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LOI CAM DOAN

TOi cam doan day 1a cong trinh nghién clru cla riéng toi.
Céc s6 liéu, két qua néu trong ludn vin 13 trung thuc va chua timg duoc ai

cong bd trong bat ky cong trinh nao khac.
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Nguyén Hiru Pam



LOI CAM ON

To6i xin giri 101 cam on sdu sic nhat dén ngudi hudng dan khoa hoc TS.
Nguyén Binh Hoa, cam on Thay trong thoi gian qua mic du cong viée rat ban ron
nhung dd danh cho t6i sy giup d& va hudng din tan tinh, nhitng kién thic quy bau
Thay truyén dat da giup t6i vuot qua nhitng kho khin dé hoan thanh Luan van nay.

T6i xin chan thanh cam on cac Thiy cb giang vién trong khoa Cong nghé
thong tin va Sau Pai Hoc ciia Hoc Vién Cong Nghé Buu Chinh Vién Thong da tan
tinh giang day va hudng dan trong subt qua trinh hoc tap va nghién ctru & Hoc vién.

T6i xin cam on nhitng ngudi than trong gia dinh, ban be, ddng nghiép vé su

dong vién, quan tam va giup do trong thoi gian qua.
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MO DAU

Nhén dang tiéng n6i cta con ngudi di va dang thu hut sy quan tim nghién
ctru cuia nhiéu nha khoa hoc khi ma cong nghé ty dong hoéa ngay cang c6 nhiéu ing
dung trong thuc tién cudc séng. Nghién ctru nhan dang tiéng noi Viét ciing duoc
quan tdm nghién cru nhiéu trong nhitng nam gan day, tuy vy cho dén nay cac két
qua van chua théa man nhitng bai toan dit ra tir thuc té cudc song do tinh chat phirc
tap vé ngit Am cua tiéng Viét.

Xt 1y tiéng noi tré thanh mot trong nhitng linh vuc quan trong trong xu
huéng phat trién cong nghé cua xa hoi hién nay. Dic biét, khi cong nghé thong tin
ngay cang phat trién thi cac tng dung cia xu 1y tiéng néi ngay cang trd 1én cap
thiét. Muc dich cta nhiing nghién ciru trong linh vuc xtr Iy tiéng néi 1a 1am cho viéc
tuong tac gilra ngudi va may ngay cang hi¢u qua va tu nhién hon.

Hién nay trén thé gidi cac cong nghé xir 1y tiéng noi di phat trién, cac hé
thdng tmg dung xtr 1y tiéng néi da dugc sir dung & nhiéu noi, do chinh xac cua cac
hé théng nay ngay cang dugc cai thién. Cac Gmg dung cua linh vuc xir 1y tiéng noi
rat pho bién: nhan dang tiéng noi, tong hop tiéng noéi, xac thuc ngudi noi qua giong
noi va cac thanh tyu cua ching dugc 4p dung vao nhiéu linh vuc trong thuc té.

Trén thé gidi da co rat nhiéu hé thong nhan dang tiéng néi tiéng Anh di va
dang duoc tmg dung rat hiéu qua nhu: Via Voice ciia IBM, Spoken Toolkit cua
CSLU (Central of Spoken Language Under-standing), Speech Recognition Engine
cua Microsoft, Hidden Markov Model toolkit ciia dai hoc Cambridge, CMU Sphinx
ctia dai hoc Carnegie Mellon,... ngoai ra, mot s6 hé théng nhan dang tién noi tiéng
Phap, Pirc, Trung Qudc,... cling kha phat trién.

O Viét Nam, nhan dang tiéng n6i van 13 mot linh vuc kha mdi mé. DPén nay
tuy da co nhiéu nghién clru vé nhan dang tiéng noi tiéng Viét va di dat duoc mot sd
thanh tyu, nhung nhin chung van chua dat duge két qua can thiét dé co thé tao ra

cac san pham mang tinh img dung cao. C6 thé ké dén cac cong trinh sau:



» AlLab: Pay la cong trinh dugc phong thi nghiém Tri tué Nhan tao -
AlLab thugc Dai hoc Khoa hoc Ty nhién tao ra dua trén cac cong nghé
tién tién nhit vé nhan dang va tong hop tiéng néi dé dap tmg nhu cau cua
ngudi dung. Dua trén cong nghé xur li tiéng néi tiéng Viét, AlLab da xay
dung phin mém iSago chuyén hd trg tim kiém thong tin qua tiéng noi.
Thong qua Gng dung phan mém ngudi sir dung c6 kha ning hd trg giao
tiép voi dién thoai di dong truc tiép bang 1oi néi. Tir d6 nguoi st dung
tim kiém thong tin nha hang, quan Bar, Café trén dia ban TP. HCM. Khi
ngudi dung dit cau hoi bang tiéng néi, iSago s& truyén ndi dung truy van
nay vé server dé xir Iy va gui lai két qua tim kiém, dang mot danh sach:
tén nha hang, dia chi. Phin mém nay ciing cho phép ngudi dung hién thi
dia chi tim dugc dang ban dd hodc nghe doc dia chi truc tiép bﬁng cong
nghé tong hop giong noéi. Phidn mém duoc cung cap mién phi tai dia chi

www.ailab.hcmus.edu.vn

> Vietvoice: Pay 1a phan mém ciia mot nguoi dan Viét Nam ngu tai
Canada. Phin mém c6 kha ning néi tiéng Viét tir cac tap tin. Dé chay
duoc chuong trinh, cdn cai dat Microsoft Visual C++ 2005
Redistributable Package (x86). Dbi véi nguoi khiém thi, phin mém nay
cho phép st dung cach g tit (nhan nat Ctrl va mét chir) dé chon lwa mot
trong cac tinh ning hién thi trén man hinh. Ngudi dung co6 thé cap nhat tir
dién cac chir viét tit va cac tir ngit tiéng nudc ngoai.

> Vspeech: Pay 1a mot phan mém diéu khién may tinh bang giong ndi do
mot nhom sinh vién Pai hoc Bach Khoa TP. HCM viét. Phan mém st
dung thu vién Microsoft Speech SDK dé nhan dang tiéng Anh nhung
dugc chuyén thanh tiéng Viét. Nhom da kha thanh cong voi y tudng nay,
do st dung lai thu vién nhan dang engine nén thoi gian thiét ké rat ngan
lai ma hiéu qua nhan dang kha tSt. Phan mém Vspeech c6 cac 1énh goi hé
théng don gian nhu goi thu muc My Computer, nat Start,... Phién ban méi
nhit c6 twong tic véi MS Word 2003, ludt web voi trinh duyét Internet
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Explorer. Khdng c6 cac chirc ning tuy chinh 1énh va goi tit cac tng dung.
Phan mém chay trén nén Windows XP, Microphone va card 4m thanh sir
dung tiéu chuan théng thuong.

Tuy nhién, viéc ing dung nhan dang giong noi vao diéu khién may tinh con
nhiéu han ché. M6t sé san phdm cua nudc ngoai vé nhan dang tiéng noi Tiéng Viét
nhu: Nuance (Dragon Dictation va Dragon Search), Google search,... . O Viét Nam
thi hau nhu chi méi c¢6 bo phan mém Vspeech cua nhém sinh vién truong Pai hoc
Bach Khoa TP. HCM, nhin chung cac phan mém ciing déu van c6 nhitng han ché
nhat dinh. Phin mém Vspeech duoc phat trién tir m4 ngudn mo Microsoft Speech
SDK nhan dang tiéng Anh, thong qua di liéu, phuong thirc trung gian, viéc nhan
dang duogc chuyén trong Vspeech dé nhan biét tiéng Viét.

Linh vuc nghién ciru va xir 1y tiéng néi da va dang tiép tuc dugc nghién ciru,
phat trién va cac ung dung ciia n6 ngay cang trd nén phd bién va quan trong. Vi
vy nghién ctru nhan dang tiéng ndi tiéng Viét 1a mot van dé duoc cac nha nghién
clru quan tim, dau tu cong stc trong nhitng ndm gan dy. Tiéng Viét 1a ngdn ngir
don Am va c6 thanh diéu, c6 nhiéu dic thu khac biét so vdi céc ngdn ngit nudc
ngodi. Viéc nghién ciru nhan dang tiéng néi tiéng Viét 1a can thiét. Cac thanh qua
nghién ctru nhan dang tiéng néi ciia cac ngdn ngir nudc ngoai can duoc ké thira va
nghién ctru dé ap dung vao trong tiéng Viét.

Luan vin tip trung nghién ciru cac k¥ thuat nhan dang tiéng noi, tir d6 xay
dung ung dung nhan dang mét sb tlr, cac s6 va cu thé 1a nhan dang am thanh va ing
dung trong chuyén d6i 4m thoai sang vin ban sir dung moé hinh Markov an dya trén
cac dac trung MFCC. Ngoai ra, mot sb k¥ thuat khtr nhiéu dir liéu nhu CMS cling
dugc tich hop dé ting tinh hiéu qua ciia hé thong. Cac k¥ thuat nhan dang giong néi
trong luan van tap trung vao loai dit liéu 4m thanh tiéng Viét.

Céu triic cia ludn vian dugc trinh bay trong ba chuong gém cac ndi dung
chinh nhu sau.

Chuong 1 nghién ctru va trinh bay tong quan vé cac dic trung 4m thanh can

thiét cho qua trinh nhan dang tr vung tir am thoai. Trong chuong ndy, mot sb



phuong phap loai bo nhing thong tin khéng quan trong, ching han nhu tiéng on cua
moi truong thu 4m, nhidu trén dudng truyén, cac dic diém riéng biét ciia ting nguoi
noi,... cling duge mo ta so luge. Ngoai ra, ndi dung chuong ciing bao gdm cac md
hinh ngén ngit, cic phuong phéap hién thoi vé nhan dang tiéng noi, cac dic tinh, ciu
tric cling nhu kha ning biéu hién y nghia cua tiéng Viét. Cac ndi dung nghién ciru
vé Am vi tiéng Viét, thanh diéu, Am dau, 4m dém, Am chinh va 4m cudi, va su phan
b6 clia cac 4m vi trong tiéng Viét cling duoc trinh bay tai chuong nay.

Chuong 2 niy tip trung trinh bay co sé 1y thuyét cia cac thuat toan trong
khau tién xur 1y tiéng ndi bao gdm: giai thuat phat hién tiéng néi, cac phuong phap
tinh hé sb va trich chon dic trung MFCC va PLP, cac k¥ thuat khir nhiéu nhu CMS
va RASTA. Noi dung chuong di sdu vao nghién ctru va phan tich qua trinh Markov
sau d6 s& dua ra mo hinh Markov an va cac trang thai cia moé hinh Markov an, dua
ra cac bai toan co ban va va cac giai phap toan hoc cho cac bai toan co ban ciia mo
hinh Markov 4n. Mot s6 md hinh Markov an khac nhau ciing duoc di sau nghién
ctru nham tim kiém kha ning mé rong va nang cao hiéu qua cia hé thong.

Chuong 3 tap trung trinh bay cac két qua thuc nghiém cta hé thdng nhan
dang tiéng noi trong tiéng Viét va chuyén doi 4m thoai tiéng Viét sang van ban. Noi
dung chuong dugc mé dau bé“mg viéc mo ta bd co so dit liéu chudi tiéng Viét, tu do
trinh bay qué trinh huan luyén hé thong nhan dang tir vung, va cudi cing 13 xay
dung chuong trinh nhan dang tir vung tiéng Viét va chuyén d6i 4m thoai sang vin

ban.



Chwong 1 - TONG QUAN VE NHAN DANG TIENG NOI

1.1. Ly thuyét Am thanh va tiéng noi
1.1.1. Ngudn gbc 4m thanh

Am thanh 13 do vat thé dao dong co hoc ma phét ra. Am thanh phat ra duéi
dang song am. Song am 1a sy bién d6i cac tinh chit ciia moi truong dan hoi khi
ning luong am truyén qua. Am thanh truyén duoc dén tai ngudi 1a do méi trudng
dan &m. Soéng 4m c6 thé truyén dugc trong chat ran, chat 1ong, khong khi. Cé chét
dan am rat kém goi 1a chit hat am nhu: len, da, chat xp... Séng am khong thé
truyén trong moi trudng chan khong. Khi kich thich dao dong am trong mdi trudng
khong khi thi nhitng 16p khi s& bi nén va dan. Trang thai nén dan lan luot dugc lan
truyén tir nguon am dudi dang séng doc toi noi thu &m. Néu cudong do ngudn am
cang 16n thi 4am thanh truyén di cang xa [7].

1.1.2. Cac dai lwong dac trung ciaa dir liéu &m thanh

1.1.2.1. Tan sb ciia 4m thanh

La s6 1an dao dong ctia phan tir khi trong mot gidy. Pon vi 1a Hz, ki hiéu: f

1.1.2.2. Chu ki ctiia am thanh

La thoi gian ma am thanh d6 thuc hién mét dao dong hoan toan. Pon vi la thoi
gian, ki hi¢ula T.

1.1.2.3. Tdc d6 truyén Am

La toc dg truyén nang luong am tir nguodn tdi noi thu. Pon vi m/s. Toc dd truyén am

trong khong khi & nhiét do tir 0- 20° C thuong 1a 331 — 340 m/s.

1.1.2.4. Cwong do Am thanh
La ning luong dugc séng 4m truyén trong mot don vi thoi gian qua mot don vi dién

tich dat vudng goc véi phuong truyén am.



1.1.2.5. Thanh ap
La lyc tdc dung vao tai ngudi nghe hodc tai mot diém nao do6 cua truong am thanh.

Don vi : Ipa=1 N/m2 hodc 1bar = 1dyn/cm?2.

1.1.2.6. Am sic

Trong thanh phan cua 4m thanh, ngoai tin sb co ban con c6 cac song hai, sb luong
song hai biéu dién sic thai cia &m. Am sic 12 mot dic tinh ciia Am nho d6 ma ta
phan biét dugc tiéng tram, bong khac nhau, phan biét duoc tiéng nhac cu, tiéng nam

nit, tiéng nguoi nay vai ngudi khac.

1.1.2.7. Amlugng
La murc do to nho cua nguén. bPonvila W
1.1.3. Céc tin sb ciia 4m thanh

Theo [7], tan s co ban FO 13 tan sé giao dong cua day thanh. Tan s6 nay phu
thudc vao gi6i tinh va d6 tudi. FO cua nit thudng cao hon ctia nam, FO ctia ngudi tré
thudng cao hon ciia ngudi gia. Thuong véi giong cia nam, FO nam trong khoang tir
80-250Hz, v&i giong cua nit, FO trong khoang 150-500Hz. Su bién ddi cua FO c6
tinh quyét dinh dén thanh diéu ciia tir ciing nhu ngir diéu cta cau.

Cong suét cia tiéng néi, khi néi to nho ciing khac nhau. Khi néi tham cong
suat 10mW, néi binh thudng 10mW, néi to 103mw.
1.1.4. Co ché tao lap tiéng néi ciia con ngudi

Céc co quan phat 4m ctia con ngudi chu yéu gdm phoi, khi quan, thanh quan,
bo phan miii va miéng. Thanh quan c6 hai nép gap goi la day thanh &m, day thanh
am s& rung khi ludng khong khi di qua khe thanh mén 14 khe giita hai day thanh am.
B§ phan miéng la mot 6ng am khong déu. Bo phan miii cling 1a mot 6ng am hoc
khong déu co dién tich va chiéu dai cd dinh, bit dau tir 16 mii dén vom miéng
mém.

Qua trinh tao ra &m phi miii: vom miéng mém ngan chan by phan miii va am

thanh phat ra thong qua méi. P61 voi qua trinh tao ra &m miii: vom mi¢ng mém ha



xuong va by phan miii lién két by phan miéng, lic nay phia trudc ciia bd phan

miéng khép lai hoan toan va am thanh ra thong qua miii. D61 vé1 am thanh noi

giong mili, am thanh phat ra cd miii va méi. Am thanh ctia tiéng noi ¢6 thé chia [am

ba loai khac nhau:

>

1.15.

Am hitu thanh: giéng nhu am khi ching ta néi ‘a’ hay ‘e’ duoc tao ra khi day
thanh 4m cing 1én va rung khi 4p sudt khong khi ting 1én, 1am thanh mom
mo ra roi dong lai khi ludng khong khi di qua. Nhitng day thanh am rung tao
ra dang song cua ludng khong khi co dang xap xi tam gidc. Chu ki cao do
am thanh ctia dan 6ng trudong thanh thudng tir 50Hz dén 250Hz, gia tri trung
binh khoang 120Hz. Pbi véi phu nir trudng thanh, gidi han trén cao hon
nhiéu, c6 thé 1én dén 500Hz.

Am v6 thanh: dugc tao ra khi ddy thanh 4m khong rung. C6 hai loai am vo
thanh co ban: am xat va am hoi. Dbi véi Am xat nhu khi ta ndi chit ‘s’, mot
sO diém trén bo phan phat am co lai khi ludng khong khi ngang qua né, hon
loan x4y ra tao nén nhiéu ngau nhién. D4i v6i am bat hoi, nhu khi ta noi chit
‘h’, hon loan xay ra & gan thanh mén khi day thanh 4m bi giit nhe mot phan.
Ngoai hai loai am co ban ndi trén, con c6 mdt loai &m trung gian vira mang
tinh chit nguyén am, vira mang tinh chat phu am, duoc goi 1a ban nguyén 4m
hay ban phu am. Vi du nhu ‘i°, *u’ trong tir ‘ai’ va ‘au’.

Phu dm né: vi dy nhu am ‘p’, “t’, ’k’ hay ‘d’, ‘b’, ‘g’ trong tiéng Viét dugc
tao ra do loai kich thich khac.

Mo hinh loc ngudn tao tiéng noi

Qua trinh tao tiéng noi1 la bo loc nguff)n, trong do tin hi¢u tur ngué)n am thanh

(cling c6 thé 1a ¢6 chu ki hay nhiéu) duogc loc bang bd loc bién thién theo thoi gian

c6 tinh chat cong huong twong tu v6i bd phan phat am. Nhu vAy cé thé thu duoc

pho tan sO cua tin hi¢u tiéng noi bang cach nhan pho cua nguén am thanh véi dac

tinh tan s cua bd loc. Hinh bén dudi minh hoa tiéng no1 hiru thanh va vo thanh.

Cac d6 loi Av va An xac dinh cuong d6 cua nguén tao am hiru thanh va vo thanh.



am

Tham s6
Bo tao bo loc
xung thanh J J

[+}— Bolocbd | —
phan phat [Tiéng noi
am

B0 tao

nhiéu ngau
nhién

Av

Hinh 1-1: M6 hinh lgc ngudn tao tiéng noi

Mo hinh loc nguén cho qua trinh tao tiéng néi kha don gian nhung khong thé
loc dugc am xat béng cach dinh cong hudng cua bg phan phat &m nhu am hiru thanh
hay am bat hoi, vi viy md hinh loc nguon hoan toan khong chinh xac cho a4m xat.
1.1.6. H¢ théng thinh gi4c ciia nguoi

Qua trinh nghe ctia ngudi nhu sau: Séng ap sudt Am thanh tac dong dén tai
nguoi, song nay duoc chuyén thanh chudi xung dién, chudi nay dugc truyén tdi nio
bo thong qua hé than kinh, & ndo chudi dugc xir Iy va giai ma.

Khi nghe mot song 4m thuan tay tic 4m don (séng sine), nhitng diém khac
nhau trén mang day sé rung dong theo tan sd ctia am don di vao tai. Diém léch 16n
nhat trén mang day phu thudc vao tan sd ciia am don. Tan s6 cao tao ra diém léch
16n nhat & phia ddy va tan sb thip tao ra diém léch 16n nhat & phia dinh. Nhu vy
mang day 1am nhiém vu phan tich tan s6 tin hiéu vao phtrc tap thanh nhiing tan sé
khac nhau ¢ nhiing diém khac nhau doc theo chiéu dai ctia nd. Nhu vay cb thé xem
moi diém 13 bo loc thong dai va co tan sb trung tam va bang thong xac dinh.
Ngudng nghe cia mot &m don tang 1én khi ¢6 sy hién dién cua nhirng &m don lan
can khac (4m mat na) va chi c6 bang tan hep xung quanh 4m don méi tham gia vao
hiéu tmg mat na, bing tin nay thuong goi 12 &m tin t6i han. Gia tri cta bing tan
toi han phu thudc vao tan sb6 cua Am don can tha. Tém lai qué trinh nghe cua hé
thinh giac 1a mot diy cac bo loc bang thong, co dap tmg phu lip 1én nhau va ‘bing

thong hi€u qua’ ctia chung xap xi vdi cac gia tri ciia bang tan to1 han.



1.1.7. Qua trinh tao va thu nhan tiéng né6i

So d6 biéu dién qua trinh thu nhan tiéng néi ctia con ngudi

Tao tiéng noi Nhan C:]aglig tieng
Tao thong diép Hiéu thong di¢p
Ma ng6n ngir Mai ng6n ngir
e 70 Qué trinh than kinh
van dong :
Ong dan |, S6ng» Tai trong
am am
y thanh
Day
thanh
Nguoi noi Nguoi nghe

Hinh 1-2: Qua trinh tao va thu nhén tiéng néi

Quaé trinh tao tiéng noi bat dau khi ngudi ndéi mudn chuyén tai thong diép cua
minh cho ngudi nghe thong qua tiéng ndi. Heé thong than kinh sé& chiu trach nhiém
chuyén d6i thong diép sang dang ma ngdn ngit. Khi mot ma ngon ngir duge chon
lwra, cac 1énh than kinh van dong diéu khién dong bo cac khau van dong nham phat
ra chudi 4am thanh. Vay dau ra cubi cung cia qua trinh 1a mét tin hiéu am hoc. Déi
v6i qua trinh thu nhan tiéng néi, nguoi nghe xtr 1y tin hiéu am thanh thong qua
mang tai trong; nd c6 kha ning cung cip mot phan tich phd cho tin hiéu téi. Qua
trinh than kinh s& chuyén dbi tin hiéu pho thanh céc tin hiéu hoat dong véi than
kinh thinh giac; c6 thé coi day 1a qua trinh 14y ra cac dic trung. Cudi cung cac tin
hiéu dugc chuyén thanh ma ngdn ngit va hiéu duoc thong diép.

1.1.8. M hinh loc ngudn tao tiéng noi
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1.1.8.1. Nguyén am

Céc nguyén 4m c6 tam rat quan trong trong nhan dang tiéng noéi; hau hét cac
hé thdng nhan dang dya trén co s& nhan dang nguyén 4m déu co tinh ning t6t. Cac
nguyén 4m néi chung 1a c6 thoi gian ton tai dai (so v6i cac phu 4m) va d& xac dinh
phé. Chinh vi thé d& dang cho viéc nhan dang tiéng noi, ca dbi véi con nguoi va
may moc. V& mit 1y thuyét, cac cuc dai ciia biéu dién phd cua tin hiéu nguyén 4m
chinh 1a cac tan s6 cong huong (formants) tao nén nguyén am. Gia tri cua cic
formant dau tién (2 hodc 3 formant dau tién) 13 yéu té quyét dinh cho phép chung
ta nhan dang duoc nguyén &m. Do nhiéu yéu t6 bién thién nhu su khac nhau vé gidi
tinh, vé do tudi, tinh trang tinh than cua nguoi ndi va nhiéu yéu tb ngoai canh khac,
dbi véi mot nguyén am xat dinh cac gia tri formant ciing c6 su bién thién nhat dinh.
Tuy nhién sy khac biét vé cic gia tri cac formant giita cac nguyén am khac nhau
16n hon nhiéu; va trong khong gian formant chung ta c¢é thé xac dinh mot cach

tuong ddi cac ving riéng biét cho ting nguyén am.

1.1.8.2. Cac am vi khac

Nguyén am d6i thi c6 sy bién thién mot cach lién tuc cac formant ciia biéu
dién pho theo thoi gian. PSi v6i 4m vi loai ndy, can phai dic biét chi ¥ dén viéc
phén doan theo thoi gian khi nhan dang. C&c ban nguyén am nhu /I/,/r/ va Iyl la
tuong doi kho trong viéc biéu dién dic trung. Cac am thanh nay khong dugc coi la
nguyén 4m nhung goi 1a ban nguyén 4m do ban chét tya nguyén am cta chung. Céc
dic trung 4m hoc ctia cac Am thanh nay chiu 4nh hudng rat manh cua ngit canh ma
trong d6 ching xuét hién. Dbi voi cac &m mili thi miéng dong vai trd nhu mot
khoang cong hudng cé tac dung bay ning lugng 4m tai mot vai tin s6 tu nhién. Cac
tan sd cong hudng nay cua khoang miéng xuat hién nhu cac phan cong hudng, hay
cac diém khong ctia ham truyén dat. Ngoai ra, cac phu 4m mili con duoc dic trung
bdi nhimg su cong huong manh hon vé phd so véi cac nguyén am. Cac phu am xat
vO thanh nhu /s/, /sh/. Hé thdng tao ra cac phu 4m xat v6 thanh bao gdm mot ngudn

nhidu tai mot diém that ma chia ong dan 4m thanh hai khoang. Am thanh dugc birc



11

xa tai khoang truéc. Khoang sau c6 tic dung bay niang luong nhu trong truong hop
phu Am miii, va nhu vy 13 dua cac phan cong huong vao 4m thanh dau ra. Ban
chét khong tudn hoan 1a dic trung co ban nhit cia ngudn kich thich x4c vo thanh.
Piém khéc biét cua cac am xat hiru thanh nhu /v/, /th/ so véi cac phu am xat vo
thanh 13 & chd c6 hai ngudn kich thich lién quan t6i viéc tao ra chiing. Nhu vy dic
trung ctia phu 4m xat hiru thanh 13 bao gém ca hai thanh phan kich thich tuan hoan
va nhiéu. Cac am dung la cac phu am /b/, /d/, /g/, Ip/, It/ va /k/ chiing co thoi gian
ton tai rat ngan. Cac 4m ding c6 tinh chat dong vi thé cac thudc tinh ciia ching chiu
anh huong rat nhiéu béi nguyén am di sau né.
1.2.  Giéi thiéu vé xir ly tiéng noi

Xtr Iy tiéng n6i ngay nay dang 13 van dé& dugc quan tim nghién ctru nhiéu béoi
kha ning tmg dung trong nhiéu linh vuc nhu: Cong nghé thong tin, Vién thong, tu
dong hoa (ché tao ngudi may cé kha ning twong tac véi con ngudi)... qua dé gitp
qué trinh tuong tac gitta ngudi voi may trd nén hi¢u qua va ty nhién hon.
Qua trinh xir 1y tin hiéu tiéng noi 13 qua trinh thu nhan, luu trit va truyén tin hiéu.
Qua trinh nhan dang, tong hop tiéng ndi hay xac thuyc ngudi nodi théng qua giong
n6i 1a cac vi du dién hinh cia qua trinh xtr Iy tin hiéu tiéng noi.
1.2.1. Muc dich cua xir ly tiéng no6i

Thuc hién xtr 1y, ma hoa mot cach c6 hiéu qua tin hiéu tiéng néi dé truyén
va luu trir tiéng noi.

Téng hop va nhan dang tiéng néi tdi giao tiép ngudi-may bang tiéng néi dua
vao cac thong tin ctia qua trinh tién xu 1y.

Chung ta c6 thé mo6 hinh héa cho bai toan xir 1y tiéng néi nhu sau:
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MFCC Qua trinh nhan

dang

A 4

DPau vao Qua trinh tién xur 1y
(trich chon déc trung)

A 4

Qua trinh xac thyc
MFCC

Hinh 1-3: M6 hinh bai toan xir Iy tiéng néi

Thong tin dau vao 13 tin hiéu tiéng néi do con ngudi phét ra dudi dang tuong
tu, sau do tin hi€¢u nay dugc s6 hoa (ro1 rac, lugng tr va ma hoa dang nhi phén).
Qua trinh tién xr 1y tiéng noi tién hanh xir 1y tin hiéu tiéng nodi cho két qua 1a cac
tham s6 cta tin hiéu tiéng noéi (Cac hé s6 MFCC va LPC). Cé4c tham sb nay trd
thanh dau vao ddi véi tat ca cac tmg dung cia xir 1y tiéng noi. Nhu vay tat ca cac
tmg dung cta xt 1y tiéng nodi déu can phai dya trén cac két qua cta qua trinh tién
xur 1y. Két qua ctia qua trinh ndy gop phan quyét dinh tinh chinh x4c va hiéu qua cua
cac ung dung.
1.3.  Nhan dang tiéng noi
1.3.1. Bai toan nhén dang tiéng noi

Nhan dang tiéng noi tu dong 1a mot ki thuat nham 1am cho may “hiéu” dugc
tiéng néi cua con ngudi. Thuc chat day 13 mot qua trinh bién tin hiéu tiéng néi do
ngudi phét ra thanh tin hiéu sé sau d6 stir dung mot sb giai thuat dé doi chiéu gitra
tin hiéu thu duoc voi cac dir liéu tham chiéu dé xac dinh xem tin hiéu thu duoc
tuong Gmg voi dir liéu tham chiéu nao trong bo tham chiéu (tir dién nhan dang). Két
qua cua viéc nhan dang sau do cé thé duoc st dung trong cac tng dung khac nhu
nhap s6 liéu, soan thao van ban b%lng 161 n6i, diéu khién tu dong...

Muc tiéu ctia hau hét cac chuong trinh nhan dang tiéng noi 1a két qua nhan
dang dat dén d6 chinh xac 100% ma khong phu thudc vao mot diéu kién nao ca.

Tuy nhién tat ca cac nghién ciru gan day chi cho do chinh xac dén khoang trén 90%
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trong mot s6 diéu kién cu thé ndo d6 con nhitg chwong trinh nhan dang ma khong

co diéu kién gidi han gi thi d§ chinh xéc chi dat khong qua 87%.

Céc chuong trinh nhan dang tiéng no6i tr dong hién nay kha nhiéu va hét strc

da dang. Tuy nhién chung ta ciing c6 thé dua vao mot sd dic diém dé phan ching

thanh mot s6 dang cha yéu nhu:

>

Nhan dang céc tir phat am ro1 rac/lién tuc:

Trong cic chuong trinh nhan dang céc tir phat 4m rdi rac YU cau nguoi
no6i phai dimg mot khoang trude khi noi tir tiép theo. Con hé théng nhan
dang céc tir phat 4m lién tuc khdng yéu cau diéu kién nay.

Nhan dang tiéng nodi doc lap/phu thudc nguoi noi

Dbi véi hé thdng nhan dang phu thudc nguoi néi doi hoi tiéng ngudi noi
phai c6 trong co sé dit liéu cta hé thong con hé thong nhan dang khong
phu thudc ngudi noi thi ngudi noéi khong nhét thiét phai c6 mau trude khi
nhan dang trong co s& dit ligu.

Nhén dang véi tir dién ¢& nho/vira/lén

Hiéu ning ctia mot hé thdng nhan dang véi tir dién c¢& nho thuong cao
hon hiéu nang cta cac hé thong nhan dang c6 tir dién ¢& vira va 16n.

Nhan dang trong moi truong nhidu cao/thap

Hiéu nang cua cac hé théng nhan dang khong nhiéu s& cao hon hiéu ning
cua cac hé théng nhan dang c6 nhiéu.

Tin hiéu tiéng néi sau khi duoc s hoa s& phan thanh cac khung c6 d6 dai
khoang tir 10ms dén 45ms qua budc phan tich va xac dinh cic dic tinh s&
cho ta mot day cac vector dic trung cua tiéng noi. Cac vector nay sau do
s& dugc str dung dé tim kiém cac tir giong nhat trong tir dién dya trén mot
s6 diéu kién rang budc nao do vé mat Am thanh, nglr nghia, tir vung...

Do tinh chét cua tiéng no6i phu thudc vao nhiéu yéu td nén viéc thu nhan,
phan tich cac ddc trung cua tiéng noi la viéc khong dé dang. O day, chung
ta c6 thé néu ra mot s6 yéu t6 kho khin cho bai toan nhan dang tiéng néi:

o Khi phat am, nguoi n6éi thuong no6i nhanh cham khéac nhau.



14

o Cac tir duoc noi thuong dai ngan khac nhau.
o Mot ngudi cing ndi mot tir nhung & hai 1an phat am khac nhau thi
cho két qua phén tich khac nhau.
o MGdingudi c6 mot chit giong riéng duoc thé hién thong qua do cao
cuia am, do to ciia @m, cuong d6 4&m va am sac.
o Nhimng yéu t6 nhu nhidu ciia méi truong, nhidu cua thiét bi thu...
1.3.2. Cac phwong phap nhin dang tiéng noi
Nhu da dé cap trong phan trén, hién nay c6 ba phuong phap chii yéu dugc
sir dung trong nhan dang tiéng noi 1a:
Phuwong phap am hoc - ngir am hoc
Phwong phdp nhdn dang mdu
Phuwong phap vng dung tri tué nhan tao
a. Phwong phap am hoc ngir &m hoc
Huoéng tiép can am hoc va ngit am hoc dya trén 1y thuyét vé 4m hoc-ngit 4m
hoc. Theo 1y thuyét nay thi trong bat ky mot ngon ngit nao ciing ludn ton tai mot s6
hitu han cac don vi nglr &m phén biét va nhitng don vi ngr &m d6é duoc dac trung
bdi cac thude tinh von c6 trong tin hiéu tiéng néi, hodc trong phd cua nd thong qua
thoi gian.
Nguyén 1y hoat dong ctia hé théng nay nhu sau:
> Buwdc dau tién: Tin hiéu tiéng néi sau khi s6 hoa duoc dua qua mot bg “do”
cac dac tinh cua tiéng n6i, muc dich 1a nham biéu dién xép xi cac dac tinh
clia tiéng noi thay doi theo thoi gian. Bude nay 1a can thiét cho hau hét cac
hé théng nhan dang theo cac hudng tiép can khac nhau.
> Buwdc thir hai: La budc tach cac dic tinh cua tiéng néi nham bién doi cac sd
do phé) tin hiéu thanh mdt tap cac dac trung mo ta cac dic tinh am hoc cta
cac don vi ngit 4m khac nhau. Céac dic trung d6 c6 thé 1a: Tinh chat 4m mili,
am xat, vi tri cac formant...
> Buwéc thir ba: La budc phan doan va gan nhan. O budc nay hé thong nhan

dang c6 gang tim cac vung am thanh 6n dinh va gan cho mdi ving nay mot



15

nhan phu hop véi dac tinh cua don vi nglt am. Pdi voi mot hé théng nhan
dang theo hudng 4m hoc ngit am hoc thi budc nay 1a tim diém va khé thuc
hién nhét. Do d6 c6 rat nhiéu chién luge da duge st dung dé gi61 han pham
vi clia cac diém phan doan va xac xuat gan nhan.

> Buwdc cudi cing: Tu cac khéi ngir 4m thu dugc sau bude phan doan va gan
nhan, ngudi ta dya vao mot sé nguyén tic lwa chon dé két hop cac khéi ngir
am nay thanh cac tir, cdu nhan dang.

C6 rat nhiéu van dé ddi v6i mot hé théng nhan dang tiéng noi theo hudng am
hoc - ngir 4m hoc nhitng van dé nay bang nhiéu cach khic nhau né anh hudng toi
hiéu qua cua mdt hé théng nhan dang. Nhirng van dé do 1a:

+ Can c6 su hiéu biét vé cac dic tinh Am hoc cua cac don vi nglr am. Su hiéu
biét nay khong thé day du cho tat ca nhung doi voi mot sd truong hop don
gian thi c¢6 thé cho két qua tot.

+ Su chon lya cic dac trung dua cua tiéng n6i hau hét tuy thudc vao mot khia
canh cu thé ma ta quan tdm. Chung dugc chon theo truc gidc khong tdi wu
va day du y nghia.

+ Viéc thiét ké cta cac hé thong phan 16p 4m thanh ciing khong t6i wu va hau

hét n6 déu dua trén cay nhi phan quyét dinh. ..
Khong c6 mét thi tuc ty dong lwa chon ngudng chinh xac dé 1am cin c cho
viéc gan nhan. Trén thyc té khong c6 mot phuong phap 1y tuong dé gan nhan
cho tip huin luyén. Tir d6, hudng tiép cin 4m hoc - ngit Am hoc mudn ap
dung duoc vao thuc té can phai ¢6 thém nhiéu nghién ctru nita.

b. Phwong phap nhin dang miu

Phuong phép nhan dang mau sir dung truc tiép mau tiéng n6i ma khong can phai
xac dinh cac dic trung hay phan doan mot cich rd rang. Trong hau hét cac hé
thong, nhan dang mau bao gdom hai budc.

> Buwéc diu tién: 1a bude huan luyén. O budc niy dua trén nhiéu phién ban
khac nhau cta mau can nhén dang, hé thong tao ra cac mau tham chiéu dung

dé so sanh voi mau can nhan dang & budc sau.
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» Buwoc thir hai. 1a budc nhan dang. O bude ndy mau can nhan dang duoc so
sanh voi cac mau tham chiéu dé xac dinh xem né “giébng” mau tham chiéu
nao nhat. Mau tham chiéu giéng nod nhét chinh 13 két qua nhan dang.

Tu tudng cua phuong phap nay 13 néu nhu c¢6 du cac phién ban khac nhau
cia mau can nhan dang thi thong qua budc huin luyén hé théng co thé xac
dinh mot cach chinh cac dic trung cia mau. Viéc xac dinh cac dic trung
thong qua budc huin luyén dugc goi 13 phan 16p miu. Hién nay, co hai
phuong phap nhian dang mau duoc sir dung rong rii d6 1a mé hinh Markov
an va mo hinh st dung mang noron. So d khdi ctia mot hé théng nhan

dang miu nhu sau:

Husin Cac mau
ILyER mEu ™ chua“n Jr cac
Trich chon mé hinh
dEc tnng
Tié,fg {rméu thi} {eac mAu tham chigu}
™| Prantich
hé théing
¥ Tigng ndi
nkén darg
Barg lcc a F'hérlloai . Ouyé’t.ﬂinh
LPC maul legic
DFT

Hinh 1-4: H¢ thong nhan dang tiéng néi theo phwong phip nhin dang miu
Nhitng budc can thuc hién ddi voi mot hé théng nhan dang mau la:

v' Trich chon céac dic trung: O bude ndy dya trén mot sb bién phap phan tich
dé xac dinh cac dic trung cta cac mau. Poi voi cac hé thong nhan dang tiéng
n6i c6 hai phuong phap co ban 1a phwong phap phan tich hé sé phd theo
thang d6 Mel (MFCC) va phuong phap phan tich mi héa du doan tuyén tinh
(LPC).

v Huén luyén mau: O bude nay, hé théng dua trén cac dac trung cla cac mau
trong cting mot 16p dugc tao ra & budc trudc dé tao nén cac mau tham chiéu
cua hé théng. Vi duy trong hé théng nhan dang tr, dé xay dyng nén mot tur
tham chiéu ching ta phai thu tir 6 1ap di lap lai nhiéu lan, sau d6 trich chon

cac dic trung cua nhirng tir ndy nham tao mot tir tham chiéu cho hé théng.
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v' Phén 16p méu: Trong budc ndy, miu can nhan dang dugc so sanh véi cac
mau tham chiéu. O day, can mot thu tuc dé tinh khoang cach cuc bg, va quy
chuén thoi gian gitta cc mau.

v' Quyét dinh logic: Sau budc phan 16p miu ta c6 duge diém danh gia sy
“giéng” nhau giita miu cAn nhin dang va mau tham chiéu. Nhiing thong sb
diém nay s& duoc str dung dé dua ra quyét dinh 1a mau nao “gidng” voi miu
can nhan dang nhat.

Pic diém ciia mét hé thong nhan dang miu:

Hiéu ning cua hé thong rat nhay cam voi sé6 miu dit liéu c6 trong tap huin
luyén. Thong thudng, khi ma s mau cé trong tip huin luyén cang nhiéu thi hiéu
ning nhan cta hé thong cang cao.

Mau tham chiéu rat nhay cam v6i méi truong thu am va dic tinh ciia duong
truyén do dic tinh pho cua tiéng néi chiu tac dong ciia dudng truyén va nhiéu nén.
Khong can c6 nhitng hiéu biét dic biét vé ngdn ngit chinh vi vy hé théng nay it
phu thudc vao kich thude tir dién, ci phap va ngit nghia.

Khoi lugng tinh toan trong thu tuc huin luyén hoac nhan dang ty 1¢ tuyén
tinh v&i sé mau dung huan luyén hodc nhan dang.

c. Phwong phap ing dung tri tu¢ nhan tao
Phuong phap nay la sy lai tao cia hai phuong phéap trén véi muc dich khai

thac t6i da uu diém cua ting phuong phap. Phuong phap nay diéu chinh thu tuc
nhan dang theo cach ma con ngudi st dung tri tu¢ cua minh trong viéc quan sat,
phan tich va cudi cuing dua ra mot quyét dinh dua trén cac thong sb dac trung vé am
hoc. Nhirng k¥ thuat thuong duoc s dung cung vdi cac phuong phap nay la:

Str dung hé chuyén gia dé phan doan va gan nhan do d6 budc cha yéu va kho
nhat duoc thuc hién don gian hon so voi mot h¢ théng nhan dang chi dua vao
huéng tiép can 4m hoc - ngit 4m hoc thuan tuy.

Str dung mang noron dé hoc mbi quan hé giita cac don vi ngir 4m va tat ca
cac dau vao dd nhan biét (bao gdm 4m hoc, ngdn ngit hoc, ct phap, ngit nghia...),

sau d6 sir dung mang nay dé nhan dang.
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Muc dich cua viéc st dung hé chuyén gia la nham tan dung cac nguén kién
thirc ctia con ngudi vao hé thdng nhan dang. Cac ngudn kién thic d6 bao gdm:
> Kién thitc vé édm hoc: Nhim dé phan tich phé va xac dinh dac tinh am hoc
clia cac mau tiéng néi dau vao.
> Kién thirc vé tir vung: Str dung dé két hop cac khdi ngir Am thanh céc tir can
nhan dang.
> Kién thirc vé cii phdp: Nham két hop cac tir thanh cac cau can nhan dang.
> Kién thirc vé ngir nghia: Nham xac dinh tinh logic cua cac cau da duoc nhan
dang.
Su két hop cac ngudn kién thirc phu thudc vao hé chuyén gia ma hé théng nhan
dang st dung.

C6 nhiéu cach khac nhau dé c6 thé két hop cac ngudn kién thuc. Cach thong
dung nhat 13 xt 1y tir dudi 1én, trong d6 céc tién trinh & mirc thip nhat (nhu trich
chon dic trung, giai ma ngit nghia) duoc dit trén céac tién trinh cao hon (nhu giai ma
tir vung, m0 hinh ngdn ngit) theo mot tién trinh tuan ty nham giam viéc xu 1y trong

mdi tAng xudng mirc nho nhét ¢ thé. So dd khéi cua phuong phap nay nhu sau:
Ti€rng nai
+

— Phéan tich tin higéu

¥

Trich ehon d&e tinkh

¥

Phan docan

-
Am ki thanh 7 vé thanh
khodng lang

&

h 4

F Y

~

¥

Céc v
rEig:r:n - Gan nhan
thie *

¥

¥

MNguyén te phéan loai &m

F 3

Phan I&p &m thanh L

Xac dinh tir

!

Xic dinhciu

¥

Lesi réi duce nbén darg

MNguyén tic ngiram

¥

[
h 4

¥

&

Truy cép tirdién

h 4

Fy
¥

¥

& hink ngén ng

Hinh 1-5: Tich hep tri thitc trong nhin dang tiéng néi
1.4. Nhan dang tiéng Viét



19

1.4.1. Pic diém am tiét tiéng Viét

1.4.1.1. Tinh ddc lap cao

Trong tiéng Viét, 4m tiét dugc thé hién kha day du, rd rang, duoc tach va
ngit thanh timg khuc doan riéng biét. Am tiét ndo cua tiéng Viét cling mang mot
thanh diéu va ciu trac on dinh. Diéu nay lam cho sy thé hién ctia am tiét tiéng Viét
trong chudi 161 néi ndi bat va tach bach hon. Do d6 nén viéc vach ra ranh gioi gitra
céc am tiét trong tiéng Viét dé dang hon nhiéu viéc phan chia ranh giéi 4m tiét trong
cac ngon ngit chau Au [6] (trong ngon ngit chau Au, viéc phan chia am tiét c6 khi
phai ding phuong phép phén tich phd). Viéc tach bach am tiét con dugc thé hién &
chit viét, mdi am tiét duoc viét tach ra thanh mot tir riéng bi¢t. Co thé noi so véi cac
am tiét chau Au, tiéng Viét c6 tinh doc 1ap cao hon han.

Trong cac ngdn ngit chdu Au thudng gip cac hién twong ndi 4m (liaison),
trong tiéng Viét khong co hién tuong ndi 4m nhu vay.
Kha ning biéu hién y nghia
Tuyét dai da s6 cac am tiét tiéng Viét déu c6 nghia. Gan nhu toan bd cac am tiét déu
hoat dong nhu tir. Néi cach khac trong tiéng Viét ranh gidi cua am tiét trang voi
ranh gidi cta hinh vi [5] (hinh vi 13 don vi c6 nghia nho nhat trong mot ngén ngik).

Chinh vi vay trong mot phat ngon, sb lugng am tiét tring véi s6 lugng hinh vi.

1.4.1.2. Kha ning biéu hién y nghia

Tuyét dai da s6 cac am tiét tiéng Viét déu co nghia. Gan nhu toan bd cac am tiét déu
hoat dong nhu tir. N6i cach khac trong tiéng Viét ranh gidi clia am tiét tring véi
ranh gidi cta hinh vi [5] (hinh vi 13 don vi c6 nghia nho nhat trong mot ngdn ngi).

Chinh vi vay trong mdt phat ngon, sb lugng am tiét tring vai s6 lugng hinh vi.
1.4.1.3. Céu tric chit ché
M&i am tiét tiéng Viét & dang ddy du c¢6 5 phan nhu Hinh 1-6:

Céu trac tong quat ciia mot Am tiét tiéng Viét 1a (C1)(w)V(C2). Trong d6 C1 1a phu

am dau, (w) la &m dém, V 1a am chinh va C2 la am cuoi.
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Thanh diéu

Van

Am dau - " = . - e
Am dém | Amchinh | Am cudi

Hinh 1-6: Céu tric ciia am tiét tiéng Viét [6]

Am tiét tiéng Viét ¢ ciu tric gém hai bac: bac mot bao gém céc thanh to
tryc tiép dugc phan dinh bang nhiing ranh gidi c6 y nghia ngit 4m hoc. Phan thi hai
bao gdm céc yéu tb ciia phan van chi c6 chirc ning khu biét thuin tuy. Quan hé giira
cac yéu té & bac mot 1a quan hé 1ong 1éo, giita cac yéu t6 cta bac hai c6 quan hé
chit ché. Cac thyc nghiém dd chting minh rang: tinh doc 14p cua thanh diéu ddi véi
cac am vi cu thé 10 ra & chd duong nét am di¢u va truong do cua né khong gén lién
v6i thanh phan 4m thanh ciia 4m tiét.

Theo GS. Bang va cong su [1] ) lugng am tiét phat am dugc cua tiéng Viét
12 18958. So vdi cac cac ngdn ngir thong thuong trén thé gidi co sd luong am tiét
vao khoang 3000-5000. Piéu nay cho thay tiéng Viét co sb luong am tiét rat 1on, va
chinh vi thé it c¢6 hién tuong dong am, it gy trd ngai cho viéc nhan dién am tiét.
Theo [6], trong tiéng Viét c6 6 thanh diéu, 21 4m dau va 155 phan van va phan van

dong vai tro khu biét 16n hon ca so véi cac yéu to khéac trong Bac 1.

Am
Thanh Am Phéan Bic |
dién /y\
Am Am Am Biac 2
dém chinh cuoi

Hinh 1-7: Cau tric hai bic ciia Am tiét tiéng Viét [6]

1.4.2. Am vj tiéng Viét
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Am vi 13 don vi doan tinh nho nhét c¢6 chirc nang phan biét nghia. V& mat xa
hoi ciia ngit 4m, trong sd cac 4m vi trong 101 ndi ctia ngdn ngit, ta cd thé tap hop
mot s6 lwong c6 han nhitg don vi mang nhitng nét chung vé cdu tao Am thanh va
vé chirc ning trong ngdn ngit d6 goi 13 4m vi.

C6 mdt can tro khi nghién ctu am vi tiéng Viét 1a chua c6 mot qui dinh
chinh thirc vé phap 1y, hay mot chuan chung cta cic nha khoa hoc ngit 4am vé mot
chuin tiéng Viét. Co thé quan ni¢m tam thoi coi "tiéng Viét chuin nhu mot tha
tiéng chung duoc hinh thanh trén co s tiéng dia phuong ctia mién Bic véi trung
tam la Ha Noi ma cach phat am cia no 1a cach phat am Ha Noi voi su phan biét /-

cl,/s-sl,/z-z/ va cac van uu/iu, vou/iéu” [5].

1.4.2.1. Thanh diéu

Am vi tiéng Viét ¢6 hai loai &m vi doan tinh va 4m vi siéu doan tinh. Am vi
doan tinh 13 cac don vi c6 thé chia cat dugc trong chudi 101 noéi nhu nguyén am, phu
am. Am vi siéu doan tinh 1a loai don vi khong c6 am doan tinh, khong ddc 1ap tdn
tai, nhung cling c6 chirc nang phan bi¢t nghia, nhan dién tur, d6 1a thanh di¢u. Pay la
dic diém riéng cua tiéng Viét so véi cac ngdn nglt Chau Au. Mot s6 ngon ngir khac
nhu tiéng Han, tiéng Thai ciing c¢6 dic diém nay nhu tiéng Viét.

Thanh diéu duoc hinh thanh bang sy rung dong cua day thanh, tuy theo su
rung d6 nhanh hay chiam, manh hay yéu, bién chuyén ra sao ma ta co cac thanh diéu
khac nhau. Thanh diéu tiéng Viét thudc loai thanh ludt, c6 nghia 13 cac thanh diéu

phan biét v6i nhau bang su di chuyén cao do tir thip 1én cao hay tir cao xudng thép.

(1
7

5
) 4
3
2

1
Hinh 1-8: Céc thanh diéu tiéng Viét 1. Khong diu, 2. Huyén, 3. Ngi, 4.
Héi, 5. Sic, 6.Ning [6]
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Theo cac nha ngon ngit hoc thi thanh di¢u c6 anh huong bao chum 1€n toan
bd 4m tiét, mic di ganh niang chu yéu tap trung & phan van. Tiéng Viét c6 sau thanh
diéu. Néu chia thang d6 cua giong ndi binh thudong thanh 5 bac thi ta c6 thanh di¢u

tiéng Viét duoc miéu ta nhu trong Hinh 1-8.

1.42.2. Am dau

Trong céc sach gido khoa tiéng Viét [3, 4], tiéng Viét ¢6 21 am vi 1a 4m dau.
Céc am vi /p,r/ khong dugc liét ké 1 cac am vi dau tiéng Viét va dugc coi 1a am vi
c6 ngudn goc tir ngdn ngir nudc ngodi. Am vi / ¥ Am tic thanh hau duoc liét ké
trong mot s6 sach gido khoa tiéng Viét nhu mot phu am dau. Trong nhitng am tiét
nhu: “ai, o1, an, oan, uéng, oanh, uyén” c6 hi¢n tugng khép khe thanh lac md dau
khi ching dugc phat am 1én. Tiéng bat do dong tdc md khe thanh dot ngdt duoc
nghe 16 hodc khong o ¢ tung nguoi, trong tung luc, phu thudc vao phong cach va
bdi canh nglt &m. Thira nhan ton tai am tic thanh hau dua dén xay dung dugc mot
mo hinh tong quat ciia 4m tiét tiéng Viét can xtmg hon v6i ba thanh t6 ludn co mit:

thanh diéu, 4m dau, am van [6].

1.42.3. Am dém

Am dém c6 chuc nang tu chinh &m sdc cua Am tiét lac khoi dau, 1am tram
hoa am tiét va khu biét 4m tiét nay véi am tiét khac. Khac véi am chinh luén nim &
dinh 4m tiét, Am dém nam & duong cong di 1én cua dinh am tiét. Am dém khong
xuét hién trude cac nguyén am tron moi /u,0, 9/, nd chi xuit hién trude cac nguyén
am hang trudc. Do mé ctia &m dém phu thudc vao do md cua cac nguyén am-am

chinh di sau.

1.4.2.4. Am chinh
Am chinh 12 nguyén 4m va c6 mit trong moi am tiét qui dinh &m sic cta 4m
tiét. Am chinh tiéng Viét co tat ca 14 am gém 11 nguyén am don va 3 nguyén am

d6i. Am chinh 4m tiét ¢6 thé chia thanh 4 nhom:
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Nhom nguyén am don, hang trude, khong tron méi. Am sic ctia nhém nay thudng
1a bong. Co thé dai va thé ngin. Thé ngan c6 su bién dang it nhiéu vé trudong do, 4m
sdc, cuong do, phat Am cing va ngan.

Nhom nguyén 4m don, hang sau tron moi. Am sic tram. C6 thé dai va thé
ngan. Su thé hién thé ngin c6 ciu 4m khéng gitt déu
Nhom nguyén 4m don, hang sau, khong tron moi. Am sic tram vira.Nguyén am doi.
phat am yéu dan, yéu t6 dau phat &m manh hon yéu té sau, do d6 4m sic cia
nguyén am doi 1a do yéu to dau quyét dinh. Nguyén am chi c6 mot thé dai va khong

bi bién dang v€ am sdc va truong do.

1.4.25. Am cudi

Cac am cudi tiéng Viét c6 dic diém giong nhau 13 khong budng (bd phan cau
am tién dén vi tri cAu am rdi giit nguyén vi tri 6 cht khong vé vi tri cii). Do d6 c6
su khac bi¢t 16n gitra am /t/ trong phéat am hai tr "at" va "ta". Trong khi phat am tur
"ta" 16i thoat caa khong khi dugc khai thong sau khi bi can tré béng mot dong tac
mo ra tao thanh mot tiéng dong dic thu. Trong khi phat 4m tir "at", bd phan cdu 4m
& nguyén vi tri cau 4m va khong khi khong dugc thoat ra ngoai [5].
Trong nhiéu trudng hop phu 4m cudi hau nhu chi 1a mot khoang im lang. Vi du nhu
am vi /k/ trong tir "tac". Do vay am vi /k/ dugc nhan dién chu yéu lam bién d6i 4m

sdc cua am chinh di ¢ giai doan cudi.

Am Am phu B4n nguyén 4m cudi
chinh ha/ Vidu hu/ il | Vidu
I + uy + - iu
e + ué + - éu
€ + oe + - €0
ihe + uyén + - yéu
u - ui - + ui
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0 - Oi - + Oi
9 - o] - + ol
uho - uoi - + uoi
w - - + + uu, ul
¥ + quo - + -, 01
¥ + uan + + au,ay
a + oa + + ao,ai
a + an + + | auay
wh ¥ - - + + uu,uo
[

Hinh 1-9: Phan bo giira nguyén Am am chinh va cac 4am dém va ban nguyén am
cudi [6]

Béan nguyén am ciing khong thuong xuyén dugc thé hién rd rét ma chi duge
nhan dién bang viéc bién d6i 4m sic cia 4m chinh. V& mit nay thi ban nguyén am
con ¢o6 tac dung manh hon 1a phu am cudi.

1.4.3. Sw phan bd ciia cac 4m vi tiéng Viét

Céc am tiét tiéng Viét ¢6 ciu trac chit ché va cac m vi trong tiéng Viét két
hop vé6i nhau theo nhitng qui luat. Hinh 1-9 tong két sy phan bd gitta nguyén 4m am
chinh va cac 4m dém va ban nguyén am cubi [5].

1.4.4. Mot s6 dic diém ngir Am tiéng Viét

Theo [1], dac diém dé thiy 14 tiéng Viét 12 ngon ngir don am (monosyllable -
mdi tir don chi c6 mot 4m tiét), khong bién hinh (cach doc, cach ghi 4m khong thay
d6i trong bat ctr tinh hudng ngit phap nao). Tiéng Viét hoan toan khac vdi cac
ngon ngit An-Au nhu tiéng Anh, tiéng Phap 1a cac ngdn ngit da am, bién hinh.
Theo thdng ké trong tiéng Viét c6 khoang 6000 am tiét. Nhin vé mit ghi &m: am

tiét tiéng Viét c6 cau tao chung 13: phu 4m - van. Vi du &m tin c6 phy 4m t, van in.
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Phu am 1a mét &m vi va am vi nay lién két rat long 1éo voi phﬁn con lai ctia am tiét
(vi du hién tugng noéi 1ai).
Van trong tiéng Viét lai duge cAu tao tir cac Am vi nho hon, trong d6 c¢6 mot am vi
chinh Ia nguyén am.

Ngoai ra, tiéng Viét 12 ngdn ngir c6 thanh diéu. Hé théng thanh diéu gém 6
thanh: béng, huyén, sic, hoi, nga, nang.
Thanh diéu trong am tiét 1 4m vi siéu doan tinh (thé hién trén toan bo am tiét). Do
d6 dic trung vé thanh diéu thé hién trong tin hiéu tiéng néi khong ré nét nhu cac
thanh phan khac ciia am tiét.
Su khac biét vé cach phat am tiéng Viét rat rd rét theo gioi, lra tudi va dic biét 1a
theo vi tri dia li (giong mién Bic, mién Trung va mién Nam khac nhau rat nhiéu).

1.4.5. Nhirng thuén lgi va kho khin déi véi nhin dang tiéng Viét

1.4.5.1. Thuan lgi

e Tiéng Viét 1a ngdn ngir don am, sé lwong am tiét khong qua 16n. Diéu nay sé
gilip hé nhan dang xac dinh ranh gidi cac am tiét d& dang hon nhiéu. Ddi véi
hé nhan dang cic ngdn ngit An-Au (tiéng Anh, tiéng Phap...) xac dinh ranh
gidi 4m tiét (endpoint detection) 12 van dé rat khé va anh huong 16n dén két
qua nhéan dang.

e Tiéng Viét 1a ngdn ngit khong bién hinh tir. Am tiét tiéng Viét 6n dinh,
c6 cau tric rd rang. Dac biét khong c6 2 am tiét ndo doc gidng nhau ma viét
khac nhau. Diéu nay s& d& dang cho viéc xay dung cac md hinh am tiét trong
nhan dang; dong thoi viéc chuyén tir phién 4m sang tir vung (lexical

decoding) s& don gian hon so véi cac ngdn ngit An-Au.

1.45.2. Kho khan
e Tiéng Viét 1a ngdn ngit c6 thanh diéu (6 thanh). Thanh diéu 1a &m  vi siéu
doan tinh, dic trung vé thanh diéu thé hién trong tin hiéu tiéng néi khong rd

nét nhu cac thanh phan khac cua am tiét.
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e (Céach phat am tiéng Viét thay ddi nhiéu theo vi tri dia li. Giong dia
phuong trong tiéng Viét rat da dang (mdi mién 6 mot giong dic trung).

e Hé thdng ngit phap, ngir nghia tiéng Viét rat phuc tap, rat khé @&  4p dung
vao hé nhan dang véi muc dich ting hiéu nang nhan dang. H¢ théng phién
am ciing chua thong nhat.

e Cac nghién ctru vé nhan dang tiéng Viét ciing chwa nhidu va it phd bién.
Pic biét khé khin 1on nhét 13 hién nay chua c6 mot bg dit ligu chuan cho
viéc huén luyén va kiém tra cac hé théng nhan dang tiéng Viét.

Két ludn

Chuong 1 ndy da gidi thiéu mot cach tong quan vé hé théng nhan dang tiéng
noi va cac dic trung Am thanh can thiét cho qua trinh nhan dang tir vung tir
am thoai, cac co so 1y thuyét cia mot hé thong nhan dang tiéng ndi. Qua
chuong nay, chung ta da nam dugc khai quat vé hé théng nhan dang tiéng
noi, cac co sd 1y thuyét ciia mot hé thdng nhan dang tiéng noi, cac giai doan
co ban cta hé théng nhan dang tiéng noi. Cac nghién ciru hién thoi vé nhan
dang tiéng noi ddi véi tiéng Viét, co so dit liéu tiéng néi, mot bd phan gin
lién v6i nhan dang tiéng néi va dic diém cia ngdn ngit tiéng Viét cling da

duogc trinh bay.
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Chwong 2 - CAC KY THUAT NHAN DANG TU VUNG
TRONG AM THOAI TIENG VIET

Hién nay c6 rat nhiéu phuong phap nhan dang tiéng noi. M6 hinh Fujisaki
dugc tmg dung rong rai trong hé théng cta tiéng Nhat, md hinh MFGI dugc tmg
dung trong tiéng Pirc, mé hinh HMM (Hidden Markov Models), md hinh st dung
mang noron,... Trong khuén kho Luin vin nay tic gia lwa chon md hinh HMM
(Hidden Markov Models) dé huan luyén va nhan dang tiéng n6i. M hinh Markov
an (HMM) 12 mdt mo hinh thdng ké, thich hop tmg dung trong viéc nhan dang miu:
tiéng noéi, hinh anh va chit viét... HMM duogc Gng dung rong rii trong nhimg nim
gan day vi hai 1y do.Th nhéat, mé hinh c6 d6 chinh xc cao trong nhiéu Gmg dung;
Th hai,cdu trac mé hinh c6 thé thay doi dé dang cho phu hop vdi timg Gmg dung cu
thé.

Vi tin hiéu tiéng néi 1 dang chudi thong tin bién d6i theo mién thoi gian nén
HMM rat pht hop dé tng dung trong nhan dang tin hiéu tiéng noi. Theo cac nghién
ctru [8], [9 - 11] so sanh hiéu suit nhan dang tiéng néi bang cac phwong phap trén,
chi ra rang phuong phap tmg dung HMM cho két qua t6i vu nhat dic biét 1a d6i véi
cac tng dung xir 1y tin hiéu thoi gian thyuc va dit liéu huan luyén 16n.

2.1. Cac thanh phan chinh ciia mdt hé thong nhan dang tiéng néi

_M_Hm_ Tin hiéu tiéng noi
(speech)

e

Trich chon dic trung Mob hinh ngén ngik Tir dién ngir
(feature) P(W) im
\
Mo hinh dm hoc Giai mi
P(O[W) Decoder
Vin ban
W)

Hinh 2-1: So @6 khoi tong quan ciia mot hé thong nhan dang tiéng néi [4]
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CAu tric tong quat ciia mot hé théng nhan dang tiéng no6i duoc mé ta ¢ hinh 2-1

2.1.1. Trich chon dic trung

l .Ill | Dic trung

Tién xi Iy ) . Hiuxel?
T «| Tmh toan dic trung .| ..k
> > hin 1ép,
(Loc thong dai, (MFCC. PLP_. ) (Phin 16p, giam 56
ham cira s0...) chieu,. )

Hinh 2-2: So @6 cac bwéc trich chon dic trung [4]

Khau trich chon dic trung 4p dung mot sé k¥ thuat nham 1am giam do phirc
tap cua tin hiéu tiéng noi ddu vao, dong thoi rat trich cac théng tin quan trong va co
y nghia cho viéc mo hinh héa va nhan dang. Pau ra thu dugc mét chudi cac vector
dic trung (hay con goi 14 cac quan sat) ky hiéu 1a O. Khau nay c6 thé chia ra 1am ba
giai doan gom tién xit 1y, tinh toan dic trung va hau xir Iy nhu mé ta ¢ hinh 2-2.

a. Khau tién xu ly: C6 nhiém vu chinh 13 loc nhiéu, rat trich cac tin hiéu
nam trong mién tan sé ma tai nguoi nghe dugc (0-10kHz), chia tin hiéu
tiéng noi thanh cac khung co kich thudc tir 10ms dén 30ms (con goi 1a
ham ctra s6 Window), d6 1éch giira hai khung lién tiép thudng nim trong
khoang 10ms- 20ms.

b. Khau tinh toan dic trung: Bién ddi tin hiéu sang mién tan sé qua phép
bién ddi Fourier roi rac (DFT), thuc hién cac tinh toan dé thu duoc dic
trung. Hai loai dic trung duoc sir dung phd bién trong nhan dang tiéng
no6i 1a cac hé sé dudng bao phd cua tan s mel (Mel Frequency Cepstral
Coefficient - MFCC) va ma du bao tuyén tinh giac quan (Perceptual
Linear Prediction - PLP).

c. Khau hau xir Iy: Dé nang cao chét lugng dic trung va giam kich thudc
vector dac trung trudc khi dua vao md hinh ngdén ngir. Mot trong cac
phuong phap phan 16p va giam sé chiéu thudng dugc ap dung trong nhan

dang tiéng noi 1a phuong phap phan tich tuyén tinh LDA.
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2.1.1.1. Pac trung MFCC

Day 1a mot trong nhiing loai dic trung duoc st dung phd bién trong nhan dang
tiéng noi. Y twéng chinh ciia MFCC tinh toan cac gia tri phd cia tin hiéu cho bang
tan trén mién tan s ma tai ngudi dé cam thu nhit. So dd khéi cac bude dé tinh toan
dic trung MFCC trén tin hiéu tiéng noi ddu vao duogc trinh bay & hinh 2-3 [Jurafsky
2008].

Tin hiéu tiéngnéi __s) Pre Emphasis [ 5] Window |5 DFT

pad

MFCC |¢| DCTADFT [¢ | log || Melfilterbank

Hinh 2-3: So' dd khdi cac buée tinh toan MFCC [4]
V& co ban, phuong phép trich chon dic trung MFCC c6 cac cong doan chinh nhu

Sau.

e Pre Emphasis: Do tai nguoi chi nhay cam véi cac tan s6 thap nén mot ham
tang cudng tin hiéu theo cong thirc (2.1) cho cac tan sd cao duoc 4p dung
trudc khi tin hiéu duoc dua vao tinh toan & cac budc sau.

s(n)=x(n) —a*x(n-1) (2.1)
Trong d6 x(n) 14 tin hiéu vao, a 1a hé s6 (trong luan 4n nay a=0.95)

e Window: Tao cac khung tin hiéu goi 14 cira s6. Tin hiéu tiéng noi 1a loai tin
hiéu lién tyc va bién d6i theo thoi gian. Tuy nhién trong mot khoang thoi
gian ngan tir 10ms dén 30ms co thé dugc coi 1a 6n dinh. Di véi cac hé thong
nhan dang tor vung 16n phat am lién tuc thi don vi nhan dang thuong 1a mot
am vi va d§ dai phat am cia mét am vi cling thudong nam trong khoang thoi
gian ndy. Vi thé thay vi ta di tinh todn dic trung trén toan bo mot phat am thi
ta chi tinh toan trén timg khung ctra s6 (Window) c6 d6 dai tir 10ms dén
30ms. Dé khong bi mét thong tin giita hai khung lién tiép thi céc cira so
thuong duoc xép chong 1én nhau véi khoang cach tir 10ms dén 20ms. Hinh

2-3 minh hoa qua trinh phan chia ctra s6 cho mot tin hi€u tiéng noi voi kich
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thude cira s6 1 25ms va khoang cach gita hai khung (46 dich khung) 1a
10ms. Ham ctra s6 4p 1én mdi khung thudng 13 ham Hamming véi cong thiic
Sau:

W(n)={0.54 - 0.46 cos( 4/ )} (2.2)

Khi d6 gié tri cta tin hiéu sau khi 4p dung ham ctra s6 1a: y(n)=W(n)s(n ).
Trong d6 L 1a kich thuéc cua cira s0, 0 < n < L, s(n) gia tri cta tin hiéu &
mién thoi gian tai thoi diém n.

DFT: Bién d6i Fourier roi rac. Bién d6i DFT duoc ap dung dé trich chon
thong tin vé phd cua tin hiéu dau vao. Bién d6i nay duoc thuc hién trén
mdi mot khung da dugc 14y qua ham cira s6. Tinh toan DFT dugc mé ta &
cong thuc (2.3).

—j2%kn

L-1
X(K)= ZOY[n]e L 2.3)

f:_ - 2-51]15____>l
] T L}

Khungn W

¥ T

Khung n+1
Khung n+2

Hinh 2-4: Tao khung trén tin hi¢u tiéng néi [4]

Trong d6: L 1a kich thuéc cta cira s6, w[n] gia tri cta tin hiéu dau vao sau khi qua

ham ctra so.

e Mel Filter bank: Loc va bién d6i sang tan sé Mel. Tan s6 4m thanh thuong

dao dong trong khoang dudi 10kHz, tuy nhién tai ngudi chi nhay cam hay

nghe 1 nhét trong khoang 1kHz. Céac hé thdng nhan dang ¢ ging mo phong
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lai cach thirc nghe cua con ngudi vi thé van dé dat ra 1a can bién doi tin hiéu
tr mién tan so6 Hz sang mién tan s6 ma con ngudi dé nghe nhat. Mién tan s6
nay goi la Mel (dugc dat dé xuat boi Steven and Volkmann, 1940). Cong

thirc bién d6i duge mé ta & cong thic (2.4).
f
mel(f)= 2595log10(1+— 2.4
() Gul+_ ) (2.4)

Cac b0 loc bang tan duoc thiét ké trén mién tan sé Mel nay.

e Logarithm (log) va bién ddi Cosine roi rac (DCT): Ham logarithm duoc
ap dung trén cac gia tri DFT do dd thinh cta tai nguoi theo ham logarithm, vi
vay viéc ap dung ham log dé dua dic trung tinh toan dugc gan gidng véi
tin hiéu ma tai nguoi nghe. Pong thoi viée st dung ham log gitip cho dic
trung tinh toan it bi anh hudng béi sy bién doi ngau nhién ¢ tin hiéu dau vao.
Sau d6 cac gia tri logarithm nay duoc 4p dung ham bién doi Fourier ngugc
(hodc co thé dung cong thirc bién ddi Cosine roi rac) nhu cong thic (2.5) dé

thu dugc cac gia trt MFCC.

L1 27
cig= Y log( X[k]pe' " (2.5)

Ngoai phuong phap trich chon dac trung MFCC duoc trinh bay ¢ trén, ta
cling c6 thé sir dung phuong phap tinh toan dic trung PLP dua trén co s phuong
phap ma dy bao tuyén tinh LPC (Linear Prediction Coding). Pic trung nay dugc tao
ra dya trén ddc tinh vat ly cua tai nguoi khi nghe [H. Hermansky 1990]. Hinh 2-5

miéu ta cac budc xur ly tinh toan PLP.

Tiéng noi > FFT —» Loc tan s6 Bark —*  Nhin manh tin hiéu
v
Hé s6 PLP Luat cuémg d6 nghe
t !
Tinh cac gia tri # Thuit toan Durbin [ Bién déi Fourier nguoc

Hinh 2-5: So @6 khdi cac bwéc tinh toan PLP [4]
Trong do:
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e Bién ddi Fourier nhanh (FFT): Tuong tu nhu phuong phap MFCC, tin hiéu
tiéng néi dugc chia thanh cac khungva duoc chuyén sang mién tan sd bang
thuat toan FFT..

e Loc theo thang tAn s6 Bark: Tin hiéu tiéng no6i dugce loc qua cac bd loc
phan bd theo thang tan sb phi tuyén, trong trudng hop nay 1a thang tan sb
Bark theo cong thirc (2.6).

f f

1200 +[(1200) AT (2.6)

Bark(f)=6In{

e Nhin manh tin hiéu: Dung ham cin bang d 6n (equal-loudnes). Budc nay
tuong ty budc nhan manh (preemphais) ctua phuong phap MFCC. Ham nay
mo phong dudng cong can bang do on (Equal-Loudnes Curve) nhu cong
thac (2.7).

(w* +56,8*10%)w"

E =
(@) (@’ +6,3*10°)(w” +0,38*10°)(w® +9,58*10%°) 2.7)

e Dung luat cwong d¢ nghe (Power Law of Hearing): Dung mdt phép anh
xa phi tuyén dé 1am ting dic tinh ning luong cua tin hiéu twong dong véi
cach thirc ma tai nghe am thanh. Phép anh xa nay mo ta & cong thic (2.8).

O(f)="Y(f)"> 2.8)

e Bién d6i Fourier nguoc (Inverse DFT): Céac hé sb tu twong quan dugc bién
d6i Fourier nguoc 1a gia tri dau vao cho LPC.

e LPC: Thuit toan tinh toan cac hé sb du bao tuyén tinh theo thuat toan
Levinson-Durbin [Levinson 1947].

e Thuat toan Durbin: Thuat todn Durbin dugc sir dung dé tinh cac hé sb du
bao tuyén tinh nhu phuong phap LPC.

e Tinh cac gia tri delta: Phuong phép tinh tuong tu nhu phuong phap hé sb
MFCC.

2.1.2. Ky thuat khir nhiéu CMS
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Diy 1a mot ky thuat thong dung dé khir nhidu trong cac hé thong nhan dang,
dugc dung két hop trong qua trinh tinh toan cac dic tinh phd cia tiéng noéi. Phuong
phap nay dua trén gia thiét 1a cac dic tinh tin sb ctia moi truong 13 thudng xuyén cd
dinh hodc bién ddi cham. Céc tham s6 cepstral cua mot phat am dugc tru di gia tri
trung binh ctia cac tham s trong mot khoang thoi gian ndo d6 va lam cho cac gia tri
nay it bi anh hudng bdi méi trudong:

. 1
O(7) =0() —?;0(0
B (2.9)
trong d6 T 12 d6 dai cta ving ldy gid tri trung binh, thuong 14 d6 dai cia ca phat am.

K§ thuat CMS c6 wu diém 1a don gian, thoi gian tinh toan nhanh, dé ap dung,
khi 4p dung k¥ thuat khir nhiéu nay vao nhan dang tiéng noi, can luu ¥ dén toc do
xtr 1i va bao ton cac dic trung &m hoc cia phu am, dac bi¢t 1a cdc phu am vo6 thanh.
Pé dam bao thuc hién dugc trong thoi gian thyc, hién nay, nguoi ta thuong ap dung
mé hinh tham s thich nghi v&i nhiéu. Cu thé nhu sau: Khi huin luyén tham $0,
nguoi ta léy mot mau sach, khong bi nhiéu, dé huin luyén, sau do, nguoi ta léy cac
mau sach ndy tron véi cac loai nhiéu sinh bdi cac md hinh toan hoc khéac nhau va
tham s& mo hinh s& dugc bién d6i boi mau nhidu nhd céac cong cy mo hinh. Do do,
trong giai doan nhan dang, khi tin hiéu thuc dugc dua vao hé théng, nguoi ta s€ tinh
thang cac dic trung va quyét dinh tir chinh tin hiéu chtr khong can loc.

2.2. Tong quan vé md hinh Markov an HMM
2.2.1. Chudi Markov

La day gém N trang thai Sy, S,,...S, voi a;la xac Xuat chuyén tiép trang thai tu
S;dén S;.

di

dod
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Hinh 2-6: Chudi Markov véi 3 trang thai S1, Sz, S3 Véi cac xac suat
chuyén tiép twong &ng a1 dén ass [4]

Theo d6, ta c6 ma trin xac suit chuyén tiép trang thai c6 dang:

a a

11 12 13
A= {au} =l 8y Ay Ay (2.10)
A1 A, A3

Vi tong cac xac suat hang ngang cua ma trén bang 1.

Cong thirc tinh x4c sudt tong quat ctia mot chudi cac trang thai:
P(Si11 Sigaeees Sik) = P(Sikl Sitr Sz Sik—l)P(SilisiZ"“' Sik—l)
= P(Sikl Sik—l)P(Si1’ Sig e Sik—l) = @19
= P(Sic| Sik_1)P(Sik 1| Six2)---P(Siz | Si1 )P(Si1)

2.2.2. M0 hinh Markov an HMM
HMM 1a mé hinh xé&c suat dua trén ly thuyét vé chudi Markov [Rabiner
1989] bao gom céc dic trung sau:
e 0={o01,02,...,0r }latap cac vector quan sat.
e S={s1,s52,...,sn}latap hitu han cac trang thai s gom N phan ti.
e A={au, aiw, ..., am} 12 ma tran hai chiéu trong d6 a; thé hién xac
suit dé trang thai s; chuyén sang trang thai s; , v&i a;; >0 va ¥ a; = 1,
Vi j=k
e B ={bx, bi, ..., bjv-1)c } 12 tap cac ham xac suét phét tan cua céc
trang thai tir s» dén sy-1, trong d6 bithé hién xac suat dé quan sét o
thu duoc tir trang thai s; tai thoi diém t. Trong nhan dang tiéng noi
ham b:: thudng duoc sir dung 12 ham Gaussian véi nhiéu thanh phan

tron (mixture) cé dang nhu cong thuc (2.12), trong truong hop nay ta
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goi 1a md hinh két hop Hidden Markov Model va Gaussian Mixtrue
Model (HMM-GMM)

bi (o¢) = ZL Cik N( 0t; ik, Zik) (2.12)
Trong d6: o 1a vector quan sét tai thoi diém t, M 1a sb thanh phan tron
cua ham Gaussian, cik, ik, Zi theo thtr tu 13 trong s, vector trung
binh va ma trin phuong sai (covariance matrix) ctia thanh phan tron
thtr k cua trang thai s; .

e II={m } latap xé&c suat trang thai dau, véi m: = P(q1 = si) voi i=1..N

la x4c suat dé trang théi s; 1a trang thai dau qa.
Nhu viy mot cach tong quat moét mo hinh HMM A ¢6 thé duoc biéu dién boi
A=(A,B,II). Trong linh vuc nhan dang cac m6é hinh HMM dugc 4p dung véi

hai gia thiét sau:

e Mot la gia thiét vé tinh doc lap, tirc khong co6 mdi lién hé nao giita hai
quan sat 1an can nhau oi VA Oi+1, khi d6 xdc sudt ctia mot chudi cac
quan sat O={oi} c6 thé duoc xac dinh théng qua xac suit cua ting

quan sat oi nhu sau: P(0) = HL P(0).

e Hai la gia thiét Markov, xac suat chuyén thanh trang thai s: chi phu

thudc vao trang thai trudc no s¢-1.

Trong nghién ciru ndy chung t6i sit dung mé hinh HMM-GMM c¢6 ciu
trac dang Left-Right lién két khong day du dugc minh hoa nhu Hinh 2-7

Hinh 2-7: M6 hinh HMM-GMM Left-Right véi N trang thai [4]
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2.2.3. Cac thanh phan cia HMM
Mot HMM A (N, M, A, B, IT) gdm 5 thanh phén [3]:

a.

€.

7

=P[q,=S;] 1<i<N

N: S trang thai, voi tip cac trang thai: S = (S1, Sy, ..., Sn) Va trang thai quan
sat duoc tai thoi diém t 14 g,
M: S6 hién tuong quan sat dugc cia mdi trang théi, ky hiéu hién twong quan
sat duoc 12V = {V4, V2, ...,Vm}, tin hiéu quan sat duoc & thoi diém t 1a Ot.
Xéc suat chuyén tiép trang thai biéu dién boi ma trin A = {ajj} tur trang thai
Si dén Sj.

aij=P|:Qt+1:Sj| qt=Si:|,1Si,jSN (2.13)

Qi >0Vi, j véi diéu kién mot trang thai Sj c6 thé dén duogc tir moi trang thai

N
Si va thoa rang budc Z aij=1,
-1

. Phan bé xac suat (probability distribution) quan sat duoc tai trang thai j:

B = {bj(k)}
bj(k)=P[w -t =Si],1<j<N1<k<M (2.14)

M
thoa rang budc Z bi(k) =1
k=

A va B 13 tham s quan trong nhat trong mé hinh HMM.
Phan b x4c sudt trang thai dau tién: IT ={m}, véi m, 13 trang thai Si chon.

(2.15)

N
théa didu kien D7 =1

i=1

Trong cac thanh phan trén, gia tri M va N duoc chon dau tién va khéng thay doi,

chung duoc str dung dé tinh 3 gia tri con lai. Cac budc tao dir li€u:

» Chon trang thai ban dau véi xac suét 1a 7.
> Patt=1
» Chon O=w , vdi B = {bj (K)}
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> Chuyén sang mot trang thai méi, str dung ma tran A= {aij}
> Ditt=t+l, quay lai busc banéut<T.
M6 hinh HMM dugc biéu dién boi bd tham sb: 4= (A, B,7)
Vi chudi quan sat 1a: O = 0,0;...0+
Trong d6: O mdt hién twong cua V; T: sb trang thai quan sat.
2.2.4. Ham mat do xac suat hon hop Gauss
M6 hinh hdon hgp Gauss (Gaussian Mixture Model - GMM) la md hinh dang
thng ké dugc xay dung tir viéc huan luyén thong qua théng qua dir liéu hoc thudng
duoc st dung trong cac nghién ctru vé nhian dang. GMM I ham mat do xac sut sinh
quan sat cua trang thai (state output probability density function - pdf) trong mé hinh
HMM thudng duoc tng dung trong thuc té. Trong mo hinh HMM c6 N trang thai
thi moi trang thai c6 mot ham mat do xac sudt mo ta xac suat dé co quan sat O
(observations) tai thoi diém t khi dang ¢ trang thai j.

Ham mat d¢ xac suat phan bo Gauss c6 dang:

|m eXp{_%(X_ﬂ,-)'E:I(X—ﬂf)}

Z‘;‘f]lil "Tr' = l

g (X |u,2)= (27?)3,31 5
’ (2.16)
cac trong s6 hdn hop can thoa diéu kién
trong d6: X 1a véc to dit liéu chira cac tham sb cta ddi twong can biéu dién.
mi i=1,...,M 1a trong s6 caa hdn hop.
W vée to trung binh ciia véc to D chiéu.
2. . ma tran hiép phuong sai kich thudc DxD (thuong chon la ma tran
duong chéo dé giam sb tham sd cia mo hinh)
Mot mé hinh hdn hop Gauss da bién c6 tong sd M thanh phan mat d6 Gauss c6

dang:

L 2)

M
A)=) mg(X
Z"‘l o (2.17)



38

Mot mé hinh GMM day di tham s hoa boi véc to trung binh, ma tran hiép phuong
sai va cac trong s6 hon hop tir cac thanh phan hop Gauss dugc biéu dién gon lai nhu
Sau:
A={m. .3 i=12. M

(2.18)
Mot quan sat O trong nhan dang tiéng néi thudng 1a mot vée to gdbm cac hé s rat
trich MFCC tinh (static feature) va cac hé s6 dong (dynamic features).
Gia thiét T 1a s6 luong véc to dac trung MFCC cua tin hiéu tiéng néi, M 1 s thanh

phan Gauss:

X={x, 500}
2 - (2.19)

‘ p(X|A)=TT_p(x, | 1)
Tuong dong véi GMM s¢ la: '

2.3. Ba bai toan co ban ciia mé hinh Markov an

Vi¢c ung dung HMM trong nhan dang tiéng noi dya trén viéc giai dugc ba

bai toan co ban sau [1].
2.3.1. Bai toan danh gia

Véi ddy quan sat O= {01, 0z, O, ...} va mo hinh Markov 4n A=(A, B, n) da
dugc huan luyén, chiing ta can tinh xac suat P(O / A).

Chuing ta c6 dy quan sat O= {01, 02, 03, ...} vd md hinh Markov an A=(A, B,
7), chung ta can tinh xac suat P(O / A).

Gia str day quan sat c6 do dai 1a T, vay ta ¢c6 mot day cac trang thai tuong
mg ctia md hinh Markov an sinh ra n6 : qQ=qu, 02, s, ... gr. Ta c6 xac sudt dé diy

quan sat O duogc sinh ra bdi A voi day trang thai g la:
T
PO /g, A) = [[P(o:la,2)
t=1
v6i gia thiét cac Oj 1a doc lap ta co:
P(O /4, 2) = bg,(01) by,(02)... by (or)

Mit khéc ta x4c sudt cta ddy trang thai q d6i véi mo hinh A 12 :
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P(q / A) = 7q; 8qyq; Agyaz-+ Aar_gar
Tir d6 ta c6 xac suét cua ddy quan sat O, d6i voi moé hinh A va day trang thai q 1 :

P(0, ql4) = P(O /q, 2) P(q /)

= 7gy Dq;(01) 8qyq, Day(02) Agya-.. Agy_yar Dar(0T)
Xéc suat clia diy quan sat O ddi véi mo hinh A s& 14 tong cua tat ca cc xac

suat diy quan sat O d6i voi mé hinh A v6i moi ddy trang thai q c6 thé c6
P(O]1)=> P(0,q4) =Y 7,b, (0)a,,b, (0,)...8, b, (0) (2.20)
q Q )

Do phirc tap tinh toan cta cong thirc (2.20) 1a 2T. N7, bai vi tai mdi thoi
diém t, c6 N kha ning chuyén trang thai, trong mdi trang thai c6 (2T-1).NT phép tinh
nhan, N -1 phép tinh cong. Trong thuc té cong thirc nay khong thé thuc hién duoc
do do phuc tap qua 16n. Pé khic phuc van dé nay thuét toan tién-lui (forward-
backward algorithms) dugc dung dé tinh x4c suat ddy quan sat O d6i voi mo hinh A.

Ta dinh nghia bién tién (forward) ez (i) 13 xac suit ctua ddy quan sat O t&i thoi
diém t: O= 01, 02, ..., Ot tai trang thai Si dugc sinh bdi mo hinh A.

a(i)=P(01, 02, ..., 0r, Gt =S i /)
vai gia tri khoi tao ea(i)=mbi(01), 1 <i<N
Cac a1 (i) duoc tinh bang thuat toan dé qui duoc miéu ta nhu sau:

1) Khoi tao
o1 (1)= 7 bi(01) 1<i<N
2) Tinh c4c ar+1(j) bang phuong phap dé qui
or+1(j) = [ﬁ_l:at(i)aij}bj(om) (2.21)
1<t<T-1,1<j<N

3) Két thlic

P(O /%) = iaT (i)
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Budc 1) khéi tao cac on (i) twong tng voi cac trang thai i khac nhau. Tai
budc 2 cac ar+1(j) dugc tinh theo phuong phap dé quy dua vao cac a(j) dugce tinh
trude d6. Hinh 2-8 miéu ta cac phép toan cin thiét dé tinh cac ex(j). Trang thai cta
mo hinh tai thoi diém t+1 13 Sj va c6 tat ca N kha ning dé dan t6i trang thai Sj tur
céc trang thai Si voi xac suat 1a o (i). Xéac suat ndy nhan véi xac suat chuyén trang
thai ajj s& cho ta xac suit mo hinh ¢ trang thai S; tai thoi diém t+1 véi diéu kién mo
hinh & trang thai Sj tai thoi diém t. Tong cac xac suat ndy véi cac i tir 1 dén N cho ta
xac sudt d¢ mo hinh ¢ trang S; tai thoi diém t+1, x4c sudt nay nhan véi xac suit
bj(0t+1) s& cho ta xac suat ddy quan sat O t6i thoi diém t +1 & trang thai Sj va d6
chinh 1a az+1(j).

Thuat toan quy nap s& ding & budc 3) khi ma t =T. Khi d6 tong cua cac o(i)
v6iitir 1 d@én N s& cho ta x4c suat cta ddy quan sat O d6i voi mo hinh A: P(O / A).

Do phtrc tap tinh toan véi cach tinh theo cac bién forward ex(i) 12 N2T , thap

hon so v6i d6 phirc tap 2T. NT cua bude trude.

t t+1
a ) )

Hinh 2-8: Miéu té cac diy phép toan dwge thue hién dé tinh bién o (i ) [4]

Bién Iui (backward) £(j) duoc dinh nghia 1 x4c suit ctia ddy O tir thoi diém
t+1 dén T : O= {Ots1, Ots2, ..., OT}, vOi diéu kién 1a mo hinh & trang thai Si tai thoi
diém t .

A1) = P(0t+1, Ot+2, ...,007 /CIt =Si, 1), 1 <t<T
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Thuat toan tinh bién Iii A(i) cling dua trén phuong phap dé qui giong nhu truong
hop cua bién tién o (i):
1) Khoi tao
pr@i) =1, 1<i<N
2) Tinh céc f4(j) bang phuong phap dé qui

:Bt(l) = Zaijbj (ot+l)ﬁt+1( J)

t=T-1,T-2,...,1, 1<i<T

Budc 1) khdi tao cac Sr(i) bang 1 cho tat ca cac i. Cac tinh toan cua budc 2)
dugc mo ta trong Hinh 2-9, trong d6 A(i) duoc tinh dya vao cac f+1(j) duoc tinh
trudc d6. Trang thai cia mo hinh tai thoi diém t 14 Sj va c6 tat ca N kha nang dé din
tGi trang thai Si tir cac trang thai Sj tai thoi diém t+1 vai xac suét 13 f+1(j). Xéc suat
nay nhan véi xac suit chuyén trang thai ajj, két hop véi xac suat quan sat O tai
trang thai j s& cho ta xac suat mo hinh & trang thai S; tai thoi diém t voi diéu kién mo
hinh & trang thai Sjtai thoi diém t+1. Tong cac xac sudt ndy vai cac j tir 1 dén N cho

ta xac suat d¢ mo hinh ¢ trang Si tai thoi diém t va d6 1a 4(i).

t t+1

A0) Bia)
Hinh 2-9: Miéu ta cac diy phép toan dwoc thue hién dé tinh bién (i) [4]

Bang thuat toan tién-1ui ta c6 thé tinh xac suat P(O / A) nhu sau:
N N N
PO /2)= Y ar ()= Y mh(0)A,() =Y a()A(0)
i-1 i—1 i1

2.3.2. Bai toan giai ma
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Véi ddy quan sat O= {01, 02, 03, ...} va md hinh Markov an A=(A, B, z) lam
thé nao ching ta c6 thé tim dugc diy trang thai twong tng q={q1, 02, g, ...} tdi wu
nhét theo mot tiéu chuin nao do.

Trong bai toan nay, ta phai tim day trang thai q=(q, gz, ..., o) tdi wu twong
mg v6i mot diy quan sat O=(01, 02, ..., 01) va md hinh A=(A, B, 7) cho trudc, dé
cho P(O, S /2) 1a 16n nhét.

Mot phuong phap thong dung hay duoc dung dé giai quyét bai toan nay la
ding thuat toan tim kiém Viterbi. Pay 1a thuat toan dua trén phuong phap 1ap trinh
dong (Dynamic Programing Method) dé tim ra mot ddy céc trang thai toi wu duy
nhat.

Thuat toan Viterbi:

Ta dinh nghia bién (i) = max P(q,0p,....G =1,0,,0,,..,0,]4) 1a bién c6

GiG2 s -Gr-1
diém cao nhat (best score) tai thoi diém t twong Gmg véi ddy trang thai qu, Gz, ..., e1,
két thuc tai trang thai S;.
Céc bién 6 (i) dugc tinh bang phuong phap dé qui dya trén cac tinh toan trudc do

6 t+1(i): [m%(é‘t (i)aij ]bj (Ok)

Pé luu vét cac trang thai ciia diy ta ding mang 6 (i), khi thuat toan két thuc
cac phan tir trong mang chinh 13 cac trang thai ctia diy g can tim. Sau day chi tiét
thuat toan Viterbi
1) Khoi tao

64(i) = mbi(01), 1<i<N

61(1)=0
2) Tinh toan dé¢ qui

S =[max(a,(D-3;10;(0) 5 4 < 1 <j <N (2.22)
v, (i) = argmax[s, , (i).a] 2 <t<T, 1<i<N

I<i<N

3) Két thuc
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P = max[5; (i)]

1<i<N

q* =arg _max[gT (i)'aij]

1<i<N
Truy hdi céc trang thai
g*t= 6 w1(Q*t+1), t=T-1,T-2,..,1

Két thuc thuat toan cac q*;chinh 13 cac trang thai ctia diy can tim.

Thuat toan Viterbi gan giéng nhu thuat toan tinh bién tién ox(i). Piém khéc
nhau co ban gitra hai thuat toan nay la cong thuc tinh max (2.22) dugc dung thay
cho cong thirc tinh tong (2.21).

2.3.3. Bai toan huin luyén

Lam thé nao ching ta diéu chinh céac tham sd A, B, 7 dé co duoc xac suat
P(O /4) 16n nhét

Pay 1a bai toan kho khin nhit cia mé hinh Markov 4n, chung ta phai diéu
chinh bo ba cac tham sb (A, B, 7) dé xac suit P(O /ﬁ,) 1a 16n nhat. Trén thuc té
khong ton tai mot phuong phéap thuc su t6i uu dé P(O / A) 13 16n nhat. Giai phap cho
bai toan nay 1a thuat toan diéu chinh tham sd (re-estimation) Baum-Welch.

Ta dinh nghia bién #(i) = P(qt = Si /o, A) 1a x4c suat d¢ mo hinh o trang thai
Si vao thoi diém t v6i ddy quan sat O va md hinh A4 da cho. Vi dinh nghia trén, bién

#(i) dugc biéu dién thong qua hai bién tién va i nhu sau:

()= P(g, =S;,0On) _ o (DB () _ o (DB (D) (2.23)
PO P(O[») >t (D (D)

Trong cong thirc trén o ¢ (i) 13 xac suat ctia diy qua sat 01, Oz, ..., 0t V& /&(i) 1a xéc
suét cua day Ot+1, Ot+2, ..., OT V&1 mo hinh ¢ trang thai Sj vao thoi diém t.

Tur cong thirc (2.23) ta rat ra dugce

N
2vi(i)=1

Véi n1(i) ta c6 thé tim duoc tai thoi diém t xac suat 16n nhit cta diy 01, 02, ...,

ocla:
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qe=argmax[#(i)], 1 <i <N, 1 <t <T
Ta dinh nghia bién &f(i, j) 13 xac sudt mé hinh & trang thai S; tai thoi diém t va &

trang thai Sj tai thoi diém t+1 vi mo hinh A va ddy quan sat O cho trudc.

&(i, j) = P(qt = Si, g1 = S; /O, 2)
Hinh 2-10 miéu ta méi quan hé chuyén dich giita cac trang thai SivaS;. Tir dinh
nghia cac bién tién 1i eu(i) va (i) ta co
P(0, =S, 0y = S; 'OP‘) - at(i)aijbj (0.4) 8. (1)
P(OP\.) P(OM)
(I)au ](Ot+l)ﬂt+l(1)
Zzat(i)aijbj (00,1) B ()

i=1 j=1

&, J) =

&, j) =

=S , o) . .
0=ri=slo.0- 30 208t

Vi cac dinh nghia trén ta co

N
n(i)=2 &, )
j=1
Tir dinh nghia cong thirc trén ta c6 thé nhan thay:
Z[ 1& (i,j) = 1a kha nang dé moé hinh chuyén trang théi tir Si sang S;

Z:yt (i) =1lakha ning dé md hinh chuyén trang thai tir Si

t1 t |t t+2

Hinh 2-10: Miéu ta cac phép tinh can thiét dé tinh &(i, j) [4]

Tir cac quan st trén ta co tip cac cong thirc dung dé diéu chinh (re-estimation) cac

tham sO cua mo hinh Markov an nhu sau :
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m: = kha ning mo hinh ¢ trang théi Si tai thoi diém (t=1) =1v,(i) (2.24)
a; =kha nang chuyén tir trang thai Si sang trang thai Sj/ kha niang chuyén tir trang
thai Si
T-1 ..
— zt:]. at(lﬁ J)
T-1 .
IEAO)
b j(v,)= kha nang ¢ tai trang thai Sij voi ky hi¢u quan sat vk / kha nang ¢ tai trang
thai Si
PIIEAT)
=N
PR AC)

Véi mot md hinh A=(A, B, 7) dau tién chung ta ding cac cong thie (2.24), (2.25),

(2.25)

(2.26)

(2.26) dé tinh toan bo tham s6 moi A= (A, B, ). Ngudi ta da ching minh dugc rang:
Hodc 1a m6 hinh khéi diém A duoc dinh nghia chinh xac 1a m6 hinh hoi tu va
do d6 2=1.
Hoic 1a md hinh méi c6 P(O /2) > P(O /2)
Duya vao chirng minh nay chung ta dung A thay thé cho A 1a 1ap lai cac tinh toan
Error! Reference source not found., Error! Reference source not found.,
Error! Reference source not found. ta s& cai thién dugc xac suat P(O /ﬂ) cho toi
thoi diém thuat todn hdi tu.
Trong qué trinh tinh toan, sau mdi lan ldp cac biéu thirc sau day ludn duoc thoa

man :

N
Il
H
H
A
A
=

M= ©M= 1DV
: 2l .
Il
[EEN
|_\
A
In
=

=~
Il
i
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Cac cong thuc (2.24), (2.25), (2.26) dugc goi la cong thirc hiéu chinh lai
tham s& Baum-Welch va duoc ching minh béng thuat toan EM dugc trinh bay
trong [12].

2.4. Ung dung ciia HMM trong nhin dang tiéng néi roi rac
2.4.1. Tong quan

Gia st ta c6 bd tir vung g@)m V tir can duoc nhan dang, mdi tr dwoc md hinh
b:;ing mot HMM. Viéc huin luyén m6 hinh HMM cho mdi tur can c6 mot bo dir lidu
huan luyén gom K dir liéu, ma mdi dir liéu dua vao 1a chudi cac vector dic trung
clia tiéng noi hay con goi 1a chudi quan sat d6i véi mé hinh HMM. K cang 16n thi

mo hinh cang dugc huan luyén day du.

b{ tir vung Bai toan huan luyén
, duge tham s6 hoa
Huan luyén e e
A HMM Bai todn giai ma
l'in ‘hll._'ll _ Chudi .
vao a : _ J— P ) N , P i
Ana Phin tich | quan sat O [||_1I1 Iu;;m P(O M) |.L_I:Il£|l‘_‘ll [ Tir nhin dang
dac trung Xac sust Bai to1 uu
' toan danh gia
\_-v-_j Te— —
—
Chudn bi dir liéu Nhan dang

Hinh 2-11: Ung dung cac bai toan trong nhin dang tir roi rac
2.4.2. Giai doan huin luyén md hinh
Dau tién cac tham s6 ciia mo hinh duoc khoi tao. Vi mot dit 1iéu huan luyén
O ta dung bai toan giai ma dé phan 10p trang thai (nghia 13 tim chudi trang thai tdi
wu ing v6i chudi quan sat cho trudc), sau d6 dung bai toan huan luyén dé ude tinh
tham s6 va tinh toan lai cac tham s6 cia mo hinh HMM X twong tmg. Qua trinh giai
m4 va tinh toan lai bo tham sé duoc 1ip lai nhiéu 1an cho dén khi xac suat P(OJL)

ho1 tu thi s€ thu duogc cac tham so to1 vu cua mo hinh.
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Bii todn gidi ma Khai tao md hinh
y
4 Tim chudi trang

thai ti wu )
} khong

Dir liéu : Xac suAt™~ [ Cac tham s6
hudn luvén Udc tinh tham so e o Cac 1h_~‘m. 5C
| ‘ : "‘--h_i_.?l - cua mo hinh

+ - R z .
. Bai toan huan luyén|
Tai wdée tinh A
mé hinh

B —

Hinh 2-12: Céac buéc huin luyén bang HMM
2.4.3. Giai doan nhan dang

Tin hiéu tiéng néi can nhan dang duogc trich xudt vector dic trung, goi la
chudi quan sat O. Sau d6 can giai quyét bai toan danh gia dé tinh V xac sudt P(O[Ai)
ciia V tir trong bd tir vung va chon ra md hinh mé ta dang nhat tin hiéu tiéng noéi
dua vao, d6 13 mo hinh Ai ¢6 xac sudt P(O[Ai) 16n nhét trong tdp V mo hinh, tir d6
suy ra 1énh (tir don) tng véi tin hiéu dau vao.

2.5. Két ludn

Qua ndi dung chuong 2 ta da nam duoc giai doan dau cta hé théng nhan dang tiéng
néi: cac phuong phap xt 1y tiéng noi. Cac 1y thuyét co ban vé mo hinh Markov an,
va tng dung trong nhan dang tiéng ndi dong thoi thuat toan giai ma trong cac hé

théng nhan dang lién tuc ciing da duoc dé cap chi tiét.
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Chwong 3 - XAY DUNG HE THONG CHUYEN POI AM
THOAI TIENG VIET SANG VAN BAN

Mot hé théng nhan dang va chuyén ddi n6i chung thudng bao gdm hai phan:
phan huin luyén(training phase) va phan nhan dang (recognition phase). “Huédn
luyén” 12 qua trinh hé thdng “hoc” nhitng miu chuin dugc cung cip boi nhimng
tiéng khac nhau (tr hodc 4m), dé tir 6 hinh thanh bo tir vung cua hé théng. “Nhan
dang” 1a qua trinh quyét dinh xem tir nao dugc doc cdn ctr vao bd tir vung da dugc
huan luyén. So do tong quat cua hé théng nhan dang tiéng néi dugc thé hién trén

hinh 3-1

A Trich chon
Am -
I thanh dac trung > HMM
MFCC

Hinh 3-1: So @6 tong quat ciia hé thong nhin dang va chuyén doi

Pé thuan tién cho viéc nhan dang va chuyén d6i hién thi két qua, trong gidi
han cua luan vin ndy va tir so do trén t6i chia chuong trinh xay dung hé thong
chuyén d6i thanh ba qua trinh riéng biét:

> Thu thap va tién xir 1i tin hiéu tiéng ndi: Thyuc hién viéc ghi 4m tin
hiéu tiéng noi, tach tiéng noi khoi nén nhidu va luu vao co so dit lidu.
» Trich chon dac trung MFCC: Trich dac trung tin hi¢u tiéng noi da thu
& qua trinh tht nhat biang phuong phap MFCC, dong thoi thuc hién
udc lugng vector cac vector dac trung nay.
> Qua trinh thir ba: X4y dung m6 hinh Markov 4n véi 6 trang thai, toi
vu hoa cac hé sd cia HMM tuong tmg véi timg tir trong bo tir vung,
tién hanh nhan dang mot tir dugc doc vao micro va hién thi két qua.
Chi tiét cac qua trinh trén nhu sau:
3.1. Thu thp va tién xir li tin hiéu tiéng noi
Thu thap va tién xr li tin hiéu tiéng noi ¢ giai doan huén luyén dugc thuc

hién bang phuong phéap thii cong 1a thu tin hi¢u tir micro, dung k¥ thuat xir Iy dau
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cudi dé phat hién phan tin hiéu tiéng no6i va phan tin hiéu nhiéu. Tir d6 ta co thé tach
tiéng noi ra khoi nén nhiéu (chi thu tin hiéu tiéng néi ma khong thu tin hi¢u nhidu
nén).

Qua trinh thu 4m va tién xr 1y, chuan bi dit liéu cho huan luyén thuc hién
nhu sau:

Buéc 1: Thu 4m tir micro (mic dinh thu 4m & tan s6 8000Hz trong thoi gian
khoang 2s).

Vi du: Két qua mau am thanh thu dugc & tan s6 8000Hz trong thoi gian

khoang 2s vai tur ‘hai’:

0.5 1 1.5 2

x10°

Hinh 3-2: Tir ‘hai’ dwoc thu Am — bao gom nén nhiéu
Budce 2:
» Tién hanh chia miu 4m thanh thu duoc thanh cac frame véi kich thude
modi frame khoang 10ms.
> Kiém tra ngudng ctia mdi farm:
o Néu ngudng ciia frame nho hon hoic bang ngudng nén nhiéu: bo
qua — (x0a)
o Nguoc lai, néu ngudng cua frame 16n hon ngudng nén nhidu >
frame nay c6 chira tin hi¢u tiéng noi -> giir lai
Budéc 3: Luu lai miu 4m thanh chi bao gdm tin hiéu tiéng noi (.wav)
Vi du: V6i tir “hai’ thu duoc ban dau c6 kich thude 1a: 16000 (2s & tan sd
8000Hz), sau khi loai bd nhiéu, kich thudc con lai la: 2840
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0 500 1000 1500 2000 2500 3000

Hinh 3-3: Tir ‘hai’ sau khi d4 loai b6 nén nhiéu

Vi muc dich chuan bi bo dir liéu dé huan luyén nhan dang, co sé dir liéu bao
gdm cac tép am thanh luu & dang wav, va cac tép vin ban chia phién am chinh ta
ciia cac t&p am thanh. Mdi tép Am thanh c6 mot t&p vin ban twong Gng phién am
chinh ta ctua phat am. Céac phién 4m & mirc am vi dugc luu trong cac t€p c6 dudi
phn. Cac phién 4m ¢ mtc 4m vi bao gdm nhiéu dong, mdi dong chua tén am vi
cung voi nhan thoi gian cua am vi do6 trong tép am thanh.

Dén day qua trinh thu thap va tién xir 1i tin hiéu tiéng ndi dé xay dung co s&
dir liéu da hoan thanh nhiém vy. Pay 13 mot phan rat quan trong trong mot hé thong
nhan dang tiéng néi, né anh huong rat 16n dén két qua nhan dang.

3.2.  Trich chon diac trung MFCC

Pén day chung ta di c6 duoc cic mau tiéng nodi di duge khir nhifu. Qua trinh
thtr hai s& thuc hién viéc trich dic trung cidc mau tiéng noi da thu ¢ qua trinh th
nhat. C6 nhiéu phuwong phap trich dic trung khiac nhau nhu: wavelets, LPC,
MFCC... O day chon phuong phap MFCC (trich dic trung theo thang tan s6 Mel)
do tdc dd tinh toan cao, do tin cay 16n va da duogc str dung rat hiéu qua trong cac
chuong trinh nhan dang tiéng no6i trén thé giéi. Trong khudn kho cia luan vin nay,
tac gia da su dung bd cong cu HTK (Hidden Markov Model Toolkit) phién ban
3.4.1 dé trich chon dic trung MFCC.

> Cac cau hinh cb dinh gdm:
o Loai tham s6 pho: dic trung MFCC.
o Kich thudc véc to tham sb: S6 chiéu Vector dic trung MFCC D A_0 1a 39
chiéu, 13 hé s6 tinh (MFCC_0), 13 hé sé delta va 13 hé s acceleration.
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MFCC D A 0 1a 39 = 13 tinh (MFCC 0) + 13 hé sb delta +13 hé sb
acceleration.Phuong phap CMS duoc ap dung dé loc bo nhiéu.
» Céc ciu hinh thay ddi dé so sanh hiéu suét hoat dong cua hé thé)ng:
o S trang thai HMM (State): 5 trang thai.
o S6 phan bé Gauss trong mé hinh hdn hop Gauss cho timg trang thai HMM:
tir | dén 5.
Viéc thay doi 2 tham s nay lién quan dén do phirc tap ciia md hinh HMM:
s6 trang thai HMM va s6 phan b Gauss cang ting thi mé hinh cang phirc tap (cang
¢6 nhiéu tham sd).

Céu hinh céc gia tri ctia thudc tinh MFCC trong HMM:

~0

<STREAMINFO> 1 39

<VECSIZE> 39<NULLD><MFCC D A 0><DIAGC>

~h "proto"

<BEGINHMM>

<NUMSTATES> 5

<STATE> 2

<MEAN> 39
000000000000000000000000000000000000000

<VARIANCE> 39
t11111111111111111111111111111111111111

<GCONST> 0

<STATE> 3

<MEAN> 39
ooo0oo0O0OO0ODODOOOOODOOOOODOOOODODODOOOODDOOOOODOOOOGO

<VARIANCE> 39
i111111111111111111111111111111111111111

<GCONST> 0

<STATE> 4

<MERN> 39
oooo0o0O0ODODOOOODODODOOOODOOOODODODODOOODOOOODODOOOOGO

<VARIANCE> 39
i111111111111111111111111111111111111111

<GCONST> 0

<TRANSP> 5
0.0 1.0 0.0 0.0 0.0
0.0 0.6 0.4 0.0 0.0
0.0 0.0 0.6 0.4 0.0
0.0 0.0 0.0 0.7 0.3
0.0 0.0 0.0 0.0 0.0

<ENDHMM>

Hinh 3- 4: Cac gia tri ctia thugc tinh MFCC
Dong 1 cho biét s6 chiéu Vector dic trung MFCC_0 D A 1a 39 = 13 tinh
(MFCC _0) + 13 hé s6 delta +13 hé sb acceleration. CO 5 trang thai nhung 2 trang
thai dau va cudi khong xét. Cac vector ky vong (mean) va phuong sai (variance)
déu bang nhau.
3.3.  Nhan dang bing mé hinh HMM
Sau khi da thyc hién xong hai qué trinh trén thi ching ta da c6 mét co s¢ dir

li¢u cac vector dic trung ing vdi tung tir. Trong moé dun ndy ching ta s€ xay dung
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mot mo hinh Markov an véi dit 1i€u huan luyén 1a cac vector dac trung cé dugc tur

qua trinh hai. So d6 nhan dang bang mé hinh HMM dugc thé hién nhu hinh 3.4.

. I‘I'.".'
A wrF thilr 1
Tinh todn PIOIA’
Ac Suat
A? HMM Tir nhén dang
Tin hidu s _\L tir thir 2
i A T Chudi quan sat o =T
Heng nol | phan tich Tinh lodn P{OIA? | Lura chon |aromax{P(O A
- _ = J panry ol MY
5 —* dac trung —————t xa&c sudt | caonhat
| MFCC L ! —
N HMM
.L r thwr
Tinh todn P(OIM
> X&ac sual

Hinh 3- 5: Téong quan mé hinh nhin dang
- Budc 1: Tin hiéu tiéng néi dwa vao dugc phan tich thanh véc to dic trung
MFCC (goi 1a chudi quan sat O).
- Budc 2: Ap dung bai toan danh gia cia HMM dé tinh toan céc xac suat P(O|
Ai), 1a xac suat dé moé hinh HMM Ai cua tir thir i trong tap tor vung sinh ra
chudi quan sat O.
- Budc 3: Ra quyét dinh nhan dang: ttr tng v&é1 mé hinh HMM c¢6 xac suit cao
nhét dugc chon 1a két qua nhan dang cua tin hiéu tiéng n6i dau vao
3.4. Xay dung dir li¢u huin luyén va kiém thir hé thong hién thi két
qua.
Dé tiép tuc tién hanh qua trinh xay dyng hé thong, ta can chuan bi co so dir
liéu hudn luyén dé cai dat, danh gia hiéu suét hoat dong cua hé thé)ng.
3.4.1 Thu am dir liéu
Dit liéu thu am duoc chia lam hai phan:
- Dung dé huan luyén: Déi twong thu 4m gom 158 ngudi, 104 nam va 54 nit.
Tap dit liéu huan luyén bao gom 296 cau, 1686 tir. Mdi ngudi thu am 2 set

vG1 moi set gom 10 tir phat am roi rac tir “khong” dén “chin”.
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- Dung dé kiém thir hé thong: Ddi twong thu Am gdm 38 ngudi, 27 nam va 11
nit. Tap dir ligu kiém tra co 74 cu, 342 tir. Mdi nguoi thu am 2 set voi mdi
sét gdbm 10 tir phat 4m 101 rac tir “khong” dén “chin”.

Pé dam bao tinh khach quan, ngudi noéi trong tap dir liéu kiém tra 1a doc lap véi
ngudi néi trong tap dit liéu huan luyén. Mbi truong thu 4m trong pham vi vin
phong c6 nhiéu nhe tap 4am nhu tiéng quat, gié thoi... Thiét bi thu 4m 13 laptop véi
micro chuan.
3.4.2 Dac tinh file dir li¢u
Dit liéu luu theo dinh dang chuén file *.wav ctia Microsoft, tan sb 1dy mau 13
16 kHz, don kénh (mono), thoi lugng mdi file tir mot dén hai gidy, c6 bao gdm
khoang lang (silence) & dau va cubi file.
3.4.3 Céau hinh hé thong nhan dang
Phuong phap nhan dang dugc str dung 14 phuong phap xay dung mot hé théng nhan
dang bang cong cu HTK. Pay 1a cong cu dugc sir dung nhiéu trong nhan dang tiéng
noi.
>  Céc cAu hinh ¢ dinh gom:
o Loai tham s6 phé: dac trung MFCC.
o Kich thuéc véc to tham sd: 39 chiéu (gém 13 hé sd tinh, 13 hé sb
delta, 13 hé sb acceleration).
o Ma tran phuong sai: dudng chéo (gia sir cac chiéu doc lap thong ké
v6i nhau).
o Ngit canh: khong phu thudc ngit canh (vi 13 hé théng nhan dang tir
phat am ro1 rac).
»  Céc cAu hinh thay ddi dé so sanh hiéu suit hoat dong cua hé thé)ng:
o Sb trang thai HMM: 5 trang thai.
o Sb6 phan b Gauss trong md hinh hdn hgp Gauss cho timg trang thai
HMM: tir 1 dén 5.
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Viéc thay doi 2 tham sé lién quan dén do phtc tap cia mé hinh HMM: Sé
trang thai HMM va s6 phan b Gauss cang ting thi mo hinh cang phtc tap (cang co
nhiéu tham sb).

3.4.4 Két qua thue nghiém

Két qua dat duoc v6i hé thong c6 d6 chinh xac 77,29% & muc tir va 13.51%
& muc cau, nhan thiy chat lugng nhan dang & mirc cau con thap, nguyén nhan do dix
liéu giong néi thu 4m bang dién thoai c6 1an nhiéu tap 4m nhu tiéng ho, tiéng cudi,
“3, 0”... d6i véi may tinh trudng hop nhu vay gdy ra nhitng kho khin dic biét trong

nhan dang tiéng noi.

SENT: %Correct=13.51 [H=10, S=64, N=74]
WORD: %Corr=77.29, Acc=47.00 [H=245, D=4, S=68, 1=96, N=317]

> Thir nghiém voi nhiéu ham Gaussian

Hé théng cua chung ta lam viéc véi dir liéu co6 do da dang cao, do nhiéu
nguoi noi, trong moi truong khac nhau, st dung cac h¢ théng dién thoai khac nhau.
Mot ham Gaussian khong du kha ning dé mo hinh héa giong néi cia tat ca moi
ngudi trong co so dir liéu. Mot ham phat xa quan sat gdm nhiéu ham tron 13 ham
Gaussian 1a can thiét dé nang cao kha ning nhan dang cta hé thong.

Trong lan thir nghiém nay 3 ham Gaussian duoc str dung. Qua kiém thir tra
thr nhan dang trén dir li¢u kiém tra, hé théng bao gém 3 ham Gaussian di cho két

qua cai thién tot hon so v4i hé thong chi bao gom mot ham Gaussian:

SENT: %Correct=14.86 [H=11, S=63, N=74]
WORD: %Corr=78.23, Acc=47.95 [H=248, D=3, S=66, 1=96, N=317]

Két qua dat dugc v6i hé thong c6 do chinh xac 78.23% & muc tir va 14.86%
O muc cau, so voi 77,29% o muc tir va 13.51% & muc cau ¢ hé théng sur

dung mdt ham Gaussian.
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» Thur nghi€ém vaéi dir liéu kiém tra va dix liéu hudn luyén trung nhau
Trong phén nay mot hé théng nhan dang dugc xay dyng trén toan bd hé co
s¢ dit liéu. Dir lidu kiém tra dung dé danh gia ning luc cua hé théng ciing chinh 1a
dir liéu duoc dung dé huin luyén. Hé théng mdi nay s& cho mot két qua nhan dang
cao hon rat nhiéu, do céac dit liéu dung dé kiém tra d3 dugc huin luyén trudce do.

Két qua nhan dang ctia hé thong dugc huan luyén véi toan bd co sd dir liéu nhu sau:

SENT: %Correct=20.27 [H=15, S=59, N=74]
WORD: %Corr=87.07, Acc=59.31 [H=276, D=4, S=37, 1=88, N=317]

Két qua nhan dang cua hé théng da duogc cai thién rd rang vdi ¢6 do chinh
xac 87.70% & muc tir va 20.27% & muc cau. Két qua nay cho chiing ta mot tiém
can trén, mot do chinh xac ma hé théng nhan dang co thé thuc hién duoc néu nhu
n6 duoc cung cip day du dir liéu huan luyén. Mat khac hé co so dit liéu dung & day
1 hé co s& dit liéu c6 chat luong kém nhu da trinh bay & trén, do d6 ching ta c6 thé
théy mot kha nang co thé xay dung h¢ théng nhan dang phat am lién tuc co sb lugng
tir vung 16n v6i do chinh xac cao hon néu ching ta ¢6 co so dit liéu véi chat luong
t6t.

S& di c6 su khac biét 16n vé do chinh xac so vé&i cac hé th6ng trude 1a do cac
khia canh sau:

Céc giong ndi dugc dung trong tap dir liéu kiém tra dd duoc hé thé)ng hoc trudc
d6. Do d6 khi tién hanh nhan dang hé thong s& cho két qua véi do chinh xac cao
hon khi phai lam viéc voi giong néi chua duge hoc. Khi s6 luong nguoi néi 16n va
bao gdbm céc giong noi dic trung bao phil dai dién cho cac giong néi khéc thi khi
tién hanh nhan dang v&i giong ndi la chua dugc hoc, hé théng van c6 thé hoat dong
cho két qua tét. Hé thong dugc hoc véi cang nhidu giong néi thi kha ning nhan
dang ctia chung ddi v&i giong noi la cang tot.

Céc tir c6 mat trong dir liéu kiém tra dé da duoc hoc trude do. Vi céc tir co

mat trong dir li¢u kiém tra nhung khong c6 mat trong dir liéu huén luyén, dé nhan
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dang chiing hé théng phai tién hanh tong hop cac 4m vi twong tng véi céac tir do tir
cac 4m vi dd duoc hoc. Viéc tong hop nay 1d rang 1a khong chinh xic va 1a mot
trong cac yéu t6 1am giam dang ké do chinh xac nhan dang cua hé thong.

3.5. Kétludn

No6i dung chwong 3 di trinh bay cu thé vé qué trinh xay dung mot hé théng chuyén
d6i tiéng Viét sang vin ban, cac van dé 1y thuyét trong cac chuong trudc da duoc ap
dung cy thé trong thuc té. Qua chuong nay ta ciing da nam duoc phuong phap xay

dung mot h¢ théng nhan dang va chuyén d6i am thoai tiéng Viét sang van ban.

Qua céc thwe nghiém va phén tich két qua mét s6 nhan xét va danh gia dwoc
rut ra nhu sau:

v/ Ham phat xa quan sat voi nhiéu ham Gauss tao uu thé hon han so v6i ham
phat xa quan sat voi mot ham Gauss.

v' Thir nghiém véi tap dit liéu huan luyén va tap dir liéu kiém tra tring nhau
cho do chinh x4c cao hon rat nhiéu so véi hé thong trudc: 78.23% so voi
87.70% voi cac hé s6 MFCC. Piéu nay cho thdy mot kha ning cd thé xay
dung h¢ th6ng nhan vé&i d6 chinh xac cao hon néu ching ta c6 co s¢ dir liéu
day du va chat luong tot.

v' Ty 18 16i nhan dang nham con nhiéu. Mot trong nhitng nguyén nhén 1a chat

luong thu 4m qua dién thoai thap.
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KET LUAN VA KIEN NGHI

Véi két qua kiém tra d6 chinh x4c nhin dang nhu trén thi c6 thé thiy ring
viéc 4p dung md hinh Markov an trong nhan dang tiéng Viét da cho két qua kha tét.
Tuy chua that sy hoan hao nhung nhiing két qua thu duoc twong dbi kha quan.Tuy
van con mot sd han ché nhu

> Dit liéu huan luyén chua ddy du, s6 tir dem huan luyén chua nhiéu,
chua thu dugc tir nhiéu nguoi, nhiéu noi; moi truong thu d&m con
nhiéu nén nhidu (tiéng on),...

> Mot s6 thong s6 ¢6 anh huong dén d6 chinh xac nhan dang nhu: ham
khoi tao, sb nat an, gia tri kich hoat trong $b,... co thé duoc lua chon
chua toi vu.

Céc nguyén nhén trén mudn khic phuc duge déu can phai co thoi gian, va
can phai bo cong stc nghién ciru nhiéu hon nita. Dé hé thong c6 thé dugc ung dung
rong rdi hon cin phai cai tién va mé rong thém. V&i thiét ké d3 duoc dua ra thi
hudng phat trién tiép ciia tic gia c6 thé la:

> Tang so luong tir trong tir dién nhan dang.

» (C6 thé vira thu Am, vira nhan dang (khong phai cho dén khi thu am
xong mdi nhan dang).

> Nhén dang cu (c6 kha ning phan doan dugc tir gin dung).

Do thoi gian lam Luan vian khong c6 nhiéu nén tac gia chua co diéu kién dé
tim hiéu hét nhitng hudng tiép cdn mdi trong nhan dang tiéng néi. Hi vong ring

trong thot gian téi tac gid Luan van co6 thé hoan thién hon nita cadc nd1 dung da de ra.
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PHU LUC

Téng quan vé HTK

HTK (Hidden Markov Model Toolkit) 1a mét bd cong cu phat trién dé xay
dung cac mé hinh Markov 4n cho nhiéu bai toan khac nhau, tuy nhién HTK duoc
thiét ké cho muc dich chinh 13 phét trién cac hé théng nhan dang tiéng néi. HTK 14
mot b thu vién duoc viét trén ngdn ngit C cung cdp cac ham lién quan dén trich
chon dic trung, xdy dung va huan luyén moé hinh HMM, bo giai mi, hudn luyén
thich nghi,... HTK duoc xdy dung dau tién bdi mot nhém nghién ciru vé hoc méy
thudc truong dai hoc Cambridge. Chirc nang chinh cia HTK 1a dung dé huan luyén
cac mO hinh HMM dua trén mot tap céac mau da duogc gan nhan trudc. Sau do HTK
c6 thé st dung cac m6 hinh HMM da duoc huan luyén dé doan nhan nhén cho mot
tap mau khac [Young 2009].

Mot cach tong quat cac cong cu ciia HTK c6 thé chia ra lam bén nhom dua
theo quy trinh dé xay dung mot hé théng nhan dang tiéng noéi nhu hinh 3-5.
Trong do:

- Data preparing: Budc chuan bi co s& dit liéu. Tai budc nay HTK hd tro viée
ghi, soan céc file &m thanh thong qua ham HSLab. Tinh toan déac trung thong
qua ham Hcopy. Hcopy hd trg tinh toan céc loai dic trung nhuw MFCC, PLP,
Fillter bank,...Soan va tao cic phién 4m (transription) bang ham HLed.

- Training: Pau tién cac md hinh HMM sé& dugc khéi tao cac tham sd ngiu
nhién ban dau theo cau hinh da chon bang ham HInit. Sau d6 cac mo hinh
nay duoc huin luyén ¢ mic don 4am (monophone) biang ham HRest. Cac mé
hinh cho céc am budc hay con goi 1a am phu thudc ngir canh (triphone) duoc
tao ra bang ham Hhed dya trén tdp cac mo hinh don 4m di c6, sau d6 c4c md
hinh nay dugc huan luyén lai bang cong cu HERest.

- Testing: HTK cung cép hai bo nhan dang 1a HVite va HDecode. HVite duoc
su dung cho céac hé théng nhan dang st dung mé hinh ngén nglt & muc 2-
gram hodc grammar. HDecode dugc sir dung cho cac h¢ théng nhan dang tr

vung 16n va str dung moé hinh ngdn ngitr tir 3-gram tré Ién.



- Analysis: Dé danh gia chét luong nhan dang ctia mé hinh trén mét tdp mau
dau vao HTK cung cap ham HResults dé tinh toan cac tham sé d6 chinh xéac

theo tr (Word Accuracy - ACC) va do chinh xac theo cédu (Sentence

Accuracy).
HLED HSLAB i
HCopy i Data
HLSTATS HLIST ! Prep
HQuanT| !

(Tr‘anscriptions] [ Speech)

HCoMPV, HINIT, HREST, HEREST i Training
HSMo0TH, HHED, HEADAPT :

(MMs)
.
HVITE : Testing
|
HRULD Transcriptions o
HPARSE ' .
j Analysis

Hinh 3- 6: Quy trinh xiy dung mot hé thong nhin dang tiéng néi trén HTK
[Young 2009]



