CSDL tir nguon ém thanh cé sin : Chon chu dé audio
>Thu thap cic ngudn audio/video & Chuyén dbi vé audio va chudn héa dinh
dang - Nhén dang so bd ra vin ban - Chon loc audio tiéng viét dua vao van
ban = Chia nho audio d4 nhan dang so by >Phit trién cac cong cu gan nhin
>Quy tic phién 4m=> Gan nhin > Kiém tra chéo > Nghiém thu.

E‘hu thip _ Lar}l simh Chuan héa van Clhon Chon céu thu 4m
van ban the dir liéu ban, citcau  loc

Quy trinh x&y dung di liéu tw thu &m -
Chuyén
am tiét
sang mie
&m vi

Huan luyép
Imé hinh TTS

D liéu 4m thanh | Thu thap am | A5k S:bz;vzen‘ 5;'115
khong c2han *|  thanh th TR

Chuan héa
Quy trinh x&y dwng dik ligu tir nguén &m thanh c6 sén
Hinh 3: Quy trinh xay dung bd CSDL tdng hop va thich nghi

2.1.3. Bé sung nhan thong tin cho CSDL
2.1.3.1. Chén diém diém dirng ldy hoi va ddu cdu cho van ban nhén

Nhin vin ban duoc ting cuong thém thong tin vé vi tri chén dau ciu vao vi
tri thich hop theo hai chién lugc, theo chuén tiéng Viét va theo kiéu ding lay hoi
ctia nguoi doc. Dé gidi quyét bai toan nay, lun n da str dung hai giai phap: Thi
nhét, sir dung mé hinh BERT dé khoi phuc d4u cau trong ciu vin ban gan nhan;
Tht hai, bit chudc thoi gian dung ctia nguoi doc, st dung mbc thoi gian do duogc
tir hé thong ASR c6 sin, néu thoi gian im ling hon 0,3 gidy s& dt ddu phay o vi
tri im lang nay.

Bén canh do, hé théng cling thém mot dau chdm & cudi van ban gan nhan dé
biéu dién két thuc cau noi. Vin ban sau khi xt 1y sé duoc dua dén budc hau xir




1y phién am tiép theo trudc khi ding huan luyén mé hinh TTS. Kién tric mo ta
trong Hinh 4a.

Chudi van ban da chén dau

Budcel

Chén dau tai cae vi
tri teong tmg
(L1...Ln

Két néiday du
(Fully-Connected)

Conditional Random Field (CRF)
[ Trangthai
.Lr‘ g Phat hién diém dimg
. lay hoi (>0.3s) Nx | TransformerEncoder Transformer Decoder | xN
« \—r b+ g
ViBERT embedding
i :
i Position
S — 1
\ W, \ Embedding P
(w, (w:) (wy (w. ASR -
i - i Embedding Embedding
Chudi van ban gén nhan ban dau (X) Am thanh tvong img (Y) Diu vio: Chusitirmuon Diura: Chudiphién im
N =T “kutter “citno”
a) b)

Hinh 4: Phwong phap bé sung nhin théng tin va phién 4m tir mwon cho

CSDL
2.1.3.2. Tir dién phién am tir muegn

Dé xur Iy va giai quyet van d& nay, cach phat am tiéng Viét da duoc sir dung
de phlen am céc tir tiéng Anh nay, vi du: “kuttner” s& dugc phat am béang “cit

>, Pé chuyén tir phién 4m nudc ngoai sang phién &m tiéng Viét, luan 4n d st
dung md hinh dich Transformer co s& voi kién trac mo ta trong Hinh 4b. bé
huén luyén mo6 hinh phién dich nay, phai tao ra mot ) luong 16n céc cidp tir Anh-
viét. Két qua xay dung dugc bd tir dién phién am tr muon phuc vu cho TTS
tiéng Viét.
2.14. Két qui

Két qué da xay dung dugc by CSDL 54 da nguoi noi, bao g@)m 26 giong
nam, 28 giong nit v&i phuong ngir Bac-Nam v6i d0 dai cua ting giong da dang
tir vai chuc phit dén vai tiéng (bao gdm cac giong ty thu 4m va thu thap tir ngudn
am thanh c6 san).

Stt B dir liéu Tongs6 | Tongsd | S6amtiét | S6 am
ciu am tiét trung tiét khac
xuit hién | binh/ciu biét

I | Bo CSDL tw thu 4m

1.1 | B6 250 cau chung da 250 3.268 13,06 1.205
nguoi noi

1.2 | B6 9.600 cau riéng da 9.600 105.232 10,96 5516
nguoi noéi

11 | B CSDL tir nguén 4m thanh cé sin

2.1 | B don ngudi noi nir 5.074 100.284 19,76 2278

2.2 | Bo don ngudindinam | 13.125 | 280.130 21,34 2.893

2.2. K&étluin chwong 2




Chuong 2 da tién liét ké cac bo dir lidu da cong b cho tong hop tiéng néi cia
cac ngdn ngit gidu tai nguyén va ngdn ngir tiéng Viét. Phan tich cho théy, thiéu trim
trong cac by CSDL cho nghién ciru tong hop va thich nghi tiéng noi tléng Viét.
Chuong 2 cting trinh bay két qua nghlen cuu xay duyng bo CSDL chi ph1 thap tir hai
ngudn dir liu tu ghi 4m va dir liéu c6 san theo cc quy trinh chat che dé dat dwoc bo
CSDL don ngudi n6i va da ngudi néi dam bao chit lvgng cho tong hop va thich nghi
[CT6] [CT3]. Bén canh do, trinh bay phuong phap b6 sung nhan thong tin thong tin
van ban thong qua ky thuét chen diu két hop chén diém dung lay hoi va phat am tur
muon dé ting cudng do ty nhién khi huan luyén cac hé théng TTS tiéng Viét
[CTS][CT4].

Phén nay trinh bay quy trinh va phuong phap. Muc dich ciia quy trinh va phuong
phép nay dé dam bao chi phi thap trong xay dung CSDL tir dit liéu khong dugc gin
nhén sin c6 trén Internet st dung ASR chét lugng tot va mot chién luge thu thap va
loc di liéu hiéu qua. Két qua da xay dung dugc 02 bo CSDL tiéu chuan don nguoi
noi (1 nam va 1 nit) va 02 bd CSDL da ngudi (250 cau chung va 9.600 cau riéng) va
bo CSDL kiém thir ap dung cho tong hop va thich nghi. Trong d6, bd CSDL da ngudi
néi c6 54 ngudi ndi, gdm 26 giong nam va 28 giong nit véi phuong ngir Bac/Nam
voi g dai cua ting giong da dang tir vai chuc phut dén vai gio (bao gom cac giong
tw thu &m va thu thép tir ngudn am thanh ¢6 san) Déy 1a nén tang quan trong dé xay
dung céc h¢ thong tong hop va thich nghi tiéng Viét trong cac Chuong tiép theo.

Chuwong 3. MO HINH TONG HQP THiCH NGHI CO HUAN LUYEN
VOI MAU NHO (FEW-SHOT TTS) , ,

Chuong 3 s€ tra 101 cho cau hoi: Phuong phap nao giup tong hop tiéng ndi tot
cho ngdn ngit nghéo tai nguyén nhu tiéng Viét trong khi chi ¢6 vai phut mau thich
nghi? Can t6i thiéu bao nhiéu dir liéu thich nghi (dugc hudn luyén cing hé thong) dé
dam bao giong tong hop dat dwoc chat lugng va do twong dong cao? Chuong 3 s&
trinh bay cac dé xudt cai tién mé hinh téng hop dua trén thich nghi tong hop giong
ndi tiéng Viét chat luong cao, ndi dung gom: 1) Trinh bay phuong phép thich nghi
tiéng noi tiéng Viét ding Multi-pass fine-tune [CT3]; 2) Trinh bay phuong phép
thich nghi tiéng néi tiéng Viét ding vector dic trung ngudi néi (EMV) [CT2].
3.1. Thich nghi cho téng hop tiéng va cac phuong phap
3.1.1. Phwong phap

1) Phwong phap thich nghi mé hinh dwa trén fine-tune lai mé hinh:
Phuong phap nay st dung dit liéu cua da nguoi ndi dé huan luyén mot mé hinh
trung binh. Dbdi véi mot nguoi ndi myc tiéu cy thé, mé hinh trung binh duoc diéu
chinh v6i mot lugng nho dir li€éu muyc ti€u. Sy thich nghi c6 thé duge dat dugc
béng cach diéu chinh lai tit ca cac tham sb ctia mo hinh hodc mot ph?m cua
chung.

2) Phwong phap thich nghi mo hinh dwa trén ma héa dic trung nguwoi
néi: Trong phuong phap ndy, mot vector hoic mang nhing duoc sir dung dé
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diéu kién danh tinh va phong cach néi ctia giong néi huan luyén. Trong qua trinh
huén luyén mé hinh trung binh, vector hoic mang nhung dugc sir dung dé phan
biét cac dac trung am thanh tir cac danh tinh nguoi noéi va phong cach noi khac
nhau.
3.2. Ning cao chit lwong TTS thich nghi don ngwoi néi biang ki thuat
Multi-pass fine-tune
V6i cach tiép can tinh chinh truyén thong, dé tao ra mot tiéng néi méi bang mot
ngdn ngit méi khac véi mé hinh huan luyén trude van can mot luong 16n dit liéu
(> 5 gio va diéu nay rat khé voi cac ngdn ngi it tai nguyén). Néu sir dung luong
dit lidu qua nho, rat dé gy ra hién twong qua khép (overffiting) thich nghi truc
tiép trén md hinh 4m hoc End-to-end (Hinh 5).

khungtiéng néi khungtiéng noi khungtiéng néi
" Hoc giong néi 4 Hoc phongcéch "
1 — | > |
Giongnoi Ts Giong n6i Tt Giongnoéi Tt
(giong nir TL (giong nam I | (giong nam
binh thwong) binh thuong) ving mién)
Seq2seq-TTS Seq2seq-TTS Seq2seq-TTS
Phong cdch néi giéng nhau T Phong cdch néi khde nhau
Khdc vé ngudi noi Gidng vé ngudi noi
Cac am vi Cac am vi Céac am vi

Hinh 5 So d6 ludng thich nghi giong néi bang tinh chinh truyén thong

= o iS
Do liéu [| M hinh TS g
Tiéng Anh i~
a
Pre-trained | Copy _ f
Fine-tune Tham s0 S
B YI 5
D liéuf ] Dirlidy | | g8
Tiéng Adn | MO hinh TTS %4 TV trung gian M6 hinh TTS E
Pre-trainefl Copy. E« Pre-trained Copy ;‘
Fine-tune Tham s6 ol Fine-tune Tham s0 o
Dir liéu N Di lidu R L]
thich nghi M6 hinh TTS Vocoder thich nghi M6 hinh TTS ™ Vocoder
a) Tinh chinh truyén thong b) Multi-pass fine-tune

Hinh 6: Thich nghi tleng néi mot giong néi mGi véi Multi-pass fine-tune

bé giai quyét nhitng vin de nay, luan an d& xuat mot mo hinh muon mot md
hinh huén luyén truéc cia tiéng Anh va tinh chinh 1an thir nhat véi mot mé hinh
huén luyén truge bfing tiéng Viét 1am trung gian sau d6 tinh chinh 1an thtr hai
v6i mt mau giong noi thich nghi. Luan an goi nd 1a phuong phap goi 1a "multi-
pass fine-tune" va bién thi so dd & bén phai cia Hinh 6, chi yéu cdu mot miu
nhé dé diéu chinh mot giong n6i mdi. Vi dac trung am hoc chinh da dugc
hoc/chuyén tir tiéng Anh (tap dir liéu 16n) va tiéng Viét (tap dir lidu trung binh),
dé tao ra giong néi mai, chi can mot luwong nho dit li€u thich nghi véi mé hinh
hoc déc trung giong noi dich.
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Hinh 7 mé ta cic bude dé thuc hién Multi-pass fine-tune: 1) Pau tién huan
luyén mang voi s6 luong 16n dit lidu tiéng Anh dé sinh ra bo tham sb cua mo
hinh tiéng Anh; 2) Sau d6 dung mang nay dé huén luyén thich nghi giong tiéng
Viét trung gian, cac tham s6 ciia m6 hinh tleng Anh duoc cép nhat bang cac tham
s6 ctia mo hinh tleng Viét trung gian; 3) Cudi ‘cung dung mang nay dé huén luyén
thich nghi giong tiéng Viét dich, cac tham s6 cia md hinh tiéng Viét trung gian
dugc cap nhat bang cac tham sd thich nghi ciia giong tiéng Viét dich V&i phuong
phap tinh chinh truyén théng mé hinh chi huin luyén mé hinh tiéng Anh va cap
nhat bo tham s bai bo tham sé thich nghi.

- Fine-tune ™ -
Truyén thong

- ane-mmz tin 1 Fine-tune 1an 2>~
bac t;m{g dm hoc Pac tnrr‘.l.gam hoc Pac t‘ru'ng dm hoc
Tieng Anh giong nir Tiéng Viét giong nam Tieng Viét giong nit
[Cooon| [Gooogn] [OoDo0
T wib! T wh bl T wib}
hy nL[OOOO0] »[OOOOQ]
w2b? w,‘?‘, b;‘.r wibt
h[OOO0O] m[OOOO0] m[OCOOOO]
Wb} Wi bL, wibl
IO00000| D000 [D00CGOO)
Giong nir Giong nam Giong nir
Pic trung vin ban Péc trung van ban Pic trung van ban
Tiéng Anh Tiéng Viét Tiéng Viét
(trung gian) (thich nghi)

Hinh 7: C4p nhat tham s thich nghi bing Multi-pass fine-tune va tinh
chinh truyén thong
3.2.1.  Thir nghi¢m danh gia
Dir liéu sir dung : Tép dir liéu tiéng Anh: Str dung kho ngtr li¢u LSpeech-1.1 ; Téap
dir liéu tiéng Viét trung gian: Giong nam doc tin tic ¢6 tong thoi lugng 15 gio. ;
B6 dir li¢u thich nghi: 4 b thich nghi tir 50 dén 800 cau (twong Ung tur 4 dén 60
phut). Str dung Tacotron2 + Waveglow co so dé danh gia hé thong TTS thich
nghi.
3.2.2. Kétqui
*Chét lwgng mé hinh tinh chinh truyén thong
Bang 1: Bang thong ké chét lwgng thich nghi (MOS) theo mé hinh
Multi-pass fine-tune va cac moé hinh khac

Thoi gian | Huén luyén tir | M hinh huén luyén | M3 hinh huin luyén
du (dir liéu trude bang tiéng truée bang TV trung
TV) Anh + thich nghi gian + thich nghi
16 phut 1.29 1.33 3.78
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60 phut 1.31 2.68 3.87
5 gio 2.66 N/A N/A

- Néu huan luyén tir dau véi bo dit lidu tieng Viét, voi 5 gio dit liéu chat luong

bai phat biéu rat kém (MOS = 2.66). Huin luyén véi dit liéu dudi 1 gio s& khong

nghe duoc gi.

- Néu tinh chinh tir md hinh huan luyén trudc bang tiéng Anh véi 1 gio dit liéu

thich nghi tiéng Viét thi chat lugng s& ngang nhu huan luyén tir ddu dit liéu tiéng

Viét 5 gio, nhung chit lugng 4m tong hop van kém (MOS = 2.68).

* Chat lwgng moé hinh multi-pass fine-tune

Trong cac cOt 4 cua Bang 1, dya trén mo hinh huén luyén trude bangtiéng Anh,

néu tinh chinh tir bo dir liéu tiéng Viét trung gian sang b dit liéu thich nghi nho

thi chi can 16 phut (200 ciu) da cho chét lugng thoai kha tot voi diém MOS 1a

3.78/4.69 so voi clia giong ngudi noi.

* Tinh twong dong

Bing 2: Bang danh gia d9 twong dong ciia md hinh tinh chinh truyén

théng va Multi-pass fine-tune khi so sanh véi giong ngudi néi voi chi 4

phut dir li€u thich nghi

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

Bang 2 cho thiy rang Multi-pass fine-tune cho phép tao ra giong ndi méi véi
MCD thap hon nhiéu so véi tinh chinh truyén théng (giam 2.74). Chi v6i 4 phit
dit ligu thich nghi, md hinh Multi-pass fine-tune tao ra mot giong néi tong hop
¢6 d6 twong ddng cao hon nhiéu so voi giong néi tong hop tir phwong phép tinh
chinh truyén thdng (2.87/3.99 cua giong that ngudi néi). Tién hanh phan tich
danh gia SIM theo phuong phap ctia Mirjam Wester va cong su [65]. Qua két
quéa phan tich ANOVA cho thiy mé hinh tinh chinh truyén théng c6 (F=5,188>
F t6i han, p<0,05) va mé hinh dé xuét c6 (F=12,287>F t6i han, p < 0,05) cho
thy cac két qua thuc nghiem c6 su khac biét va co 'y nghia thong ké.
3.3. Nang cao chit lwgng tong hgp thich nghi bang vector dac trung EMV
331 DPé xuat vector trich xudt dic trung Extracting Mel-Vector (EMV)
Hé thong tong hop da nguoi noi dwa trén thich nghi phai sir dung dic trung
clia nguoi ndi dé huin luyén va diéu chinh mé hinh thich nghi. Phuong phap
truyén thong thudng sir dung mot module embedding dé trich xuat vector thir tir
dai dién. Tuy nhién, phuong phap co ban nay khong thé nim bat duoc cac dic
diém riéng ciia tmg nguoi ndi, chang han nhu danh tinh, gi6i tinh, tudi tac va
sttc khoe ctia ho vi n6 chi dua vao chi s6 dinh danh nguoi noi lam dau vao. bé
giai quyét van dé nay, mot s6 nghién ciru dé xuat mot phwong phap thay thé lién
quan dén mot vecto phong cach dai dién cho phong cich néi ciia ngudi ndi. Do
d6, luan 4n dé xuit mot mo-dun Mel-Vector Extraction (goi tat 1a mo-dun EMV)
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dugc dé xuét dya trén kién tric ban dau cia bo ma hoa phong cach néi Mel-style
da stra d6i co thé trich xuit mot vecto ¢ dinh tir phé Mel, nhu dugc mo ta trong
Hinh 8.

Pho Mel

- ?

: ==
Encoder

*P Feature_' a2
FC+Mish
ConviD+ReLu g
Decader _F Fl
Feature | " §
! Conv1D+ReLu :
/ | Epe —i
v (b)
Self-Attention
Embedding
Feature xl
: FC layer (128-d)
e r—

(a) Phé Mel

Hinh 8: a) So db kién tric ciia md hinh dua trén thich nghi Multi-TTS
tiéng Viét véi mo-dun Trich xuit Mel-vector (EMYV)
Coi ¥ 1a tiéng noi tong hop dugc tao ra bdi mé hinh sinh G v6i dau vao 1a vin
ban x va vector dac trung stv va cac tham s6 ¢ thé huin luyén duoc 6, ta co
biéu dién dau ra phé Mel nhu sau: § = G (x, stv; 6)
trong d6, vector biéu dién dic trung nguoi noéi stv duge sinh boi mé-dun EMV
thong qua mi hoa phd Mel ciia 4m thanh gbc X 1am méu thich nghi nhu sau:
stv = EMV(Mel_X)
Kién tric tong thé ctia mo hinh dé xuat bao gdm céc thanh phan chinh nhu sau:
Moé-dun mi héa am vi (Phoneme Encoder) ding dé bién ddi chudi 4m vi dau
vao thanh chudi 4m vi 4n (hidden sequence). Positional Encoding (mé hoa vi
tri) && mo hinh c¢6 kha ning xac dinh dugc thong tin vé vi tri twong dbi ciia cac
tir trong cau. Mé-dun EMV duoc sir dung dé trich xuat cac dic trung vé nguoi
n6i va phong cach noi tir ddu vao phd Mel thanh mot vector dic trung nguoi
n6i. Sau d6, Bo diéu hop phuong sai (Variance adapter) s& thém thong tin vé
truong do, cao do va cudng do vao chudi am vi an ndy. Va bd gidi ma sé st
dung céc thong tin nay dé dy doan ra phd Mel. Cudi cung, khdi Vocoder s&
chuyén d6i cac pho Mel nay thanh tin hi¢u tiéng noi. Kién trac tong thé duoc
mo ta trong Hinh 8.
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Chirc ning va kién tric chi tiét ctia cac mo-dun EMV dé xuat gom ba thanh
phan chinh 1a khéi md héa dic trung (Encoder Feature), Khdi giai ma dic
trung (Decoder Feature) va Khéi vector nhiing biéu dién dic trung (Embedding
Feature). Theo d6: Tai khdi Encoder Feature, dau tién dau vao Mel-
spectrogram dugc dwa dén 16p fully-connected (FC) va cac ham kich hoat Mish
(Ham kich hoat Mish dugc lua chon do dat dugc hiéu nang vuot troi hon ReLU
va Swish trong nhiéu thir nghiém) dé chuyén d6i mdi frames ctua Mel-
spectrogram thanh cac chudi an, sau d6 n6 s& chuyén qua hai 16p FC dé chuyén
ddi dac trung du vao thanh dic trung bd ma hoa. Tiép theo, vector nay s&
dugc dua qua khdi Decoder Feature. Bang cach sir dung Conv1D +ReLu véi
két ndi du dé nim bit (capture) dugc chudi thong tin tir tiéng néi miu di cho,
muc tiéu ciia mé-dun nay s& chuyén dbi Decoder Feature thanh dic trung bo
giai ma. Ngoai ra, skip connection ciing tich hop, sé sir dung cac déc trung co
gi tri cua cac khoi trude d6 va giai quyét dugc van dé triét tiéu gradient. Cudi
cung, dau ra cia Decoder Feature s& dugc chuyén sang mo-dun Embedding
Feature, mo-dun nay c6 mo-dun self-attention véi két ndi du cong 16p affine
dé ma hoa cac thong tin mot cach téng quat toan bo dic trung ngudi noi va
phong cach no6i. Ap dung né & cap frames dé EMV c6 thé trich xuat thong tin
phong cach néi tot hon ngay ca véi mot mau tiéng néi ngan. Sau dé, tam thoi
tinh trong sb trung binh dau ra ty cht ¥ ciia cc mau thich nghi va c6 duge mot
vecto kiéu mot chiéu stv. Nhu vay mo-dun nay s€ tao ra mot vecto dai dién
cho Mel-spectrogram va vecto ndy sé thém vao mé hinh chuyén vin ban thanh
giong noi.

3.3.2.  Ham mdt mdt huin luyén
Ham mit mat tong quat ctia mo hinh nhu sau:
Lfinal = Lmel + Lduration + Lpich + Lenergy

1. Gié tri ham mat mat L,,,;: Khoang cach gitra phd Mel dy doan va phd
Mel muyc tiéu dugc md ta nhu sau: L,o; = E[|| § — v 1]

2. Gia tri ham mét mat phwong sai Lgyrqtions L’pich, Lenergy: Sai s6 binh
phuong trung binh giira truong do cac am tiét, cao do va cuong do cua
mau du doan va muc tiéu nhu sau:

Lauration = |1d — d”%:Lpich =|lp - ﬁ”%:Lenergy =|le - é”%v

3.3.3. Thur nghiém danh gid va két qud
a) Thu nghiém danh gia

Pé danh gia cac hé thong TTS nhiéu ngudi néi, phan nay sir dung mé hinh
tong hop giong nodi da ngudi noi hién dai nhu Fastspeech2 va bo phat am
HifiGAN lam mo hinh co s¢ (baseline model). Trong mo6 hinh Multi-TTS dya
trén thich nghi d& xuit nhu dugc moé ta trong Hinh 8, s& thay thé speaker
embedding co s¢ bang mo-dun EMV dé mi hoa cac dic trung cia speaker truc
tiép tir Mel-spectrogram; K¥ thuét data-distributing cling dugc st dung dé giir
cac tham sb dic tinh tiéng noi thich nghi.
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B9 dir li¢u: Dir liéu thich nghi dugc chia thanh bon b (1an luot 14 1 phut, 2 pht,
4 phiit va 16 phut) dé huin luyén cdc mo hinh Few-shot ding EMV.
b) Két qua

Trén bang 3 chi ra rang, chi can 1 phut dir liéu tléng ndi dich thi mé hinh
Multi-speaker TTS dya trén thich nghi da c6 thé tong hop dugce &m thanh c6
diém MOS dat 3.81 so v6i diém 4.6 cua nguoi néi. Piém s nay cao hon hin
s0 v6i MOS sinh tir m6 hinh Multi-TTS co s¢ (sir dung 16 phut giong dich).
Diém s6 WER ciing thé hién rang mé hinh Multi-TTS dua trén thich nghi tong
hop giong tt hon mé hinh Multi-TTS co sd.
Bang 3: Bang danh gia chit lwong giira md hinh Multi-TTS co sé (sit dung
speaker embedding co ban) va M6 hinh Multi-TTS dwa trén thich nghi (st

dung mé-dun EMV va k¥ thuit phin phdi dir liéu)

Truwong d§/ | M6 hinh Multi-TTS co's¢ | Mo hinh Multi-TTS dua
Mo hinh trén thich nghi
MOS (1) WER() MOS(?) WER(D)
Am thanh goc 4.60 1.35 4.60 1.35
1 phuat 3.39 8.40 3.81 5.00
2 phut 3.52 7.28 3.87 2.75
4 phuat 3.59 6.16 4.00 2.00
16 phuat 3.61 5.60 - 1.25

Bang 4 cho thay rang, chi voi 1 phut dit liéu giong néi mau thich nghi, mé
hinh Multi-TTS dya trén thich nghi ¢6 diém twong dong SIM 1a 2.60 so véi 4.0
clia giong néi con ngudi. Piém s6 ndy cao hon nhiéu so v6i 1.96 diém SIM cua
md hinh Multi-TTS co s6 (sir dung 1 phit mau thich nghi). Biém MCD ciia mau
Multi-TTS duya trén thich nghi ciing giam hon 10% so véi mau TTS co so. Tién
hanh phan tich danh gia SIM theo phuong phéap ctia Mirjam Wester va cong su
[65]. Qua két qua phan tich ANOVA ta théy mo hinh co s& c6 (F=4,636> F toi1
han, p<0,05) va mo hinh d& xuét c6 (F=4,608>F tdi han, p < 0,05) cho thiy cac
két qua thuc nghiém c6 su khac biét va co y nghia thong ké.

Béng 4: Mirc d§ twong dong giita cic Md hinh Multi-TTS co sé' va Md hinh

Multi-TTS dya trén thich nghi so véi 4m thanh goc chi véi 1 phit dir li¢u

thich nghi
Mo hinh thir nghiém MCD SIM
Am thanh gbc (Groundtruth) - 4.0
Mo hinh Multi-TTS co so 7.36 1.96
M6 hinh Multi-TTS dua trén thich nghi 6.54 2.60

Hinh 8, minh hoa phép chiéu t-SNE cua céc vecto phong cach noi gilra giong
nguoi nodi va giong tong hop twong tmg. St dung giong noi cua 10 ngudi noi (5
nam va 5 nir), c6 thé thdy mo hinh ngudi nodi cua hé thong sit dung EMV thé
hién rat t6t dic tmng cua nguol n6i khi thé hién sy tuong dong gilia giong noi
cua con nguorl va giong noi tong hop thong qua céac diém thé hién duoc phan
cum 13 rang giira timg ngudi néi va diém tong hop 1an can véi giong ngudi noi.
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20 tSNE = Nguwoi néi
© Tong hop

15
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Hinh 8: Hinh anh t-SNE phén b ciia giong néi clia nguoi néi va giong
néi tong hop (sir dung EMYV)
3.4. Kétluan chwong 3

Trong Chwong 3 di trinh bay mot s6 k¥ thuat thich nghi tién tién hiéu qua cao véi
lugng dit liéu thich nghi nho trén thé gi6i. Tur phan tich da chi ra cac nhuge diém cua
cac phuong phdp tinh chinh truyén thong. Trén co s¢ do dé xuét xdy dung mot hé
thong tong hop thich nghi giong Viét Multi-pas fine-tune s dung ky thuat hoc
chuyén d6i va thir nghiém dé danh gia hé thng thich nghi. Két qua danh gia da
ching minh ré“lng: 1) Voi ky thuat Multi-pass fine-tune, chi can mot lugng dir liéu
nhé (4 phiit) cho phép hé thong tong hop duoc tiéng néi c6 do twong dong cao (véi
diém s SIM dat 2.87/3.99) so v6i 1.13/3.99 ctia md hinh tinh chinh truyén thong va
chi can 16 phit dit liéu thich nghi cho phép hé thong téng hop dugc tiéng ndi véi
chét lugng cao voi diém MOS dat 3.78/4.69 (twong duong 4.03/5) so voi 2.68/3.99
ctia mo hinh tinh chinh truyén théng [CT3].

M0 hinh dugc d& xuét Trong Chuong 3 di cho thay hiéu suat vuot troi 50 vO1 mo
hinh Multi-TTS co s& sir dung vector biéu dién dac trung giong ndi truyén thong
Qua thyc nghlem chi vai 1 phut mo hinh d& xuat dat do twong dong cao va chat
lugng giong ndi t6t so voi giong ndi goc Chi véi 1 phut dit liéu thich nghi, mau
Multi-TTS trén c6 kha ning thich nghi di cho chit luong MOS dat 3.8/4.6 va diém
twong dong SIM dat 2.6/4 [CT2]. Piém MOS nay tvong duong v6i diém sir dung 16
phut dir li¢u thich nghi dya trén k¥ thuat Multipass-fine-tune ma da trinh bay trong
3.3.1. Biéu d6 ching t6 mo-dun EMV da biéu dién hidu qua cc dic trung clia ngudi
ndi so voi vector biéu dién dic trung giong noi co ban, phu hop v6i md hinh huén
luyén Few-shot TTS va c6 kha nang biéu dién cac dic trung an cua ngudi néi nhin
thay trong qua trinh huén luyén. Tuy nhién viéc doi hoi huan luyén lai mo hinh la
mdt han ché cua cac k¥ thuat ndy va lwong dit lidu thich nghi mot vai phit van chwa
di hap dan. Trong Chuong tiép theo, luan 4n s& danh gia moé-dun EMV dé tang cudng
hiéu nang cta h¢ thong tong hop dya trén thich nghi cho m hinh Zero-shot TTS v6i
dir liéu chua timg xuat hién trong tién trinh huén luyén. Trén co s¢ d6 s€ tién hanh
nghién ctru va dé xuat cac giai phap va mo hinh cai tién trong Chuong 4.
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Chuong 4. MO HINH TONG HQP THICH NGHI KHONG HUAN
LUYEN VOI MAU TOI THIEU (ZERO-SHOT TTS)

Chuong 3 da trinh bay cac ky thuat tong hop tiéng néi dya trén thich nghi
hién nay dya trén 2 ludng chinh: mét 1a tinh chinh mo hinh bang dir lidu thich nghi
¢6 kich thudc nhé va hai 1a huan luyén toan bd mé hinh thong qua mét vector biéu
dién dic trung nguoi néi cua giong dich. Tuy nhién, cd hai phuong phap nay doi hoi
dit ligu thich nghi phai xuat hi¢n trong qué trinh huan luyén, diéu nay khlen thoi gian
huén luyén sinh ra giong méi kha ton kém. Ngoai ra, md hinh TTS truyén thong st
dung ham loss don gian dé tai tao cac dic trung am hoc, tuy nhién viéc t01 uu nay
dua trén cdc gia dinh phan phéi khong chinh xac din dén két qua 4m thanh tong hop
bi nhidu. Chwong 4 d& xudt mo hinh Adapt-TTS cho phep néng cao hiéu nang tong
hop 4m thanh & mirc chip nhan dugc tir mau thich nghi nho khong can hudn luyén.
Chuong 4 sé€ trinh bay cac ndi dung: Kién triic Extracting Mel-vector (EMV) cho
phép biéu didn dac trung clia ngudi ndi va phong cach néi tot hon; Mo hinh Zero-
shot TTS cai tién v6i thanh phan khuéch tan khir nhidu phd Mel (Mel-spectrogram
denoiser) st dung tinh chat ciia qua trinh khuéch tan nguoc tich hop vai vector dic
trung EMV @ trich chon giong nhim sinh gigng méi cho mé hinh Zero-shot TTS
cho phép tong hop giong méi ma khong can phai huin luyén lai (without training)
voi chat luong tdt hon [CT1]; Thir nghiém va két qua danh gia cho mo hinh d& xuét
[CTT];

4.1. P& xuat md hinh Adapt-TTS cii tién hiéu ning cho téng hop thich
nghi tiéng Viét

Kién triic cua Adapt-TTS bao gom céc thanh phan chinh: M6-dun EMV dé
trich xudt cac dic trung ngudi noi va phong cach néi thanh mot vector dic trung,
Mo6-dun ma hoa &m vi (Phoneme Encoder) dung dé bién doi chudi 4m vi thanh
phoneme hidden sequence, sau d6 Bo diéu hop phuong sai (Variance adapter)
s€ thém cdc thong tin vé truong do, cao do va cudng do vao chudi an nay. B
khir nhidu khuéch tan phd Mel (Mel-spectrogram denoiser) s& nhan cc théng
tin 4n & cac budc trude d6 dé thuc hién giai ma ra thanh cac phé Mel véi chat
luong cao dua trén nhan kién trac md hinh khuéch tan. Cudi cung, khéi Vocoder
s& chuyén ddi cac phé Mel nay thanh tin hiéu tiéng noi.
4.1.1. Ma hoa dic trung voi EMV

Chuong 4 dé xuat mot mo-dun twong dong voi Chuong 3 goi 1a Vector trich
xuit Mel (m6-dun Extracting-Mel vector hay con goi 1a EMV) ¢6 thé trich xuét
mdt vecto ¢d dinh tir biéu d6 phd mel cua speaker dé biéu chinh xac dic trung
ctia speaker nhu dic trung ngudi ndi va phong cach noéi. EMV 1a s& lay tiéng noi
tham chiéu X lam dau vao, muc dich cta khoi nay 1a trich xuét mot vector
embedding stv ¢6 chita phong cach va dac trung cua ngudi noi X.
4.1.2. Mel-spectrogram denoiser

Khéi Decoder nhan dau vao tir chudi 4m vi an thong qua Variance adapter dé
thém thong tin phuong sai (nhu trudong do, cao do, ning luong) sau do két hop
v6i vector EMV (dé biéu dién dic trung nguoi) sau d6 trong khdi decoder khoi

18



Mel-spectrogram denoiser s& nhan dau vao 1a chudi x,, bién c 1a dau ra cia
variance adapter va budc thoi gian t dé thuc hién khur nhidu va tong hop am
thanh chat luong cao dya trén trén Diffusion model. Qua trinh infer cia
Diffusion model cho Multi-TTS 14 t6i wu hdéa ham muyc tiéu fo(x¢|t, ©) dé
chuyén d6i cac phan phdi nhidu thanh 1 phan phbi Mel-spectrogram twong g
v6i vin ban di cho truée, md hinh nay gom 2 tién trinh chinh :

Qua trinh Khuéch tin xudi (Diffusion process) DPéau tién, Mel-
spectrogram bi dan 1am nhidu véi nhidu Gauss va bién ddi thanh cac bién tiém
an. Qua trinh nay dugc goi 1a qua trinh khuéch tan xubi. batx;...xr1a chudi
cac bién co cing chiéu, trong d6 = 0,1....,T 1 chi sd cho budc thoi gian
diffusion. Khi d6, qua trinh khuéch tan xuéi chuyen d6i Mel-spectrogram x,
thanh mot nhidu Guassian x; thong qua mét chudi chuyén déi Markov.

Qua trinh phuc hoi (Reverse process): Hoc cach khoi phuc phan bd dir
lidu, 1a quy trinh tao phd Mel tir nhidu Gauss. Qua trinh khoi phuc duoc dinh
nghia la phan ph01 c6 didu kién pg(x,. rlxr, €), va né cd thé dwoc factorized
thanh nhiéu chuyén ddi dya trén tinh chat chu01 Markov. Thong qua cac chuyén
ddi nguoc lai pg (x;_1]x¢, €), cac bién tiém 4n dan dan duoc khéi phyc thanh
Mel-spectrogram tuong tng voi bude thoi gian khuéch tan voi didu kién van
ban. Noi cach khac, Mel-spectrogram denoiser hoc phan phdi mé hinh pg (x,|c)
thu duoc tir quy trinh nguge lai. Dita =1— B, va @, = [[{2; a5 Muc tiéu
huén luyén ctia bg khir nhidu khuéch tan phé Mel nhu sau:

minLg = Exo‘e‘t[HE — Eg(ﬁxo +./1—ae,t, c)||1]

4.1.3. Sinh am thanh cé diéu kién

V&inhiém vu sinh am thanh c6 diéu kién dya trén nhiéu thong tin dau vao,
coi y 1a cac nhan thong tin diéu kién bd sung thi chuyén moi cong thirc
khuéch tan trén v6i diéu kién y nhu sau:  pg(xp_11%.) = po (Xe_qlXp, y)

€g (xtl t) — €p (xtl t, y)
trong d6 y 1a cac diéu kién nhu bién ¢ 1a d4u ra ctia bg thich nghi phuong sai,
vector ddc trung ngudi néi stv sinh bai EMV, thi biéu dién cic cong thirc
trén nhu sau:
Do (te-11%) > Py G-yl €, 5E0) A € (e, ) = € (e 8, €, 5tV)

Toém tiat qua trinh huan luyén va suy luan.

Qua trinh huén luyén: Gia tri ham mat mat tong quat trong qua trinh huén

luyén bo khir nhiéu Mel-spectrogram bao gdm cac phan sau day:

Lfmal - L6+LSSIM + Lduratwn + LplCh + Lenergy
Trong d6 : Gia tri ham mat mat Ly 13 sai s6 binh phuong trung binh MSE gitra
mau ph6 mel dy doan va muc tiéu; Gid tri loss chi so tuong ddng cu trac
LSS,M(SSIM) 1a 1- chi s6 SSIM giita mau phd mel dy doan va muyc ti€u; Gia tri
ham mat mat phuong sai Ldumtmn, Lplch, Lenergy 1 sai s6 binh phuong trung
binh giita truong do cac am tiét, pho pitch va ning lugng ciia mau dy doan va
muc tiéu.

19



Qua trinh suy dién: Trong qua trinh suy luan, Mel-spectrogram denoiser
du doan dau vao x, khong bi nhidu va sau d6 thém lai nhidu bang cach sir dung
phéan phéi hau nghiém, tir d6 tao ra cac mat phéng Mel-spectrogram voi chi tiét
ting dan. Cy thé, md hinh khir nhiéu fy (%, t, ¢) trude tién dy dodn x,, sau do
x¢_, dugc lay miu bang cach sir dung phén phdi hau nghiém q(x,_1 | X, xo)
dugc cho boi x¢va du doan x;._;. Cubi cung, mat phang spectrogram dugc tao ra
tir x, duoc chuyén do6i thanh hinh dang séng bang cach sir dung mot vocoder
duoc hudn luyén trudc.

Bo khlr nhiéu khuéch tan phé Mel

Phé Mel oo m——— 17
] 4 MekNhidu |
B6 ma hoa Phép chiéu
am vi dau vao o
1 i 8
v l £
‘ B9 thich nghi M
phu'ong sai Embedding
l : khuéch tan
x
4 T
i B6 giai ma
N2
Bo qua,
L .
v v
Phép chiéu
A x
dau ra ta
v v
Tiéng noi Nhiéu
1 xo
Qué trinh phuc hoi: fo(x|td)
" | ChoTtai timg bude theo thoi gian:

\\‘ Mel_déu ra=Mel —Nhiéu

Hinh 9: Kién tric chi tiét cia khoi Mel—spectrogram Den01ser

4.2. Thir nghi¢m danh gia va két qua
4.2.1. Thii nghi¢m danh gid

Dé danh gia chat lugng am thanh tong hop tao tir cac md hinh dé xuét, 5 by
dit liéu d3 duoc chuan bi, trong do, 4 b dugc téng hop tr cac audio tham chiéu
v6i khoang thoi gian twong Gng 13 1 gidy, 3 gidy, 5 gidy va 1 bo giong gbc dé
dbi sanh. St dung hai md hinh dé tdng hop: mét 1a mé hinh co s dé xuét boi
Fastspeech2 va mo hinh Adapt-TTS. Sir dung 30 nguoi nghe dé dénh gia. Panh
gi4 hé théng téng hop bang cach phdi hop danh gia ca theo phuong phap khach
quan (WER) va danh gia chu quan (MOS/SIM).
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4.2.2. Kétqui
* Chéat lwgng téng hop
Bang5 chi ra rz‘mg v6i chi 3 gidy 4m thanh thich nghi cua ngudi noéi méi, du
khong can huan luyén lai thi mo hinh Adapt-TTS da tong hop dugc 4m thanh
dat dlem s6 MOS 1a 3.29 so v&i 4.53 diém cuia nguoi noi. Diém sb nay cao hon
diém s ciia md hinh co s¢ 14 2.16. Diém s6 WER ciing cho thiy chi véi 1 gidy
am thanh thich nghi ctia ngudi néi méi da cé thé tong hop duge am thanh dat
WER 3.38.
Bang 5: Két qua danh gia chit lwong tong hop MOS/WER ciia cac md
hinh co’ s6 va md hinh dé xuit vd cic gigng chwra cé trong tip huin luyén

Truong d§/ M6 hinh co sé M6 hinh Adapt-TTS
M@ hinh MOS (1) | WER(])) | MOS(}) WER(])
Am thanh gbc 4.53 1.35 4.53 1.35
1 gidy 2.05 8.78 2,89 3.38
3 gidy 2.16 7.77 3.29 3.14
5 gidy 2.18 6.76 3.31 3.04

* P twong d(‘“)pg .
Béang 6: Két qua danh gia do twong dong SIM ciia cac mé hinh co ban
va mo hinh dé xuat véi dg tin twéng 95%

Mo hinh/ Mo hinh co sé¢ Adapt-TTS
Trwong df SIM SIM
Am thanh goc (Groundtruth) 3.90 3.90
1 gidy 1.16 1.71
3 gidy 1.24 2.22
5 gidy 1.31 2.6

SIM mo hinh co s (3 gidy)

0%

a
$1 52 $3 54 55 56 S7 58 $9510511512513514515516517518510520521522523524525526527528529530

3

]
o

@
-]

=]

=]
7

™ Chic chin khac nhau ® C6 thé khac nhau ™ C6 thé giéng nhau ® Chic chin giéng nhau

SIM mo hinh Adapt-TTS (3 gidy)

n " E R ] 1 [ d ] EEEENE
60% ‘ i |I

0% 1 I
PLLLELERRR R

0%

S1 S2 S3 54 55 S6 S7 S8 59510511512513514515516517518519520521522523524525526527528529530

= Chic chan khac nhau = C6 thé khac nhau = C6 thé giong nhau ® Chéc chan giéng nhau

Hinh 10: So sinh sy twong dong ciia ciia mé hinh co' s& (trén) va md hinh
Adapt-TTS dé xuiat (dwéi) trén tat ca cac cap ciu danh gia
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Bang 6 chi ra rang chi voi 3 gidy 4m thanh thich nghi ciia nguoi néi méi, thi mo
hinh Adapt-TTS di dat d6 twong dong v&i chi sé SIM 14 2.2/3.9 ciia giong nguoi
ndi. Trong khi mé hinh co s6 chi dat chi s6 SIM 1.24/3.9. Tién hanh phén tich
danh gia SIM theo phuong phéap ciia Mirjam Wester va cong su [65], tong hop
diém tuong ddng cua ngudi nghe cho toan b cac cap cau dugc danh gia (gitra
giong tong hop va 4m thanh gbc) thé hién trong Hinh 10, trong d6 ky hiéu SI,
S2, .. biéu dién thtr ty ctia ngudi danh gia. Biéu dién cho cho thdy do tu tin ve
kha ning “chic chin gidng” va “c6 thé gidng nhau* ciia hai mé hinh Adapt-TTS
d@é xudt va mé hinh co sé 1a rit rd rang. Qua két qua phan tich ANOVA ta thiy
md hinh co s¢ ¢6 (F=1,675> F tdi han, p<0,05) va md hinh Adapt-TTS dé xuat
c6 (F=2,099>F t61 han, p < 0,05) cho théy cac két qua thyc nghiém c6 su khac
biét va ¢ ¥ nghia thong ké.

Phép chiéu t-SNE ciia vecto EMV thu duoc tir nhitng ngudi néi khong nhin
théy trong bo dir liéu da nguoi ndi cia tiéng Viét, cu thé, chon ra 10 ngudi noéi
(5 nam va 5 nit). Adapt-TTS cho thay sy phan tach cac vecto dai dién ngudi ndi
13 rang va gan voi 4m thanh gde hon khi so sanh v&i mé hinh co s. Biéu do t-
SNE ctia mé hinh Adapt-TTS (Hinh 11a) cho thidy 4m thanh tong hop va 4m
thanh that ciia ciing mot ngudi noi co cum lai gan nhau thé hién sy trong dong.
Dic diém gidi tinh ciing dugc phan cum rd rang & hai viing khac nhau.
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Hinh 11: Mb hinh héa phin b6 khéng gian t-SNE ciia a) M6 hinh Adapt-
TTS va b) Mé hinh co sé giira giong tong hgp va giong ngudi néi ciia 10
nguoi

Nhu vay, trong md hinh Adapt-TTS d& xuat, ban dau khong cung cap bat ky
thong tin nao vé danh tinh ctia ngudi néi cho mo hinh encoder, phan phéi do bo
encoder du doan budc phai doc 1ap véi danh tinh ctia nguoi néi. Do d6, Adapt-
TTS c6 thé chuyén ddi giong ndi chi bang cach sir dung mo hinh encoder. Bo
ma hoa déc trung nguoi néi voéi EMV va cho phép thich nghi cac dac trung
giong. Cac melspectrogram dugc du doan chinh xac hon nhd by Decoder voi
thanh phian Mel-spectrogram denoiser theo mé hinh khuéch tan tao 4m thanh
chat luong cao va it nhidu.

4.3. Kétluan chuong 4 ‘
Chuong 4 d3 dé xut mot kién trac Adapt-TTS cho phép tong hop mot giong
méi bang phirong phdp thich nghi giong néi bang Zero-shot TTS véi chi mét cdu
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néi duy nhat cia mau am thanh cia ngiéi néi méi ma khéng can hudn luyén lai
mo hinh. Cac dé Xuét st dung EMV két hop v6i m hinh khir nhidu khuéch tan phd
Mel cho phép tong hop giong noi nhan ban voi chat luong chap nhén dugc. Thyce
nghiém chirng minh rang chi can mot mau 1-3 gidy tiéng noi ciia gipng néi mau da
¢6 thé tong hop duogc giong ndi co chat lugng MOS dat 3.3/4.5 va d6 twong dong
SIM dat 2.2/3.9 [CT1]. Chét lugng 4m thanh tao tir md hinh thich nghi Zero-shot
TTS tuy khong thé dat dugc chét lugng hodc thay thé cho cac mé hinh tong hop
thich nghi c¢6 huin luyén lai mé hinh nhu Few-shot TTS nhung bu lai mé hinh dé
xuét cho phép hoc nhanh giong méi ma khong can phai hudn luyén lai va chét
lugng 4m thanh tong hop van dam bao & mirc chap nhén dugc va dat dugc do tuong
dong tdt so voi giong dich. M6 hinh h Adapt-TTS de xudt da cho phép tong hop giong
néi méi dwa trén duy nhat mét mau cau thich nghi va khong phai hudn luyén lai
mé hinh, cho phép mo réng g dung ciia mé hinh tong hop va kha nang dp dung
da dang trong cugc song [CT7]. )
KET LUAN
Chuong 1 da trinh bay cac khao sat va phan tich chi tiét vé cac nghién clru
hién nay ciing nhu kién thirc c6 lién quan vé tcng hgp va thich nghi giong noi.
Chuong 2 trinh bay ket qua xay dung by CSDL bang cac phuong phap hiéu qua
voi chi phi thap 1am 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 nghi¢m
quan trong nhat cua Luan an Nghzen ciku phat trién hé thong thich nghi giong
néi trong tong hop tiéng Viét va img dung’ voi cac dong gop chinh. Ndi dung
Chuong 3, 4 da trinh bay ba phuong phap tong hop tiéng néi dam bao chat lugng
cho ngdn ngit nghéo tai nguyén nhu tiéng Viét trong khi chi cd vai phiit mau thich
nghi do6 1a cac ky thuét thich nghi dya trén DNN cho m6 hinh phu thugc nguoi
n6i (Few-shot TTS) va doc 1ap ngudi noi (Zero-shot TTS). Cac ky thuat e xuat
chi tiét cua cac Chuong ndy cing da tra 10 cho cac cau hoi nghién ctru vé b
lugng mau tbi thiéu dung dé thich nghi (dugc huan luyén cung hé thong va khong
huan luyén cung h¢ théng) kém theo cac thir nghiém va danh gia cu thé:

1) Pé xuit mé hinh Multi-pass fine-tune dé¢ tong hop thich nghi Few-shot
TTS cho tiéng Viét chat lugng cao bang k§ thuat hoc chuyén d6i. M6 hinh phu
thudc ngudi noi duge dé Xuat c6 kha nang nhan ban mét giong mdi ¢6 qua huan
luyén nham giai quyét van dé can it dir liéu cua giong ndi nhén ban so voi phuong
phap truyén théng. Chi v6i mau cau ndi 4 phut cho phép hé thong tong hop dugce
tiéng noi co do tuong ddng cao (voi diém sé SIM dat 2. 87/3. 99) va chi can 16
phit dit lidu thich nghi cho phép hé théng tong hop dugc tiéng néi véi chit lugng
cao v6i diém MOS dat 3.78/4.69 so v6i 2.68/3.99 cta mé hinh tinh chinh truyén
théng [CT3];

2) Pé xuit kién tric vector EMV (Extracting-Mel vector) c6 khd ndng trich
xuat dic trung va biéu dién ngudi noi hi¢u qua va md hinh thich nghi Few-shot
TTS cho tiéng Viét giup tang cuong chit lugng thich nghi. M5 hinh phu thuge
ngudi néi duge dé xuat c6 kha ning nhan ban mot giong méi can it dir liéu hon
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cac k¥ thuat tinh chinh. Chi vdi 1 phit dit li¢u thich nghi, mau Multi-TTS trén
¢6 kha niang thich nghi da cho chat luong MOS dat 3.8/4.6 va dat diém tuong
dong SIM dat 2.6/4 [CT2]; Ngoai ra kién trac Variance adapter ¢6 kha niing
diéu chinh gigng (dicu khién cac dic trung tiéng noi nhu truong d9, cao do va
cuong d9).

3) Pé xuit mé hinh Adapt-TTS dé giai quyét bai toan nhan ban gi(_)ng noi
khong can huén luyén lai (Zero-shot TTS). M6 hinh doc 1ap nguoi noi duge dae
Xuat giai quyét bai toan nhan ban mot giong mai voi rat it dit liéu va khong phai
huén luyén lai va ¢ kha nang ap dung trong thyc té. M6 hinh d& xuét c6 kha ning
nhén ban v6i chi mot cAu mau duy nhat (1-3 gidy) thong qua vector biéu dién dac
trung EMV va kién trac khur nhidu khuéch tan phd Mel (Mel-spectrogram
denoiser) ma khong cin hudn luyén lai md hinh, cho chét luong téng hop MOS
dat 3.3/4.5 va 40 tuong dong SIM dat 2.2/3.9 [CT1];

4) Xay dwng by CSDL tiéng néi dam bao chit lwgng va chi phi thap cho
nhiém vy téng hop va thich nghi [CT6] [CT3]; K¥ thuét bo sung thong tin nhan
nham ting cudong do tu nhién cho cac hé thong tong hop tiéng noi tiéng Viét
thong qua (chén ddu cau, chén diém diung lay hoi va phién am tir muon)
[CT5][CT4]. Két qua cua phén nay chinh 1a bo CSDL quan trong cho tong hop
va thich nghi sir dung xuyén sudt cho cac Chuong 3 va 4 ctia luan an.

5) Xay dung dwgc ing dung nhan ban giong sir dung dwgc trén cac thiét
da nén tang nham bat chude va tong hop giong noi bat ky dé chung minh tinh
kha thi va hiéu nang cua cac mo hinh dé xuét kém cac minh ching [CT7]. Véi
mdi mo hinh thich nghi dé xuat s& c6 uu nhugc diém riéng va tir do tinh img dung
thyc tidn khac nhau: M6 hinh Few-shot TTS sé cho chdt heong tong hop 16t véi
chi mét hegng nho vai phit dén vai chuc phut dit liéu thich nghi cho phép nhdn
ban giong hodc tao cdc giong ndi giong doc quyén phuc vu phat thanh, doc bao
cao tw dong; Mo hinh thich nghi Zero-shot TTS voi chi mot cdu dit liéu va khong
phdi hudn luyén phir hop véi hoc giong tire thi ciia nguwoi ding, tmg dung cho loa
thong minh.

Huwéng phat trién

1) Nghién ciru giai phap ting cuong chit luong thich nghi véi cac mau giong
¢6 cam xuc hodc gigng mau it dir liéu.

2) Thuc nghiém cac mo hinh dé xuét trong nghién ctru nay voi cac bo dit lidu
tiéng Anh, tiéng Trung, ... dd cong bd dé c6 nhirng ddi sanh vé tinh hiéu qua cua
md hinh.

3) Ap dung m6 hinh dé xuat cho cac k¥ thuat thich nghi da ngdn ngir (multi-
lingual adaptation).

4) Tiép tuc cai tién mo hinh Adapt TTS va céc thuat toan nén cho mé hinh
huan luyén/ tong hop twong img dé giam dugc chi phi tinh toan va co thé chay
trén céc thiét bi co tai nguyén nho.
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