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TRICH CHON CAC THAM SO DAC TRUNG TIENG NOI CHO HE THONG
TONG HGP TIENG VIET DUA VAO MO HINH MARKOV AN
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Tém tit. Phuong phap téng hop tiéng noi dua trén mo hinh Markov an (HMM) chi can mot kho
ngit liu tiéng n6i thu am sin di 16n (bao ham tat ci cac am vi ciia mot ngon ngit) dé phuc vu cho
muc dich huén luyén. Trong phuong phap nay, moé hinh théng ké duge st dung dé moé hinh héa su
phan bd clia cac vécto am thanh phu thudce ngit canh, cic véctd nay dude trich rat tit tin hiéu tiéng
n6i, mdi vécts 1a mot tham sd dic trung cho khung tin hiéu va cac qui tic nglt am tiéng Viet, phuc
vu cho qué trinh téng hop tiéng néi. Hieu qué ciia hé théng bi han ché béi miic do chinh xac khi
tham s6 héa cac dic trung tiéng néi vi phuong phéap tai tao tin hiéu tiéng néi tit nhitng tham s6 nay.
Bai bao nay gidi thiéu mot phuong phéap trich chon cac tham s6 MFCC, FO va tai tao tin hiéu tiéng
néi chat lugng cao st dung bo loc MLSA. Phuong phéap nay thich hop cho téng hop tiéng néi dua
tren HMM va két qué clia n6 dude danh gia qua thuce té 14 kha t6t so v6i mot sé6 phuong phap khac.
T khéa. Tong hop tiéng Viet, tham sé hoéa tiéng noi, téng hup tiéng noéi tham sé théng ke, mo
hinh Markov &n, hé s6 phd tan s6 thang Mel, tan s6 cd ban.

Abstract. Recently, the statistical framework based on Hidden Markov Models (HMMs) plays an
important role in the speech synthesis method. The system can be built without requiring a very large
speech corpus for training the system. In this method, statistical modeling is applied to learn distri-
butions of context-dependent acoustic vectors extracted from speech signals, each vector contains a
suitable parametric representation of one speech frame and Vietnamese phonetic rules to synthesize
the speech. The overall performance of the systems is often limited by the accuracy of the underly-
ing speech parameterization and reconstruction method. The method proposed in this paper allows
accurate MFCC, FO and tone extraction and high-quality reconstruction of speech signals assuming
Mel Log Spectral Approximation filter. Its suitability for high-quality HMM-based speech synthesis
is shown through evaluations subjectively.

Key words. Vietnamese speech synthesis, context-dependent, speech parameterization, statistical
parametric speech synthesis, Hidden Markov Models, mel-frequency cepstral coefficient, fundamental
frequency.

1. GIOI THIEU

Céac phuong phép tong hgp tiéng noéi ¢ mitc thap c6 thé ké dén la: mo phéng bo may
phat am, tong hop format, ghép ndi va tong hop cac tham sé thong ke dua trén cac mo hinh
Markov an. Vé mat 1y thuyét, phuong phap tong hgp bo may phat am cho chat lugng tiéng
n6i chinh xac nhat bdi vi phuong phap nay mo phéng hé thong tao tiéng néi con ngusi mot
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cach truc tiép, nhung nhuge diém phuong phép nay khé tiép can. Tong hgp format dya trén
viéc mo hinh héa sy cong hudng clia cac day thanh khi phat am, day 1a phuong phép tiép can
tong hop tiéng noi phd bién nhat trong mot vai thap nién qua. Téng hop ghép ndi la phuong
phap dua trén sy ghép néi mot lugng 16n cac mau thu am sin dé tao ra tiéng néi véi chat
lugng tir nhién nhat. Phuong phap nay dang dugdc iing dung phd bién trong cac hé théng tong
hop tiéng néi co st dung server (chang han nhu cac hé théng giai dap, tra 1oi tu dong, he
théng dich tiéng noi), nhung nhuge diém ctia he théng nay 1a thu dong, khong linh hoat (phu
thuoc vao server), khong on dinh, thoi gian dap tng (phu thudc vao dudng truyén), dac biet
la khi ching ta can kha nang tong hop tiéng noéi véi nhieu dic trung giong néi va ngit dieu
khac nhau. Mot 1y do xuat phat tit thuc té&, do 1a khé cé thé chuan bi, t6 chic va Iuu trit
mot s6 luong 16n cac dit lieu tiéng néi ciia nhiéu nguoi khac nhau véi cac cach noi khac nhau.
Heé théng tong hgp tiéng néi tham s6 thong ke dya tren HMM (HTS) da duge nghien ctu va
phét trién pho bién trong vai nam gan day dé khic phuc nhuge diém nay clia tong hop theo
phuong phéap ghép ndi. Bén canh d6, cac nghién citu, cai tién thuat toan nham nang cao chat
lugng tin hieu tiéng néi téng hop tit céc tham sé tham s6 thong ke, dua trén mo hinh Markov
an, dang la chti dé dugc quan tam hién nay [1].

HTS doi hoi cac tin hieu dau vao phai duge dich thanh tap cac véc to dé xit 1y v6i nhiing
diic trung t6t. Do do, cac he s6 Mel-frequency Cepstral Coefficients - MFCC (st dung trong
nhiéu linh vie ctia xit Iy tiéng n6i) duge sit dung dé mo hinh héa pho tiéng noi trong cac hé
théng tong hop va chuyén doi tiéng noéi [1]. Ngoai kha nang mo hinh héa phd, MFCCs con c6
mot uu diém ndi bat 1a ching cho phép st dung cac ma tran hiép phuong sai chéo hoa, vi cac
thanh phan riéng biét trong méi véc to it tuong quan véi nhau.

Dac trung ctia HTS 1a mot hé théng cé kha nang huan luyén cdc mo hinh va tong hop
tiéng noi khong phu thude ngon ngit va chi can mot kho ngit lieu thu am diu 16n (chia du cac
am vi can c6 clia mot ngon ngit). Vi vay, ching to6i chon HTS dé cai tién va lam cong cu tong
hop tiéng Viet (14 ngon ngit don lap am tiét tinh va ¢6 thanh diéu). Dong thai ching toi ciing
tién hanh thu am va xay dung tap dit lieu tiéng néi tiéng Viet, phuc vu cho viéc thit nghiem
tong hop va so sanh, danh gia két qua. Tin hiéu tiéng noéi dang séng trong co sé dit lieu duge
phan doan va gidn nhan véi cac thong tin ngit cAnh nhu thanh diéu, am tiét, tit, cum tit va
cau noéi dé lam dau vio cho qua trinh huan luyén céc mo6 hinh vi tai tao tiéng néi tit cAc mo
hinh nay [2].

Bb cuc bai bdo gom: Muc 1 gidi thieu tong quan, Muc 2 mo ta so luge hé théng tong hop
tiéng néi ap dung cho tiéng Viet dya trén HTS. Cac két qua thit nghiem tong hgp tiéng Viet
duge dé cap dén trong Muc 3, chat lugng tiéng néi tong hgp dude so sanh, danh gia trong
Muc 4, va cudi cling 1a két luan va dinh huéng nghién ctu.

2. HE THONG TONG HOP TIENG NOI THAM SO THONG KE DUA
TREN HMM

Vé mit 1y thuyét, tin hicu tiéng néi cé thé duge tong hgp tit cac vecto dic trung. Trong
HTS, cac vecto diic trung bao gdm cac tham s6 phd (cAic MFCC nhu thanh di¢u, trudng do,
cac tan s6 khéac) va cac tham s6 nguon kich thich (tan s6 co ban F0).

Hinh 1 m6 t& pha huin luyén clia hé théng tong hgp tiéng néi tiéng Viet, trong phan nay,
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cac tham s6 pho (MFCC) va tham sé nguodn kich thich (tan s6 co ban) duge trich chon tit co
s dit lieu tiéng noi, sau d6 chiing duge mo hinh béi cac HMM phuy thudce ngit canh.

Phén tich

Nhin

-

PHA TONG HOP

B88.ahy

Cac HMM phy

\;_,_____'___,_r_z'

thude ngir canh va
md hinh thiri gian
trang thai

A

o
-

Sinh tham sé tir cac

HMM

Tham sb kich thich[F,

Tham s MFCC

~

Sinh ngudn kich thich =

Bé loc tﬁng hop

Tiéng néi

.

tong hop

Hinh 2. Pha tdng hop ctia hé théng téng hgp tiéng néi dya tren HMM

TR T

Hinh 2 minh hoa pha tong hgp ciia hé théng tong hop tiéng Viét, tai pha nay, tit chudi céc
nhan phuy thuoc ngit canh ciia vin ban can tong hgp ma chudi cac HMM phu thudc ngit canh
tuong tng ching duge chon tit co sé dit lieu cac HMM. Sau dé, cac tham sé pho, tham s
truong do va tham sb kich thich sé dugce sinh ra tit cac chudéi HMM bang cach sit dung thuat
toan sinh tham s6 [5]. Cudi ciing, thong qua mot bo loc tong hop, cac tham s6 nay duge tong
hogp thanh tin higu tiéng néi § dang séng [6]. Tham s6 phd, tham s6 truong do va ngudn kich
thich 1a céc tham s6 can thiét cho moi bo loc tong hgp, do vay cac tham sé nay déu phai duge
m6 hinh dong thai bsi cac HMM. Chi tiét cac phan huan luyén va tong hgp ap dung cho tong
hop tiéng néi tiéng Viet duge miéu ta nhu sau:

A. Pha huan luyén
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Trong phan huan luyén, dau vao la cic cau néi duge thu am sdn va cdc mo ta miic am
vi clia ching, tiép d6 cac HMM phu thudc ngit canh clia tiing am vi duge huan luyén tir cac
tham s6 pho va nguodn kich thich ciing vé6i cac dic trung dong ctia ching. Cac tham sé pho
duge mo hinh thong qua viec sit dung cac HMM phan bo lien tuc [7], trong khi d6 céc tham
s0 kich thich lai duge mo hinh bang cach sit dung cac HMM phan bo xdc suat da khong gian
(Multi-Space probability Distribution HMMs, MSD-HMM) dé khic phuc sit dan xen clia cic
am httu thanh va vo thanh [8]. Dong thai cdc mat do thoi gian trang thai cling duge mo hinh
bdi cac phan bd Gaussian don [4].

Qua trinh huan luyén cac HMM am vi stt dung dong thoi cac tham s pho, tham s6 truong
do va tham s6 kich thich trong cting mot co ché théng nhat thong qua viéc st dung cac
MSD-HMM va céc phan bé Gauss da chiéu [8]. Trong khi d6, qué trinh huén luyén cac HMM
phu thudc ngit canh st dung dong thoi tan s6 co ban FO va MFCC. Qua trinh phan cum phu
thuodc ngit canh clia cac phan bé Gauss duge thye hieén doc lap véi pho, tan sb6 co ban va thoi
gian trang thai do hé s6 pham cum khéac nhau.

1) M6 hinh héa phé tin hiéu

Trong cach tiép can clia bai bdo nay, cac MFCC gom céac tham sé thanh diéu, thoi gian
trang thai va cac hé sd delta va delta-delta tuong ting ctia ching dude sit dung nhu 1a cac
tham s6 pho. Cac heé s6 delta va delta-delta tuong tng véi cac tham sé thanh diéu, thoi gian
trang thai duge tinh toan nham phén 4nh sy bién thién tiéng noéi theo thai gian. Cac gia tri
delta dugc tinh toan dua trén cac gia tri MFCC ctia cac khung tin hiéu lan can. Ngoai ra gia
tri delta ctia delta (hay con goi la acceleration) ciing c¢6 thé duge tinh toan tit cac gia tri delta
tinh toan & trén.

Céc chudi vecto MFCC (trich chon tit co s6 dit lieu tiéng noi), duge mo hinh béi cac HMM
mat do lien tuc. K¥ thuat phan tich cho phép téng hop tiéng néi tir cac MFCC nho sit dung
bo loc Mel Log Spectral Approximation (MLSA) [10]. Cac MFCC dugc trich chon thong qua
phan tich Mel-cepstral bac 24 (gia tri t6i wu rat ra tit thyc nghiém véi nhiéu ngon ngit khéac
nhau), st dung ctta s6 Hamming 40 ms, do dich khung la 8 ms. Céc x4c suat dau ra clia cac
MFCC tuong ting véi cac phan bé Gauss da bién [2].

2) M6 hinh héa nguon kich thich

Céc tham s6 nguon kich thich bao gom cac logarit ctia tan s6 co ban (log F0) va cac he s6
delta va delta-delta tuong ting ctia chiung. Chudi tham s6 log F0 clia cic ving am vo thanh
duge mo hinh béi mot HMM dya trén phan bo xac suat da khong gian [8].

3) Mo hinh héa thoi gian trang thdi

Mat do thoi gian trang thai duge mo hinh thong qua phan b6 Gauss don [4]. Chiéu clia
cic mat do nay chinh 1a s6 trang thai ciia HMM, va chiéu thit n clia mat do thoi gian trang
thai tuong ting véi trang thai thit n cia HMM. Cau tric caic HMM bao gom céac trang thai
trai sang phai, khong bd qua trang thai.

Hién nay, c6 nhiéu k§ thuat huan luyen HMM st dung mat do thoi gian trang thai dong
thoi. Tuy nhién, nhitng ky thuat nay doi hoi khong gian luu tri 16n va kha nang tinh toan
ctia hé théng. Trong bai bdo nay, mat do thdi gian trang thai dugc wdce lugng bang cach st
dung cac xac suat xuat hién trang thai nhan dudgc tai lan lip cudi cliing clia qua trinh tai wde
lugng nhing [4].
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4) Céc yéu té ngit cdnh phu thugc ngon ngit

C6 nhiéu yéu t6 ngit canh (vi du nhu: nhan dang am t6, trong am, phuong ngi, thanh
di¢u) c6 anh hudng dén phd, cao do va thai gian trang thai. Cha § 1d mdi HMM phu thude
ngl canh tuong tng v6i mot am vi.

Cac yéu t6 ngit cAnh phu thudc ngon ngit sit dung trong HTS chinh 1a cAc nhan ngit canh
va, cic yéu t6 phan cum ngit canh. Do tiéng Viet 14 ngon ngit ¢6 thanh diéu, nén can c6 mot
tap phat am phu thuoc thanh dieu va tap ngit am va yéu t6 dieu tinh tuong ing dé xay dung
cay quyét dinh. Van dé phan cum ngit cAnh dua vao cay dugc thiét ké dé c6 duge thanh dieu
chinh x4c la vAn dé rat quan trong trong bai toan tong hop céc ngon ngit thanh diéu, trong
d6 co tiéng Viet [11, 12].

Mot s6 thong tin ngtt cAnh can thiét cho qua trinh gan nhéan trong dit liéu tiéng néi tiéng
Viet c6 thé ké dén 1a [2]:

a) Mic am vi:

e Am vi trudc, am vi hien tai, hai am vi phia sau;

e Vi trf hién tai ctia am vi trong am tiét (tinh tir dau va tir cudi am tiét);
b) Miic am tiét:

e Thanh diéu clia am tiét trude, am tiét hién tai, am tiét phia sau;

e S6 luong am vi trong am vi trude, am vi hién tai, am vi sau;

e Vi tri clia am tiét trong tit hién tai (tinh tit dau va tir cudi tr);

e Miic do trong am (thé hien digu tinh);

e Khoang cach dén am tiét c6 trong am trude va dén am tiét c6 trong am sau;
¢) Mic tu:

e Loai tu (Part-of-speech) ctia tit trude, tit hién tai va tit phia sau;

e S6 luong am tiét trong tir trudce, tit hien tai va tit phia sau;

e Vi tri ciia tur trong cum t;

e SO lugng tir trong nhém tir {trude, sau} tinh tir vi tri hién tai;

e Khoang cach dén tir trude va tit sau tinh tit vi tri hién tai;

d) Mic cum tu:

e S6 lugng am tiét, tir trong cum tu trude, cum tit hién tai va cum tit phia sau;
e Vi tri clia cum tir hién tai trong cau noi;

e) Mic cau noi:

e SO lugng am tiét, tir, cum tir trong cau noi;

5) Phan cum ngi cdnh dva vao cay quyét dinh

Trong mot s6 truong hop, dit lieu tiéng néi khong c6 di s6 mau ngit canh hoac sinh ra
nhan ngit canh khong tuong tng véi HMM trong tap mo hinh huin luyén. Vi vay, dé khic
phuc van dé nay, k¥ thuat phan cum ngit canh duya vao cay quyét dinh dude 4p dung vao cac
phan bd clia cac tham s6 pho, tan s6 co ban va thoi gian trang thai.

Dé thuc hién phan cum ngit canh dua trén cay quyét dinh, mot s6 yéu t6 quyét dinh can
phai duge xay dung va tuan theo dé phan cum cac am vi. Sau dé, nhitng yéu td quyét dinh
nay duge mé rong dan dé bao ham tat ca thong tin ngit canh, chdng han nhu la thanh dieu,
am tiét, tir, cum tit va cau noi. Cac yéu té quyét dinh trong pha huan luyen ctia HTS duge
phan chia theo dic tinh ngit am cta cac thanh diéu, nguyén am, ban nguyén am, am doi va
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phu am. Céc am vi va thanh diéu dugc phan 16p dé xay dung cac yéu t6 quyét dinh va ap
dung vao qua trinh sinh ra cac cay quyét dinh.
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Hinh 8. Phan cum ngit cAnh dya vao cay quyét dinh

Hinh 3 minh hoa céc cay quyét dinh ctia pho, FO va thoi gian trang théi trude khi ching
dugce stt dung trong pha tong hop.

B. Pha téng hop

Trong pha tong hop, cac tham so tiéng néi duge sinh ra tit tap cac HMM phu thudc ngit
canh thit tu theo chudi nhan ngit canh tuong tng véi phat am clia vin ban can tong hop. Céc
tham s6 kich thich va Mel-cepstral sinh ra dudc sit dung dé tao ra tin hiéu tiéng néi dang séng
thong qua mot mo hinh nguon loc (bo loc tong hop). Uu diém ctia phuong phap tiép can nay
la trich rat duge nhiing dic trung am thanh cta cac phat am phu thudc ngt canh trong kho
ngit lieu tiéng noi. Céc dac tinh ciia tiéng néi tong hop c6 thé dé dang thay doi biang cach
diéu chinh cac tham s6 HMM va hé théng ciing hoan toan cé thé 4p dung cho mot ngon ngit
khéc.

Pha téng hop ctia HTS dugc mo ta trong Hinh 4. Trong phan nay, mot doan vian ban
tity ¥ dugce phan tich va chuyén déi thanh chudi cdAc nhan phu thudc ngit canh. Sau do, tity
thudc vao chudi nhan nay ma mot cau HMM sé duge sinh ra bang cach ghép ndi cac HMM
phu thudc ngit cadnh lai v6i nhau. Cadc mo hinh thai gian trang thai cia cau HMM duge xac
dinh dé cic dai hoa lan can cdc mat do thoi gian trang thai [6]. Tiy thudc vao cac thsi gian
trang thai ma chudi cac MFCC va céc gia tri tham s6 kich thich (bao gom am httu thanh va
vo thanh) duge tao ra tit cau HMM béang cach st dung thuat toan sinh tham s6 tiéng noi [5].
Cudi ciing, tiéng néi duge tong hop truc tiép tit cac MFECC va céc gia tri tham s kich thich
thong qua bo loc MLSA [10].
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3. THU NGHIEM

0 day, ta st dung hai bo ngit liéu tiéng Viet ciia Phong Nhan dang va cong nghé tri thic
dé tién hanh thi nghiem va danh gia két qua ctia hé thdng téng hop théng ké dua trén HMM.
Tat ca dit lieu tiéng noi thu am déu duge lay mau & 48 kHz, kenh don (mono chanel) va ma
héa & dinh dang PCM 16 bit, sau d6 tin hiéu tiéng néi duge chuyén ddi vé tan sé lay mau &
16 kHz, dinh khung 40 ms véi cita s6 Hamming v do dich khung 14 8ms trude khi dua vao
hé thong dé huan luyén. Hai bo dit liéu tiéng Viet: 500 cau giong nam (trong 568 cau giong
mién Nam) va 500 cau giong nit (trong 567 cau giong mieén Bic) duge sit dung riéng biet cho
qué trinh huan luyén cdc HMM phu thuoc ngit canh. Cac MFCC va F0 dugce tinh toan cho
titng cau néi thu am nho sit dung bo cong cu SPTK [14]. Céc vectd dac trung nhu phd, thanh
diéu va cac vecto tham s6 cao do (FO) bao gom cac MFCC bac 24 (gia tri nay duge cho la
hiéu qu& nhét v6i cac tin higu lay mau ¢ tan s6 16 kHz thong qua rat nhiéu thyc nghiém),
cac gia tri logarit ctia FO (muc dich dé chuyén céc gid tri FO sang mot mién khac ma céc gia
tri tuong tng ciia ching dé biéu dién va dong thoi cac phép tinh ciing duge chuyén tit phép
nhan sang phép cong), cac he s6 delta va delta-delta ctia chiing. Qua nhiéu thiyc nghiem c6
thay doi tham s6 v tham khéo tit cAc cong trinh tuong tu clia cac tac gid trén thé gisi, cudi
cung ching t6i chon sit dung hinh trang cac HMM 5 trang thai trai sang phéi véi cdc phan
b6 Gauss don, huan luyén nhing st dung thuat toan cyc dai héa ky vong (EM — expectation
maximization, 1a phuong phéap lip dé tim kha nang cuc dai cac ude lugng hau nghiem, MAP,
cuce dai) duge lap 20 lan dé tao ra cdc tham sb tiéng néi, pham vi tan s6 trich chon tham s6
F0 trong khoéng tit 80-450 Hz (bao ham cé giong nam va giong nit). Cac nhan phu thuoc ng
canh ctia hai bo dit liéu tiéng noi tiéng Viet duge sinh ra ty dong tit cdc van ban tuong ing
nho st dung bo phan tich vin ban tiéng Viet [2]. Ngoai ra, ching toi st dung ky thuat phan
cum ngit canh duya trén cay quyét dinh dé huan luyén cac HMM phu thuoc ngit canh tuong
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tng véi ting tham sé phd, FO va cac thanh phan tuan hoan khac.

Trong phan tong hop va danh gia, ching toi sit dung phan dit liéu con lai (68 cau giong
nam va 67 cau giong nit) trong bo ngit licu da néi § trén. Qué trinh téng hop duge thic hien
G ca 4 truong hgp:

a) Tong hop giong nam trén phan dit liéu giong nam

Cac HMM phu thuoc ngit canh thu duge sau qué trinh huan luyen 500 cau néi giong nam
(giong mién Nam), sau d6 cic HMM nay dugde két hop véi 68 chudi van ban can tong hgp da
gan nhan (phan tich van ban va gan nhan duge thuc hién theo [2] va [13]). Tt cac mo hinh
nay, sit dung thuat toan sinh tham sé dé tao ra cac tham sé vecto pho MFCC va céac tham s
nguon kich thich (FO hay cao do). Cudi ciing, cdc tham s nay duge tong hop thanh tiéng noi
duéi dang séng thong qua mot bo loc tong hop (MLSA).

b) Tong hdp giong nit trén phan di liéu giong ni

Tuong ty nhu dbi v6i qua trinh huén luyen va tong hop giong nam & trén, 500 cau noéi
giong nit (mién Bic) duge st dung dé huan luyen cac HMM phu thuoc ngit canh, sau dé két
hgp v6i chudi nhan ctia 67 cau con lai dé sinh ra céc vectd tham s can thiét cho qué trinh
tong hop tiéng néi.
¢) Tong hop giong nam trén phan dit lieu giong nit Mot mé rong ciia phan tong hop va danh
gid két qua khac la ching t6i sit dung cac HMM ctia giong nam da huan luyen dé tdng hop
67 cau van ban da gan nhan trong phan con lai ctia bo dit lieu giong nit. Két qua nay ciing
dugce so sanh, danh gia vdi két qua clia phan b va cac cau néi thu am gbc trong bo dit lieu.
d) Tong hop giong nit trén phan dit lieu giong nam

Tuong ty nhu phan ¢), cac HMM thu dugce sau khi huan luyeén giong nit duge st dung dé
tong hop 68 cau van ban da gan nhan con lai ctia bo dit lieu giong nam. Sau do, so sanh, danh
gid két qua nay véi két quéa clia phan a) va di lieu goc.

4. DANH GIA KET QUA

Trong phan nay sé thirc hién so sanh, danh gia khach quan vé chat lugng tiéng néi tong
hop stt dung phuong phap théng ké trén co s6 HMM. Danh gia chii quan duge thire hién thong
qua phuong phap so sanh sy tuong dong gitta &nh pho (spectrogram) va dudng bao cao do
clia cac két qua tong hop va dit lieu goc.

Do qu4 trinh sinh tham s6 st dung cac gia tri trung binh clia cac mo6 hinh thdoi gian trang
théi, nén trudng do (khoang thoi gian nghi giita cac am tiét) clia cAc cau néi tong hgp co the
khac v6i truong do trong cau néi trong dit lieu géc. Trong phan thit nghiem, st dung chudi
cac trang thai (thu dugc tit qua trinh force-align) ciing v6i cdc mo hinh phd va cao do, dé
sinh tham s6 tiéng néi. Vi thé, c6 thé danh gia két qua thit nghiem thong qua so sanh tin
hiéu tiéng noi téng hop va tiéng néi thu am gdc ma khong quan tam dén diic trung truong do
trong cau két qua.

Hinh 5 so sanh anh phd clia cic cau néi: (a) tong hgp tit mo hinh giong nit mién Béc, (b)
tong hop tit giong nam mién Nam v& (c) thu am goc ctia vin ban “Lai phai danh nhau thoi”
(trich trong truyén doc “Dé men phiéu luu ky clia nha vin To Hoai”, thu am giong nit). Chu
¥ truc thoi gian, ta sé thay cho su khac nhau vé trusng do ciia cac két qua tong hop va cau
n6i thu am goc.
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Hinh 5. Anh phd ctia cac cau néi: (a) t6ng hop tit mo hinh giong nit mién Bic, (b) tdng hop
tit mo6 hinh giong nam mién Nam va (c) thu am gbc clia van ban “Lai phai danh nhau thoi”

Hinh 6 minh hoa su tuong dong ctia dudng bao cao do ciia cic cau néi: (a) tong hgp tit
mo hinh giong nit mién BAc, (b) tong hop tit mo hinh giong nam mién Nam va (c) thu am goe
cua vian ban “Lai phai danh nhau thoi”.

Trong hinh 6, c6 thé nhan thiy cé sy dong dang tuong déi vé duong bao cao do clia cac
két qua va dit lieu goc. Chu ¥ truc tan s6, ta sé thiy c6 sy khac nhau vé tan sé co ban (F0)
gitta giong nam va giong n.

5. KET LUAN

Bai béo da dé xuat mot hé thdng tong hop tiéng néi théng ke dua tren HMM, phat trién
cho téng hop tiéng Viet. Trong d6, tap trung trich chon céc tham sé dic trung phd, thanh
dieu, thoi gian trang thai vi tan s6 co ban dé mo hinh héa dong thoi st dung HMM. Thong
tin ngtt canh va cac lira chon cho viéc phan cum ngit canh trén cay quyét dinh, sit dung dé
huan luyén cac HMM, duge xay dung dua vao tap cac am cé thanh diéu, két hgp véi tap cac
Iya chon ngit am vA ngit dieu trong cac cay quyét dinh tuong tng. He théng tdng hop tiéng
n6i dya tren HMM duge thit nghiém trén hai bo dit lieu duge huan luyén véi thoi gian hon
5 tiéng. Két qua tiéng noéi duge hé théng tong hgp dude tién hanh danh gia so bo dya trén
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Hinh 6. Duong bao cao do clia cac cau néi: (a) tong hgp tit mo hinh giong nit mién Béc,
(b) téng hop tit mo6 hinh giong nam mién Nam va (c) thu am gbc ctia van ban “Lai phai
danh nhau thoi”

danh gia v cAm nhan clia nguoi nghe, va mang tinh chat chii quan, dya trén viéc so sanh cac
anh pho va duong bao cao do (thuc chat 1a FO). Két qua danh gia cho thay ring hé théng dé
xuat ¢ day c6 thé tong hop tiéng néi tiéng Viet véi chat lugng kha gan véi tiéng néi tu nhien.

Tém lai, v6i hé thong nay, cé thé tong hgp duge tiéng néi véi cac diic diém giong néi khac
nhau, vi du nhu cdm xtc, trong am, bang phuong phap thich nghi nguoi néi hosic ki thuat
noi suy ngudi néi. Trong tuong lai, viéc tap trung nghién citu, 4p dung cac yéu t6 ngit canh
va diéu kien phan cum ngit canh, cai tién qué trinh xi Iy vin ban v danh gia tiéng néi tong
hop dé dat duge muc tieu chat lugng tiéng néi tong hgp t6t hon va tong hop tiéng néi véi cac
dac tinh am hoc khac nhau.
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