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Linh vyc ky thuat dwec dd cap

Phuong phép thudc linh vyc nhin dang tiéng n6i (ASR — Automatic Speech
Reconition), mot nhanh cua xtt Iy ngdn ngit néi (SPL — Spoken Language Processing) a8 cép
dén viéc xay mot hé thdng nhan dang tiéng néi véi ngdn ngt c6 tai nguyén han ché nhim rut
ngén thoi gian, chi phi va céng sttc trong qua trinh thu thap va xtr 1y dit liéu. Dbi v6i cac ngdn
ngit phd bién, lugng dit liéu thu thap dugc 1én dén hang trim gi®r thu 4m véi giong cua hang
ngan ngudi n6i khac nhau. Qua trinh thu thap dit liéu tén rit nhiu thoi gian, cong stc va chi
phi d4n dén viéc nhidu ngdn ngit chua thé thyc hién qué trinh nay.

Tinh trang k¥ thuit ciia giai phap hiru ich

Vin d& cbt ydu trong qué trinh x4y dung mét hé thong nhan dang tiéng noéi 14 kho tai
nguyén dit liéu dudi dang 4m thanh va ndi dung vén ban tuong mg ctia nd. S6 luong dit liéu
cang 16n thi chét luong ctia by nhan dang cang cao. D& cai thién hiéu sudt nhan dang cho cac
ngdn ngit ¢6 tai nguyén han ché, tiy theo s& lugng dit liéu cé duge, mdt trong cac phuong
phép sau day s& duoc 4p dung d& khai théc hé théng nhan dang tiéng néi ctia cac ngdn ngit
khéc:

- Trudong hop khong c6 tai nguyén dit liéu hodc dit lidu qué it khong dang ké: 4p
dung mo hinh xuyén ngft.

- Trudng hop c6 tai nguyén dit liéu nhung kha han ché: 4p dung phuong phép diéu
chinh thich nghi ngdn ngf.

- Trudng hop tai nguyén dit liéu tvong dbi 16n: 4p dung phuong phép khoi tao nén.

MBS hinh xuyén ngit:

Khi hoan toan khéng ¢ tai nguyén dit liéu, phuong phap nay sir dung moé hinh ngit 4m
duoc huén luyén trén cac ngdn ngit ¢ day du tai nguyén dé xay dung bo nhan dang tiéng néi
cho ngon ngir khong c6 tai nguyén. Hai bién thé chinh clia phuong phép nay phu thude vao
loai dit liéu hudn luyén:

- Chuyén thé don ngt: dit liéu huén luyén chi gdbm mot ngdn ngft.
- Chuyén th8 da ngir: dit 1iéu hun luyén thudc nhiu ngén ngit khac nhau.

Cac nghién ctru trude ddy cho thiy dit lidu da ngit cho hi€u qué cao hon dit liéu don
ngit; ddng thoi twong quan gitta ngdn ngit ngudn (c6 ddy di tai nguyén) va ngdn ngit dich
(khong c6 tai nguyén) cling quyét dinh hidu sudt nhan dang: cac ngdn ngit thudc cling mot ho
(theo céch phat 4m) s& cho két qua t5t hon cic ngdn ngit khic ho. Vi dy: chuyén ddi gitta
tiéng Trung Quéc va tiéng Viét s& cho két qua tot hon gifta tiéng Viét véi tiéng Anh.

Diéu chinh thich nghi ngdn ngf:
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Déi voi trudng hop tai nguyén dit liéu kha han ché, céc k§ thuat didu chinh thich nghi
ngdn ngit s& duoc ap dung d& didu chinh bo nhan dang cta cic ngdn ngit ngudn (ngdbn ngit cb
tai nguyén day du) theo hudng thich nghi véi tap dit liéu clia ngdn ngit dich (ngén ngit c6 tai
nguyén han ché).

Co ché didu chinh thich nghi ngén ngit & muc tdng quéat doi hoi phai c¢6 ddy du hai yéu
t6 d4u vao 13: md hinh ngit 4m cta ngdn ngit ngudn va dit liéu didu chinh. Theo d6, da c6
nhiéu hudng tiép can dwoc dua ra va nhidu phuong phap dugc ¢ xuit, chi yéu gém 2 nhém
chinh:

- Hudng tiép can dya trén phép bién ddi.
- Hudng tiép can dya trén md hinh.

Khoi tao nén:

Khi tai nguyén dit liéu cé duoc twong dbi 16m, phwong phap khai tao nén thudong dugce
ap dung. Y tudng chinh cia phwong phép nay 14 sir dung mé hinh ngit 4m clia cic ngdn ngit
ngudn (ngdn ngit c6 tai nguyén ddy du) dé khéi tao tham sb cho mé hinh ngit 4m cta ngdn
ngit dich (ngdn ngit c6 tai nguyén tuong dbi 16n). Sau khi d& dwoc khdi tao, mé hinh ngit 4m
cta ngdn ngit dich s& dugc huin luyén lai timg budc mot dua trén kho tai nguyén sin cé ciia
ngbn ngft nay.

Nghién ctru ciing cho thdy co ché khéi tao nén dem lai két qua t&t hon so véi viée khéi
tao phing hay khéi tao ngiu nhién cho céc tham sb ngit 4m ban déu. Pdng thoi, cling giéng
nhu trong phuong phap xuyén ngit, mé hinh ngit 4m ngudn néu dwoc huin luyén tir dit liéu
da ngt & cho két qua t6t hon dit lidu don ngit.

Nhin chung, ca ba phuong phép nay ¢6 wu diém 14 nhanh chéng dua ra duge mé hinh
nhan dang tiéng néi c6 chit lugng trung binh dé 4p dung trong céc tmg dung qui md nho hoic
duoc ding nhu hé théng ban dAu d& phat trién thém. Tuy nhién, chit luong ctia chiing thudng
khong dat yéu cdu vé6i bai toan nhan dang tiéng néi c6 bo tir vung 16n.

J trong nudc, tai nguyén dé str dung cho bai toan nhan dang tiéng néi tiéng Viét hién
nay van con rat han ché. Tiéng Viét khong nim trong danh sach dAu tu phét trién ctia cac cong
ty hang dau thé giéi vé nhan dang tiéng néi (Nuance, Microsoft, IBM...) mic du tiéng Viét
duoc xép vao nhém. 20 ngdn ngit dwoc st dung nhidu nhét trén thé gisi v6i dan sb Viét Nam
18n dén 85 triéu ngudi. Mot sd nghién ctiru d& duoc thuc hién trong céc Vién nghién ciu,
trudng Pai hoc trén thé gidi ciing nhu & trong nudce trong vong 5 nim trd lai day. Céc kho
ngft lidu cho nhan dang tiéng néi tiéng Viét hién tai vn con han ché & muc hang chuc gio thu
4m v&i sb Iugng ngudi néi cling chi ¢ mirc hang chyc nguoi khéc nhau. Ngoai ra, céc kho
ngit liéu nay lai str dung tiéng néi ctia céc ving mién khéc nhau trén khip Viét Nam, va do
dé, mang nhitng dic trung riéng vé giong néi va phong cach néi clia timg ving mién. Hién
tai van chua c6 mot phuong phép nao vé nhén dang tiéng néi cho toan bd céc ving mién khac
nhau cta Viét Nam va nguén dit 1iéu con han ché din dén viéc chua thé xdy dung mdt bd
nhan dang tiéng néi chét lugng cao st dung céc phuong phép truyén théng.
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Céc nguyén nhan din dén khoé khin nay bao gbm:

* Céc kho ngft li€u cho nhan dang tiéng noi tiéng Viét hién tai vAn con han ché &
mirc hang chyc gid thu 4m véi s6 lugng ngudi néi cling chi & mirc hang chuc ngudi
khac nhau. Trong khi d6, dé c6 thé ap dung céc phwong phap truyén thdng cho viée
x4y dung bd nhan dang doi hoi luong dit lidu thu thap duoc phai 1én dén hang trim
gi0 thu 4m véi giong cla hang ngan ngudi néi khac nhau.

» Céc k¥ thuat cai thién hi¢u suét nhan dang cho ngdn ngit cé tai nguyén han ché co
wu diém 13 nhanh chéng dua ra dwoc mo hinh nhén dang tiéng néi cé chit lugng
trung binh dé 4p dung trong céc g dung qui mé nho hodc dugc ding nhu hé théng
ban dAu dé phat trién thém. Tuy nhién, chét lugng ctia cac phuong phap nay thudng
khong dat yéu cau voi bai toan nhan dang tiéng néi c6 bo tir vung 16n.

Bén chit ky thut giai phap hiru ich

Trong phuong phép nay, ching t6i ¢ xuit xdy dung mé hinh ngit 4m dya trén rang
budc khong gian dic trung. Toan canh ma phuong phép nhim t6i 14 mét mé hinh ngit Am méi
va phuong phép huén luyén twong tmg; song song d6 14 mot hé thdng nhén dang tiéng néi
tiéng Viét hoan chinh cho hidu sudt cao vdi tiéng néi ba mién. Cu thé 1a xay dung cdc md
hinh Markov 4n hd trg da ngdn ngit va st dung céc tham s rang bude da dugc hudn luyén
cho céc ngdn ngit ¢6 nhiéu tai nguyén hon dé ngoai suy gia tri ctia cac tham sb rang budc cho
céc ngdn ngit ¢6 tai nguyén han ché. Giai phap dé xuit phuong phap nhan dang tiéng néi tiéng
Viét sir dung rang budc khong gian dic trung bao gdm céc budce sau:
bude 1: x4c dinh diéu kién tai nguyén huén luyén;
budc 2: xdy dung m6 hinh ngft 4m rang budc khong gian déc trung;
bude 3: tién hanh mé rong phén hoach khéng gian con cho mé hinh ngft 4m;
budc 4: lya chon phuong phép cho b trich dic trung, mé hinh ngdn ngit va d6 thi nhan
dang;
budc 5: cAu thanh hé théng nhén dang dugc tién hanh thong thudng chi khac trong cach tinh
tich p(x[j).
MO ta vin tit-cac hinh vé

Hinh 1 14 hinh v& mé ta kién trtic tdng quét ctia hé théng nhén dang tiéng noi tiéng
Viét.

Hinh 2 13 hinh v& m6 t& co cAumd hinh ngit 4m truyén théng.

Hinh 3 1a hinh v& m6 t& md hinh nglt &m rang budc khong gian ddc trung.

Hinh 4 13 hinh v& m6 t4 phuong phap huén luyén mé hinh ngt 4m rang budc khong
gian ddc trung.
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Hinh 5 13 hinh v& biéu dién da phén hoach cho mdi trang thai ctia mé hinh ngit 4m rang
budc khong gian dic trung.
MB6 ta chi tiét giai phap hiru ich

Nhan dang tiéng néi 14 tién trinh chuyén giong néi ctia con ngudi (biéu dién dusi dang
song 4m) sang van ban (text) mot cach ty dong. N6i cach khic, cong nghé nhan dang tiéng
néi cho phép may tinh biét dugc ndi dung truyén dat trong 1&i néi clia con ngudi. Cin phén
biét nhén dang tiéng néi (speech recognition) véi nhin dang ngudi néi (speaker recognition)
— cong nghé nhén dang chi thé clia mAu tiéng noi (tra 161 cho cau hoi “giong ndi d6 14 cia
ai?”).

MGoét hé théng nhén dang tiéng n6i dién hinh nhan d4u vao 1a céc tin hidu tiéng noi dudi
dang céc file/ludng Am thanh. Tin hiéu 4m thanh nay s& dugc dua qua budc rit trich dic trung,
roi thye hién tién trinh nhan dang va trd vé két qua ¢ dang van ban. N6i ndm na, nhin dang
tiéng néi chinh 13 tic vu chuyén tiéng n6i thanh vin ban.

Cach tiép cin ctia nhin dang tiéng néi (ASR) 1a dva vao thdng k&, cu thé 1a cic mo
hinh Markov 4n, mé hinh ngén ngft N-gram. O mirc tdng quat nhat, mot hé théng ASR dugc
mb ta trong Hinh 1, bao gdm céc thanh phin:

bo trich déc trung: thuc hién rat trich dic trung tir tin hiu 4m thanh truéc khi dua vao
nhén dang;

md hinh ngtt 4m: lién quan dén viéc bicu dién tri thirc cho tin hiéu ngit 4m, 4m vi, ngit
diéu...

m0 hinh ng6n ngit: lién quan dén viéc bidu dién tri thirc ctia céc tlr, chudi tir, hinh thanh
nén cau;

tién trinh tim kiém trén do thi nhan dang: chon lya chudi tir tmg véi tin hiéu ngit am.
V& mit ban chat day 1a viéc tim kiém toi wu trén do thi duge xay dung bang cach két-ghép
céc md hinh ngén ngitt, md hinh ngit 4m va tir dién phat 4m.

V6i kién trac nay, tt ca céc tri thite vé ngit 4m, ngdn ngit, va théng ké déu dugc tich
hop trong d6. Bai toan nhén dang ti€ng n6i tré thanh bai todn t6 chirc va tim kiém trén dd thi,
bao gdm céc thach thirc:

- Kich thudc: db thi cin duge td chirc va t6i wu sao cho c¢6 kich thude cang nhd
(thong qua s6 dinh va s§ canh) cang tét. Tuy nhién vAn phai dam bao tinh day da
cho toan bd thong tin tri thirc dugce tich hop trong dé.

- D¢ chinh x4c: phép tim kiém trén dd thi tuan theo rang budc co ban, do6 1a phai
dim bao sao cho két qua tim kiém gin gidng nhit v6i chudi tir d& dugc phat am.

Nhu vay, v6i cdc thanh phén trén, viée xay mot hé théng nhén dang tiéng n6i dién hinh

doi hoi phai 6 mot kho tai nguyén dit liéu rat 16n. DSi véi cac ngdn ngit phd bién, lwong dir
liéu thu thip duoc 1én dén hang trim gid thu am véi giong cta hang ngan ngudi noéi khac
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nhau. Qud trinh thu thap dit li¢u tdn rat nhidu thoi gian, cong strc va chi phi dan dén viée
nhiéu ngén ngit chua thé thyc hién qué trinh nay.

Phuong phap huén luyén b0 nhén dang tiéng n6i cb dién hoat dong khong higu qua dbi
v6i cac ngdn ngit c6 tai nguyén han ché (thuat ngit under-resourced languages — ngdn ngit ma
kho ngit liéu cho huén luyén/nghién ctru khoa hoc chua duge xay dyung hay thu thap nhiéu).
Tuy nhién, trong trudng hop nay két qua nhan dang c6 thé dugc cai thién bing cach st dung
phuong phap khéi tao nén, hoc thich nghi va chuyén thé mé hinh tir ngdn ngit khac.

Kién tric tdng quét ctia hé thdng nhén dang tiéng néi tiéng Viét duge mé ta trong Hinh
1, gdm cac thanh phan chinh 13: bd trich ddc trung, mé hinh ngit 4m, mé hinh ngdn ngit, dd
thi nhén dang.

Phuong phip niy xody siu vao xdy dung mo hinh ngit 4m véi diéu kién tai nguyén
han ché, tir @6 tich hop va lién két vao hé théng nhan dang tiéng néi tiéng Viét, dam bao hiéu
sut ddu ra. Cac muyc con sau s& di vao mé ta chi tiét cho phuong phép nay.

MO hinh ngit 4m cho didu kién tai nguyén han ché:

Céc hé théng nhan dang tiéng n6i dwa trén mé hinh Markov 4n st dung hdn hop phén
b6 Gauss dé m6 hinh héa x4c sut ctia cAc mAu quan sat duge. Mot khong gian diic trung cho
nhén dang tiéng ndéi duge dinh nghia bdi Mel Cepstra, bao gém dao ham bac nhit va dao ham
bac hai, thuong dugce bién dbi tiép (st dung phén tich biét 14p tuyén tinh -LDA hosc cac phép
bién dbi khac) vé mot khong gian phit hop hon véi mé hinh hdn hop Gauss. S6 chidu cia cac
khong gian dic trung nay (tr 30 dén 60) 16n hon rat nhiu so véi s chidu ma nhing nha
nghién ctru vé 1y thuyét ngit 4m ¢ nghi. Tuy nhién, khong c6 mét phép bién dbi don gian ndo
d& chuyén tir khong gian Mel Cepstra v& mot khong gian c6 sb chidu it nhu vay.

Thir khao sét van d& tham sb ctia mot hé théng nhan dang tiéng néi dién hinh theo co
cdu M6 hinh Markov 4n (Hidden Markov Model-HMM) - M6 hinh hop Gauss (Gaussian
Mixture Model-GMM) nhu trong Hinh 2, v6i c4c input (dau vao) chuan nhu sau:

— M®di don vi ngit 4m (phone) c¢6 3 states (trang thai).

— MaQi state ¢6 I (~20) phan bd Gauss (Gaussian mixtures).

— Véc to déc trung c6 s6 chidu D =39.

Khi d6, tdng lugng tham s cho 100 don vi ngit 4m khong ngit canh (monophone) s&
la:

Y|params| = |ng{t 4m| . |trang th4i| . [phan b trén trang thai]
Y lparams| = 100 . 3 . |(wi, ci, Wi)|

>lparams|=100.3. I.(D+D+1)

Y lparams|=100.3. 20.(39+39+1)

> |params| = 474000 tham sb.
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Va dbi véi trudng hop don vi ngit 4m vé6i ngit canh 14n cin (triphones) (~5341 tied-
triphones), tng luong tham sb s& la:

Y |params| ~ 25 tridu tham s6.

Nhu vy, c6 thé thiy ring lrong tham s§ nay 1a qué 16n & c6 thé huén luyén chinh
xac voi mot lugng nhd tai nguyén.

Phuong phép van sir dung dic trung dua trén Mel Cepstra va mdt danh séch céc phan
b théng ké (Gauss) chung cho tit ca cic 4m clia tAt ca c4c ngdn ngit. Trong qué trinh huin
luyén, van d& dit liéu s& dugc giai quyét bing cdch xem cic phan bd Gauss nay nhu céc ham
co ban. Su phu thudc gifta cac Gauss s€ tao ra mot khong gian biéu din am thanh ¢6 sd chiéu
it hon. Lam viéc trén khong gian it chiéu hon s& yéu cau it dit liéu hun luyén hon. Cu thé,
phuong phép d& xuét cach biéu dién mo hinh ngit &m nhu & Hinh 3, trong 46 mdi trang thai
chi chira 1 véc to 4nh xa khong gian con thay cho md hinh hgp (Gauss Gaussian Mixture
Model — GMM) ctia md hinh truyén théng. Véc to ndy c6 s§ chiéu 14 S (~20, hodc c6 thé tiy
bién tir 20 &én D) nho hon rat nhidu so véi sé chidu cta véc to dic trung (D = 39).

Véi cach biéu dién ndy, & budc nhan dang ta chi cin tai thiét 1ap cAu trac mo hinh hop
Gauss (Gaussian Mixture Model — GMM) truyén thdng cho mdi trang thai (gdm pi, Yi va wi)
tir véc to v clia trang théi d6 bang phép nhan ma trdn nhu sau:

1

* pi=Miv
W,
" o=
/%
=1

» ¥ ding chung cho tit ca cic trang thai.

Budc tai thiét 14p m6 hinh hop Gauss (Gaussian Mixture Model — GMM) niy cin sur
hién dién ctia cdc ma trdn M;, Wi va ) ;. B§ tham s& (Mi, Wi, Yi) duoc goi 13 bd tham sb toan
cuc, ding chung cho tAt ca cac trang thai cia tAt c& cac ngit &m. Con tap cac véc to {v} duoc
goi 12 b tham sb riéng (mdi véc to v biéu dién riéng cho 1 trang thai).

Trong mo6 hinh ngft 4m méi ndy, téng luong tham s6 cho 100 don vi ngit 4m khong
ngit cdnh - monophones s€ 1a:

Y |params| = |ng{t 4m| . |trang th&i| . |params trén trang thai | + |(Mi, Wi, )|
Y|params|=100.3.S + I.(D.S+S+D.D)

Y |params| = 100.3. 20+ 20 (39.20 + 20 + 39.39)

S |params| = 6000 + 46420

Y|params| = 52420 nh6 hon rt nhiéu so véi 474000 tham sé ctia m6 hinh truyén
théng.
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Tuong tu cho trudng hop don vi nglt &m véi ngit cdnh 14n can (triphones) (~ 5341 tied-
triphones):

Y'|params| = 320460 + 46420 = 366880 << 25 triéu tham s& ctia md hinh cii.

Nhu vay, m6 hinh ngit &m méi nay da b khdng gian ngit &m toan cyc thanh mét khong
gian con mod t& pham vi cdc dm sdc ma con nguoi c¢6 kha ning phat &m dugc. It lvong tham
s6 hon ciling ddng nghia véi viée yéu ciu luong tai nguyén huin luyén it hon.

Trong budc hudn luyén mé hinh, b6 tham sb toan cuc (Mi, Wi, Y1) s& duoc hudn luyén
trén kho ngit liéu da ngit, con bd tham s riéng {v} s& dugc hudn luyén trén kho tai nguyén
han ché ctia tiéng Viét. Sau d6, 2 bd tham s6 ndy s& dugc ding dé xdy dung mé hinh ngft 4m
hoan chinh cudi cting théng qua phép nhan ma tran. Hinh 4 minh hoa céc budc ciia qua trinh
nay.

Ngoai ra, néu luong tai nguyén tiéng Viét thu thip duoc vuot hon dinh mirc, ta c6 thé
tang s& lugng véc to biéu dién cho mdi trang théi. Viéc ting sb véc to s& 1am ting téng luong
tham s ctia mé hinh, kéo theo mot hidu sudt nhan dang t&t hon toan cuc. Ta goi khai niém
nay 13 phéan hoach trang thai (Hinh 5), trong d6 mdi trang thai con s& bao gdbm mdt véc to v
va trong ¢ twong Umg cua nd.

DPéc ta hinh thirc
MBS hinh ngft 4m
Trudce hét, ta quy wéc mot s§ khai niém sau:
v* 14 véc to v thém thanh phan mang gié tri 1 & cubi
(vd: v=[v1, v2, ..., Vn, 1])
v" 13 véc to v bd di thanh phén cudi
M" 12 ma trdn M thém vao dong cudi v6i giatri [0, 0, ..., 0, 1]
M* 13 ma trAn M thém vao dong cudi véi gié tri [0, 0, ..., 0, 0]
M- 13 ma trin M b di dong cudi
M~ 1a ma trin M bd di dong cubi va cot cudi
M 1a ma trin M bo di cdt cudi
I 13 s6 lugng phan bd Gauss trong khong gian dic trung

J 14 tong s6 trang thai cta toan bd mé hinh Markov 4n(Hidden Markov Model-HMM)
dai dién cho h¢ ngtt am.

D 1a s0 chiéu cta véc to ddc trung
S 14 s0 chi€u ctia véc to khdng gian con.

Khi d6, x4c sut quan sat dugc dic trung x & trang thai j s& la:
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I
p(xl5) = D wiN(x;psi, i)
i=1
Voi:
Miv;-*'
exp(wFv])

Zf’:l exp(wy TV;'[_)

Hji

Wyji

Xéc sudt p(x[j) cling v6i ma trin chuyén trang théi a;j tao thanh bd mé hinh Markov 4n
mo hinh héa cho h¢ nglt &m cta ngdn ngit twong tmg, day chinh 14 mé hinh ngft 4m rang bude
khong gian dic trung, dai dién bdi bd tham sb:

- Ma trén chiéu d3c trung M € RP*E+D)
- Véc to chiéu trong w;i € RS+

- Ma trin hiép phuong sai Y; € RP*D

- Véc to khong gian con vj € RS

- Ma tran chuyén trang thai aj

- B nglt &m (phoneset) ciia ngbén ngit

Néu ta m& rong s6 lugng véc to khong gian con trong mdi trang thai, xac sudt p(x|j) s&
trd thanh:

M; I
p(xli) = D cim > WimiN (X pjmi, i)
m=1 i=1
Vi
pimi = Mivj,

T
exp(w; v},

Wimi T .
D=1 eXP(W?me)
M; ~ s6 lugng phan hoach trang théi con ctia mé hinh Markov 4n (sub-
state ) ctia trang thai j
Cjm ~ trong s8 ctia phan hoach trang théi con ctia m6 hinh Markov n (sub-
state) thir m trong trang théi j,
thoa diéu kién Ycjm = 1
Trong trudng hop ndy, md hinh mé rdng phan hoach khéng gian con thanh M cum con
theo c4ch nhu md hinh hop Gauss (Gaussian Mixture Model-GMM) phan hoach c4c phan b
Guass, v6i cling gia thuyét x4p xi cta dinh ly gi6i han trung tdm. Ta goi mé hinh md rong
nay 14 mé hinh ngt &m rang budc da khoéng gian con.
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Phurong phdp hudn luyén

Phuong phép huén luyén mé hinh ngit 4m rang budc khong gian dic trung gdm 3 pha
chinh:

pha 1: xdy dung khong gian dic trung
pha 2: udc lugng twong quan gifta cac ham co s& trong khong gian con
pha 3: huén luyén khong gian con

Pha 1 xdy dyng khong gian ddc trung

a) phdn cym céc véc to dic trung thanh I nhém, mdi nhém dai dién bdi mot phan bd
Gauss;

b) lap: v6i mdi cum:
tinh toan lai gi4 tri rang budc hdi qui tuyén tinh theo huéng cyc dai héa kha xuét
(Maximum Likelihood Linear Regression- MLLR) cho tirng cum;

tich Ity cdc bién 4n ctia mo hinh hop Gauss (Gaussian Mixture Model-GMM)
cdp nhét lai tham s6 ctia m6 hinh hop Gauss (Gaussian Mixture Model-GMM)

chuin héa (Normalize) lai trong sé ciia timg phan bd Gauss trong cum md hinh hop
Gauss (Gaussian Mixture Model-GMM)

trich xuét ma trin phuong sai dudng chéo tir m6 hinh hgp Gauss (Gaussian Mixture
Model-GMM);

¢) phan hoach I phan bd Gauss thanh K nhém cha (mé hinh hop Gauss (Gaussian Mixture
Model-GMM));

Pha 2 wéc luong twong quan giita cdc ham co sé trong khong gian con
Voik=1...K
Véii=1...1, tinh:
logpdi#e(x(t), k, i) = logdet® + logwii + logN(xii(t)|uxifi?e, Y;di2e)
tinh gian (prune) ra cac cp p¥*e(k,i) c6 logp¥iee(x(t), k, i) cao nhit;
v6i mdi cip nhu vy, tinh:
logP(x(t), k, i) = logdeti® + logwii + logN(xii(t)[uxi, 3 ki)
tinh gian (prune) ra cdc cip P(k, i) c6 logP(x(t), k, i) cao nhit;
Pha 3 hudn luyén khéng gian con

a) khdi tao khong gian dic trung v6i cdu tric mé hinh hop Gauss (Gaussian Mixture
Model-GMM);

b) khéi tao mo6 hinh Markov 4n (Hidden Markov Models —-HMMs);
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¢) lip: Chon timg phan hoach khong gian con dé huén luyén

v6i mbi mau huén luyén:
tinh lai gié tri cta cac bién 4n 1, j, k) va bién tich Ity (a, B, v, 6, )
chon ra c4c phan b6 Gauss c6 p(k, i) cao nhit nhw trong Pha 2

xac dinh 4nh xa khong gian con tir cac phan bd Gauss chon duoc va b mé hinh hop
Gauss (Gaussian Mixture Model-GMM) ctia Pha 1 (khdng gian d3c trung)

cap nhat lai gid tri cia céc véc to khdng gian con

gia giam sb lugng trang thai con theo phwong phap nhén doi va k§ thuét tron tham s
(mixing) clia md hinh hop Gauss (Gaussian Mixture Model-GMM)

tlly chon gia gidm kich thudc khong gian con cho khép nhit véi kho ngit lidu.

Phwong phdap mo réng phdan hoach khong gian con, thong qua 3 budc:
Buée I xéc dinh sd phan hoach dua trén didu kién tai nguyén hién hiru
i) chon ra bo ngit liéu kiém dinh hidu suit nhan dang Dr
goi M 1a s6 phan hoach con cén xé4c dinh
ii) lap:
taing din M tir 1, v6i mdi gié tri ctia M thyc hién:
tinh logP(x(t), k, i) = logdetx® + logwii + logN(xki(t)|uki, Yki) v6i x € Dt
tinh d6 tdng A = logmP - logm-1P
cho dén khi A <0
iii) chon M 16n nhit ma tai d6 A>=0
Bude 2 mé rong cAu triic mo hinh ngtt &m theo sb phén hoach d& dinh
i) chuyén déi ham mat d6 xéc sudt trong mdi trang thai thanh

MJ I

p(x|7) = chmzwjmiN(X;[Jajmi, )
m=1 i=1

ii) tir 1 phan hoach ctia mdi trang théi, tién hanh 13p:

sao chép tham sd, nhan ban ra m phan hoach con, theo df ting 1 phin hoach méi &
mdi bude lip:m =1 ... M

thuc hién lai Pha 3 (huén luyén khong gian con) ctia md hinh
cho dén khi téng s6 phan hoach m dat dén gié tri cia M da dinh

Buéc 3 huén luyén phan hoach khéng gian con
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muc tiéu 12 higu chinh lai gid tri ctia bd tham s6 cjm VA Vim cho phlt hop nhét voi dit ligu
hoc, theo 2 bidu thirc:

Yikm + 7

éjkm =K M
k=1 m3=;?l ('ijm + T(w))
o : sm) —0-8
Vikm/ = Vijikm — OlI‘I}(c ) r,
trong do,
H =
k . Zi ’)’ki : "/kz

va r 14 gié tri phét sinh ngfu nhién theo phén phdi chun.

Phwong phdp xdy dung hé thong nhdn dang tiéng néi tiéng Viét sir dung rang budc khong
gian dgc trung

Nhu d3 d& cép & ndi dung trude, mot hé théng nhan dang tiéng néi gdm c6 4 thanh phén chinh
1a: bo trich dic trung, md hinh ngft 4&m, md hinh ngén ngf, d6 thi nhan dang. C4ch thirc xay
dyung va lién két cac thanh phan niy d3 di vao kinh dién. Bidm khac biét & ddy thé hién qua
viéc ddi méi thanh phin mé hinh ngit 4m, kéo theo mdt s6 thay ddi khac. Cu thé, phuong
phép x4y dung dugc thuc hién thong qua gbm 5 budc:

Buéc I: x4c dinh diu kién tai nguyén huén luyén
Tuy theo lugng du liu tiéng noi ¢ duogc, ta phan ra 3 ngach sau:

- Ngach 1: Tdng thoi lugng it hon 20 git hodc tdng s6 ngudi néi it hon 100 ngudi.
Déi v6i ngach nay, tiép tuc thuc hién 1an luot cac bude 2, 3, 4, va 5.

- Ngach 2: khong thudc céc trudng hgp ctia ngach 1 va, tdng thoi lwong it hon 60
git hoc tdng s6 ngudi néi it hon 300 ngudi. Déi v6i ngach nay, tiép tuc thuc
hién cac budce 2, 4, va 5, bd qua budce 3.

- Ngach 3: C4c trudng hop con lai. Déi véi ngach ndy, phuong phép x4y dung hé
nhan dang tiéng néi kinh dién dugc 4p dung.

Buéce 2: xdy dung md hinh ngft m rang budc khéng gian déc trung

Twr kho dit liéu tiéng néi, tién hanh hudn luyén mo hinh ngit 4m rang budc khong gian
d4c trung nhu d3 mo ta & muc “Phuong phap huin luyén”.

Buée 3: tién hanh mé rong phan hoach khong gian con cho md hinh ngit &m

Néu thude ngach 2, dit liéu cé duge & muc tuong dbi, ta thyc hién m& rong phan hoach
con theo nhur md ta & muc “Phuong phap md rdng phan hoach khong gian con”.

Burée 4: lya chon phuong phép cho bg trich ddc trung, m6 hinh ngdn ngft, va dd thi nhan
dang
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Céc thanh phén con lai ctia hé nhén dang c6 thé duge lua chon tu do theo kinh dién. Tuy
nhién, khuyén khich ding:

- Dic trung Céc hé sé phd Mel (Mel Frequency Cepstral Coefficient -MFCC),
mot dic trung phd bién ding trong nhan dang tiéng noi.

- MO hinh N-gram, m¢t dang md hinh théng ké, cho md hinh ngén ng.

- Méy chuyén d6i trang théi hitu han (Finite State Transducer — FST) cho dd thi
nhén dang.

Buée 5: cAu thanh hé théng nhén dang tiéng ndi tiéng Viét tién hanh theo thong thuong, chi
khéc trong cach tinh tich p(x|j):

M; I
p(xlj) = Z Cjm ng'mi/\/'(x; Himi, 2i)
m=1 i=1

Vi du thyc hién phwong phap

Phuong phép nhan dang tiéng néi tiéng Viét st dung rang budc khong gian dic trung
d3 duoc trién khai tng dung trong nhiéu Iinh vuc khac nhau nhu:

- Hé thdng call-center phuc vu giao tiép tra 10 théng tin tw dong cho khach hang qua
dién thoai. Cu thé 13 téng dai chuyén mach tu déng cta Truong PH.Khoa hoc Ty
nhién.

- B9 giao tiép thoai ctia img dung béo n6i iNghe va trg 1y du lich iSago trén iPhone.

- Phuong phap ciing déng vai trd hat nhin nhan dang tiéng néi trong san phim VIS
- doat giai 2 gi4i thudng Nhén tai DAt Viét 2012.

Nhitng loi ich ¢6 thé dat dwge ciia phwong phép

T4n dung rang budc khong gian dic trung trong nhan dang tiéng noéi, phuong phap

cung cip nhimg loi ich tiém ting nhu sau:

- Kha ning xiy dung mot hé théng nhan dang tiéng néi véi chi phi thép, dép tng
hiéu suét cao.

- DPem lai @6 chinh xac cao cho nhin dang tiéng néi tiéng Viét trong didu kién & thoi
diém hién tai: didu kién tai nguyén ngit liéu it ctia tiéng Viét.

- C6 kha ning 4p dung dugc cho cic ngdn ngit néi clia ngudi dan tdc thidu sé dang
sinh séng tai Viét Nam. Cac ngdn ngit ndy co rét it mau ngit liéu, hodc hoan toan
khong.

- Viéc chuyén d61i linh vuc ung dung ctia mot hé théng nhén dang tiéng ndi cling trd
nén d& dang hon, tiét kiém dugc nhidu thdi gian, cong stc va kinh phi.
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YEU CAUBAO HQ

1. Phuong phap nhan dang tiéng néi tiéng Viét str dung rang budc khong gian dic trung bao
gdm cac budc sau:

bude I: x4c dinh diéu kién tai nguyén huén luyén: tuy theo luong du ligu tiéng noéi c6 duoc,
phén ra 3 ngach :

ngach 1: tdng thoi lwong it hon 20 gid hoic tdng s& ngudi néi it hon 100 ngudi; tiép tuc
thyc hién 1an lugt cac bude 2, 3,4, va 5;

ngach 2: khong thudc céc truedong hop ciia ngach 1 va téng thoi lugng it hon 60 gid hodc
téng sb ngudi ndi it hon 300 nguoi; tiép tuc thuc hién céc budc 2, 4, va 5, bo qua budc 3;

ngach 3: c4c trudng hop con lai, phuong phap xay dung hé nhan dang tiéng néi kinh dién
dugce ap dyng;

buéde 2: xdy dyng md hinh ngit 4m rang budc khong gian dic trung :tir kho dit liéu tiéng ndi,
tién hanh hudn luyén mé hinh ngft 4m rang budc khéng gian dic trung gdm 3 pha chinh:

pha 1: xay dung khong gian dac trung;
pha 2: udc lugng tuong quan gifta cdc ham co s trong khong gian con;
pha 3: huin luyén khong gian con;
buwde 3: tién hanh mé rong phan hoach khong gian con cho md hinh ngit 4m gdm cac bude:
i) xac dinh ) phén hoach dya trén didu kién tai nguyén hién hitu;
ii) m& rong cAu trac m6 hinh ngit am theo sb phén hoach da dinh;
iii) hudn luyén phén hoach khéng gian con;
bude 4: lya chon phuong phép cho bd trich dc trung, mé hinh ngdn ngit, va db thi nhan
dang: cac thanh phﬁn con lai ctia hé nhédn dang c6 thé duoc lya chon ty do theo kinh dién; c6
thé dung:
dic trung cac hé s6 phd Mel (Mel Frequency Cepstral Coefficient -MFCC), mdt dic
trung phd bién trong nhan dang tiéng néi;
md hinh N-gram, mot dang mé hinh théng ké, cho m6 hinh ngén ngit;
méy chuyén dbi trang théi hitu han (Finite State Transducer — FST) cho db thi nhan
dang;
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buée 5: chu thanh hé thdng nhan dang dugc tién hanh thong thudng chi khéc trong céch tinh
tich p(x[j):
M; I

m=1 =1

p(x|7)

2. Phuong phap theo diém 1, trong d6 & budc 2 xdy dung mo hinh ngit 4m rang budc
khéng gian dic trung gdm 3 pha chinh nhu sau:

pha 1: xay dung khong gian déc trung:

a) phan cum céc véc to dic trung thanh I nhém, mdi nhém dai dién bai mot phan bd
Gauss;

b) lap:
v6i mbi cum:
tinh to4n lai gi4 tri rang budc hdi qui tuyén tinh theo hudng cuc dai hoa kha xuit
(Maximum Likelihood Linear Regression- MLLR) cho tirng cum;
tich Iily c4c bién 4n ctia mé hinh hop Gauss (Gaussian Mixture Model-GMM);
cép nhat lai tham s6 ctia mé hinh hop Gauss (Gaussian Mixture Model-GMM);

chuén héa (normalize) lai trong s ctia timg phan bb Gauss trong cum mé hinh hop Gauss
(Gaussian Mixture Model-GMM);

trich xuét ma trén phuong sai dudng chéo tir md hinh hop (Gaussian Mixture Model-
GMM);

¢) phan hoach I phan bd Gauss thanh K nhém cha (md hinh hop Gauss (Gaussian Mixture
Model-GMM));

pha 2: udc luwong twong quan giita cdc ham co s¢& trong khong gian con:
Véik=1...K

Véii=1...], tinh:

logpieg(x(t), k, i) = logdet® + logwii + logN(xwi(t)|ukii®8, Y k%)

tinh gian (prune) ra cac cip p®e(k,i) c6 logp®®8(x(t), k, i) cao nhét;
v6i mdi cip nhu vay, tinh:

logP(x(t), k, 1) = logdety® + logwii + logN(xi(t)|uki, Y ki)
tinh gian (prune) ra cac ciip P(k, i) ¢6 logP(x(t), k, i) cao nhét;
pha 3: hudn luyén khong gian con

a) khoi tao khong gian dic trung véi cdu tric md hinh hgp Gauss (Gaussian Mixture
Model-GMM);
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b) khéi tao m6 hinh Markov 4n (Hidden Markov Models -HMMs);
¢) lap: chon timg phén hoach khong gian con dé huén luyén;

v6i mbi mAu huén luyén:

tinh lai gid tri cia cac bién 4n (1,j, k) va bién tich Ity (a, B, 7y, 9, §);
chon ra c4c phan bd Gauss ¢6 p(k, i) cao nhit nhu trong pha 2;

xac dinh 4nh xa khong gian con tir cdc phén bd Gauss chon dugc va bd md hinh hop
Gauss (Gaussian Mixture Model-GMM) ctia pha 1 (khong gian déc trung);

cép nhat lai gid tri cua céc véc to khong gian con;

gia giam s lugng trang thai con theo phuong phap nhan dbi va k¥ thuat tron tham s6
(mixing) ciia m6 hinh hop Gauss (Gaussian Mixture Model-GMM));

tiry chon gia giam kich thuéc khéng gian con cho khép nhit véi kho ngit ligu.

3. Phuong phép theo diém 1,trong d6 & bude 3 tién hanh mé rong phan hoach khong gian
con cho mé hinh ngft 4m gdm céc budc nhu sau:

bude 1: x4c dinh sd phén hoach dya trén didu kién tai nguyén hién hitu:
i) chon ra bd ngit li€u kiém dinh hiéu sudt nhin dang Dr;
goiM 1a sb phén hoach con cln xéc dinh;
ii) lap:
ting din M tir 1, v6i mdi gia tri cia M thuc hién:
tinh logP(x(t), k, i) = logdetk® + logwii + logN(xi(t)|uki, Yki) v6i x € Dr;
tinh d6 ting A = logmP - logm-1P;
cho dén khi A <0;
iii) chon M 16n nhét ma tai d6 A >=0;
buée 2: md rong cAu tric md hinh ngit 4m theo s§ phan hoach di dinh:

i) chuyén dbi ham mat d6 x4c sudt trong m3i trang thai thanh:

M; I
p(xlj) = Z Cim Z’wjmiN(X; Himi, 21,)
m=1 i=1

ii) tir 1 phan hoach ctia mi trang thai, tién hanh lp:

sao chép tham s6, nhan ban ra m phén hoach con, theo dd tdng 1 phén hoach mdi &
mdi budce lap: m =1 ... M,

thyc hién lai Pha 3 (hudn luyén khong gian con) clia md hinh;

cho dén khi téng sb phén hoach m dat dén gié tri clia M dé dinh;

-16-



1923

buwéc 3: hudn luyén phan hoach khéng gian con:

muyc tiéu 13 hidu chinh lai gi4 tri ctia bd tham s6 cjm V& Vim cho phtt hop nhit véi dit ligu
hoc, theo 2 biéu thic:

ik = Yikm + 7
gk == F% M
> ohe1 Lomit (Yikm + 7))
-0.5
{’jkm’ = Vikm — O.IH}(:m) r,
trong do,
1
lem) :
» Zi L 2:'}%

va r 14 gia trj phét sinh ngéu nhién theo phan phéi chuén.
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Tin hi¢u tiéng noi

A A nnre

Dit liéu van ban

[ Trich dic trung J

M6 hinh ngt 4m MO hinh ngdn ngit
Do thi nhin dang HMM N-gram
Chudi tir nhan dang
Hinh 1
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Mi=[ M Ui, Uis, ..., Ui ]
0i= [ Oit, Oz, O, ..., 51‘0]

\ /

Hinh 2
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S1 \S_z/ Ss

Véc to anh xa khéng gian con cia S1

CV=[V,V, V5 .., Vs] ]

Hinh 3
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MO hinh ngtr &m da ng6n ngtt (M, Wi, D)
Hudin luyén trén kho ngit liéu da ngié

.
.

~.
“o
~~.
-~ ~~

.........
............
~~~~~~~~~~~~
......

el

~~~~~~~

M6 hinh ngft &m cho ngdn ngit
¢6 tai nguyén han ché {v}

Hudn luyén trén kho ti nguyén han ché (Viét)

Hinh 4
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O S1
N

L

N

Trong Véc to anh xa
Phan hoach 1 c1 V1= [V11, V12, ..., Vis]
Phan hoach 2 ) V2= [Va1, V22, ..., Vas]
Phéan hO@Ch n W= [VIII: Vn2,

\\¥%

veey Vns]/

Hinh 5
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