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Té6m tit. Bai béo trinh bay viéc a4p dung Bottle Neck Feature(BNF) - mot dang diic trung cta tin
hiéu tiéng néi duge trich chon thong qua mang neural (Neural Network) - cho nhan dang tiéng néi
tiéng Viet. Nghién ctu stt dung mang Multilayer Perceptron(MLP) nam 16p véi kich thude ciia 16p
an thi nhat khac nhau dé trich chon diic trung BNF tit hai loai dit lisu dau vao la Perceptual Linear
Prediction(PLP) va Mel Frequency Cepstral Coeffcient(MFCC), nhdm dénh gid hi¢u qua ctia moi
loai dac trung sau khi dude 4p dung BNF. Két qua thit nghiém chitng t6 BNF hiéu qua véi tiéng néi
tiéng Viet, két qua nhan dang trén diic trung BNF t6t hon so v6i hé thong co s§ (baseline system)
trong khoang tit 6% dén 7%, va dic trung MFCC cho két qua t6t hon PLP.

T khéa. Bottle Neck Feature, nhan dang tiéng Viét, mo6 hinh makov an.

Abstract. In the paper, the basic idea of Bottle Neck Feature(BNF) and the process how to extract
BNF are presented. In this study, we apply BNF for Vietnamese speech recognition with five lay-
ers MLP network of different sizes for the first hidden layer. Input features to extract BNF feature
are Perceptual Linear Prediction(PLP) and Mel Frequency Cepstral Coeffcient(MFCC). The experi-
ments are carried out on a data set of VOV (Voice of Vietnam).The results show that using BNF for
Vietnamese speech recognition, a WER(Word Error Rate)is improved up to 6-7% comparing to the
baseline system, and MFCC feature gives a better result than PLP feature.
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1. GIOI THIEU

Phuong phap trich chon cac dic trung ciia tiéng néi sit dung mang neural dang tré thanh
mot phan quan trong trong hé théng nhan dang tiéng néi [1], phuong phép nay nham tan
dung vu diém phan 16p ctia mang neural dong thsi khic phuc mot trong cac nhude diém ciia
mo hinh Markov an (HMM- Hidden Markov Model), mo hinh HMM khéng mo hinh héa duge
cac dac tinh phu thuoc thdi gian ctia tin hiéu tiéng néi do HMM gia thiét ring mdi trang
thai hien tai chi phu thuoc vao trang thai ngay trude né [2, 3]. Da ¢6 nhiéu phuong phap
duge dua ra nham khic phuc nhuge diém trén cia HMM, mot phuong phép duge st dung
phd bién 1a bo sung them céc vector diic trung lan can véi vector dic trung dang xét tai thoi
diém ¢, ttic 1a to hop nhiéu hon mot khung dit lieu (frame) dé dua vao huan luyen HMM tai
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thoi diém ¢, ta goi d6 1 ctta so khung (frame windows). Vi du tai thsi diém ¢ néu ta diung
frame window 1a 7 thi mot quan sat o; sé 1a to hop ctia 7 frames lien tiép tit (t — 3) dén
(t+3), o = {®t_3,Tt—2,Tt—1, Tt, Te41, Te+2, Te43} VO 24 1a vector dic trung ciia tiéng noi tai
thoi diém ¢. Tuy nhién phuong phap nay lam gia ting kich thuéc ctia oy, dan dén lam tang
kich thudc ctia hé thong nhan dang. Mot phuong phap vita lam gidm kich thuée ctia o; dong
thoi phan 16p lai oy dé thu duge mot dac trung méi t6t hon dé 1a sit dung mang neural. Bing
cach nay véi dau vao o; duge dua qua mot mang MLP dic biet da duge huén luyen dé tach
nhitng thong tin quan trong va nén cac thong tin nay tao ra mot dac trung méi o; & 16p ra
(output) ctia mang, khi d6 kich thude ctia o) c6 thé thiét lap duge thong qua viéc thiét lap
kich thuéc 16p output, kich thudce ctia o} thudng nhd hon rat nhiéu so véi o ma van dam bao
chita dli cdc thong tin quan trong bao gom ca thong tin vé ngit canh thoi gian. Qua nhiéu
nghién ctiu da cho thay viée sit dung o} nhu 1a mot dau vao cho mod hinh HMM lam tang dang
ké chat lugng nhan dang ctia hé théng, o} con duge goi la dic trung xéac suat hodic dic trung
MLP (probability feature, MLP feature).

D& c6 nhiéu nghién cttu nham tim ra phuong phap trich chon cac dac trung clia tiéng
néi thong qua mang neural sao cho cé thé sit dung né truc tiép nhu mot dau vao cho viec
huan luyén cdc mo6 hinh HMM, phuong phap “Bottle Neck Feature” hién nay 13 mot trong cac
phuong phép duge st dung rong rai va hiéu qué nhét [4, 5]. Y tuéng chinh ctia phuong phap
la st dung mot mang neural da 16p MLP da dugc huan luyén dé tach va phan 16p lai cac dic
trung dau ra tit cic vector dic trung dau vao. Cac dac trung thu duge thiyc chat 1a cac gia
tri kich hoat (activation) tai cac nit mang & 16p output, tuy nhién diéu dic biet 1a 16p output
duge chon dé lay cac gia tri dic trung 13 mot trong cac 16p an va c6 kich thuée nho, ham
kich hoat dugc sit dung khi tach dac trung thuong 1a ham tuyén tinh (linear function) thay vi
ham phi tuyén (non-linear function) [6, 7] nhu ltic huan luyén mang, khi d6 16p an dugc chon
dé tach cac dic trung goi 1a 16p Bottle Neck(BN), va dac trung thu duge qua 16p BN goi Ia
Bottle Neck Feature (BNF).

Trong nghién cttu nay sé tién hanh thit nghiem cai dat BNF cho nhan dang tiéng noéi tiéng
Viet (goi tat 1a nhan dang tiéng Viet), nghién cttu nham gidi quyét hai cau héi chinh, mot
13 hiéu qué ctia BNF v6i nhan dang tiéng Viet. Hai 1a anh hudng clia mot s6 cau triic mang
(topology) MLP va loai dac trung (feature) dau vao khéc nhau t6i két qua nhan dang. Phan
2 ctia bai bao gidi thieu vé BNF va cach 4p dung né trong mé hinh HMM. M6 hinh nay duge
trinh bay trong Phan 3, 1a cich tiép can chinh trong nhan dang tiéng néi. Phan 4 mo ta cac
thtt nghiem BNF véi cac cau tric MLP khac nhau, va két qua nhan dang clia cic hé thong
HMM stt dung BNF c6 so sanh véi hé thong co sd. Két luan va huéng nghién ciiu tiép theo
duge trinh bay trong Phan 5.

2. BOTTLE NECK FEATURE

Mang MLP la mot trong cic cau tric mang noron nhan tao ANN (Artificial Neural Net-
work) thong dung, cau tric mang bao gom 1 16p dau vao (input), 1 16p dau ra (output) va
1 hoac nhiéu 16p an (hidden). Cac gia tri clia vector dau vao sé duge lan truyén thang (feed-
forward) tit 16p input qua cac 16p an t6i 16p output. Tai cac niit mang (notes) ham kich hoat
(activation function) c6 thé 1a ham tuyén tinh hodc 1a ham phi tuyén, va c6 thé khac nhau
gifta cac notes hodc khac nhau gitta 16p an véi 16p output. Mot trong cac wu diém noi bat cta
ANN la kha nang phan 16p, vi thé ANN dudc tng dung rong rai trong cac hé thdng nhan
dang né6i chung va nhan dang tiéng noi noéi rieng. Co6 hai cach tiép can thong dung trong viéc
ting dung ANN cho nhan dang tiéng néi. Cach thit nhat 13 dung mang ANN da dugc huan
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luyén nhu mot hé théng nhan dang doc lap, khi d6 dau vao input 1a mau nhan dang, dau ra
output 1a két qua nhan dang. Cach tiép can thit hai 13 lai ghép gitta ANN va HMM, déi véi
phuong phap nay ANN tham gia vao viéc tinh ham x4c sudt phét tan (2), trong nghién citu
[8] ching toi cling da dé xut cach tiép can nay cho nhan dang tiéng Viet. Bai bao nay sé ap
dung cach tiép can thit ba cho nhan dang tiéng Viet va dé tra 10i hai cau héi: mot 1a hieu qua
ctia BNF v6i nhan dang tiéng Viet. Hai 1a 4nh huéng ctia mot s6 cau tric mang (topology)
MLP va loai ddc trung (feature) dau vao khac nhau t6i két qua nhan dang. Mot mang MLP
c6 cau tric 5 16p dang co chai (Bottle Neck - BN) nhu Hinh 1 sé dugce sit dung dé trich chon
dic trung cho tiéng noi, sau dé dic trung nay sé duge st dung tryc tiép nhu 13 dau vao cho
mo6 hinh HMM, khi trich chon dac trung chi st dung 3 16p dau tien (16p input, 16p an thi
nhat, 16p BN) ctia mang MLP.

Nhu vay dic trung BNF 1a mot dang diic trung clia tiéng néi duge trich chon thong qua
mot mang MLP c6 cau tric dang co chai, dé ting tinh hiéu qua ctia diic trung nay can tim
ra mot cau tric mang MLP t6t nhat dé t6i wu kha ning phan 16p ctia mang khi 4p dung cho
mot ngon ngi hay trén mot tap dit lieu cu thé, bén tham sé co ban clia mang MLP can xéac
dinh trong truong hop nay la sé 16p an, kich thudc ciia cac 16p an, kich thude va vi tri ciia
16p BN.

Trong cac nghién cttu [6] va [9] cac tac gid da lam cic thit nghiém khéc nhau nham tim ra
cau triac MLP va vi trf cho 16p BN t6t nhat 4p dung cho tiéng Anh. Cu thé trong nghién citu
[9], tac gid thit nghigm v6i hai loai cau tric mang MLP bon 16p va ndm 16p (mot 16p input,
mot 16p output va hai hodc ba 16p an), két qua cac thit nghiem cho thay cau tric mang MLP
nam 16p cho két qua tét hon cau tric mang MLP bén 16p khoang 1% WER. Ciing theo cac
két qua d6 thi vi tri ctia 16p BN 1a 16p an thit hai sé cho két qua t6t nhét, véi vi tr nay 16p
BN sé tan dung dugc kha nang phan 16p qua 16p an thit nhat [6]. Kich thudc ctia 16p BN nam
trong khodng tir 25-65, két clia clia nghien cttu [6] va [7] dat két qua t6t nhat véi kich thude
BN Ia 39. Viéc chon kich thuéc ciia 16p BN 16n hon c6 thé lam giam WER trén mot bo dit
lieu cu thé, tuy nhién viec giam 1 rat nhoé trong khi d6 né sé lam tang dang ké thoi gian huan
luyén mang MLP va dong thoi ciing lam tang kich thuée clia vector dic trung BNF dan dén
lam tang kich thude ctia mé hinh HMM.

Van dé tiép theo Ia lya chon kich thude ciia 16p an thit nhat va 16p an thit ba, trong cac
nghién citu [10] va [11] gan day nhat ctia nhém “Reseach group 3-01, KIT” nhém da lam céc
thit nghiém trén tiéng Anh va tiéng Tay Ban Nha, cic tic gid cling st dung cau tric mang
MLP nam 16p trong dé 16p BN 1a 16p an thit hai cé kich thuée 1a 42. Két qua t6i uu nhat ho
thu dugc trén cau tric MLP nay tuong ting vé6i kich thude 16p an thi nhat va thit ba lan Iugt
1a 4000, 4000.

Duta trén cac két qua nghién cttu & trén, dan dén quyét dinh cai dat BNF cho tiéng Viét
v6i cau triic mang MLP nam 16p dang L1-L2-L3-L4-L5. Trong dé: L1 14 16p input, kich thuéc
ctia L1 phu thudc vao kich thude ctia dic trung dau vao. L2 1 16p an tht nhat, trong pham
vi nghién citu nay sé lam cac thit nghiem vé6i L2 c6 kich thuée khac nhau dé tim ra kich thuée
t6i wu nhat. L3 14 16p BN véi kich thuée 39. L4 1a 16p an thit ba véi kich thuée dinh sin 1a
1000. L5 14 16p ouput, kich thude ctia L5 phuc thude vao s6 16p(classes) dau ra ma mang MLP
can phan 16p. Cau triic mang MLP nay dugc mo ta & Hinh 1.

Mang MLP nay sau d6 dugc huan luyén bang phuong phap hoc lan truyén nguge (back
propagation) c¢6 giam sat trén tap dit lieu huén luyén nhu qua trinh huin luyén mot mang
MLP thong thuong. o] nghién citu nay ta sit dung ham kich hoat & cac 16p an la ham Sigmoid,
tai 16p output 1a ham Softmax khi huan luyén mang. Su khac biét chi ¢ bude sit dung mang
nay dé trich chon dac trung, toan bo dit lieu huan luyen duge st dung lai nhu 1a dau vao dé
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trich chon diac trung & dau ra. Cac vector dit litu nay lan lugt duge lan truyén thing tit dau
vao mang qua lép an tht nhat va dimg lai & 16p BN, tai 16p BN cac gié tri kich hoat dugc
tinh toan trén cac notes st dung ham kich hoat tuyén tinh nhu cong thic (1) sé duge dung
nhu cac dic trung thu duge tit dau vao, 16p an thit ba va lép output ciia mang khong dugc sit
dung tai budc nay.

Mot trong cac wu diém ctia phuong phap nay la kich thudce ctia vector dic trung BNF
thu duge khong thay doi (trong truong hop nay 1a 39) dan dén cau tric ciia mo hinh HMM
stt dung diic trung nay ciing khong thay déi cho dit ta mudn thay ddi kich thude ciia frame
window dé tang thong tin vé ngit canh thoi gian, s6 trang thai can phan 16p & 16p output hay
kich thuéc ctia céac 16p an.
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Hinh 1. Cau tric mang MLP nam 16p véi 16p Bottle Neck 1a 16p an thit 2

n
IBNF; =) |rj* |Wi+ hi, véii=1,..,39 (1)
j=1
trong do:
BNF; 1a gia tri clia thanh phan thit i trong vector 39 chiéu BNF thu dugc.
n 1a kich thuéc ctia 16p an thit nhét.
rj la gia tri kich hoat tai note thit j § l6p an thi nhat.
W; trong s6 clia note thit ¢ tai 16p BN.
h; 1& he s6 Bias ctia note thit 4 tai 16p BN.

3. MO HINH HMM

3.1. Dinh nghia HMM

HMM 1a m6 hinh xéc suat dya tren 1y thuyét vé chudi Markov [13] bao gom cac dic trung
sau:

O = {01,09,...,07} 1a tap cac vector quan sat.
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S = {s1,89,...,sy} la tap hitu han cac trang thai s gom N phan ti.

A = {a11,a12, ...,ann} & ma tran hai chiéu trong dé a;; thé hién xac suat dé trang thai
s; chuyén sang trang thai s;, véi a;; > 0 va > ik @ij = 1, [Vi.

B = {b, bit, ..., bn_1)¢} 1a tap cac ham xdc suat phat tan clia cdc trang thai tir so dén
sn_1, trong do by thé hien xac suat dé quan sat oy thu dude tit trang thai s; tai thoi diém
t. Trong nhan dang tiéng n6i ham b;; thuong duge st dung la ham Gaussian v6i nhiéu thanh
phan tron (mixture) c¢6 dang nhu cong thic (2), trong truong hop nay ta goi la mo hinh két
hop Hidden Markov Model va Gaussian Mixtrue Model(HMM-GMM)

bi(o) = Z citN (0t; thik,ik) (2)

k=1

trong dé, o; 1a vector quan sat tai thoi diém ¢, M la s6 thanh phan tron ciia ham Gaussian,
Cik, [ik,ik theo thi ti la trong s0, vector trung binh v& ma tran phuong sai (covariance matrix)
cia thanh phan tron thi k£ clia trang thai s;.

II = {m;} 1a tap x4c suat trang thai dau, véi m; = P(q1 = s;) v6i i = 1..N la xac suat dé
trang thai s; 1a trang thai dau q.

Nhu vay mot cach tong quat mot mo hinh HMM X ¢6 thé duge biéu dién béi A = (A, B, II).
Trong linh viyc nhan dang cac mo hinh HMM duge ap dung véi hai gia thiét sau:
+ Mot 1a gid thiét veé tinh doc lap, tic khong c6 méi lien hé nao gitta hai quan sat lan can
nhau o; va 0;, 1, khi d6 xac suat ctia mot chudi cac quan sit O = {o0;} ¢6 thé duge xac dinh
thong qua x4c suat clia tiing quan sat o; nhu sau P(0) = H;‘F:t P(0;).
+ Hai la gia thiét Markov, x4c suat chuyén thanh trang théai s; chi phu thudc vao trang
thai truéc né s;_1. Trong nghién citu nay st dung mo hinh HMM-GMM c6 cau tric dang
Left-Right lien két khong day du duge minh hoa nhu Hinh 2.
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Hinh 2. M6 hinh HMM-GMM Left-Right v6i N trang thai

3.2. Ap dung mé hinh HMM trong nhan dang tiéng néi

Trong nhan dang tiéng n6i, mé hinh HMM-GMM c6 thé duge sit dung dé mo hinh hoa cho
cac don vi tiéng néi nhu Am vi (phoneme), Tit (word) hodc Cau (sentence). Khi d6 tap quan
sat O = {0} sé tuong ting véi moéi mot phat am(utterance) trong do oy la tap céc vector dic
trung (feature vector) tiéng néi dau vao thu duge tai thoi diém ¢. C6 nhidu cau tric HMM
khac nhau, tuy nhién trong thyc thé, cau tric cia HMM-GMM thuong dude st dung c6 5
hoac 7 trang thai theo cau tric Left-Right duge mo ta ¢ Hinh 2. Cac hé théng nhan dang
tiéng no6i stt dung HMM-GMM thuong chia ra lam hai qué trinh:
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a. Huan luyén(training)

Déi véi timg ngon ngit, dit lieu vi muc dich cu thé ta sé ding HMM-GMM dé mo hinh
cho cac don vi nhan dang 13 Am vi, Tit hoac Cau. Khi d6 mot hé théng sé bao gdm mot tap
cac mod hinh HMM-GMM X = {\;}. Ddi v6i mdi phat am O = {o;} dugc mo hinh bdi mot
chubi cac trang thai Q = {q;} v6i ¢; € S tit mot hodc nhiéu mo hinh );. Qua trinh huan luyén
1a qué trinh udc lugng cac tham sb sao cho xéc suat P(Q | O, ) 1a l6én nhét, P(Q | O, \)
[13] dugc tinh theo cong thite (3), P(Q | O, \) duge goi la xac suat mo hinh ngit am (acoustic
model).

Q

P(Q|O,)) = mpar,_,,bu(or), k=1.N. (3)

qt

b. Nhan dang(decoding). Nhan dang la qua trinh xac dinh chubi trang théi {¢;} = Q, ¢; € S
tit cac mo hinh HMM {);} = X da dugc huan luyeén tuong ting v6i mot chudi dau vao {o;} = O
sao cho xdc suat P(O,Q | \) 1a 16n nhat, véi

P(O,Q | \) = max(P(q1,q2, ..., qt = 1,01,02,...,01 | \)).

4. CAI PAT THU NGHIEM

4.1. Dt liéu thd nghiém

Nghién citu cai dat thit nghiém trén bo dit liéu Vietnam BroadcastNews(VOV) cta Viéen
Cong nghé thong tin-Vien Han Lam Khoa hoc va Cong nghé Viet Nam. Téng thoi lugng
khodng 19 gio thu am lay tir cic muc Doc truyén, Tin titc, Phéong van ctia dai tiéng néi Viet
Nam. C6 tong cong 23424 cau phat am (utterances), 30 nguoi néi (speaker) gom cd nam va
nit giong mién Bac. Tt dién duge xay dung trén tap gom 46 am vi khong c¢6 thanh digu (da
bao gom c& 2 am silence, va short-pause), bo tit vung c6 4923 am tiét, bao gom hau hét céc
am tiét thuong st dung. Trong thit nghiem nay st dung 17 gi cho huan luyén(training) va
2 gid cho nhan dang (decoding). Tai buéc nhan dang sit dung mo hinh ngon ngit (language
model) miic tri-gram, dugc tao ra tit toan by di lieu phién am tuong tng v6i phan dit ligu
huan luyéen.

4.2. Dit liéu huan luyén mang BN-MLP

Nghién cttu da tién hanh thit nghiém trén hai loai dic trung 13 PLP va MFCC véi s6 chiéu
1a 13, ky hiéu lan luot 1a PLP13, MFCC13. Dau tién mot hé théng nhan dang duge huan
luyén v6i 4000 moé hinh HMM-GMM 5 trang thai cho cac am phu thudc ngit canh (tied-state
triphone) dugc tao ra tit 46 am vi don, mdi trang thai sit dung 16 thanh phan tron véi dac
trung dau vao PLP13. Sau dé hé théng nay dugce ding dé phan doan (segmentation) va gan
nhan (force alignment) lai cho cac dac trung PLP13 va MFCC13 thu duge 6 trén. Du ligu
duge gan nhan ¢ mic trang thai am don (monophone), do hé thong duge xay dung trén tap
46 am vi don, mdi am vi don nay duge md hinh hoa bdi mot méd hinh HMM-GMM 5 trang
thai, nhu vay khong xét hai trang thai dau vao va dau ra, mdi am vi sé c6 ba nhan tuong
ting véi ba trang théi (phoneme-state) sa, s3 va s4 cia moé hinh HMM-GMM. Hinh 3 1a mot
vi du vé m6 hinh HMM-GMM 5 trang thai ctia am “a”’, mo6 hinh nay sau khi huan luyen duge
diing dé phan doan va gén nhéan lai cho céc vector dic trung MFCC13/PLP13 thu duge tu
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tin hiéu tiéng néi tuwong ng véi am “a” Trong thit nghiém nay mo6 hinh HMM-GMM ctia am
short-pause chi ¢c6 mot trang thai duge cau hinh dya tren HMM-GMM ciia am silence, vi vay
ta c6 45 * 3+ 1 = 136 nhan. Day ciing chinh 1a kich thudc ctia 16p dau ra clia mang MLP can
st dung. Dt lieu sau khi duge phan doan va gan nhéan sé duge dung dé huéin luyén cac mang
MLP.

Mé hinh HMM-GMM 5 trang thii cta dm “a”

(?-34

Labels ! 6}‘—3-_: a-sj ‘l
MFCCI3/PLPI3
Lf \-" L L» V £ L.» V il degre gdm nhiin
MFCCI3/PLPIZ|

.Spt edi signal MMWF“WN*W

Hinh 3. Vi dy mé hinh HMM-GMM 5 trang thai ctia am “a” dudc st dung dé phan doan va

gan nhan cho dic trung dau vao tuong ng ciia am “a”

4.3. Huén luyén MLP

Bdng 1. Két qua huan luyén MLP

Feature Denote_ Topology Cross Validation
(Input feature-Size of L2) Accuracy(%) (CV)
MFCC13-1000 195-1000-39-1000-136 56.06
MFCC13 |MFCC13-2000 195-2000-39-1000-136 56.92
MFCC13-3000° 195-3000-39-1000-136 54.81
PLP13-1000 195-1000-39-1000-136 61.41
PLP13 |PLP13-2000 195-2000-39-1000-136 62.94
PLP13-3000 195-3000-39-1000-136 63.54

Mang MLP dudc sit dung c6 cau trtic nhu da trinh bay ¢ Phan 2, st dung frame window
12 15, moi frame c6 kich thude 1a 13 tuong ting vé6i s6 chiéu ctia PLP13 va MFCC13, nhu vay
mot vector dau vao cho mang c6 kich thudce 1a 15 % 13 = 195. Mang c6 ba 16p an trong do 16p
BN la 16p an thit hai L3 ¢6 kich thudc ¢6 dinh 1 39, kich thudc ctia 16p an thit nhat L2 sé dude
thay doi, 16p an thtt ba L4 c6 kich thudc ¢d dinh 1a 1000, 16p ra output L5 c6 kich thuée 136
tuong tng véi 136 nhan ctia dit lieu huan luyén da duge gan nhan ¢ Phan 4.2. Ham Sigmoid
duge st dung lam ham kich hoat & cac 16p an, ham phan 16p & 16p dau ra la Sorftmax. Céac
mang MLP dugc huan luyén véi cong cu Quicknet [16], céc vong lap huan luyén duge thic
hién cho t6i khi do lech CV gitta hai vong lap lien tiép nhé hon 0.5. Dé danh gia dugce sy anh
hudng ciing nhut hiéu qua clia cic cau tric khiac nhau lén két qua nhan dang tién hanh thi
nghiém véi ba loai cau tric khac nhau trén moi loai dac trung. Sy khéc biét gitta cac cau tric
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chi 1 kich thudc ctia 16p an thit nhat L2, ba cau tric ap dung tuong tng véi kich thude clia
L2 lan lugt 13 1000, 2000, va 3000. Két qua huan luyén mang MLP dugc trinh bay 6 Bang 1.

4.4. Trich chon dac trung BNF

Quy trinh trich chon dac trung BNF dugc mo ta ¢ Hinh 4. Toan bo dit lieu huan luyen da
dugce phan doan & Phan 4.2 sé dugc stt dung nhu 1a dau vao dé trich chon dac trung BNF. Tin
hiéu tiéng néi sau khi duge phan doan stt dung ctia s6 ¢6 do dai 25ms véi toe do 10ms sé duge
dua qua module phan tich dé thu duge diic trung PLP13 hosic MFCC13, sau dé mdi 15 khung
lien tiép sé dudc t6 hop dé tao ra mot vector dau vao cho MLP, ta goi dau vao nay la X. Nhu
da trinh bay 6 Phan 2, tai budc trich chon dac trung nay ta chi st dung ba 16p dau tién cta
mang MLP (L1,L2,L.3) dé tinh toan BNF. Stt dung ham lan truyén (forward function) ctia
cong cu Quicknet v6i ham dau ra 1a ham tuyén tinh duge trinh bay & cong thite (1) dé tinh
toan dac trung BNF, dac trung BNF nay ki hiéu 1a Xy, r. Xp,p duge phan 16p mot lan nita
stt dung phuong phéap Linear Discriminant Analysis (LDA) [15] v6i frame window la 3, dau ra
cia bude nay ki hiéu 14 X4, c6 kich thude 39, sau d6 X4, sé duge stt dung nhu dau vao cho
viéc huan luyén ciing nhu nhan dang véi mo hinh HMM-GMM.

BMN-MLP network
L1 L2 L3

X s . =7 Xbat
Speect Segmentation MFCC/PLE Kida
‘S!:u’u’ll = Windows: 25ms |2 Ivi LD."'L_ s
gna Step: 10ms anatysts analysis 34
Input ;n;cmr BNF vector
Frame window 15 Frame window 3

Hinh 4. So do cac budc trich chon dac trung BNF

4.5. Huén luyén mé hinh HMM-GMM

Cac mo hinh HMM-GMM ctia cdc am ba (triphones) duge huan luyén sit dung cong cu
Sphinx [17] trén bo dit lieu VOV v6i 4000 trang thai buoc (tied-state triphone), moi trang thai
stt dung 16 thanh phan tron. Xay dyng 6 hé thong tit 6 dic trung BNF khac nhau, cac dic
trung nay thu duge bang cach st dung 6 mang MLP da dugc huan luyén & Phan 4.3 tuong
ting véi hai dic trung PLP13 va MFCC13. O cot “Feature” clia Bang 2 cac dac trung nay dudgc
ky hiéu la MFCC13/PLP13-xxx, thé hien dac trung thu duge thong qua viéc st dung mang
MLP c6 ky hiéu tuong ting trong bang 2, trong dé6 MFCC13 hodc PLP13 thé hién diic trung
dau vao duge dua vao mang MLP dé trich chon BNF, xxx thé hién kich thudc clia 16p an thi
nhéat L2 ctia mang dugc st dung. Dé so sanh hiéu qua ctia BNF ta xay dung thém 2 hé théng
cd s (baseline) cuing tham s6 nhung khong sit dung BNF dya trén hai dic trung 1a PLP13 va
MFCC13.
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4.6. Két qua thit nghiém

Céc két qua thi nghiem duge danh gia tren tham s6 WER (Word Error Rate), véi cic két
qué cu thé nhu 6 Bang 2. Qua két qua thit nghiém ta dé nhan thay viec ap dung BNF cho két
qué tot hon cac hé théong co s véi WER thap hon trung binh 13 6-7%. Cac két quéa thit nhiem
cling cho thay dac trung PLP cho két qua tét hon MFCC 2.01% trén hé thong co sd, nhung
tren he thong dung BNF thi MFCC lai cho két tot hon PLP 0.11%. Céc két qua cling chi ra
rang két qua huan luyén MLP anh hudng tryc tiép dén két qua clia hé thong nhan dang, do
chinh x4c danh gia chéo (Cross Validation-CV) ti 1¢ nghich v6i WER. D6i véi ddc trung PLP
cho két qua tot nhat trén cau hinh mang MLP c6 kich thuée L2=3000, ddi v6i dau vao MFCC
la L.2=2000.

Bdng 2. Két qua thit nghiem

System Feature WER (%)
Baseline MFCC13 22.10
MFCC13-1000 15.50
BNF System | MFCC13-2000 14.09
MFCC13-3000 15.80
Baseline PLP13 20.09
PLP13-1000 14.70
BNF System PLP13-2000 14.60
PLP13-3000 14.20

5. KET LUAN

Nghién citu da trinh bay phuong phap cai dit BNF cho nhan dang tiéng Viét trén bo dit
lieu c6 kich thuée trung binh, két qué cho thiy BNF c6 hiéu qua doi véi tiéng Viet, két qua
trung binh t6t hon so v6i hé théng co s6 1a 6-7%, két qua thit nghiém t6t nhat véi dic trung
MFCC stt dung cau tric 1a 195-2000-39-1000-136. Theo két qua ¢ Bang 1, ta c6 thé thay do
chinh x4c danh gia chéo CV ti lé thuan véi kich thuée ciia 16p an thit nhat L2, viec lam tang
CV c6 thé lam giam WER. Tuy nhién viéc tang kich thude L2 lam tang dang ké thai gian
huan luyén he thong, trong khi gid tri gidm trén WER khong thuc sy 16n. Va trong thuc té
viéc tang kich thude L2 khong phai lic nao ciing lam tang gié tri CV, tit Bang 1 ta dé nhan
thay véi dac trung MFCC13 két qua CV vé6i L2=3000 thap hon cau tric c6 L2=2000 la 2.1%.

So sanh cac két qué ctia nghién cttu nay véi cac nghién citu [6, 9, 10, 11] cho thay dé tim ra
mot cau tric mang MLP t6i wu nhat sé phu thuoc vao ting ngon ngit va dac tinh cta tap dit
lieu huén luyén cu thé. Tuy nhién hau hét cac thi nghiem déu dat két qua tot véi kich thude
ctia L2 v& L4 trong khoang tit 1000-4000. Trong céc nghién citu tiép theo dé hoan thién ching
toi sé tiép tuc thi nghiém cic cau tric, ham kich hoat ¢ 16p BN trén céc loai diic trung khac,
nham danh gid va tim ra cdc tham s6 cho mot hé thong BNF t6t nhat cho nhan dang tiéng
Viet. Vé dic trung thanh diéu ctia tiéng Viet, sé tién hanh nghién citu moé hinh MSD (Multi
Space Distribution) da dugc nghién cttu thanh cong cho tiéng Mandarin, tiéng Théi va tich
hop vao hé thong.
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