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TOM TAT NOI DUNG PO AN TOT NGHIEP

Trong nhimg nim gin ddy, cac phwong thirc giao tiép nguodi may dugce chi
trong nghién ctru va phat trién. Cac phuong thirc giao tiép méi nhu qua cir chi, 4nh
mit, tiéng néi hay suy nghi cia con ngudi déu hira hen gitip con ngudi ning cao su
thuén tién trong giao tiép voi may. Tong hop tiéng néi 1a mot bai toan ap dung trong
linh vuc nay. Trong do, con nguoi s€ duoc nghe may doc nhitng doan van ban mong
mubn. Véi mong mudn tim hiéu va phat trién bo téng hop tiéng noi cho tiéng Viét, dd
an da chon linh vuc tong hop tiéng noi lam hudng nghién ctru. Pd an tap trung vao
phén tong hop mirc thip trong tong hop tiéng noi, cu thé 1a qua trinh tim kiém va Jya
chon don vi &m. Vi mong mudn cai thién chat luong tiéng noi téng hop, thuat toanlua
chon don vi khong déng nhat dugc st dung v6i muc dich chon ra don vi am dai nhat)
giam thiéu sé diém ghép nbi.

Trong dd an nay, tic gia tip trung di tim hiéu bai toan tong hop tiéngéi noi
chung va ap dung cho tiéng Viét ndi riéng. Sau do, dd an tap trung vao vamde tim kiém
va lya chon don vi 4m trong tong hop ghép ndi. Phuong phap luarchon don vi am
khong ddng nhat dwoc dé xuit va ap dung cho tiéngfVAét. Tac gia“eting tién hanh cai
dat va déanh gia hidu qua cua phuong phap. Tir dordua tathuéng phat trién tiép theo cho
do an.



LOI CAM ON

TruGe hét, em xin dwge giri 161 cam on chdn thanh t6i cdc thay c6
gido trong truong Pai hoc Bich Khoa Ha Noi ciing nhie cc thdy c¢é trong
Vién Cong nghé thong tin va truyén thong da truyen day cho em nhiing
kién thitc va kinh nghiém quy gid trong suét qud trinh hoc tip tu duéng
trong suét 5 nam qua.

Em xin dwoc giri 16 cam on t6i TS. Tran D6 Pat — Can by nghién

cuy, Trung tam nghién curu Mica va ThS. Nguyén Thi Thu Trang - Gzang
vién by mon Cong nghé phan mém, Vién Cong nghé thong tin va truyen
théng, trieong Pai hoc Bach Khoa Ha Néi di hét long givip d, hiedng dan
va chi day tdn tinh trong quda trinh em lam do an tot nghiép.

Em ciing bay t6 long biét on t6i trung tam nghién ciru Mica di tao
diéu kién vé co sé vt chdt cho em trong qud trinh hoc tdp va nghién ciru.

Em ciing mudn giri loi cam on tdi tdp thé 1op Cong nghé phan mém

K51 da tao mot moi truong thi dua hoc tap lanh manh, tao diéu kién cho
sw phdt trién ciia cdc thanh vién trong I6p.

Cuéi cing, em xin dwgc giri 16i cam on chdn thanh t6i gia dinh, ban
bé da quan tam, dong vién, dong gop y kiéen va giup do trong qud trinh
hoc tdp, nghién ctru va hoan thanh do an tot nghiép.

Ha N¢i, ngay 27 thang 05 nam 2011
D6 Vin Thao
Lép CNPM - K51
Vién CNTT & TT — BH Bach Khoa HN
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PAT VAN PE

May vi tinh 1a mot trong nhitng phat minh anh hudng nhiéu nhat téi doi sng
con ngudi trong thé ki vira qua. Vi may vi tinh, con ngudi ¢6 thé 1lam duoc nhidu viéc
ma trude do6 ngudi ta khong nghi téi. Linh vuc twong tac nguodi may ra doi giap con
ngudi d& dang twong tac hon véi may tinh. Trudc ddy, con ngudi co thé tuong tac véi
may tinh bang mit, bang tay thong qua cac thiét bi nhu ban phim, chudt, man hinh.
Cang ngay yéu cau veé tinh tién dung trong twong tic clia con ngudi ngay cang cao. Cac
hinh thirc twong tac méi ra doi nhu twong tac bang cir chi, giong noi. ..

Téng hop tiéng néi 1a mot linh vuc quan trong trong giao tiép ngudi may va
dugc nghién ctru, phat trién tir kha sém trén thé gisi. Tai Viét Nam da co nhiduBéwong
hop tiéng ndi duoc phat trién nhu bd tdng hop “Sao Mai” cia trung tim Sad™Mai, “Hea
Sing” cua trung tdm nghién ciru Mica — DH BKHN, “Tiéng udi phwong, Nam ™ ctia
PHQG-TPHCM. Tuy nhién, cac bd tong hop trén van con can cai thién hoaewe chit
lwong tiéng noi, hodc vé kich thudec CSDL. Vi mong mudn xady dungyumotibd tong hop
tiéng no6i co chit luong tét, kich thuéc CSDL khong qud 16n, d6 4n nay quyét dinh
chon phuong phap lwa chon don vi khong dong nhéitnd@\timyhiér va ap dung vao
chuong trinh tong hop tiéng néi. Pd an duoc thueshiénfai trung tim nghién ciru qudc
té MICA Trong qué trinh thyc hién d6 afytae,gia da'duoetiép can nhiing kién thirc bd
ich tir cac can bd nghién ciru ciia trung tAm phuc Yu ¢ho qué trinh 1am d6 4n.

Trong cac bo tong hop, tiéng n6i duoe,tong hop bing cach ghép ndi cac don vi
am lai véi nhau,cac don vi am nay 1 cung mét loai duy nhét, vi du cung la am vi kép,
cung 1a ban am tiét ... DayJda cach tiép ean lwa chon don vi ddng nhat — tirc 1a chi dung
mot loai don vi am. Va'kich thuéc CSDL ding trong cac bd tong hop nay thuong bi
gi6i han.

Trong vai ham té lai day, sy phat trién ciia khoa hoc cong nghé da nang cao
kha nang luu trit va xtly ciia may tinh. Kich thuéc CSDL cua bd tong hop tiéng noi co
thé dugc ting 1én dé cai thién chit luong tiéng noi téng hop. Phuong phap lwa chon
don vi khong déng nhét dugc thi nghiém. Nhiéu loai don vi am duoc st dung véi tu
tuong s dung don vi 4m cang dai thi chit lugng cang cao. Véi mdi ngdn ngir khac
nhau, phuong phap nay dugc ap dung theo cac cach thic khac nhau va dd 4an nay tap
trung 4p dung phuong phap nay cho ngon ngit tiéng Viét.

D06 an nay bao gom bon chuong:



Chwong mét: gi6i thidu vé tong hop tiéng no6i va nhitng van dé trong tong hop tiéng
noi.

Chuong hai: trinh bay chi tiét vé bai toan Iua chon don vi trong tong hop ghép nbi.
Chuong ba: mé ta chi tiét hé théng téng hop tiéng Viét theo thuat toan Iya chon don
vi khéng dong nhat.

Chuong bdn: danh gia két qua dat dwoc va chua duoc, dong thoi dua ra hudng phat
trién tiép theo.



Chuwong 1. Tong hop tiéng noi

Trong chuong nay, ludn van sé gioi thiéu:

e Tong quan vé bai todn tong hop tiéng néi.
e Cdc van dé can gidi quyét trong tong hop ghép noi.

o Vin dé cu thé do an tdp trung tim hiéu va gidi quyét.

1.1 Tong quan vé bai toan tong hop tiéng néi

Téng hop tiéng ndi 1a qua trinh tao ra tiéng néi nhan tao cua ngudi tir vin
ban dau vao. Pay Ia linh vuc nghién clru c6 tinh Gng dung thyc tién cao nén dugc
quan tdm trén thé gioi va Viét Nam. Ung dung cua téng hop tiéng noi cdl thé 'dé
dang thay trong nhiéu hé thong, nhu hé théng hd tro doc van ban cho nguoi khuyét
tat, hé théng tra 101 ty dong tai cac tong dai hay robot, hé théng chisgduong trong cac
phuong tién van tai... C6 thé phén chia cac hé thong téng hop tiénganoi theo
phuong phap tiéng noi dwoc tong hop gdm ba loai chinh [9] :

— Téng hop cdu am.
— Téng hop formant.
— Téng hop theo phuwong phap ghépmdin(tonghop ghép ndi).

Phuong phap tong hop ciu am htta hen mang lai két qua tot nhat nhung do
qué phtrc tap nén kho thuc hién nhit. Phuong, phap tdng hop formant co6 thé tao ra
duoc tiéng néi véi sd luong,cau vo han nhung chét luong tiéng noi chua duogc tuy
nhién. Phuong phép tongthep duoc ding rong rai nhit va cho két qua tot nhat hién
nay la tong hop ghép n6i[7] .

Mot hé théng tonghop tiéng néi (THTN) gdm hai phan chinh: tong hop mirc
cao va tong hophairc thip (Hinh 1.1 M hinh h¢ théng THTN.Nhiém vu phan tong hop
murc cao 1a chudn hoa vin ban, phat sinh thong tin v& ngit 4m, ngit diéu. Phan téng
hop mirc thip (trong phuwong phap ghép ndi) dua vao cac thong tin phia trén s& tién
hanh tim kiém va lua chon don vi 4m, thuc hién ghép ndi va lam tron tin hiéu, cho
ra tiéng no6i can téng hop.

Pau vao cia bd THTN 1a vin ban va nhiém vu cia bd THTN la phai doc mot
cach chinh xac van ban nay. Van ban thyuc té duoc viét theo nhidu cach khac nhau,
khong theo mdt tiéu chudn cu thé nao va noi dung cling rat phong pht, da dang, bao
gf")m cac chir sd, ngay thang, tir viét tat, tir phién am nudc ngoai ... Tét ca déu phai
dugc qua bude chuan hoa van ban, cho diu ra 1a cac am tiét dung theo quy tic tiéng
Viét. Cac tir viét tit phai duoc thay thé boi dang diy du, cic con sd phai duoc



chuyén vé chit cai pht hop, su nhap nhing trong cac trudng hop phat am phai dugc
xu ly. Két qua cua budc chuin héa vin ban nay anh hudng truc tiép téi1 viée doc
dung hay khong dung van ban can tong hop.

Comment [TDD1]: Can c6 miii tén két ndi giita
cac thanh phan cau thanh

/ H¢ thong tong hop tieng noi
/ Téng hop mikc cao \ Kl"('"ing hop mire thip \

Phan tich van ban Phan tich ngir

o Phan diéu Lua Ghép
* Phdn tich cau triic tich N Tinsolcolban chon néi don
o Chudn héa van ban N o Truong do don vi vi am
o Phdn tich ngon ngit ool o Cuong do ’ '

& NI )

Hinh 1.1 M6 hinh hé¢ thf;ng THTN [9] .

Vin ban dugc chuin héa s& 1a ddu vao cho bbyphén tich'ed phap tiép theo.
Phén tich ¢t phép chudn xac s& dwa ra cho hé théng mdt caiynhin toan canh vé ciu
triic clia van ban, cac cum tir trong vin ban tir phite tap'eho dén don gian nhét, dong
thoi cac vi tri 4m tiét trong cum tu ciingydugc duayra: Viéc nay tao diéu kién thuan
loi cho viéc md hinh hoa truong déPeaoyddiciatedu can téng hop, dong thoi, do
chinh xac cta cau dugc phan tich cling’anh huéng t6i qua trinh lya chon don vi tiép
theo.

Tiép theo 13 quértrinh*mé hinh hoa truong do, cao d6 va cudng do ciia cau
can téng hop. Viéc'ndy, s¢ phat sinh ngit diéu cho cau, anh hudng truc tiép téi mirc
d6 d& nghe cura, tiéng noi tong hop. Truong do va cao do ciing 1a cac tham sb trong
ham chi phi dung trong qua trinh lya chon don vi.

Sau khi vin ban dau vao dugc phan tich cii phap va phat sinh ngit diéu, vin
ban s& duoc tong hop boi qua trinh Iya chon va ghép ndi don vi am. Trong qua trinh
nay, tdp cac don vi am trong co s& dit liéu khdp voi don vi am dich nhat s& duogc lua
chon va ghép ndi. Tiéng néi tir vin ban s& duoc sinh ra trong qua trinh nay. Do timg
doan tiéng nodi von hoan toan ty nhién nén ta c6 thé hy vong tiéng néi tong hop
dugc ciing c6 tinh ty nhién cao. Tuy nhién, theo [11] , cc doan tiéng noi bi anh
hudng 16n boi hién tuong ddng cau 4m, nén néu ta ghép ndi hai doan tin hiéu tiéng
n6i khong lién nhau c6 thé xay ra hién twong khong lién tuc vé phd hodc ngir diéu.
Do su khong lién tuc nay ma chat luong tiéng néi tong hop co thé giam dang ké
mac du cac doan dugc ghép 1a hoan toan ty nhién.



1.2 Cic van dé trong tong hgp tiéng noéi bing phwong phap
ghép ndi
Trong tong hop ghép ndi, theo [9] , cac vin dé cin giai quyét dé dat duoc

tiéng noi tong hop chét luong tét bao gom:

Luwa chon loai don vi am.
Xay dung kho don vi am.
Tim kiém don vi m ti wu.

o O O O

Ghép ndi don vi am.
1.2.1 Luwa chon loai don vi Am

Tiéng Viét 1a ngdn ngit don 4m tiét c6 thanh diéu, Cu trac day du ciammot
am tiét gdm 5 thanh phan nhu sau:
Am tiét = [Am dau][Am dém]<Am chinh>[Am cubi][Fhanh digu]
Trong d6 nhing thanh phin nim trong cip diu <> 1a%bat, bude phai co,

nhitng thanh phan nam trong cip déu [ ] thi c6 thé c6 hoiékhong.

Trong téng hop tiéng noi tiéng Viét, cac loai don wi am dwoc phan tich tir am
tiét co thé dung trong téng hop bao gém: am vi, amvi kép, ban am tiét, am dau/van,
am tiét [9] .

S6 lugng cac loai don vi amffrongitiéng Viét duoc tong hop theo bang sau

[9]:

Banghh.1 SOWdhe cagloal don vi Am trong tiéng Vigt

Loai don vi am Sb luong

Khoéng c6 thanh diéu | C6 thanh diéu
Amvi 40 130
Am vi kép 620 2976
Ban am tiét 590 2809
Am dau/van 22/161 22/661
Am tiét 2466 7088

Trén day la cac loai don vi &m co thé dung trong THTN tiéng Viét, viéc lya
chon loai don vi &m nao s€ dugc trinh bay chi tiét hon trong muc 2.1.

1.2.2 Xay dung kho don vi am

Trong thoi ki déu phat trién tong hop tiéng noi ghép nbi, kich thude cua kho
dit liéu khong 16m, va mdi don vi 4m chi c6 mot mau. Cho t6i nhirng nim 1990, cac



hé thong tdng hop ghép ndi dua trén kho don vi am kich thude 16n méi duoc phat
trién, va sd lugng mau ciia mdt don vi 4m ciing tang lén.

bé xay dung kho don vi am, cac viéc co ban can lam la ghi am cac doan
tiéng noi tir mot ngudi thu 4m duy nhit va gan nhan cac doan tiéng néi véi vin ban
tuong ng. Theo [11] , do viéc ghi 4m thuong dién ra trong nhiéu phién nén mot
didu quan trong 1a duy tri didu kién thu am khong thay ddi trong subt qua trinh.
Viéc nay c6 muc dich 1a tranh sy khong lién tuc vé phé va bién d¢ gay ra bdi diéu
kién thu 4m thay doi.

Chung ta c6 thé thu dugc tiéng noi tdng hop chit lugng cao hon néu nhu vin
ban duoc thu 4m c6 ndi dung twong dong véi vian ban can tong hop. Viée nay lam
cho chiing ta c6 thé sir dung don vi 4m dai hon, va sé diém ghép ndi can thiét s&
giam di.

Sau khi thu am dir liéu van ban, viéc tiép theo 1a phan doan tin hi€u thanh
cac doan tuong tng véi don vi &m. Qua trinh phan doan c6 thé thuc hién'tur dong
hodc thi cong. Van dé 16n nhit ddi voi qua trinh phan doan thincong 1a doihoitong
strc 16n trong viéc xac dinh ranh gidi gitra cac don vi 4m. Doitwoi phan dean ty
dong, viéc kiém tra thu cong sau khi phan doan 1a can thiéf dé dam bde rang qua
trinh phan doan 14 dung trong tit ca cac trudng hop.

Budc tiép theo 1a gan nhan cho doan 4m thafifnCae théng'so lién quan nhu
truong do, tan sb co ban, diém danh dau dudngbién ciia tin hiéu ciing duoc gan cho
don vi am. Viéc lya chon céac thong s6 dé gén, chofdon vifam tuy vao tung hé théng
va ngon ngit. Trong tiéng Viét, theo [9]> cac thamusd duoc ding 1a tan sb co ban,
nang lugng trung binh, truong d6, cac hé ) kheang cach phé MFC ... Pay s€ la cac
tham sb dung trong viéc tinh toan khodngieach ngir diéu va ngir am giira cac don vi
am.

1.2.3 Tim kiém don.yi am toi uu

Vin ban dauyvao duge phan tich thanh chudi cac don vi 4m dich. Cac don vi
am dich nay s& duoc'dung dé tim kiém trong co s¢ dir li€u. Muc dich cia viéc tim
kiém 1a chon ra chudi don vi t6i uu khép véi ngir di€u mong mubn nhét. Trong co
s& dir lidu thuong luu trit nhidu miu cia mot don vi 4m. Hé théng phai tim kiém
cac don vi 4m tuong tmg tot nhét sao cho khi ghép nbi chung lai véi nhau dwoc
tiéng noéi tong hop co chit luong tot nhat c6 thé. Cac don vi 4m t6t nhat 1a cac don
vi théa mén sao cho d6 méo tiém tang giita chiing 14 tot nhét.

Hai phuong phap dugc ding dé Iya chon cac don vi 4m t6i vu 1a da trén mo
hinh cay quyét dinh va t6i wu hoa ham chi phi.

Chon lya dya trén mé hinh ciy quyét dinh



Trong phuong phap nay, dit liéu hoc duoc nhém lai trong mot cdy bang cach
phan doan mdi nut thanh cac nut con dua trén dit liéu 4m hoc, béng cach st dung
céc tiéu chuan dugc goi ¥ theo nhin ngir canh cua dir liéu. Piéu nay tao ra mot s6
lwong 16n nhom, méi nhém chira cac phan doan gidng nhau & mirc d ngir canh va
am hoc. Nhém dugc stt dung cho mdt ngir canh dac biét khi té)ng hop sau d6 co thé
dugc suy ra tir cdy thich hop hodc sir dung cac két qua ngit canh twong duong nham
muc dich so sanh nhin cua ngit canh yéu ciu voi nhin cia cac nhém co thé st dung
dugc.

Chon lya dwa trén viée toi wu héa ham chi phi

Trong phuong phép trén, mdi nhom thudng duoc biéu dién béi diém trung
tam hodc phan doan gan diém trung tdm nhét. Tuy vay, cac don vi 4m c6 cing ngit
canh van c6 thé c6 sy khac nhau vé phd hodc ngit diéu, ghép nbi nhitng don vVivam
nay van co thé gy ra sy khong lién tuc. Mot phuong phap khac dugc dirasra, Sau
khi van ban dau vao dugc phan tich ngit diéu va phién am, hé théng s& timkiém c4c
don vi 4m tdt nhét trong s6 cac mau dua trén viée toi thidu hoa ham chi phi.

Noi dung ctiia phurong phap nay 1a sé€ chon ra donwi am cotham chi phi nho
nhét trong sé cac mau don vi am. Ham chi phi 13 tong €6 trong s ctia hai loai chi
phi:

o Chi phi dich thé hién bang sy khéc mhaugitra. don'vi 4m duoc lya chon véi
don vi 4m can téng hop.

o Chi phi ghép ndi duogc thé hién bangkhoéng cach giira don vi am dugc chon
so voi don vi am trude do:

Theo cac nghién, ctru va thue nghiém cho tiéng Viét [9] , viéc chon lya don
vi &m dya trén hamichi phicho két qua tot hon mé hinh ciy quyét dinh. Chi tiét noi
dung phuong phapwmay s€dugc trinh bay trong muc 2.2.

1.2.4 Phwong phdp ghép ndi don vi am.

Téng hop ghép ndi 13 ghép ndi cac doan tiéng nodi véi nhau, chinh vi vy s&
dan toi hién tuong khong lién tuc tai diém ghép ndi giira cac don vi am (vé cao do,
vé phé, vé pha). Sy khong lién tuc nay xay ra do sy khac nhau vé nglt canh cda cac
don vi 4m hodc do qua trinh phan doan tiéng n6i. Ngoai ra, ching ta khong thé co
day du cac don vi am khop dung voi ngdn diéu ta mong mudn. Ching ta can mot ki
thuat cho phép diéu khién cac tham sé ngit diéu cia don vi am can téng hop dé khi
ghép ndi giam duogc tdi thiéu sy khong lién tuc giita chung. Cu thé muc tiéu 14 thay
ddi bién do, truong d6 va cao do cua doan tiéng néi. Viée stra ddi bién do c6 thé dé
dang dugc thyc hién boi b nhan truc tiép, tuy nhién truong do va cao do khong



don gian nhu vay. Ki thuat dugc dé xudt 1a PSOLA (Pitch Synchronous Overlap
and Add). Day la mot ki thuat ding rat phd bién trong cac chwong trinh téng hop
tiéng noi tiéng Viét va cac tiéng khac.

1.2.4.1 Phwong phap PSOLA

Phuong phap PSOLA phan tich tin hi¢u tiéng n6i déu vao thanh mot chudi
cac song co ban riéng bi¢t. Cac song co ban nay thu dugc nho str dung cac ham cura
) tap trung tai cc vi tri chu ki co ban cua tin hiéu. Cac song co ban nay duoc bién
d6i vé trudng do va cao d6 mot cach riéng biét rdi sau d6 cong xép chong chiing 1én
nhau.

Phuong phap PSOLA bao gdm 3 budc co ban:
e Phan tich tin hiéu thanh cac séng co ban.

e Tinh toan cac diém danh diu cao do: bude nay s€ thuc hién bién doi
truong do va cao do cua tin higu. Viéc bién ddi caondd duoc thuc hién
bang cach thay d6i khoang cach giita cac song cofban thu dug® o budc
phan tich. Viéc bién déi truong do tin hidu duge,thue hién'bang viéc lap
lai hodc bo bdt cac song co ban. Lap lai thi,s€ lam tangtrirong do, bo bot
lam giam truong do.

° Téng hop lai cac doan tin hiéuwdaduoe Bién.d6i
1.2.4.2 Cac phién ban ctiia PSOLA

e TD-PSOLA (Time Domain"- PSOBA) la phién ban mién thoi gian cua
PSOLA (TD-PSOLA)yPhuong phdp nay thao tac vai tin hiéu trén mién thoi
gian nén dugc sir dung nhicu vi‘hiéu qua trong tinh toan cua nod.

e FD-PSOLA.(Frequency Domain - PSOLA) 1a phuong phap bao gém cac
budce giéng nhur TD-PSOLA nhung thao tac trén mién tan sd. Phuong phap
nay co chi phiitinh toan cao hon TD-PSOLA do can it nhat mot phép bién
d6i FFT va IFET cho mdi doan tin hiu.

e LP-PSOLA (Linear Prediction — PSOLA). Phuong phép du doan tuyén tinh
dugc thiét ké dé ma hoa tiéng ndi nhung phuong phép nay ciing ¢ thé ding
cho téng hop.

PSOLA 14 mot phuong phap dwoc sir dung trong xir Iy tiéng noi tir rit som
va da duoc trinh bay rat chi tiét trong cac tai liéu va luan vin vé tong hop tiéng ndi
[9][11]. Vi vay, luan vin nay s& khong trinh bay chi tiét ndi dung phuong phap.



1.2.4.3 Vin dé khong lién tuc trong ghép ndi

Khi sir dung k¥ thudt PSOLA cho viéc ghép ndi cac don vi am, s& van ton tai
ba kha ning vé s khong lién tuc c6 thé xay ra: khong lién tuc vé pha, tin s co ban
va phé [9].

Sw khéng lién tuc vé pha: xay ra do c6 su khac nhau vé vi tri cua cac diém
danh diu cao do gitta cac doan tin hi¢u trai va phai. Dé loai bo su khong lién tuc
nay, ta can phai xac dinh lai vi tri cac diém danh diu cao do theo cung mot chuén va
ddng nhét cho tit ca cac mau cua tin hiéu.

Sw khong lién tuc vé tin sb co ban: xay ra do cic doan tin hiéu cin ghép
nbi ¢6 cac tan sé co ban khac nhau. Khi thu am dit liéu tiéng noi, néu nguoi thu Am
n6i voi mot tan sé co ban khong ddi thi cé thé giam thiéu sy khong lién tue,nay.
Tuy nhién dbi v6i ngdn ngit co thanh diéu thi day khong phai 1a mot bién phap. thich
hop. Phuong phéap TD-PSOLA c6 thé dung dé chuan héa theo tan sb co ban. Treng
hé thong tong hop ghép ndi, sy khong lién tuc nay dugc biéu didi"boi mdt,.chi phi
két nbi do sy méo ngit diéu tiém tang giita hai doan tiéng néinQua trinh dya chon
don vi s€ chon ra doan tin hi¢u c6 chi phi thép dé téng hop:

Sw khong lién tuc vé phd: xay ra do hién tugng,dong cau am, giy ra nhimng
anh huong khac nhau 1én cac doan tin hi¢u tiéng noi phiagrai va phia phdi ma Xuét
phat tir nglt canh khac nhau. Phuong phép FD-PSOLA khong phai 1a phuong phép
c6 thé loai bo su khong lién tuc nay ma ta co théstr dung mot trong hai cach sau:

e Lién két TD-PSOLA v6i mdt moshinhstham sé dang LPC va thyc hién lam
tron phd trong mién thamsd.
e Ap dung ki thuat MBR-PSOLA\

Trong hé¢ théng téng hop theo phuong phap ghép ndi, su khong lién tuc nay
ciing dugc biéu diénibdi,mot chi phi két ndi do sy méo phd tiém tang giita hai phan
doan tiéng noiNhO¢6 chi’phi nay ma nhimng doan tin hiéu tiéng noi c6 sy khong
lién tuc vé phd thap'sé duoc Iya chon dé ghép ndi.

1.3 Kétluan

Téng hop ghép ndi c6 bbn vin d& can giai quyét dé thu duogc tiéng noéi tong
hop c6 chat lugng cao. Pay déu 1a nhitng van dé 16n, doi hoi kién thirc 13n thoi gian
thuc hién. Do do, trong gi6i han cia thoi gian 1am dd an tSt nghiép, tac gia duoc
gidi han pham vi, tap trung vao giai quyét véan dé lua chon loai don vi 4m va tim
kiém don vi am t6i wu. D41 voi van dé xdy dung kho don vi 4m va ghép ndi don vi
am, tac gia sir dung lai CSDL va chuong trinh tong hop tiéng noi trén mirc ban 4m
tiét cua tac gia Tran Dd Pat [9] tai trung tdm nghién ctru Mica. Trong chuong tiép



theo, luan van sé tap trung trinh bay chi tiét van dé lya chon va tim kiém don vi 4m
t6i wu.



Chuwong 2. Lua chon va tim kiém don vi Am trong tong hop ghép

A

noi

Trong chwong ndy, ludn vin sé trinh bay vé cdc van dé:

o Cac logi don vi dm va logi dwoc lva chon trong téng hop
ghép néi cho tiéng Viét

e Phuong phdp hra chon don vi Gm t0i wu

2.1 Lua chon loai don vi am

Tiéng Viét c6 cac loai don vi m co6 thé dung cho tong hop tieng néiyla am i,
am vi kép, ban am tiét, am dau/van, am ti€t, cum tir. Hinh 2.1 mg ta cac loai dom virddm
cua am tict “QUAN".

Thanhdiéu (~/\? ) | Thanhdiéu (~/\? )

Q vlaAa N Am vi QU/AN

iy e sle 5| [Amvikép Q/QU/UA/ANN

e Bin Am tiét QUA/AN

Am dau Q/UAN Van

Am tiét QUAN

Hinh 2.1 Céc loai don vi am

2.1.1 Amvi

Am vj 12 loai don vi nho nhét trong hé théng cac don vi ciia ngon ngir. HE théng
ghép ndi sir dung 4m vi vé& mit Iy thuyét c6 thé ghép ndi dwoc tit ca cac 4m tiét. Trong
tiéng Viét c6 40 am vi khong c6 thanh diéu, 130 4m vi ¢ thanh diéu [9] . Vi sé luong
kha nho nén kich thudc co so dir li€u ctia hé théng s€ dugc thu gon lai. Tuy nhién, do
¢6 nhiéu sy thay dbi vé& ngir canh, sy khong lién tuc trong ghép ndi xay ra thudng
xuyén. Am thanh téng hop dugc vi thé s& c6 chét chua tot va tuong ddi kho nghe.



2.1.2 Am vi kép

Am vi kép (diphone) 1a mot doan tin hiéu cAu thanh tir nira cudi mot don vi 4m
va nira dau don vi 4m tiép theo. Do d6, am vi kép giir dugc su chuyén tiép giita cac don
vi am. Hinh 2.1 chi ra c4u trac ciia mot am tiét theo cac am vi kép. Cac bién gilra am vi
kép trong khi téng hop 1a diém giita cac don vi 4m, diéu nay lam giam di su khong lién
tuc trong ghép ndi, boi nhimg diém nay thudng co ving phd 6n dinh va bén hon véi
cac ngilt canh am hoc.

2.1.3 Ban am tiét

Bén 4m tiét 13 mot phan doan tin hidu ciia mot nira dau va nira cudi ciia mot &m
tiét. Nhu vy, dé tao thanh mot am tiét, ta chi can ghép ndi hai ban am tiét yoi nhauysé
diém ghép ndi chi 1a mot. So voi 4m vi hodc am vi kép thi rd rang viée st dung ban am
tiét hira hen tin hiéu tong hop ¢ chit lwong tét hon do giam thiéu dwgc su khong lien
tuc trong ghép ndi. Theo Bang 1.1, s6 luong ban am tiét trong tiéng Vit khéng nhiéu,
day 1a mot loi thé trong tong hop dua theo ban 4m tiét.

2.1.4 Am diu va van

Am tiét cling c6 thé chia thanh hai thanh phan$am dau va van. Am dau 1a phan
phu 4m bit du mot 4m tiét, phan nay la_thy chen va khong mang thong tin vé thanh
diéu. Van 1a sy két hop ciia ba thanh phanfamydém, am chinh va am cudi. Phan nay 1a
phén bt bude va mang thong tin vé'thanh digu eua am tiét. Uu diém cua loai don vi
am nay la n6 gitt lai déc tinh thanh di¢u cua*am tiét. Tuy nhién, nhugc diém cua loai
nay gidng vai loai don vi afki€wam vi, co nhiéu sy khong lién tuc tai diém ghép ndi
gitta Am d4u va van.

Tiéng Viét €622 am dau va 155 van khi khong xét dén thanh diéu, 661 van néu
xét dén thanh diéunSo6 Teong don vi 4m loai nay khong 16n va c6 thé chip nhan dugc
dbi v6i mot hé théng téng hop. Tuy nhién, véan d& 16n 1a su khong lién tuc tao ra trong
qué trinh ghép ndi 1a 16n hon so vdi loai ban am tiét. Vi vay, loai don vi &m nay khong
duogc uvu tién st dung.

2.1.5 Am tiét

Am tiét 1a don vi phat 4&m nh6 nhit cta 10i néi, mang nhiing sy kién ngdn diéu
nhu thanh diéu, trong am. Uu diém cua loai don vi &m nay la ta khong can cit am tiét
ra thanh nhiéu phan, vi vay no bao toan day du sy dong cdu am giita cac 4m vi bén
trong cua don vi am. Xét vé mit chét lugng, am tiét 1a loai don vi 4m Iy tudng cho téng



hop. Tuy nhién, v6i ngdn ngir ¢6 thanh diéu va don am tiét nhu tiéng Viét, s6 luong 4m
tiét 1a kha 16n. Vi vay ta kho c6 thé xay dung co s6 dit liéu bao phu ddy du tit ca cac
am tiét cua tiéng Viét. Mudn dat dugc do phu CSDL 16n, hé théng THTN thuong duoc
xay dung cho cac linh vuc gidi han, vi du nhu [10] 4p dung trong linh vuc tuong thuat
bong da.

2.1.6 Cum tir

Céac don vi am c6 thé 1a cac cum tir. St dung céac don vi &m nay co thé tang mirc
d6 tu nhién cua tiéng noi tong hop do giam thiéu diém ghép ndi. Tuy nhién viéc dam
bao don vi am nay khép véi ngir diéu mong mudn 1a rat kho. Viée dung cac cundti
cling c¢6 thuan loi 1a khi tim kiém, ta khong can dang phién 4m cia am tiét maned thé
tim tryc tiép ban than cum tir d6. Didu nay lam giam thoi gian thyc thieia chuong
trinh.

2.1.7 Nhan xét

Trong cac loai don vi &m nho hon am tiét, theo [9]4 ban am tiét 1a loai duoc st
dung trong tiéng Viét mang lai két qua téng hop tt so™wdiicac loaiddon vi am con lai.
Kich thuéc co so dit lidu chap nhan dugc (khoangsdudidOM), ehuong trinh ¢6 thé chay
trén may tinh c4 nhén, trén DSP [1], c6%hé t6ng hep dwoe hiu hét am tiét tiéng Viét.
Ngay nay, su phat trién cta phan cimg ¢ho phépytared thé nghi téi chuwong trinh tong
hop voi kich thude co so dir liéu lonthon, thoiygian thyc thi chuong trinh nhanh hon.
Viée st dung két hop cac loai don vi am bao g6m ban am tiét, am tiét, cum tir duoc dé
Xuét, goi la lya chon don vi khiéng déng nhét. Trong dd 4an nay, tac gia di theo hudng
lya chon don vi khong déng nhat,

B:ing 2.1 Cac loai don vi Am sir dung

Loai don vi | P06 dai don | SO diém Xac suat tim
am vi am ghép noi thay trong
CSDL
Cum tir Dai It Thap
Am tiét
Bén am tiét | Ngin Nhiéu Cao

Nhu bang trén da chi ra vu nhugc diém cua tung loai don vi am. Pon vi am
cang dai thi s6 diém ghép ndi cang giam, tuy nhién xac suit im thdy don vi 4m nay
trong CSDL ciing nho hon so v&i don vi am ngén hon. Lya chon don vi khong dong



nhét s& két hop wu diém cia ca ba loai don vi 4m trén: giam thiéu s diém ghép ndi
bfing viéc sir dung don vi am murc cum tir va am tiét, déng thoi dam bao kha nang téng
hop hau hét am tiét trong tiéng Viét bang viéc st dung ban 4m tiét. Nhuoc diém cua
phwong phap nay 1a sy ric réi trong viéc st dung ba loai don vi am doi hoi cach xir ly
linh hoat, chuyén ddi qua lai giira cac loai don vi am.

2.2 Tim kiém don vi am tdi vu

Khi hé thng c6 thong tin vé doan vin ban can tong hop, hé théng tong hop s&
chuyén ddi doan van ban diu vao hanh mot dic ta dich. Dic ta dich cua mot doan van
ban dinh nghia mot tip cac don vi 4m can thiét dé tong hop tiéng noi tir doan vin ban
d6. Céac don vi am trong tép s€ dugc gan thém cac tham $6 ngir di€u nhu tan sdsee. ban,
nang luong, truong do.

Gia st mot cau dau vao duge phan tich thanh mot chudi gém n don, vi'am dé
téng hop. Pich ciia cdu nay 1a chudi n don vi (t;, i = 0...n-1) chira nhirng thong tin vé
ngtr di¢u can thiét. Tir dich nay, ta can tim ra chudi n don vi am (u, 1= 0:2.n-1) trong
co s6 dit lidu, cho phép hé thdng tong hop ra doan am thanh véi chat hrong tot nhat co
the.

v
=

g (U0 - Ui »| U »- -~ | Un-2

v

Hinh 2.2 Ham chi phi giira cac don vi am

Hai ham chi phi dugc su dung:
o Chi phi dich C'(u;t;) 1a su khic nhau giita don vi 4m trong co s& dir liéu u; va
dich t;
o Chi phi ghép ndi C(u,t;) 1a sy khac nhau tai diém ghép ndi giira hai don vi am
lién tlép (ui_l,ui).
Véi dic ta vé dich va chudi n don vi &m T," = (t,t,,...t,), hé théng can chon ra n
don vi am U,"= (u;,uy,...u,) ma gan vai dich nhét.



Trong phuong phap nay, chi phi tinh toan 1a dang ké néu nhu sé lugng cac don
vi am trong co s& dir li¢u 1a 16n. Vi vay, dé giam thoi gian va chi phi tinh toan, qua
trinh lya chon don vi duge chia 1am hai budc: tién lya chon va chon lua cudi cung. Noi
dung hai budc nay s& dugc trinh bay chi tiét trong chuong tiép theo.

2.2.1 Tién lya chon

Trong co s& dit liéu, mdi don vi 4m co thé c6 mot hodc nhiéu mau tin hiéu, mdi
mau duoc st dung trong nhing ngit canh khac nhau. Giai doan tién lwa chon c6 muc
tiéu 1a tim kiém trong co s& dir liéu cac miu twong ng v6i don vi 4m dich. Giai doadl
nay s& gitip lam giam thoi gian thuc hién cua hé thong va nd ciing giam di viéc giam
chit luong tiéng noi tong hop. Dau tién, ta tim trong co s dit liéu tat ca cac don viyam
¢6 khoang cach nglr &m nho nhét véi don vi am dich. Sau do, trong nhitg donyvi am
nay, h¢ théng s€ chon ra nhiing don vi am c6 d¢ méo thép nhét,dua. trén ham ¢hi phi
dich [9] .
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Hinh 2.3 Chi phi dich

Su khac nhau giita dich t;va don vi am u; dugc udc lugng bdi tinh toan chi phi
dich bao gom cac chi phi plig. sau:

e Su khac nhau vé pgit canh, gittaymau va don vi 4m dich: sy khac nhau nay dugc tinh
bang cach so sdnh nhitng théng tin ciia cac segment (k-1) va (k+1) 1an luot voi dich
la t;; va t;,; Céac théng tin lién quan gf‘)m c6 phién am va thanh diéu. Néu hai gia tri
cua cung mot tham sO cua t; va u; 1a nhu nhau, thi su khac nhau la 0, néu khong thi
su khac nhau bang 1.

e Sy khac nhau vé ngir di¢u giira mau va dich: truong do, tan s co ban, nang lugng.
Gia tri cua vector thé hién su khac nhau gitra mdi tham sd s& duoc chuin hoa dé
nhén cac gia tri 1a 0 hodc 1. Thong thuong, gia tri trung binh cua FO dugc st dung.
Tuy nhién, dbi vei tiéng Viét, gia tri trung binh 1a chua du [9] . Dé so sanh FO hodc
tinh toan su khac biét giira hai thanh diéu, ta gan vao mdi thanh diéu hai tham s6:
hudng va d¢ phirc tap cua thanh di¢u.



e Tham s6 vé hudng thé hién huéng dudng cong FO cua thanh diéu. Chung ta
coi thanh ngang, ¢6 duong cong FO nim ngang, co gia tri tham s6 1a 0. Néu
duong cong FO co gia tri hudng xudng thi tham s6 bang -1, néu c6 gia tri
huéng 1én thi tham sb bang 1.

e Tham s6 vé do phtrc tap dugc thé hién bﬁng d6 phtre tap cia thanh diéu.

Céc gia tri ciia hai tham sb twong tmg v&i 6 thanh diéu duoc thé hién trong bang
dudi day. Cac gia tri nay duoc dua ra bang cach so sanh véi thanh ngang, duoc xem la
thanh diéu tham chiéu.

Bang 2.2 Huéng va do phirc tap cia cac thanh diéu [9]

Thanh diéu | Hudng d° | D6 phuc tap d°
1 0 0
2 -1 |
3 1 3
4 -1 2
Sa 1 1
6a -1 2
5b 1 1
6b <1 1

Cong thuc tinh st khac nhau vé thanh diéu giira hai don vi am y; va t;:

C!

fon

D _ gD
d,l — d”_l

t,u)=wp* +w,*(d +df) 2.1)

Chi phi dich tong cong dugc sir dung dé dénh gia khoang cach giita mot miu va
dich duoc tinh bing téng sy khac nhau giita hai vector dic trung tuong tng véi mdi

don vi am.
t _ P t t
C(ti,ui)—2j=1 W jC j(ti,ui) (2.2)
Trong do:

C'i(t,uy): chi phi dich phu.

oA A A N
w;: hé so can bang



Sau giai doan tién lwa chon, véi mdi don vi am dich t;, hé théng chon ra N(~20)
méu tot nhit. Tuy nhién véi s mau nhu vay sé tao ra N" cic tdp hop miu. Hé théng
khong thé chon ra mot cach ngau nhién chudi don vi am dung dé tong hgp ma no can
phai tim ra chudi n miu t6t nhét trong d6. Nhi€ém vu nay duoc thyc hién trong gian
doan lya chon cubi cung dudi day.

2.2.2 Chon lya cudi cling

Muc dich cia giai doan nay 1a chon ra chudi cac don vi 4m sao cho su khong
lién tyc 14 nho nhét co thé. Tiéu chi lwa chon 13 dya trén ham chi phi bao gém chi phi
dich va chi phi ghép nbi. Chi phi ghép ndi dwoc tinh theo cong thirc dudi day:

C* (upg, w) = Z;Ll w5 C (Ui, wy) .3)

Trong dé: Ci(u;.;,uy): chi phi ghép noi phu.

Chi phi ghép ndi phu tuong tng v6i khoang cach dgicadh va khoang cach tai
diém ghép nbi giira hai don vi am:

e Su khac nhau giira segment bén phai cua uy,vaw; : d(segment,,.(, u;).
e Sy khac nhau giira segment bén trdi'ctia u; va W d(u;.,, segmenty_;).

Néu hai gia tri ciia cung mét tham $6. ctiastt va u; 1a giéng nhau thi sy khac nhau
130, néu khong thi khoang cach béng 1.

Segment,, (Segment,,) Uiy Segment,.,

A A

h h 4
Segmenty (Segment;) u; Segment;.,

Hinh 2.4 So sanh sy khac nhau vé ngir cianh.

Khoang cach tai diém két ndi thu dugc bang cach tinh cac khoang cach ngir 4m
clia cac ving tin hiéu duoc st dung ghép nbi nhu 1a khoang cach F0, va khoang cach
phé. Khoang cach phd dugc sir dung dé tinh toan sy khong lién tuc vé phd. D6 la
khoang cach Euclid giita 12 hé s6 MFCC (Mel-Frequency Cepstral Coefficients) ctia 2
clra 6 10ms (cira s6 cudi cung ciia segment u;;va ctra sd dau tién cua segment u;).



u; s

u; R

Hinh 2.5 So sanh sy khac nhau vé phé

Vay khoang cach téng cia mot chudi n don vi 4m chinh 1a tong cua chi phi dich
va chi phi ghép nbi:

C{rf’,n]” ]: ZC;(IT.,HJ.)+ZC{(HJ_|‘_HE)+ Co(S,u,)+C" (u,,S) @.4)
i=l =2

P n P " q

C[rl" ) _)z Z Z u‘j.(':. (t;,u,)+ ZZ wiC(u_u )+ C(S,u ) +C(u,,S) (2.5)

i=l j=1 i=2 j=1
Trong d6, S mé ta khoang ling, C%(S,u;) va C(u,,S) xaeédinh/cic diéu kién ban
dAu va két thuc dé cho viéc ghép ndi don vi am ddu va cudicékhoang ling.

Quy trinh chon Iya tip hop cac don, visdm phai théa'mén tong chi phi tinh toan
phai dugc nho nhat.

u = min C({ln =“|”)

B gonesslly

Trong khi tinhdteanham chivphi, chi phi tng cta diy cac don vi 4m 1a mot tong
¢6 trong sb cuia chiyphiydiehivachi phi ghép ndi. Cac chi phi nay ciing 1a téng ¢6 trong
s6 ciia cac chi phiteon*Wiéc xac dinh cc trong s6 trong d6 rit quan trong ddi véi chat
lwong chung ciia tiénginoéi tong hop. Tuy nhién, viéc tim moét cach khach quan dé so
sanh chat luong tiéng noéi tong hop bang cach sir dung cac trong sd khac nhau 1a rat
khé. Vi vdy, ching ta can cac cach khac nhau dé xac dinh céc trong sb. Thong thudng,
cac trong s6 duoc x4c dinh can ctr vao thuc nghiém dya trén kién thuc va bai danh gia
cam thuy [9] [6] .

Viéc lya chon diy don vi am t6i wu duoc thuc hién bing cach ap dung thuét
toan Viterbi [10] [6] .

2.3 Kétluin



Qua ndi dung dugc trinh bay trong chuong nay, luan van da lam sang ro viéc
lya chon loai don vi am va phuong phap luya chon don vi am tdi wu trong téng hop
tiéng nodi tiéng Viét. Viéc sir dung két hop ba loai don vi 4m 1a ban 4m tiét, am tiét,
cum tir doi hoi c6 nhimng thay doi trong cach ap dung phwong phap d trinh bay & trén.
Trong chuong sau, luan vin s& tong hop cac nghién ctru lién quan va dé xuat cach ap
dung phuong phéap liwa chon don vi khong dong nhat trong tong hop tiéng noi tiéng
Viét.



Chuwong 3. Pé xuit cach 4p dung phwong phap lra chon don vi Am
khong dong nhat cho tong hop tiéng néi tiéng Viét

Trong chwong nay, luan vin sé trinh bay vé:

e Phuong phap lya chon don vi khong ddng nhat
va ap dung cho tiéng Viét

e M5 hinh tong thé ciia hé thong tong hop tiéng noi
tac gia phat trién

3.1 Tim kiém don vi Am khong dong nhat

Trong phin 2.2, luén vin da trinh bay chi tiét qua trinh,tim kiém Va lya chon
don vi am. Pay 1a phuong phap ap dung khi hé thdng sir dung mdtloai,don visdm duy
nhat. Trong cac nghién ctru gan day [2] [5] [10] , mot phudng,phdp moi”dua trén
phuong phap trong 2.2 dugc sir dung 1a lyra chon don vi khéng déng nhit. Myc dich 1a
cai thién chat lwong tiéng noi tong hop bang cach giamythiéu s6 @iém ghép ndi va sb
lan xur 1y tin hiéu. Mdi loai ngdn ngit c¢6 cach apsdungva_thyc thi phuong phap nay
theo cach khac nhau. Dudi day, luan vafi,sé.tong két'cAeunghién ciru co lién quan t6i
phuong phap nay.

3.1.1 Tong két cac nghién ciru lién quan

Dbi voi nghién ciru [2]¢ho tiéng Ha Lan, don vi 4m dung dé tim kiém 13 am vi
kép. Trong nghién ciru nay, mét loai chi phi khac dugc bo sung vao ham chi phi tong 1a
chi phi phu can. Néudiai diphone 18 1ién ké nhau thi chi phi bang 0, néu khéc thi chi phi
bang 1. Bang viéc thiét 1ap trong sé cao cho chi phi nay so véi cac chi phi khac, day
don vi dugc lya chon thuong cho ) lugng nho hon céc diém két ndi. Tuy nhién, cac
chi phi cho tit ca kha ning ghép ndi c6 thé vin dugc tinh todn mic du nhiing sy ghép
ndi nay thuong khong dugc chon do trong sd cao cuia chi phi phu can.

Pau tién tim kiém trong CSDL cho nhitng don vi khép vé ngit 4m vai diphone
dich. Két qua 1a mot sé luong rét 16n cac don vi ing vién tiém nang. Sau dé, bo bét s6
lwong mg vién va chi giit lai nhitng don vi ¢6 diphone lién ké trong CSDL tuong tng
v6i diphone dich thtr hai. Két qua 1a nhitng don vi c6 chiéu dai 16n hon di khép véi
cac diphone dich lién k& nhau. Qué trinh nay tiép tuc cho t6i khi don vi dai nhét c6 thé
dugc tim thiy. Néu co don vi nao ma khong khép véi diphone dich, qua trinh tim kiém
bét dau lai dé lwa chon nhirg don vi tng vién khép voi nhitng diphone khong khép d6.



Thuét toan trén ¢ thé dan t6i giam thiéu sé diém két ndi. Tuy nhién, cac don vi
g vién c6 do dai cang 16n thi cang it kha ning dugc tim thiy. Viéc nay lam giam sb
lwong tng vién tiém nang cho viéc Iya chon, anh hudng toi chat lwong ghép ndi va ngir
diéu. Vi vy, mot phuong phap duoc dé xuat 1a khong dung don vi ing vién dai nhat
¢6 thé ma c6 thé ding don vi ngin hon. Vao thoi diém tim thay tmg vién 16n nhat, ta
quay lui va Iya chon nhitng don vi khép véi s6 lwong don vi nho hon. Trong hau hét
truong hop, két qua 1a co nhiéu tng vién tiém ning hon. Viéc nay dirng lai khi dat t6i
ranh gi6i ciia am tiét cudi cung cua don vi tng vién 16n nhéat. Néu tng vién dai nhat
khong chira bat ki ranh gi6i am tiét nao, don vi tng vién s& khong bi giam chiéu dai.

Sau khi tap cac don vi am t6i wu duge lya chon, cac don vi duoc ghép nédi lai
v6i nhau ma khong thay d6i tham sé ngit diéu ciia don vi am. Sy thay doi éhi'duoc
thyc hién tai bién khi cac don vi duge két ndi boi thuat toan PSOLA.

Dbi v6i nghién ciru [5] cho tiéng Trung, don vi 4m co s6, 18%m tiétcd/thanh
diéu. CSDL am thanh c6 d6 dai 15 gio, dam bao phu gan hétssé, lwgnglamitiét trong
tiéng Trung — khoang 1600 am tiét, trong d6i nho so véiesd Trongshon 7000 am tiét
trong tiéng Viét [9] . Ting 4m tiét dwoc tim kiém trong CSDIY, Céchim chi phi dugc
sir dung dé chon ra tap don vi am t6i wu 1a chi phi dich va ehitphi phu can. Chi phi dich
1a su sai khac giira hai vector bao gém 6 thanh phﬁn:

— PinP: vi tri ciia 4m tiét hién tai trong cum tinchira no.
— PinW: vi tri ciia &m tiét hién tdi trong tur chira no.

— LeftPh: am cubi ciia am tiét lién k€ bén trai.

— RightPh: 4m d4u ctiadm tiétiliénk&bén phai.

— LeftT: thanh didufeliaiamitiét bén trai.

— RightT: thanh'diéu ¢ita &m tiét bén phai.

Chi phi phwcan'nhan hai gia tri 0 hoac 1, 1a 0 khi hai don vi am 1a hai doan am
thanh lién ké nhau trong CSDL. Bing viéc sir dung chi phi nay, cac cum tir c6 do dai
16n ¢6 thé duoc lya chon, diéu nay theo dung muc dich ctia phuong phap tim kiém don
vi khéng dong nhat.

Dbi voi nghién ciru [10] cho tiéng Viét, tap cac don vi ngir 4m duoc phan doan
theo cAu truc cdy phan cip. Mirc 14 1a cac 4m tiét, rdi dén tir, cum tir va niit goc 1a cau.
Cay phan cép nay dugc xdy dung theo phuong phap théng ké cac cum tir phd bién
trong mot linh vuc nho 1a tuong thuat bong dd. Am tiét 1a loai don vi &m nho nhat. Vi
viée xay dung CSDL c6 kich thudc 16n — 11 gio tiéng noi, bo tir vung gom 3479 tiéng
da phu gan hét toan b ing dung duoc gidi han trong mot linh vuc hep. Tuy nhién, hé



thdng nay ciing c¢6 nhuoc diém 1a kich thude bo tir vung chi bang mot nira s lwong 4m
tiét tiéng Viét, va néu gip am tiét khong co trong bo tir vung, hé thdng s& khong tong
hop duoc.

3.1.2 Mo hinh thuit toan

Nhu da trinh bay trong muc 2.1, cac loai don vi am duoc lya chon 1a cum tir, am
tiét, ban am tiét. Vi muc dich giam thiéu sé diém ghép ndi, loai don vi am dugc wu
tién chon lya sé theo thi ty nhu trén. Hinh 3.1 chi ra mé hinh téng quan cia qué trinh
lya chon don vi am. Duya trén phuong phap da dugc trinh bay, qua trinh lya chon don
vi cling dugc chia thanh hai budc la tién lua chon va lya chon cudi cung. Nhiém vu Cua
budc tién lua chon 1a chon ra cac don vi 4m dai nhét c6 thé, bude lua chon cubi cling
s& chon ra diy don vi am tét nhat.

Téng hop mirc cao

I

N g T
Luwa chon don vi khong dong nhat —

: CSDL van ban
[ Tién lya chon ] —
A
v

CSDL ban am

tiét
Lua chon cubi cung

e
[ Ghép r%l don vi ]4///7

Hinh 3.1 M hinh Iya chon don vi am khang dong nhit.
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Hinh 3.2 Qua4 trinh tim kiém don vi




3.1.2.1 Tién lya chon

CSDL dugc dung trong budce tién Iua chon 1a CSDL véan ban va CSDL ban 4m
tiét. Cac budc chi tiét cia qué trinh tim kiém don vi 4m duoc mé ta trong Hinh 3.2 Qua

trinh tim kiém don vi.

Bit dau cua qua trinh Iya chon don vi, van ban can téng hop s€ dugc chia thanh
cac cau dé tim kiém. Mdi cau duoc phén tach thanh cac cum tir va am tiét va tim kiém
chung trong CSDL vin ban. Néu tim thiy, vi tri tim thay va cac thong tin vé& ngit canh
va ngit 4m cua don vi 4m tim thay dugc tra vé dé dung cho viée tinh toan ham chi phi.
Néu am tiét khong dugc tim thay, 4m tiét s& dugc phan tich thanh hai ban am tiét dag
va cudi. Cac ban 4m tiét nay dugc tim kiém trong CSDL ban 4m tiét. Tai mirc nayihau
nhu khong xay ra sy kién khong tim thiy ban am tiét [9] . Néu khong tim thdy thi,dm
tiét d6 khong dugc tong hop.

Vian d& dit ra 1a 1am sao c6 thé phan tich dugc mét cau thani’eac cumitiz va Am
tiét sao cho toi da hoa xac suat tim thdy cum tir dwoc phén tighaBéi néu khong chon
duoc cum tir thich hop dé tim kiém, ti 1& don vi 4m s& phan [6n Jd\amytiét va ban am
tiét, viéc nay anh hudng truc tiép t61 hiéu qua cua thuat'toanilua chon don vi khong
déng nhét. Vi du ddi v6i mot cau don gian “Xin cam on'moi nguwoi” va voi cac cach
phén tach cum tir nhu sau:

— Xin cam | on moi | nguoi.
— Xin | cam on | moi nguai.

Nhin vao hai cach phéan tach trén, 13 rang ta c6 thé nhan thiy véi cach phan tach
thir hai, cum tir dugc tim kiém s&c6 kha ning xuat hién trong CSDL cao hon. Mot giai
phap duoc dé xuit dé gidi.quyét.van @é trén 1a sir dung cay phan tich ct phap. Cau can
téng hop s€& dugc chia ra thanh cac cum tir theo cac mirc khac nhau nho qua trinh phan
tich ¢t phap. Vildu nhurhinhiminh hoa dudi day cho cau “Ngay mai toi di hoc”.

Qua trinh tim kiém s& duoc bat dau tir gbc, sau do di xudng cac nhanh. Viéc tim
kiém s& dimg lai & mirc cao nhat c¢6 thé ngay khi tim thiy cum tir hodc di ti murc 14 1a
cac am tiét. Cach thirc phan chia dé tim kiém nay lam ting xac suét tim thdy ctia nhiing
cum tir ¢6 d6 dai 16n hon mot am tiét hon 1a viéc chon ngau nhién cum tir theo mot do
dai xac dinh nao dé dé tim kiém. bay la y tuong chu dao trong thuét toan lya chon don
vi khéng dong nhit.

Trong truong hop khong tim thiy tmg vién nao & mirc 14, 4m tiét con lai s& duoc
tdng hop ¢ murc ban 4m tiét. Theo [9] , viéc tong hop & mirc ban am tiét co thé tong
hop duoc hau hét cac am tiét trong tiéng Viét.
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Hinh 3.3 Céy phén cip dé tim kiém

3.1.2.2 Lua chon cudi ciing

Két qua cta budc tién lwa chon thuong cho ra nhid ién v4i cung
mot don vi am dich. Béi véi viée sit dung mét loai 1
tap don vi am dé ghép ndi c6 thé thyc hién nhu . , trong trrong hop nay
6 su két hop cua 3 loai don vi &m nén g o ché lya chon khac. Mot
giai phap duoc dé xuét 1a t6i uu héa cue
nhu sau:

Budrce 1: Chia day don vi am

trong day con la cung mot dogi im tiet, am tiét hodc cum tir.

Buorce 2: Tinh toa ho cdc day con va logi bé mét sé g vién cé ham chi
phi 16m nhat.
e Doivdi diy a ban am tiét:

o Tinh toan ham chi phi cho day con nhuw cong thirc trong 2.2.2.

o Giit lai Nygysy chudi don vi dm c¢é ham chi phi nhé nhat trong day con nay
(Niaysyr duoc xdc dinh bcfng thuc nghiém, thuong co gia tri nho hon nhiéu so
V6i 56 kha nang két hop ciia cac don vi am trong day).

e Doi vdi diy con chira am tiét:

o Tinh ham chi phi ghép néi dwa vao céc tham sé:
—  LeftSyl: am tiét lien ké bén trdi trong CSDL.
— RightSI: Gm tiét lién ké bén phai trong CSDL.

—  LeftPh: am cudi ciia Gm tiét lién ké bén trdi.




— RightPh: édm dau ciia dm tiét lién ké bén phdi.
—  LeftT: thanh diéu ciia dm tiét bén trdi.
— RightT: thanh diéu cia am tiét bén phdi.

o Ham chi phi dich dwoc thay bang ham chi phi phu cdn. Ham nay cé gid tri
bang 0 néu hai am tiét img vién la hai doan ém thanh lién tiép nhau trong
CSDL, néu khéng ham coé gid tri bang 1.

o Ham chi phi tong la két hop ciia chi phi ghép néi va chi phi phu cdn. Trong
6 cua cdc ham chi phi va tham sé dwoc xdc dinh trong qud trinh thuc
nghiém.

o Giit lai Ny, chudi am tiét ¢é ham chi phi nhé nhat trong déy con nay.

e Doivdi diy con chita cum tir:

o Van sir dung hai logi ham chi phi nhu déi voi mirc ban am giét. Giir lai
Nyjrase ddy cum tir c6 ham chi phi nho nhat trong ddy con nay.

Buoe 3: chon ra dday don vi am c6 ham chi phi nho nhat sir dung thuat tean Viterbi.

3.2 Mo hinh tong thé hé thong

Chuong trinh dugc viét trén hai ngodn ngir|la Javava C++. Muc dich cta viéce st
dung hai ngdn ngit 14 mudn tan dung vu diém eua hai’ngon ngit nay. Java dugc ding
trong vi¢c trong viéc Xt ly van ban, con,C++ ‘duocidung trong xur 1y tin hi€u am thanh.
NI dugc st dung dé ghép ndi phan'ma duge, viét boi C++ véi Java. Dudi day 1a md
hinh tong thé ciia hé thdng.

Pau vao: van ban,can téng hgp voi cac cau da dugc phan tich ca phap, t6 chiic
thanh cay phan cap cadeycumnt.

Dau ra: file amithanh tong hop tir vin ban dau vao.

Chirc nang phan mirc cao 1a tim kiém va lya chon don vi am tSt nhat dé tong
hop. Chirc ning phan mirc thp 1a ghép ndi cac don vi am.
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Hinh 3.4 M hinh tong thé h¢ thong

3.3 Kétluan

Trong chuong niy, luan vin da‘tong kéticae nghién ctru lién quan t6i phuong
phap lwa chon don vi khong dong nhitsDita trén cac nghién ctru d6, mot phuong phap
lya chon don vi khong déng nhét cho tiéng Viétduoc dé xuét. Viée xay dung va tht
nghiém hé thdng THTN dya tsén phuong phép nay s& dugc trinh bay vao chwong tiép
theo.



Chuwong 4. Phat trién hé thong tong hop tiéng néi tiéng Viét theo
phuong phap lwa chon don vi Am khong dong nhat

4.1 Gi6i thiéu chwong trinh tong hop Hoa Siing

Chuong trinh tong hop tiéng n6i Hoa Sting 1a chuong trinh téng hop tiéng Viét
duogc nghién ctru va phat trién boi cac chuyén gia nghién ctru cia trung tim nghién ciru
MICA. Chuong trinh dwgc viét trén IDE Visual C++ 6.0. Phién ban ddu tién cua
chuong trinh dugc hoan thanh vao nam 2007 véi sy tham gia cia Lé Xuan Hung va
TS. Tran Bd Pat. Chuong trinh cho két qua tiéng néi tong hop kha tw nhién va dé hiéu.

Chwong trinh nay s& dugc tich hop sir dung trong hé théng phat trién trong dé,an.
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Hinh 4.1 So’ dd hoat dong t6ng quat ctia chwong trinh
Chuong trinh dugc thiét ké theo phwong phap hudéng dbi twong, bao gdm cac
16p chinh lién quan t6i module tong hop tiéng noi:

e CPsola: chura cac phuong thirc dung cho viéc di€u khién cac tham so ngir diéu
cua tiéng ndi va ghép noi cac don vi am, lam tron nang luong gitra cac am tiet.

e CTextHandle: chira cic phuong thirc v& phan tich vin ban dau vao, liy ra cac
thong tin vé am tiét...



e (CMydabase: chira cac phuong thirc dé thao tac véi file co sé dit lidu, tim kiém,
liy ra thong tin vé& cac don vi 4m... ciing nhu phuong thirc chon lya don vi 4m
t6i ru.

e CWaveFile: chira cac phuong thirc thao tac véi file .wav nhu tao méi, thém dir
lidu vao mot file .wav d3 ton tai...
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Hinh 4.2 Biéu dd 16p chwong trinh THTN Hoa Sting
Chire néing cac ham cua cac lépchinhtrong chuong trinh
Tén 16p Tén ham Noi dung
GetSylCount Lay so luong am tict can dé tong hop.
GetSylInfo Ly ra cac thong tin vé am tiét tai vi tri
truyén vao.
ParseSylInfo Phén tich ciu triic am tiét, im xem c6 bao
TextHandle A A A i oa Lz
nhiéu thanh phan cau thanh am tiét.
ToneInPhrase Tinh FOArray theo loai thanh di¢u cia don
vi am, fNorF0, va d6 dai don vi am.
UpdateSylInfo Cap nhat lai thong tin am tiét.
Mydatabase | ToneDistance Tinh khoang cach thanh di¢u gitta hai thanh




Tén 16p Tén ham Noi dung

ContextDistance Tinh khoang cach ngit diéu gitta hai don vi
am ghép ndi, phu thudc vao ToneDistance

GetUnitContext Lay ra thong tin vé ngit di€u cua don vi am,
dau vao 1a am tiét hién tai, 4m tiét bén tréi,
am tiét bén phai; dau ra 1a mot UNITINFO

DistanceMatrix Tinh ma tran khoang cach nglr di€u gitta cac
don vi 4m thudc hai 16p lién k& nhau. Goi téi
ham ContextDistance dé tinh.

ComputeShortestPat | Tinh duong di ngan nhat trong s6 ma tran

hArray khoang cach

ListSelUnit Goi té1 cac ham DistanceMatrix va
ComputeShortestPathArray.
Liét ké cac don vi am c6 thé dung dé tong
hop.

BestUnitSelection Lua chon cac mau co thé cho cac don vi 4m
dua trén ngir digu.

GetPosBestUnit Lay ra duong di ngan nhat cua cac don vi
am mau.

Find Tra ve vi tri cia mdt don vi am trong co so
dir liu.

FindAll Tra vé vi tri cuia mét don vi am trong co sO
dir liéu.

FindNext Tim kiém vi trf mot don vi am trong co sO
dir liéu ké tir vi tri tham sb truyén vao.

GetAUnitInfo Lay ra cac thong tin vé don vi am trong co
s dir liéu

GetElementLen Lay d¢ dai cia don vi am trong co s¢ dit

lidu, gia tri tra vé kiéeu DWORD




Tén 16p Tén ham Noi dung

GetMFCCBegin LAy 12 hé sb dau cua don vi am.

GetMFCCEnd LAy 12 hé sb cudi cua don vi am.

MFCCdistance Tinh khoang cach MFCC gilta 12 hé so
MFCC déu va cubi.

SpectralDistance Tinh toan khoang céach phd giira hai don vi
am, phy thudc vao ham MFCCdistance.

GetMinValue Lay gia tri nho nhat trong mang tir vi tri dau
mang t&i vi tri chi s6 tham s6 truyén vao.

GetMaxValue Lay gia tri 16n nhat trong méang tir vi tri dau
mang t&i vi tri chi s6 tham sé truyén vao.

GetMaxAbsValue LAy gia tri tuyét dbi 1on nhét trong mang tir
vi tri dau mang téi vi tri chi s6 tham sb
truyén vao.

GetMaxPositiveValu | Tra vé vi tri co gia tri dwong 16n nhat cua

ePos IpSignal.

GetMaxNegativeVal | Tra v€ vi tri c6 gid tri am lon nhat cua

uePos IpSignal.

Psol
sola GetMaxTo Lay ra gia tri lon nhat cua chu ki TO.

GetAvgTo Lay ra gia tri trung binh cua chu ki TO.

HanningWnd Ham lay ctra s6 Hanning tai vi tri giita chu
ki.

Hanningleft Ham ldy ctra s6 Hanning tai vi tri bén trai
chu ki.

HanningRight Ham lay ctra s6 Hanning tai vi tri bén phai
chu ki.

ChangeAmplitude Thay doi bién do cua IpSignal theo hé so
truyén vao.

SansAccentFromPh | Xac dinh vi tri cac diém pitch mark khi tan




Tén 16p Tén ham Noi dung

one s6 FO khong doi.

AccentGraveFromP | Xac dinh vi tri cac diém pitch mark khi tan

hone s6 FO giam déu.

AccentAiguFromPh | Xac dinh vi tri cac diém pitch mark khi tan

one s6 FO ting déu.

CreateNewPhone Ghép noi cac don vi am dé tao thanh am tiét.

CreateSyllable Ghép noi cac don vi am dé tao thanh am tiét.

EnergySmooth Lam muot sy gian doan gita nang lugng cia
hai 4m tiét lién nhau bang phuong phap TD-
PSOLA.

CreateWaveFile Tao ra file wave voi cac thong s6 dau vao 1a
dac tinh file wave.

AppendToWaveFile | Thém dit liéu vao cudi mét file wave c6 san.

WaveFile

SeparateData Lay dir liéu ra hai kénh.

Convertl 6To8MuLa | Chuyén d6i dinh dang file wave tir 16 bit ve

w 8 bit theo luat Mu.

4.2 Tb6 chirc coso dirliéu

Trong phuong,phap tim kiém don vi 4m khéng déng nhat, CSDL bao gém céc

loai: CSDL 4m thanh),CSDL vin ban twong tmg va CSDL ban am tiét.

4.2.1 Co s6 dir liéu 4m thanh.

CSDL am thanh dugc luu thanh cac file wav theo tirng doan van hodc doan hoi
thoai twong tng véi CSDL van ban. Céc file wav nay c6 chung mét dinh dang trong
phin header dé tao diéu kién d& dang khi ghép ndi cac phan dit liéu nho trong d6. Kich
thuéec CSDL am thanh la 68M, d¢ dai 37 phut. Kich thudc co so dit liéu nhu vay dugc

danh gia 1a ¢6 thé chip nhan duoc dbi voi bo tong hop tiéng noi.

4.2.2 Co s6 dir liéu vin ban.




Dir lidu duge dung trong téng hop 1a cac doan vin, hoi thoai tiéng Viét duoc thu
am boi mot giong doc duy nhit. Dir lidu vin ban bao gdm 250 doan ciia 630 ciu voi
10852 maiu cia khoang 1600 4m tiét phan biét, dwoc td chirc theo cdu trac XML nhu
bang dudi day. Cac thong tin ciia &m tiét nhu vé thanh phém ciu tao, nang luong, thanh
diéu, truong dd dugc phan tich offline va luu trit dé phuc vu cho qua trinh Iya chon va
ghép nbi don vi. Dudi déy 1a cdu trac file XML ding dé luu trit CSDL vin ban.

class Tast_DE
«XS0topLavalElaments
wXSDopLevelElements aX5tepleveiElamants
syilable FRART, «X50topLevelElaments
AL R

=X5DcomplexTypas
bhrase: ComplexTypeClassd]

SXEDoomplexTypan
gertence ComplexTypeClasss

aXSDeomplexTypes
file:-ComglaxTypaliassd

2 ribute
+  id_phase; integer
+ langth: integer

v .

«XEDMopLevalAfibutes
type,

sring

XS0 attnbates

1d_fite: integer
file_name: siing

youn
category: ComplexTypeClasss

XEDeomplexTypes
ayllablec:
ComplaxTypaCiass1

« XS0 attribute s
+ id_syl: integar
name: ding

ad_indexc intagat
end_indec integer
position: Intager
mum_of_phone: integer
wnangy: float

«X5Delemants
+ inHial: string
middle: shing
mudaus sring
finat: string

tone: integer

R

wXS0topLevelElaments
category

Hinh 4.3 Céu triscc CSDL XML




<?xml version="1.0" encoding="ISO-8859-1"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:attribute name="type_phoneme" use="optional" type="xs:string"/>
<xs:element name="syllable">
<xs:complexType>
<xs:sequence>
<xs:element name="initial" type="xs:string"/>
<xs:element name="middle" type="xs:string"/>
<xs:element name="nucleus" type="xs:string"/>
<xs:element name="final" type="xs:string"/>
<xs:element name="tone" type="xs:integer"/>
</xs:sequence>
<xs:attribute name="id_syl" use="optional" type="xs:integer" />
<xs:attribute name="name" use="optional" type="xs:string"/>
<xs:attribute name="start_index" use="optional" type="xs:integer"/>
<xs:attribute name="end_index" use="optional"itype="xs:integer" />
<xs:attribute name="position" use="optional" type="xslinteger"/>
<xs:attribute name="num_of_phone" type="xs:integer"/>
<xs:attribute name="energy" use="optional*type="xs:float"/>
< /xs:complexType>
</xs:element>
<xs:element name="phrase">
<xs:complexType>
<xs:sequence>
<xs:element ref="syllable™ maxOccurs="unbounded"/>
</Xs:sequenge>
<xs:attriblte name="id4phrase" use="optional" type="xs:integer"/>
<xs:attribute name="length" use="optional" type="xs:integer"/>
< /xs:complexType>
</xs:element>
<xs:element name="sentence">
<xs.complexType>
<Xs:sequence>
<xs:element ref="phrase" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="id_sen" use="optional" type="xs:integer"/>
</xs:complexType>
</xs:element>
<xs:element name="file">
<xs:complexType>
<xs:sequence>
<xs:element ref="sentence" maxOccurs="unbounded"/>
</Xs:sequence>




<xs:attribute name="id_file" use="optional" type="xs:integer"/>
<xs:attribute name="file_name" use="optional" type="xs:string"/>
</xs:complexType>
</xs:element>
<xs:element name="category">
<xs:complexType>
<xs:sequence>
<xs:element ref="file" maxOccurs="unbounded"/>
</Xs:sequence>
< /xs:complexType>
</xs:element>
</xs:schema>

4.2.3 Co sé dir liéu ban am tiét

Co so dir liéu ban 4m tiét 1a CSDL dugc ding trong chuongtrinhytong hep tiéng
n6i Hoa Stng dd dugc trinh bay tai 4.1. Céu tric tdng quat ha €SDL bao gdm cac
phan nhu sau [1] :

— Mo dau CSDL 1a 2 bytes chira s6 luong don vi'@m<6 trong'CSDL.

- Tiép theo, CSDL dugc chia thanhecac khéi 8 bytes, 4 bytes dau chtra tén don vi
am, 4 bytes con lai chira dia chi eia phan'dirliéu ciia don vi 4m twong tng. Cac
khdi nay tao thanh phan headerged d 1én 1250000 bytes.

— Tiép theo dén phan dir lidu cua'cac doniyi am.




$6 luomg dom vi 4m

Unitl s name

Addressl \
X\

Unit2’s name Address2

A
b
Unit{n-1)'s name Address(n-1) \\_ \\
\
\
S . \
Unit{n)’s name Address(n) \ \\
\
\ \ \
/\\%/\<
\ /
Unitl's info /\
\
Unit2's info

Unitin-1)'s info

Unit(n)'s info

Hinh 4.4 Ciu tric CSDL ban am tiét

Dit li¢u vé mdt don vi Am trong CSDL bao gom,cic thanhiphin:

Thanh phan Kich Noi dung
thude
(byte) ’
bDeleted 1 Cho biet don vi\amyco trong CSDL hay khong
nTranPoint 2 Vitri diém chuyén giao giita thanh phan 4m hitu thanh
va'yo,thanh
dwUnitLen 4 Pg dai'cia don vi am
unitType 1 Loai don vi am
bTone 1 Loai thanh diéu ctia don vi &m
bleftTone 1 Loai thanh diéu ctia don vi Am bén trai
brightTone 1 Loai thanh di¢u cua don vi am bén phai
dwLowFEnergy 4 Ning lwong thanh phan tan sb thép cua don vi 4m
dwHighEnergy 4 Nang lugng thanh phan tan so6 cao ctia don vi am
leftUnitName 4 Tén cta don vi am bén trai
rightUnitName 4 Tén cua don vi &m bén phai
Reversed 1 Byte dy trir
Signal data Dir liéu cua don vi am, tuy vao tiing don vi am ma kich
thudc khac nhau
Pitchmark i 4 Céc gia tri pitch mark, gom m gia tri




MFCCi \ 4 \ 12 hé s MFCC cudi ctia don vi 4m.
Unit(k) s mfo I-_—- bDeleted 1byte

| nTranPoint 2 bytes
dwUnitlen 3 bytes
unitType 1 byte
bTone 1 byte
bleftTone 1 byte
brightTone 1 byte
dwLowFEnergy 4 bytes
dwHighFEnergy 4 bytes
IeRUmitName T ytes |
rightUnitName Foytes s
Reserved 1 byte
Signal data
Pitchmark 1 T bytes .
Pitchmark m 4 bytes
MFCCI (Begin) 3 bytes
MFCC12 (Begin) F bytes
MFCCI (End) 4 bytes
MFCC12 (End) 4 bytes

4.3 Thiét ké
4.3.1 Biéu dod

-

in &a mét don vi am trong CSDL

Chuong trinh dugc thiét ké theo phwong phap huéng déi twong trén cong cu 1a

Enterprise Architect 7.0. Biéu d6 16p ciia chuong trinh nhu hinh Hinh 4.6 dudi day.



- fa FilalnputSteam
- it XMLInputf actery
- an XMLSteamResdel

AML_ResdenFile)
XML_ReadedSting)

.
.
+  FReadOwializ) | woid

+  gatalSentence]) | AnayLitcSentancs>
*  geiSentenceAinG) | Santence

*  SuTolngSting) : int

.

.

e

setSenContent]) : void

gt amyingfilel) : Sting

getiDotSentance]) : int
atindocesOiF hrass Byl aveling) | AmayListintagan
peiM L avelOfLava P Rrasad) | int
aetPhraseByLavakint) : AnayListcLavelPheaser
getSenCantent) : String

[
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= andindex int
- id_phiase
- phrasaCentent: Shing
- phiaselen: int

+  Phiasel): void

+ getPhiaseContent) : Sting
+ satld_phiasa(int) : word

+ getid_phease(): Int

+ satPhrasalandnt) : vold
+  guStatindad it

+  gelEndinded) : int

sebdMLStreamBeade) : woid
et StreamBeader) : KMLSbeamRuade 4’/

TertinputReader

= sentence: Sentence
= lpt LavelPhease
< laval AnayListeintegars

+ TedtinputReadatSting)  void
+ selLevelOfPhrase) | void

+  addSubleveld) : woid

+  addSilToSen(Sting) - void
+  addSilsToSen(Sting) : vold UritCancat JNE

+  UniAConcatenative() : void]

Unit Saarching

+  ted0DBResder TedtDBReadet
- tedinpuiRaader TedinputResder

© allSeninTesiDB Amaylist<Sentance>
TeADERendar -« aliZsninTedinput AnayListcEentance>
- sentence: Sentence i ALl
+  phrase: SylPhase
- rumbertHSyiPhrase: int | % UnRsaase
= fileld: int +  peanchTasdinpull) : waid
+  pearchSantenceBylp(Sentance) ; vaid
+ TwdDBReadansting) void *  saachLeveiPhrass(LavelPhiags) | void
+ ReadFileDatail) | void ¥ P o
: ::;Li‘:::‘;&ﬁ;::a)._,m . ;.llumunuo.-nmm(r_mmmm-
+ seBiumberOfSytPhrasel) - waid B vt el b
Uit Salection
Sertence
< allSeninTadDB Anaylist<Sentences

sylPhisses. AnsylistSylPhases g - us UnitSearching
. © IDetBylabie; int « foundLPhrs AnayListcLavelPhiase>
: - syiName: Sting
5 PR + salectlPByCos) | vaid
: starinde ink + calculateCostForCandidatelinita) | wold

sanContent: Sting wiTens: int *  paleulateContFo2LP{LuevelPhiase, LavalPhaase) | vold
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Santepce( : vold - aneigy: float = salectBestUnita) : veld
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middlePhaneme: Sting
nuclsusPhoneme: String
finalPhoname: Sting

- infhalType: String

+  middiaType: Sting
nucleusTypa: Sting
finaiType: String

+ Syllabla) : woid
+  geiCamyingFiled ; Sting
+  gettnitialPhonemel) - String)
+  getPhraselend: int
+ getiumiPhoned | Int
+  getSylDuration])  int
+  geiSyiNamed)  Sting
+ getSyiTone): int
+ getSyITransenp) : woid SuPtcase
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+ satContant): veld
+  getSyliDbyindesOrSpacsdinty: nt
4 QMISylablesinP RO | ArayLineSyllapier
AT, + sutSyllablesinPh{AmayLists Syl ablex) : void|
« lawal ind +  setPhiaselend) | woid

sublaval AmayList<intagers
wpllablesing AsayLinteSting>

R

haveSublevel] : boolaan
satPhraseContentString) - weid
setindexCHSublevelint) | void
getfisstSylinLPhi) - Syllable
geiLastSylinLP sy : Syllabie
gatFoundSen( - Araylistinteger
Q#F cundSyiF e - AnayListcintegars
et sundSyllable]) - AnayList<integar]
satSylladalng) | void

getSyllableing : ArayLis<Strings

Hinh 4.6 Biéu dé 16p ciia chwong trinh

4.3.2 Thiét ké chi tiét 16p




Chuong trinh dugc cai dat voi cac

16p chinh nhu sau:

Tén 16p: LevelPhrase

Chirc nang: Luu trit cac thong tin vé cic cum tir trong s

cau van ban dau vao.

class Classes /

LevelPhrase

level: int
subLevel: AmayList<Integer>
syllablesin: ArrayList<String>

B T T

haveSubLevel() : boolean
setPhraseContent(String) : void
setindexOfSubLevel(int) : void
getFirstSylInLPhrs() : Syllable
getLastSylInLPhrs() : Syllable
getFoundSen() : ArrayList<Integer>
getFoundSylPhrs() : ArrayList<Integer>
getFoundSyllable() : ArrayList<Integer>]
setSyllabeln() : void

getSyllableln() : ArrayList<String>

Phuong thire

Ghi chu

Tham sb

haveSubLevel() boolean

Public

Kiém tra xem cum tir nay c6 con la cum tir

khéc hay khong.

setPhraseContent() void

Public

Thiét 1ap ndi dung cua cum tir.

String [in]_phraseCont

getFirstSyllnLPhrs()
Syllable

Lay am tiét dau tién trong cum ttr

Public

getLastSylInLPhrs() Lay am tiét,cudi cung ctia.cum tir

Syllable

Public

getFoundSen() Tra ve mang chi so clia cac cau trong CSDL ma
ArrayList<Integer> tim thdy cum tir ndy trong do

Public

getFoundSylPhrs() Tra vé mang chi so cuia cac SylPhrase trong
ArrayList<Integer> CSDL ma tim thiy cum tir nay trong d6

Public

getFoundSyllable() Tra vé mang chi s cua am tiét dau tién trong
ArrayList<Integer> SylPhrase tim thiy cum tir trong d6

Public

setSyllabeIn() void Tur ndi dung cua cum tur, thiet 1ap ndi dung cua




Phuong thire Ghi chu Tham so
Public cac am tiét trong cum tir.
getSyllableIn() Tra vé ndi dung cua cac am tict trong cum tir
ArrayList<String>
Public
Tén lop: Phrase
class Classes /
Chire ndng: Luu trit thong tin v& cac cum tir, 1a superclass
cua LevelPhrase va SylPhrase. Phrase
- startindex: int
- endIndex: int
- id_phrase: int

phraseContent: String
phraseLen: int

Public

+ Phrase() : void
+ getPhraseContent() : String
+ setld_phrase(int) : void
+ getld_phrase(): int
+ setPhraseLen(int) : void
+ getStartindex(): int
+ getEndindex(): int
Phuong thire Ghi chu Tham so
Phrase() void Ham khoi tao
Public
getPhraseContent() String | Tra vénodi dung cua cum tir
Public
setld_phrase() void Thietlép Idcua cum tr trong cau chira nd int [in] id_phrase

getld_phrase() int

Tra vé Id ctia cum tir

Public

setPhraseLen() void Thiét 1ap chiéu dai ciia cum tir, dya trén sO | int [in] phraseLen
lwong am tiét.

Public

getStartIndex() int

Tra vé vi tri cua frame dau tién chira cum tir




Phwong thirc Ghi chii Tham sb
Public trong CSDL &m thanh.
getEndIndex() int Tra vé vi tri cia frame cudi cung chira cum tir
trong CSDL am thanh.
Public

Tén l6p: Sentence

Chirc ning: Luru trit cdu trong CSDL va vin ban dau vao.

Phwong thirc Ghi chii Tham sb
Sentence() void Ham khoi tao
Public
getSylPhrases() Tra vé mang cac SylPhrase c6 trong cau, dung
ArrayList<SylPhrase> trong truong hop céu nay 1a cau trong CSDL
Public
getLevelPhrase() Tra vé mang cac LevelPhrase
ArrayList<LevelPhrase>  ding trong truong h
deé tong hop
Public
getPhraseByLevel() Lay céac cum tir cu dau vao int [in] level
ArrayList<LevelPhrase>
Public ) 2
setSenContent() void i dung cua cau dya vao néi dung
Public
getCarryingFile() String | Tra vé tén file trong CSDL chira cau
Public
getIDofSentence() int Tra vé 1d cua cau
Public
getIndexesOfPhraseByLe | Tra vé mang chi so clia cac LevelPhrase trong | int [in] level
vel() ArrayList<Integer> | cau c6 cung muc
Public




Tham sb

Phwong thirc Ghi chu

getMaxLevelOfLevelPhr |Tra veé chi sO mirc 16n nhat, tirc la chi so cua
ase() int cum tir sau nhét trong cdy phén cap

Public

getSenContent() String

Public

Tra vé xau chtra ndi dung ctia cau

Tén lop: SylPhrase

Chure nang: Luru trir cdc cum tir trong CSDL.

class Classes /

SylPhrase

- syllablesnPhrase: ArraylList<Syllable>

+ setContent() : void

+ getSylIDbylndexOfSpace(int) : int

+ getSylablesInPh() : ArrayList<Syllable>

+ setSyllablesinPh(ArrayList<Syllable>) : void
+ setPhraseLen(): void

Phuong thire Ghi chu Tham s
setPhraseLen() void Thiét 1ap chicu dai cuareym tir dua trén s0 am
tiét trong cum tir, khonghtinhjkhoang lang va
Public du cau
setContent() void Thict Jép noiydung cua cum tir dya vao cac am
tiét trong'do
Public

getSylIDbyIndexOfSpace
() int

Public

Traweld ena am tiét theo vi tri dau cach truyén
Vao

int [in] indexOfSpace

getSylablesInPh()
ArrayList<Syllable>

Public

Tra vé mang cac am tiét trong cum tir

setSyllablesInPh() void

Public

Thiét 1dp mang cac am tiét trong cum tir

ArrayList<Syllable> [in] syllabes




Tén 16p: Syllable

Churc nang: Luu trit théng tin v& am tiét, cac thanh phén, thudc
tinh ctia 4m tiét trong CSDL.

class Classes /

Syllable

iDofSyllable: int
sylName: String
endindex: int
startindex: int

sylTone: int
sylTranscript: String
energy: float
numOfPhone: int
initialPhoneme: String
middlePhoneme: String
nucleusPhoneme: String
finalPhoneme: String
initial Type: String
middleType: String
nucleusType: String
finalType: String

+ o+ o+ o+ o+ o+ o+

Syllable() : void
getCarryingFile() : String
getlnitialPhoneme() : String|
getPhraseLen() : int
getNumOfPhone() : int
getSylDuration() : int
getSylIName() : String
getSylTone() : int
getSylTranscript() : void

Phuong thire Ghi chu Tham sb
Syllable() void Ham khoi tao
Public

getCarryingFile() String

Public

Tra vé tén.file chtra am tiét nay

getInitialPhoneme()
String

Public

Traveam daucia am tict

getPhraseLen() int

Public

Tra vé chiéu dai ctia cum tir chira am ti€t nay

getNumOfPhone() int

Public

Tra vé so lugng am vi trong am tict

getSylDuration() int

Public

Tra vé truong do cua am tict

getSylName() String

Tra vé tén cuia am tiét, 1a ndi dung cua am tiét




Phuong thire Ghi chu Tham so
Public

getSylTone() int Tra vé thanh diéu cuia am tict

Public

getSylTranscript() void

Public

Tra vé phién am ctia am tict

Tén 16p: TextDBReader

Chtrc nang: Poc CSDL van ban, luu vao by nhg

class Classes /

trong.
TextDBReader

sentence: Sentence
phrase: SylPhrase
numberOfSylPhrase: int
fileld: int

+ TextDBReader(String) : void

+ ReadFileDetails() : void

+ ReadSylDetails() : void

+ getNumberOfSylPhrase() : int

+ setNumberOfSylPhrase() : void

Phuong thire Ghi chu Tham sb

TextDBReader() void

Public

Ham khoi tao, doesfile ¢é, témytir bi€én truyén

vao

String [in] textDBLocation

ReadFileDetails() void

Public

Duge,goi toikhi gap the co tén “file”, doc Id va
tén,cta file

ReadSylDetails() void

Public

Pugc goi tai khi gap thé co tén “syllable”, doc
c4c thong tin chi tiét ciia 4m tiét trong CSDL

getNumberOfSylPhrase()
int

Public

Tra vé so lugng cua cum tir trong CSDL

setNumberOfSylPhrase()
void

Public

Thiet 1ap sO luong cac cum tir trong toan bo
CSDL




Tén 16p: TextInputReader

Chuc nang: doc van ban dau vao, lvu vao bd nhé

trong.

class Classes /

TextinputReader

sentence: Sentence
Ip: LevelPhrase
level: ArrayList<Integer>

TextlnputReader(String) : void
setLevelOfPhrase() : void
addSubLevel() : void
addSilToSen(String) : void
addSilsToSen(String) : void

Phuong thire

Ghi chu

Tham s

TextInputReader() void

Public

Bat dau qua trinh doc file van ban dau vao co

tén Ia tham s truyén vao

String [in] stt

setLevelOfPhrase() void

TO chltc cac cum tir thanh cau trac cay phan

cap, gan chi so

Public

addSilToSen() void Thém khoang ldng ctia dau phay,vao‘cau String [in] str
Public

addSilsToSen() void Thémkhoang lang cua daw cham vao cau String [in] sils
Public

Tén 16p: UnitConcatJNI

Chirc ning: két néi code C vai phin code Java, goi téi module

tong hop mirc thép.

class Classes /

UnitConcatJNI

+ UnitConcatenative() : void

Phuong thire

Ghi chu

Tham sb

[UnitConcatenative() void

Goi t6i module tong hop mirc thap viet trén C++

String [in] filelocation




Phuong thirc

Ghi chu

Tham sé

IPublic

Tén 16p: UnitSearching

Chirc ning: Tim kiém cum tir trong CSDL.

class Classes /

UnitSearching

- textDBReader. TextDBReader

- textinputReader: TextlnputReader

- allSenInTextDB: ArrayList<Sentence>

- allSenInTextlnput: AmayList<Sentence>
indexesOfPhraseToSearch: ArrayList<Integer>

+ UnitSearching()
+ searchTextlnput() : void
+ searchSentenceByLp(Sentence) : void
+ searchLevelPhrase(LevelPhrase) : void
+ addIndexesOfLPtoStack(ArrayList<Integer>) : void
+ getAllSenInTextDB() : ArrayList<Sentence>
+ getFoundLPhrs() : ArrayList<LevelPhrase>
+ setPosinSenOfPhrs() : void
Phuong thire Ghi chi Tham sb
UnitSearching() Ham khdi tao. Poc CSDL vin bdn vayvin ban
dau vao vao b nho trong,va bat dau tim kicm
Public

searchTextInput() void

Public

Tim kiém van ban dauwao bangicach duyét qua
céc cau va tim kiém timglcau mot

searchSentenceByLp()
void

Public

Tim kiém caws theo ting cum tir

Sentence [in] s

searchLevelPhrase() void

Public

Tim kiém cum tir trong CSDL

LevelPhrase [in] Ip

addIndexesOfLPtoStack(
) void

Public

Thém chi s cuia cac cum tir con cua cum tir
dang tim kiém vao trong stack dé tim kiém céac
cum tir con

ArrayList<Integer> [in] indexes

getAllSenInTextDB()
ArrayList<Sentence>

Lay mang tat ca cac cau trong CSDL van ban




Phuong thire

Ghi chi

Tham so

Public

getFoundLPhrs()
ArrayList<LevelPhrase>

Public

Tra vé cac cum tr duoc tim thay trong CSDL

setPosInSenOfPhrs() void

Public

Thiét 1ap vi tri clia cum tr duge tim thay trong
cau chira nd

Tén 16p: UnitSelection

Chuc néng: lya chon don vi tbi

uu trong CSDL.

class Classes /

UnitSelection

- allSenInTextDB: ArrayList<Sentence>
- us UnitSearching
- foundLPhrs: ArrayList<LevelPhrase>

+ selectLPByCost() : void
- calculateCostForCandidateUnits() : void

- selectBestUnits() : void

+ bestUnitsSelection() : boolean

+ calculateCostFor2LP(LevelPhrase, LevelPhrase) : void
- calculateCostFor2CandidateUnits(int, LevelPhrase, int, LevelPhrase) : void

- selectBestNextUnitOfaCandUnit(LevelPhrase, LevelPhrase) : void

Method

Notes

Parameters

selectLPByCost() void

Public

Lua chon chudi don vi‘@mytoiu theo téi thiéu
hoa ham chi ‘phi. Bit ddu qua trinh tim kiém
don yitim St

calculateCostForCandida
teUnits() void

Tinhtodn ham chi phi gitta tat ca cac don vi
Ung vién

Private
calculateCostFor2LP() Tinh toan ham chi phi cho cac don vi ung vién | LevelPhrase [in] rightLP
void cua hai don vi am dich

Pon vi am dich bén phai
Public

LevelPhrase [in] leftLP

Pon vi am dich bén trai

calculateCostFor2Candid
ateUnits() void

Private

Tinh toan ham chi phi gitta hai don vi ing vién

int [in] indexOfCandOfRightl P

LevelPhrase [in] rightLP




Method

Notes

Parameters

int [in] indexOfCandOfLeftLP

LevelPhrase [in] leftLP

selectBestUnits() void

Private

chon lya chuoi don vi 4m toi wu

selectBestNextUnitOfaCa
ndUnit() void

Private

Thiét 1ap chi sO cua don vi Ung vién tot nhat
lién sau don vi ing vién cta don vi am dich
dang xét

LevelPhrase [in]_nextUnit

LevelPhrase [in] currentUnit

bestUnitsSelection()
boolean

Public

Lua chon don vi ung vién toi wu. Tra vé true
néu tim thiy.

Tén 16p: XML_Reader

Chuc ning: Poc file XML, la superclass cho class
TextInputReader va TextDBReader.

class Classes /.

XML_Reader

- xif: XMLInpu

- allSentences: ArraylList<Sentence>
- fileName: String
- fis: FilelnputStream

- xsr: XMLStreamReader

tFactory

StrTolnt(Strin

+ o+ o+ o+ F o+ o+

XML_Reader(File)

XML_Reader(String)

setxMLStreamReader() : void
getxMLStreamReader() : XMLStreamReader
ReadDetails() : void

getAllSentence() : ArrayList<Sentence>
getSentenceAt(int) : Sentence

readPhraseDetails() : void
readSentenceDetails() : void

g):int

Phuong thire

Ghi chi

Tham so

XML _Reader()

Public

Ham khoi tao, bat dau doc file XML vé6i dau
vao la mot File

File [in] inputFile

XML _Reader()

Public

Ham khoi tao, bat dau doc file XML vé6i dau
vao la tén file

String [in] nameFile




Phuong thirc Ghi chu Tham sb
setxMLStreamReader() | Thiet 1ap XMLStreamReader

void

Public

getxMLStreamReader() | Tra vé XMLStreamReader

XMLStreamReader

Public

ReadDetails() void | Ham abstract, doc cac thong tin chi tiét, s&
abstract dugc cai dat trong 16p con

Public

getAllSentence() Tra vé mang cac cau dugc doc
ArrayList<Sentence>

Public

getSentenceAt() Sentence

Public

Tra vé cau c6 chi s0 dugc truyén vao trong
mang cac cau

int[in] indexOfSentence

StrTolnt() int

Public

Chuyén doi so6 duoc luu'¢ dang String ve€ dang
int

String [in] str

readPhraseDetails() void
abstract

Public

Ham abstract) doc\cac thong tin vé cum tir, s&
dugeeai dat trong 16p con

readSentenceDetails()
void abstract

Public

Ham abstract, doc cac thong tin chi tiét vé cau,
8¢ dugc cai dat trong 16p con

4.4 Két qua va danh gia

Chuwong trinh dd dugc cai dit bang hai ngdn ngit Java va C++. Tinh t6i thoi
diém viét dd an nay, tac gia da thuc hién tong hop thanh cong ¢ mirc 4m tiét va cum tir.
Nhim déanh gia chit luong cia tiéng néi tong hop, tac gia di chudn bi dir liéu dé lam
céc bai danh gia cam thu ciia nguoi nghe dbi véi tiéng noi.



4.4.1 Bai danh gia caim thu

4.4.1.1 Muc tiéu

Danh gia chit lwong cua tiéng noi tdng hop duge boi chuong trinh cua tac gia
dwa trén hai tiéu chi 1a dé ré rdang trong phdt dm va do tw nhién cua tiéng néi tong hop.
Céc tiéu chi duoc danh gia theo thang diém tir 1 t&i 5 theo nhu bang sau:

Tiéu chi danh gia Thang diém va giai thich
1. Khéng thé phan biét
o .| 2. Khong phdn biét ro
]:)Q 0 rang tI‘OIlg phat 3. Hoiré
am 4. Dui ré dé phdn biét
5. Ratré
1. Khéng hé tw nhién
Do tu nhién cua tiéng . Khong e niigNg
o 3. Co tu nhién
not 4. Ty nhien
5. “Rat ty nhién

Nhiém vu ciia ngudittién hanh dénh gia 1a nghe cac cau tong hop va cho diém
danh gia cac cau theo hai ti€u chi tren:
4.4.1.2 Phuong phap thwe hién

Dir liéu danhgia

Dt liéu dugc dung dé danh gia la cac cau hoac doan van ngén tiéng Viét duoc
lay ngiu nhién tir trén web. Cac doan nay dugc dwa vao hai hé thdng tong hop dé so

sanh va danh gia. Hé thong thir nhét 1a bo tong hop tiéng noi Hoa Stng, hé thong thir
hai 14 hé thong tac gia phat trién trong db an.

Céc doan van hodc cau tong hop dung de lam bai danh gia

Doan 1 Hom nay t6i muon gui tam sy cia minh , rat mong céc ban cho toi




nhiing 161 khuyén bd ich.

Poan 2

Céc nha khoa hoc vira nghién ciru mét loai tii thong minh. Tui
thong minh s& giai quyét vin dé dau dau trén. Khi tai thong minh
phat hién thyc phdm qué han st dung , tai s& bién sic , hon nita , ti
con ¢6 chirc nang bao dam su twoi méi cia thuc pham.

Poan 3

Cudc song dong bao dan toc ving cao la dé tai hap dan cho sang tac
anh , dac biét 1a sang tac anh ngh¢ thuét.

Poan 4

Nhing chinh sach khong dén dugc voi dan , thuong la do cach lam
hay cach no6i khac. D6 1a sy quan tim nira mua cua nhiing nguoi ra
chinh sach.

Poan 5

Ong da tham dy nhiéu héi thao , doc bao cao kinh nghiém & nhicw
noi , dugc moi dén giang bai & mot sb truong dai hoc.

Poan 6

Qua thude phién kho c6 trong lwong tir sdu tram ki 16 gam dén dudi
mdt nghin nam tram ki 16 gam. Qua thudc phién tuoi eoffrong lugng
tir mot trim nam muoi ki 16 gam dén dudi bon tramPRamymuei Kilo
gam.

Poan 7

Nha nudce cd nhicu chinh sach quan tim dén hoat dongieia sinh vién
tai nudc ngoai.

Bai thi nghiém duoc tién hanh trong phongythi@m cua trung tim MICA véi sb
lwong tam ngudi, déu 1a nguoi ¢ nHingyving mién phia Bic va néi giong phia Bac
chuén. Pé tién hanh bai danh gid, tac gia st,dung mot chuong trinh viét bang Java co
giao dién nhu Hinh 4.7. Hai;mauclia cling'mot cau s& duoc sip xép lién ké nhau nhung

nguoi thuc hién s& dugemghe vaithifw ngau nhién.
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Hinh 4.7 Giao dién chwong trinh danh gia
4.4.1.3 Phan tich ket qua

Két qua danh gia ciia nguoi tham gia dugc luu trit tron@ file XMI% Sau khi xtr
Iy, tac gia thu dugc cac bang két qua dudi day Bang 4.1 valBang 4.2.

Theo két qua duoc thong ké, HT 2 cho két qua totshon HT 1 vé ca hai tiéu chi
danh gia. Piéu nay c6 thé dugc ly giai do,HT 2 dimg'am tiéfva cum tir dé ghép nbi nén
khong c6 nhiéu diém ghép ndi nhu HTHL. Phanion cadicau duoc tong hop trong HT 2
déu duoc danh gia cao hon, chi duy doan 5, khi dttgc tong hop trong HT 2 cho két qua
thdp hon theo tiéu chi 2. Diéu nay do trong'doan 5, 4m tiét “nhiéu” khong dugc tong
hop 6t nén khong nghe dugc rdiNgoai ra, &m tiét “sdng” trong doan 3, am tiét “ciia”
trong doan 7 cling khong nghe dirge,ro.

Déi voi HT 2¢diémicho d6 1o rang dugc 4.00, mirc nay dugce danh gia 1a cao
trong thang diém S3.con @iém cho do tu nhién thi th?ip hon, dugc 3.64. Viéc nay dugc
giai thich 1a do HE.2\chua str dung phuong phéap diéu khién cac tham sb ngir diéu, ngi
diéu cua cau 1a ngir diéu ctia cac 4m tiét trong cac cau khac nhau, nén khi ghép lai, ngir
diéu cuia cau tong hop khong khdp véi ngir canh cia ciu.

Tap dit lidu dung dé danh gia 14 cac cau trin thuat, vi vy ngit diéu cua cau tong
hop trong HT 2 kha 1a gidng ty nhién. Tuy nhién, néu ding cac cau khac nhu ciu hoi,
cau cau khién, cau cam than, ngit diéu cta cac cau tong hop cia HT 2 s& khong gidng
vi chura 4p dung cac md hinh ngir diéu va ki thuét diéu khién tham sb ngir diéu.



Bing 4.1 Két qua vé do rd rang

Nguoi
danh
gia

Cau l

Cau 2

Cau 3

Cau4

Cau s

Cau 6

Cau 7

HT1 | H

[\

HT1 | H

[\S)

HT1 | H

[\S)

HT1 | H

[\S)

HT1 | H

[\

HT1 | H

[\

HT 1

[\S)

Nguoi 1

Nguoi 2

Ngudi 3

Nguoi 4

Nguoi 5

Ngudi 6

Ngudi 7

Ngudi 8

W W | N W | W
W B ] ] W A n| w3

N W A W A AW
Al | | W L B | | o

NS REVCY N N RSN B O I O Y
N N B NS S N I N L N

—| W A W V| Wl
Al Al 0| W W DN B ]S

Whw| Ln| = N W] W
Ao Ko W W N S

W] G w| N w| W
BB | B LRG| »n| —

[N e e L A B V2 e S V]

w| A w B W n| & S

Piém
trung
binh

3.25

w
o]
o]

3.25

e
W
(=]

2.63

w
()]
(e

2.75

R
fors
o3

2.88

g
(o)}
ot

2.75

e
Lo
o0

3.00

4.25

HT 1: hé thong tong hop tiéng n6i Hoa Sung.

HT 2: hé thong do an phat trién.

Diém trung binh HT1: 2.93

Piém trung binh HT2: 4.00




Bing 4.2 Bing két qua vé do tw nhién
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Diém trung binh HT1: 2.98

Diém trung binh HT2: 3.64




4.5 Kétluan chuong

Trong chuong nay, tac gia da trinh bay vé thiét ké co so dir liéu va thiét ké 16p
dé phat trién chwong trinh cta tac gia. Sau khi thyc hién cac bai danh gia, két qua cho
théy chuong trinh phat trién da dat dugc két qua ban dau kha quan. Tuy nhién, han ché
16n nhét cua chuong trinh 13 chua téng hop duge muc ban 4m tiét va sir dung phuong
phap diéu khién tham sb ngit diéu cua hé thng trong 4.1. Pay sé& 1a nhiém vu trong
thoi gian sép t6i dé chuong trinh hoan thién hon.



Két luan va hwéng phat trién

Muc tiéu db 4n dat ra 1a d& xuét phuong phap chon lwa don vi 4m t6i wu cho

tong hop tiéng noéi tiéng Viét va thuc thi phuong phap. Phuong phap duoc tac gia dé

xuit va ap dung trong do 4n 1a “Lira chon don vi khéng dong nhdr”. Tac gia ciing da

phat trién chuong trinh thyc thi phuong phap véi viée st dung CSDL va bo tong hop

mirc ban 4m tiét cia Trung tAm nghién ctru Mica. Diéu nay cho thay sy dung dén trong

hudng di va cach ap dung phuong phap d& xuit cia tac gia. Mac du danh gia két qua

bude dau twong ddi kha quan nhung chwong trinh méi chi lam dugc nhirng phan viéé

rat nho trong mdt bd téng hop tiéng noi.

Phan sau 1a tong két vé nhitng gi da lam duoc trong dd an, nhitng diém han ¢hd

va hudng di trong tuong lai cia dé tai:

e Nhing diém d3 dat duoc:

@)
O

Tim hiéu ly thuyét vé tong hop tiéng noi va tong hop. mirc thap.

Dé xuét cach ap dung phuong phép lwa ¢hon'don vi khong dong nhat
cho tong hop tiéng néi tiéng Viét.

Té chirc CSDL van ban, va 4m thanh thuan loi cho viéc tim kiém va
mé rong sau nay.

Cai dit chuong trinh trén ngén ngit Java va C++, két ndi hai phan véi
nhau qua JNI.

e Nhitng diém con han'ché

)

@)

Chua thuchién dwoc phan ghép ndi ban am tiét va diéu khién tham sb
ngit dié tren Cot;

Viéclrachon don vi am tdi wu chua thuc hién ddi véi ban am tiét.

S lirgng nguroi tham gia bai thyc nghiém con it.

Chtra\dimg cac tham s6 ngit diéu trong tinh toan ham khoang cach dé
t6i wru hoa, hién méi chi dung cac tham sb ngir 4m.

Chua ap dung md hinh ngir diéu vé trudng do va cao do.

e Huodng di trong tuong lai

@)

Xay dung mot b dir liéu 16n hon, dam bao dg phu cao hon dbi v6i am
tiét tiéng Viét.

Nghién ctru ki hon viée anh hudng ciia cac tham sé trong ham khoang
cach & murc Am tiét va cum tur.

Ap dung cac mé hinh ngit diéu cho céc loai cau khic nhau trong tiéng
Viét.



Chinh stra thiét ké dé chuong trinh ¢ kha ning thich nghi véi co s dit
liéu méi.

Giam bat su phu thude cia viée Iya chon don vi &m vao Kkét qua cua
cdy phan tich cti phap, c6 thé cho két qua ding khi cdy phan tich ca
phap cho két qua sai.

Xem xét cach ap dung mo hinh ngén ngir va thong ké dé Iya chon cum
tu.
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