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Tém tit: Nhan dang tiéng noi ngay cang duoc ing
dung trong nhiéu linh vuc nhu téng dai tu dong;
an ninh bao mat; tim kiém bang giong néi..., tuy
nhién chét luong nhan dang dang 1a vin dé déng
quan tim nhat. Kaldi 1a mét bo cong cu méi duogce
phat trién nam 2009. Kaldi duogc gidi thig¢u tai
hoi thao dién ra & truong Pai hoc Johns Hopkins
University v6i tiéu d& “Phét trién hé thong nhan
dang tiéng noi chi phi thip, chit luvong cao cho cac
mién va cic ngdn ngit méi” (“Low Development
Cost, High Quality Speech Recognition for New
Languages and Domains”). Trong bai bao nay mo
ta hé thong nhan dang tiéng Viét ndi duge xay dung
dua trén bo cong cu Kaldi. Bai bao ciing danh gia
chat lugng cta hé thong dya trén viéc danh gia ty
s6 WER cuia cac mo hinh 4m hoc. Hé théng da cho
ra két qua vuot trdi so vdi cac b cong cu trude do
véi tiéng Viét.

Tir khéa: Nhan dang tiéng noi; tiéng Viét néi; bd
cong cu nhan dang Kaldi; m6 hinh ngdn ngit; mo
hinh dm hoc; tir dién phat am.

I. GIOI THIEU

Nhéan dang tiéng néi va dac biét cho tiéng Viét la
mot linh vyc nghién ciru phét trién manh trong
nhitng nam gan day. Nam 2003, Dang Ngoc Duc
[1] da sir duyng mang no ron va md hinh Markov
4n cho nhan dang tiéng Viét n6i. Nam 2004, Bach
Hung Khang [2] da phan tich cac dac diém cua
tiéng Viét bao gom nglr am, thanh di€u,... trong
bai toan nhan dang va tong hop tiéng Viét néi. Mot
dic diém rat quan trong cua tiéng Viét 1a thanh diéu
tinh, nghia la tiéng Viét bao gém mot hé théng sau
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thanh diéu khac nhau. Nam 2001, Nguyén Qudc
Cudng va cong su [3] di sir dung tan s6 co ban FO
lam tham s6 sir dung cho mo hinh Markov 4n dé
nhén dang thanh diéu cua tur phat &m roi rac véi do
chinh xac 94%. Nam 2008, Vii Tat Thing va cong
su [4] d& xuat phuong phap nhan dang thanh diéu
st dung mang no ron perceptron. Bai toan phirc tap
nhét d6 1a nhan dang tu dong tiéng Viét noi tir vung
16n. Nam 2005, Vii Tat Thing va cong sy [5] da thir
nghiém véi tap cac am vi khong bao gdm thong tin
thanh diéu, cac bo tham s MFCC (Mel Frequency
Cepstral Coeffcient) va PLP (Perceptual Linear
Prediction) dugc sir dung dé mo hinh hoa mé hinh
am hoc cua cac am vi véi do chinh xac nhan dang
dat dugc 86,06%. Nam 2010, TS. Nguyén Hong
Quang va cong su [6] da tich hop thong tin thanh
diéu cho cac am vi va két qua nhan dang dat dugc
1a rat kha quan.

Céc nghién ctru trén chua dé cép dén ung dung cac
mo hinh 4m hoc tién tién ciing nhu dnh hudng cta
trong s6 md hinh ngon ngir dén két qua nhan dang
tiéng Viét noi. Trong bai bao nay, bd cong cu Kaldi
duoc chon vi hd trg hidu qua nhing van dé trén. Va
hon thé nita, Kaldi cho chét luong nhan dang cao
hon céc bd cong cu nhan dang tiéng noéi khac nhu
HTK, Sphinx hay Alize... Christian Gaida va cong
su [7] da danh gia trén quy mé lon cac bo cong
cu nhan dang tiéng ndi mad ngudén md bao gém
bd cong cy HTK (bd gidi ma HDecode), Julius,
PocketSphinx, Sphinx-4 va Kaldi. Ho diéu chinh
céc hé thong va chay thir nghiém trén tiéng Dirc va
tiéng Anh. Két qua thi nghiém cho thay Kaldi chay
nhanh hon so v&i tit ca cac bd cong cu nhan dang
khac. Kaldi huin luyén va giai ma theo k¥ thuat
duong dng bao gdm cac k§ thuat cao cép nhét, diéu
ndy cho phép h¢ thong dat két qua tot nhét trong
thoi gian ngan. Két qua chay thir nghiém duoc mé
ta ¢ hinh 1.
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Thoi gian cho viéc thiét 1ap, chuan bi, chay va t6i
uu hoa cho cac by cong cu 16n nhét voi HTK, it
hon 1a Sphinx va it nhét 1a Kaldi. B6 cong cu nhan
dang ho Sphinx (PocketSphinx va Sphinx-4) khong
bao gom tat ca cac ki thuét tich hop trong mot nhu
Kaldi, do d6 dan dén do chinh xac thip hon. HTK
la bd cong cu kho nhat, mic du cac két qua thu
dugc tuong tu voi Sphinx, tuy nhién thiét 1ap hé
théng can ton thoi gian. So sanh véi cac bd nhan
dang khac, hi€u nang vuot trdi cua Kaldi dugc xem
nhu 1a cudc cach mang trong cong nghé nhan dang
tiéng n6i ma ngudn mé.

recognizer VMI|WSJ1
HDecode v3.4.1 [22.9] 19.8
Julius v4.3 27.21 23.1
pocketsphinx vi().8]23.9( 21.4
Sphinx-4 26.9| 22.7
Kaldi 12.7] 6.5

Hinh 1. Ty I8 16i nhdn dang tr WER trén tap kiém thi VM1
(tiéng Durc) va tdp WSJ1 November ‘93 (tiéng Anh)

Hién tai dd c6 mot sd nghién cuu vé nhan dang
tiéng Viét noi, tuy nhién da phan mai chi sir dung
bd cong cu HTK [6]. Do vay muc tiéu nghién ciu
ctia bai bao 1a xdy dung b cong cu nhan dang tiéng
Viét néi sir dung bo cong cu Kaldi, thir nghiém cac
ky thuat tién tién trong Kaldi dé danh gia kha nang
ctia Kaldi véi tiéng Viét.

Phén tiép theo cua bai bao s& gidi thidu bo cong
cu nhan dang tiéng noi Kaldi, phan III mé ta
phuong phap xay dung bo nhan dang tiéng Viét
n6i st dung bo cong cu Kaldi va cac giai phap tdi
uu cho hé thong. Phan IV 1a két luan va hudng
phat trién tiép theo.

Il. GIOI THIEU BO CONG CU NHAN DANG
TIENG NOI KALDI

A. Giéi thiéu b cong cu Kaldi

Kaldi 1a b cong cu nhan dang tiéng néi duoc viét
bang C++, duoc cip phép theo gidy phép Apache
2.0 [8]. Kaldi dugc thiét ké cho cac nha nghién ctru
nhan dang tiéng noéi. So vbi cac by cong cu nhin
dang tiéng no6i khac, Kaldi twong tu nhu HTK vé
muc dich va pham vi. Muc dich la dé co ma ngu@)n
hién dai va linh hoat dugc viét bang C++, c6 thé dé
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dang stra d6i va mé rong. Kaldi co cac tinh ning
quan trong: hd tro sb hoc tuyén tinh mé rong gom
mot thu vién ma tran voi goéi BLAS va cac chuong
trinh con LAPACK; thiét ké mo rong, bd gidi ma
6 thé lam viéc v&i cac md hinh khac, ch:fmg han
nhu mang no ron; gidy phép mé cho phép sir dung
thuan tién.

B. Ciu tric bd cong cu Kaldi

Kaldi gém mot thu vién, cac by chuong trinh dong
Iénh va kich ban cho cac md hinh 4am hoc. Kaldi
trién khai nhidu bo gidi ma dé danh gia cic mo
hinh am hoc, st dung huén luyén Viterbi cho viéc
ude lugng mo hinh 4m hoc. Chi trong truong hop
dic biét cia huin luyén discriminative thich nghi
nguoi noi thi duge md rong st dung thuat toan
Baum-Welsh. Céc kién trtc cua bd cong cu Kaldi
¢ thé duge tach thanh cac thu vién Kaldi va cac
kich ban huén luyén. Cac kich ban nay truy cap vao
cac ham cua thu vién Kaldi qua cac chuong trinh
dong Iénh. Thu vién Kaldi C++ dugc xay dung dua
trén thu vién OpenFST [9]. Cac ham nay c6 lién
quan dén nhau va thuong duoc nhom trong mot tén
mién trong ma nguén C++ ma tuong Gmg voi mot
thu muc trén mot hé théng tap tin. Cac vi du cua tén
mién va cac thu muc duge thé hién trong hinh 2.

[BLASILAPACK | | [  OpenFST |
| Matrix | | Utils | | LM || Tree || FST ext |
| Feat || GMM || SGMM | HMM
[ Trmstorms |
fanstorms [ Decodable ]
| Decoder |

| Kaldi C++ Executables |

| (Shell) scripts |

Hinh 2. Kién tric bo cong cu Kaldi

Cac mo-dun thu vién c6 thé duge nhom lai thanh hai
ntra riéng biét, mdi nira phu thudc vao mot trong céc
thu vién bén ngoai. Mo-dun Decodablelnterface 1a
cau ndi hai nira nay.

Kaldi thyc thi bang cach tai dau vao tir cac tap tin
va luu trit két qua tdi cac tap tin mot lan nita. Ngoai
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ra, dau ra ciia mot chuong trinh Kaldi c6 thé duoc
dwa vao 1énh ké tiép str dung hé thong duong ng
(pipe). Thuong c6 nhiéu lya chon thay thé cho mdi
tac vu nhan dang tiéng noi s€ duogc thé hién trong
danh sach céc tap tin thuc thi nhu sau:

e Tham s hoa tiéng noi
- apply-mfcc
- compute-mfcc-feats
- compute-plp-feats
e Bién d6i cac tham sb
- apply-cmvn
- compute-cmvn-stats
- fmpe-apply-transform [10]
e (Cac bd gidi ma
- gmm-latgen-faster
- gmm- latgen-faster-parallel
- gmm-latgen-biglm-faster
e Danh gia va céc tién ich
- compute-wer

- show-alignments

Ngoai ra Kaldi con cung cép kich ban chuén hoic
cac ham thém mai tién ich. Cac kich ban dugc dat
tai thu muc /utils va /steps dugc st dung trong
kich ban huén luyén céac cong thire cho cac dit liéu
khac nhau.

Bai bio niy mo ta cong thirc huan luyén sir dung
Kaldi cho tiéng Viét. Phan tiép theo s€ mo ta chi
ti€t qua trinh nay.

lIl. NHAN DANG TIENG VIET NOI SU’ DUNG
BO CONG CU KALDI

A. M6 hinh hé théng nhin dang tiéng Viét no6i

véi bd cong cu Kaldi

So d6 téng quan cua hé théng nhan dang tiéng Viét

ndi voi bd cong cu Kaldi dugc mo ta & hinh 3.
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Trong m6 hinh nay, mé hinh am hoc (AM) 1a trai
tim clia nhan dang tiéng néi. Cac AM cho phép uéc
luong xac sut P(a/w;6), gia tri nay dugc sir dung
trong bo nhan dang tiéng noi theo phuong trinh (1).

P(a|W)*P(w)}
P(a)

= argmax,, {P(a|w) * P(W)}

W= argmax.,, {

(1)

trong d6 P(a) la xac suét ctia chudi am hoc, n6 duge
¢d dinh cho mot cach phat am va khong c6 vai tro
xéac dinh chudi tir; 1a xac sudt chudi tir; P(a]W) 1a
xéc suat chudi am thanh cho biét chudi tir W. Tir
cong thirc (1) ta c6 thé phéan chia viée giai ma tir
thanh cac thanh phan ngdn ngit hoc riéng biét va
thuc hién song song, thanh phin dau tién 1a mo
hinh 4m hoc cua tiéng noéi, thanh phan thi hai 1a
cac mo hinh ngén ngir.

Tiéng noi

Mo hinh GMM :
" Kiém thir

. (GMM Models)
Tiéng néi
hudn luyén

BG gidi mi Kaldi
(Kaldi Decoder)

Cong cy hudn luyén Kaldi
(Kaldi Training Tools)

Viin bin
Vin bin

DO thi gidi mi
(Decoding Graph)

Hinh 3. M6 hinh nhdn dang tiéng ndi véi bé cong cu Kaldi

Mo hinh 4m hoc chi c6 mdt phan thong tin c6 san
cho tham s6 huan luyén mé hinh am hoc 6 vi cic
vin ban phién am tuwong Gmg khong co lién két vé
mit thoi gian. Thong tin 4n ciia tir (thoi gian) lién
két trong mot cach phat 4m tao ra mo hinh hudn
luyén am hoc voi nhiéu thach thic. B cong cu
nhén dang tiéng n6i hién dai st dung mo hinh
Markov an cho mé hinh bét dinh giita cac tham sb
am hoc phién am tuong ung.

B. Co s6 dir liéu tiéng Viét néi

Hién nay dd c6 mot sd nghién ciru xiy dung co
so dit lidu tiéng Viét noi [3][4], tuy nhién nhiing
co s& dit liéu nay lai cho phép truy cap mién phi.
Vi véy ching toi da tién hanh xay dung mot co s&
dit lidu tiéng noi méi. Co s dit liéu thu 4m boi 35
ngudi (16 nam va 19 nit) c¢6 do tudi tir 17 - 29 tudi,
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trong d6 giong néi mién Bic gdm: giong Ha Noi,
Ha Tay, Hung Yén, Hai Duong.

Dir liéu dugc ghi vé cac chu dé gdm: doi song,
kinh doanh, khoa hoc, 6 t6 - xe may, phap luét.
Tiéng néi duoc ghi 4m & dang doc, duoc thu trong
moi truong phong lam viéc binh thuong, thu am &
tan s6 léy mau 16kHz, 16 bits cho mot mau, & ché
d6 mono. Dir liéu dugc ghi vao fle WAV. Dir liéu
dugc chia thanh hai phan: mot phan dé huan luyén
mo hinh va mot phan dé thir nghiém. Théng tin chi
tiét vé dir liéu dugc mo ta & bang 1.

Bang 1. Co'séda liéu tieng Viét néi

Gidi tinh X ]
Tap dir ngudinéi | Banghi | Téngsé
liéu am (gio) cau
Nam | N
Hudn luyén | 12 15 6 3375
Kiém thit 4 4 2 1.000
Téng 16 19 8 4375

C. Dir liéu van ban

Dit liéu van ban duoc su dung dé tao m6 hinh ngon
ngir théng ké bao gdm 4 triéu cau voi 90 tridu am
tiét thu thap tir cac tai lidu dién tur tiéng Viét [6].
Céc ky tu duoc chuyén ddi sang ma vin ban BKTC
(Bach Khoa Text Code). Do hon loan thong tin
(perplexity) cua md hinh ngdén nglt (LM) bigram
va trigram 1a 108.57 va 62.43. St dung bd cong cu
SRILM trén dit liéu vin ban dé tao ra md hinh ngon
ngit trong dinh dang ARPA. M6 hinh ngdén ngit
bigram chtra 8925 unigrams va 3,742,980 bigram.
Mo hinh ngén ngir trigram ¢ tit ca gram trong
mo hinh bigram va 11,593,319 trigram. Cac tép tin
dugc sir dung dé tao mo hinh ngén ngit trong dinh
dang FST.

D. Kich ban mé hinh am hoc

Céac ban ghi va phién am cia chung tu tap dir li¢u
huén luyén dugc st dung cho moé hinh am hoc.
Céac mo6 hinh am hoc dugc danh gia trén tap kiém
thir. Viéc giai ma tiéng noéi trong tap kiém thir luon
duoc thuc hién vé6i cac tham sd tuong tu nhau, do
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d6 cac md hinh 4m hoc khéac nhau c6 thé so sanh
v6i nhau. Bang 2 1iét ké cac m6 hinh am hoc dugc
huén luyén trong kich ban. Mot AM cao cép thudng
dugc khoi tao boi cac lién két am thanh (tuong tmg
vé6i cac lién két tham sb am hoc) su dung mot AM
don gian hon.

Céac phuong phap dugc st dung duoc liét ké trong
hinh 4 v6i hé thdng phan cip cua chang. Cac hé
phan cip cho théy mot phuong phap cao cap dién
hinh 1a tai str dung gia tri huan luyén ban dau tir cac
AM don gian.

Pau tién, moét md hinh mono-phone duoc huéin
luyén sir dung bo tham s MFCC (Mel Frequency
Cepstral Coeffcient) cung v6i cac tham s A va
AA. Céc vecto tham sé duoc xép vao cic trang
thai HMM st dung cac phién 4m cua tiéng noi.
Sau 6, chiung huin luyén lai mé hinh triphone
(trila). Mot phan cta qua trinh két thiic bai huan
luyén mo6 hinh MFCC + A + AA triphone (tri2a).
Mot phan khéc, phan thir hai clia qua trinh thay
vi chuyén hoa A + AA, st dung LDA + MLTT dé
huén luyén mé hinh 4m hoc (tri2b). Str dung mé
hinh thi ba tri2b dugc huin luyén Discriminative
(hay con goi 1a mé hinh c6 diéu kién) va st dung
LDA + MLTT + SAT dé huan luyén mé hinh tri3b
su dung cac phuong phap:

- MMI (Maximum Mutual Information). [11]

- BMMI (Boosted Maximum Mutual
Information). [12]

- MPE (Minimum Phone Error). [13]
- SAT (speaker adaptive training). [14]

tri2a
mono ——p tril i .
tri2b_mmi
. tri2b_mmi_b0.05

tri2b
tri2b_mpe
tri3
sgmm

sgmm_mmi_b0.1

Hinh 4. Hé théng phan cap
cdc mé hinh am hoc dugc hudn luyén
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Bang 2. Cdc phuong thic hudn luyén cta hé théng

Phuong thiic huan luyén M6 ta
Monophone Mono

Triphone Tril

A+ AA Tri2a

LDA + MLLT Tri2b

LDA + MLLT + MM Tri2b_mmi

LDA + MLLT + bMM| Tri2b_mmi_b0.05
MPE Tri2b_mpe

LDA + MLLT + SAT Tri3

SGMM Sgmm

SGMM + bMMI Sgmm_mmi_p0.1

E. M6 hinh GMM

Kaldi hd trg GMM [15] v6i c4u tric hiép phuong
sai chéo va day du. Thay vi thé hién cic ham mat
d6 Gauss riéng biét, Kaldi thyc hién truc tiép mot
16p GMM dugc tham s6 hoa bdi cac tham sb tu
nhién. Cac 16p GMM ciing dugc luu trit cac sb
hang khong ddi trong tinh toan xac suét, bao gdm
cac sbd hang khong phu thudc vao cac vecto dir liéu.
Viéc thyc thi nhu vay la phu hgp cho hiéu qua tinh
toan tich v6 hudng don gian (dot-product).

Mot mé hinh GMM biéu dién cac tham s6 nhu tong
céc trong sb cua nhiéu Gauss phan tan. Mdi trang
thai Gauss co6: Mean (ui), hi€p phuong sai (Xi),
trong ) (Wi).Trong qua trinh huin luyén, hé théng
hoc vé nhimng dir liéu ma n6 str dung dé dua ra quyét
dinh. M6t tap hop cac tham sé dugc thu thap tir mot
nguoi ndi (hoac ngdn nglt hoac phuong ngir).

Thay vi huan luyén mé hinh ngudi néi chi dya trén
dir liéu nguoi noi, mé hinh GMM diéu chinh mo
hinh phd nén UBM (Universal Background Model)
voi ngudi ndi, tan dung loi thé cua tat ca cac dir liéu,
thich tng MAP (Maximum A Posteriori): mbi mot
Gaussian 1a mot trong s6 két hop cia UBM va nguoi
n6i. Trong sO ngudi n6i nhidu néu ta c6 nhidu dit lidu
hon: w, =aE(x)+(1-0)w, ,v6i o=n/(n+16).

Céc tham s6 thong thuong MFCC c¢6 thé sir dung

nhiéu chiéu hon (20 + delta). M6 hinh phd nén
UBM: 512-2048 mixture, GMM cla ngudi nodi:
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64-256 mixture, thuong dugc Kkét hop dac biét voi
cac phan 16p khac trong mdt mixture-of-experts.

F. X4y dung do thi giai ma

Mot db thi giai ma dugc biéu dién nhu 1a mot ddi
tuong OpenFst. N6 luu giif tat ca cic thong tin mo
hinh ngdén nglt va mot phan thong tin cua mo hinh
am hoc. DO thi gidi ma 1a can thiét cho cong viéc
giai ma voi cac bo giai ma Kaldi [16]. Trong bai
bao xay dung do thi HCLG su dung chuan OpenFst
duoc thuc thi trong cac tién ich Kaldi. Ta thiét ké
kich ban dé€ chung ty dong cap nhat cac mo hinh
ngon ngit, m6 hinh &m hoc va tao ra tat ca cac tap
tin can thiét cho viéc giai ma.

Céc kich ban yéu cau dé xay dung HCLG:

- MO hinh ngén ngt (LM);

- MO hinh &m hoc (AM);

- Céc cay quyét dinh 4m vi am hoc;

- Tu dién phién am.

Ngoai viéc xay dung HCLG, kich ban cling sao
chép céc tap tin can thiét cho viéc giai ma tir mo
hinh 4m hoc va d6 thi HCLG dén mot thu muc. Cac
tap tin sau la can thiét cho viéc gidi ma:

- D0 thi giai ma HCLG;

- M0 hinh am hoc;

- Mot ma tran dinh nghia cac tham sb bién doi;

- Mot tép tin cAu hinh cho cac tham sb tiéng noéi
va cac tham sb bién doi véi cac thiét 1ap tuong
tu duoc st dung cho huin luyén AM (mo hinh
am hoc);

- Mot bang ky tu cac tir (WST - Word Symbol
Table). Bang nay 1a mét tap tin chira anh xa
gilia cac nhan (label) vdi cac sO nguyén.

G. Bj giai ma Kaldi

Trong by cong cu Kaldi [17] khong cd bd giai
ma “chuan” don 1&, hodc mot giao dién ¢ dinh.
Hién tai c6 hai bo giai ma c6 san: SimpleDecoder,
FastDecder va ciing c6 cac phién ban lattice-
generating. “Decoder” c6 nghia la cic ma bén
trong cuia by giai ma, c6 cac dong 1énh chuong
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trinh, cac goi bo giai ma c6 thé giai ma cac loai mod
hinh cu thé (vi du GMM) hodc véi cac diéu kién
cu thé dic biét (vi du da 16p fMLLR). Vi du vé cac
chuong trinh dong gidi ma: gmm-decode-simple,
gmm-decode-faster, gmm-decode-kaldi va gmm-
decode-faster-fmllr.

H. Thiét 13p cic tham sb giai ma

Pau tién, A + AA gap 3 lan cua 13 tham s6 MFCC
bang cach tinh dao ham lan 1 va l1an 2 tir hé sb
MFCC. Viéc tinh toan hé sé MFCC véi viée xur 1y
dao ham 39 tham s trén mot khung.

Thir hai, sy két hop ciia LDA va MLLT dugc tinh
toan tir 9 khung ghép gdm 13 tham s MFCC.
Pham vi cira s6 mic dinh cua 9 khung lay 1 khung
hién tai, 4 khung bén trai va 4 khung bén phai. Cac
phép bién d6i tham sé LDA va MLLT dat dugc cai
thién dang ké so voi bién dbi A + AA.

Str dung m6 hinh am hoc dugc huén luyén duoc
mo ta & trén cho giai ma cac phién am tu tip dir licu
kiém thir. P61 v6i mdi mo hinh 4m hoc, sir dung
cing mot phuong thirc tham s hoa tiéng néi va
phép bién doi cac tham s6 cho viéc huén luyén mo
hinh 4m hoc, bai viét thu nghiém véi tat ca cac mo
hinh 4m hoc dwoc huan luyén véi cd md hinh ngdn
ngit zerogram va bigram.

Mo hinh ngdn ngir zerogram va bigram mac dinh
dugc xdy dung tir cic phép bién ddi truc giao.
Mo hinh ngén nglt bigram dugc udc lugng tir cac
phép bién doi dit liéu huén luyén. Do d6, trong tap
kiém thir xuit hién cac tir chua biét, duoc goi 1a
“Out of Vocabulary Word - OOV”. Céac zerogram
dugc trich chon tir cac phép bién déi tap kiém thir.
Zerogram 1a mot danh sach cac tir v6i xdc suét
phan bd déu, vi vay no6 gitp giai mi chi bang viéc
gidi han kich thude bd tr vung. Cac mo hinh ngén
nglr bigram chira 1075 unigram va 3517 bigram
cho tiéng Viét. M6 hinh ngdn ngir zerogram dugc
gi6i han 1076 tir tiéng Viét,

Céc tham s6 nhan dang tiéng néi dugc thiét 1ap gia
tri mac dinh; cac truong hgp ngoai 1€ 1a cac tham
sO giai ma: beam=12.0, lattice-beam=6.0, max-
active-states=14000 va LMW (cac trong s6 md
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h1nh ngdn ngir - Language Model Weight). Tham
s6 LMW thiét 1ap trong sb ctia LM, tirc 1a né quy
dinh ¢6 bao nhi€u LM (m6 hinh ngén ngir) dugc st
dung cho mé hinh am hoc trong viéc giai ma. Gia
tri LMW dugc udc tinh trén tdp phat trién va céac
gia tri t6t nhat duoc sir dung cho giai ma trén tap
dit liéu kiém thur.

Céc bd giai ma GMM-latgen-faster dugc su dung
cho viéc danh gia dir liéu thr nghiém. No tao ra
mot mang lién két cac cép do tir cho mdi phién
am va mot gia thuyét t6t nhat duogc trich chon tir
cac mang dugc gidi ma va dugc danh gia boi WER
(Word Error Rate) va SER (Sentence Error Rate).

IV. KET QUA THI NGHIEM

MB& hinh 4m hoc mono, tril, tri2a, tri2b, dugc huin
luyén generative. M6 hinh tri2b_mmi, tri2b_mmi_
b0.05, tri2b_mpe, tri3, sgmm, sgmm_mmi_b0.1 dugc
huén luyén discriminatively trong bon vong lap
Céac md hinh discriminative mang lai két qua tot
hon mé hinh generative thé hién trong hinh 4.

A. Két qua thye hién véi cac mé hinh huén luyén

Phan nay trinh bay cac két qua thir nghiém hé
théng nhan dang tiéng Viét ndi v6i phuong phap
huén luyén 4m hoc khac nhau. Bang 3 biéu dién két
qua cac mo hinh am hoc.

Bdng 3. WER va SER cho cdc phuong phdp hudn luyén

Model % WER % SER

mono 4.34 534
tril 1.95 374
tria 1.98 376
tri2b 1.89 36.2
tri2b_mmi 1.76 34

tri2b_mmi_b0.05 1.75 338
tri2b_mpe 1.83 35.5
tri3 1.48 304
sgmm 1.1 23.7
sgmm_mmi_b0.1 1.09 23.5

Biéu d6 WER qua cic m6 hinh hudn luyén thé hién
trong hinh 5.
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Hinh 5. Biéu d6 WER thé hién qua cdc mé hinh hudn luyén

Két qua cho thay cic phuwong phap hudn luyén
discriminative vuot trdi so véi cac mo hinh am hoc
generative, tham s LDA + MLTT ciing hiéu qua
hon viéc st dung tham s6 A + AA. Mit khéc, co
nhitng su khac biét tinh té gitta 3 m6 hinh am hoc
(tri3, sgmm, sgmm_mmi_b0.1) dwoc huin luyén
discriminative vé hiéu suit.

B. Két qua thwe hién véi cac trong sé6 mé hinh
ngon ngir khac nhau

Thir nghiém véi LMW lan luot bang 9, 10 va 15.
Két qua dugc mo ta & bang 4 va hinh 6.

Bdng 4: Bang két qua vdi cdc trong
s6 mo hinh ngén nga khdc nhau

M hinh WER WER WER
LMW=9 | LMW=10 | LMW=15

mono 68.84 8.09 4.34
tri 4249 342 1.95
tri2a 42.76 3.55 1.98
tri2b 31.55 3.14 1.89
tri2b_mmi 33.51 2.87 1.76
tri2b_mmi_b0.05 | 3292 2.81 1.75
tri2b_mpe 30.1 2.96 1.83
tri3 19.07 2.22 148
sgmm?2 134 1.44 1.16
sgmm?2_mmi_b0.1 11.94 1.35 1.15
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Hinh 6. Biéu dé WER véi cdc tham s6 LMW khdc nhau

Két qua cho thdy voi tham s6 LMW = 15 cho két
qua vuot trdi so voi LMW = 9. Nhu vay, viéc chon
lwa mot trong sé pht hop cho mé hinh ngén ngit
cling 1a mot trong cac tham s quan trong cta hé
thong nhan dang tiéng Viét noi.

V. KET LUAN

Bai bao nay da mo ta phuong phap xay dung hé
théng nhén dang tiéng Viét ndi st dung bo cong cu
Kaldi. Chung t6i da thur nghiém cac phuong phép
huén luyén mé hinh 4m hoc khac nhau dugc hd
trg boi Kaldi. Cac trong sé cia mé hinh ngén ngir
cling dugc xem xét va danh gia. Cac thtr nghiém
cho thay bo cong cu Kaldi cho két qua nhan dang
rat t6t v6i tiéng Viét ndi. Ngoai ra trong sb cia mo
hinh ngén ngit 14 mot tham sé quan trong khi xay
dung hé thong.
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Nguyén Thi Thanh, Nguyén Hong Quang, Trinh Vin Loan, Pham Ngoc Hung

THE VIETNAMESE SPEECH
RECOGINITION USING KALDI TOOLKIT

Abstract: Speech recognition has been increasingly
applied in various TFelds such as automatic
switchboards, security, searching by voice...
however the quality of recognition is the problem
of utmost concern. The Kaldi toolkit is a new tool
developed in 2009. Kaldi was introduced at a
workshop held at Johns Hopkins University with the
title “Low Development Cost, High Quality Speech
Recognition for New Languages and Domains”. This
paper describes the Vietnamese speech recognition
system built on Kaldi toolkit. The paper also
evaluates quality of the system based on the
evaluation the ratio of the WER on AMs (Acoustic
models). The system has superior results compared
the previous toolkit to Vietnamese speech.

Keywords: Speech recognition, the Vietnamese
speech, Kaldi toolkit, Language models, Acoustic
models, Pronounce dictionary.
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