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Tom tit: Trong hé thong nhdn dang tiéng néi ky thudt thira sé héa ma trgn
khong am co thé dwoc sur dung trong khdu tién xir Iy dé loai bo nhiéu, ndng cao chat
luong tleng néi can nhéan dang va do dé cé thé ting chat heong ciia hé thong nhdn
dang tiéng néi trong méi truong nhiéu. Tuy nhién, tin hiéu sau khi ndng cao thiwong
van con chira mét phan nhiéu. Théng tin sai khdc giita tin hiéu ndng cao va tin hiéu
sach, hay goi la d¢ khéng dam bdo, c6 thé la théng tin hitu ich cho qud trinh gidi
ma ciia hé thong nhdn dang tiéng néi. Trong bai bdo nay, ching téi trinh bay mot
phirong phdp ndng cao chat leong hé thong nhén dang tiéng néi dia trén ky thudt
thira s6 héa ma trdn khéng am két hop véi ky thudt gidi ma sir dung thong tin vé do
khong dam bao cua vec-to' dac trung. Chung t0i da danh gia phwong phap két hop
nay trong h¢é thong nhdn dang tiéng néi tiéng Viét. Cdc két qua cho thdy phirong
phap két hop dd ning cao dg chinh xdc ciia hé thong nhdn dang hon so véi viéc chi
sir dung kyj thudt thira s6 héa ma trgn khong am trong hé thong nhin dang tiéng néi.

Tir khéa: Nhan dang tiéng n6i, Thira 6 hoa ma tran khong am, Udc lugng do khong dam bao.

1. PAT VAN PE

Nhén dang tiéng ndi tr dong (ASR: Automatic Speech Recognition) 1a linh vuc
thu hat sy quan tim cua nhiéu nha nghién ciru trong cac tng dung vé tuong tac
ngudi may va dich tiéng néi ty dong. Két qua nhan dang trong méi truong khong
nhiu dat ty 1& kha cao, hon 90%. Tuy nhién, trong moi truong Gmg dung thyc té co
nhiéu thi chat luong nhan dang giam déng ké do c6 sy sai khac gitra co so dit liéu
dung dé huan luyén mé hinh nhan dang, thuong duoc thu 4m trong mdi truong
khong nhiéu, va dir liéu can nhan dang, thudng c6 nhiéu méi truong. Pé nang cao
tinh bén vitng cua hé théng ASR trong moéi trudng nhidu, mot thudt toan nang cao
chat luong tiéng noi thuong dugc tich hop vao trong hé thong ASR véi muc dich
loai bo nhiéu dé tin hi¢u tiéng noi dwa vao nhan dang giéng vdi tin hiéu tiéng noi
ding dé huin luyén mé hinh. Céc thuat toan nang cao chat luong tiéng noi c6 thé
phan thanh hai nhém: nhém cac thudt toan sir dung mdt microphone va nhom cac
thuat toan st dung nhiéu microhone [1]. Nhom céc thudt toan st dung nhiéu
microphone thudng cho chat lugng t6t hon trong mdi trudong nhiéu do c6 nhiéu
thong tin vé tiéng néi can nhan dang ciing nhu thong tin vé nhiéu can loai bo. Tuy
nhién, viéc trién khai hé thong nhiéu microphone thuong khé khin trong céc tng
dung thyc té do van d& vé chi phi cling nhu kich thudc cua mang microphone.
Trong khi d6, nhém thuét toan sir dung mot microphone cho phép trién khai don
gian va chi phi thip trong tat ca cac hé thong nhan dang tiéng néi. Cac phuong
phap su dung mot microphone co6 thé ké dén la: phuong phap trir phd [2], phuong
phap loc Wiener [3]. Diém chung 1a cac phuong phap nay thuong yéu céu tin hiéu
nhiu can loai bé 1a tin hiéu ngiu nhién ding [4]. Diéu kién nay trong thuc té
thuong khé dam bao.
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Mot trong cac hudng nghién ciru nang cao chit lwong tiéng ndi st dung mot
microphone dang dugc cic nha nghién ctru quan tim 13 ky thuat tach ngudn sir
dung phuong phép thira s6 hoa ma trdn khong 4m (NMF: Nonnegative Matrix
Factorization). Phuong phap NMF sau khi dugc Lee va Seung dé xuét trong [5] da
duoc ap dung rong rdi cho nhiéu 16p bai toan tmg dung: phan tich van ban, xu ly
anh, xir Iy am thanh. Trong nang cao chét lugng tiéng noi wu diém ciia NMF so véi
cac phuong phép trir phd hodc phuong phap loc Wiener 1 ¢o thé ap dung cho
truong hogp nhiéu khong dimg [4], [6].

Phuong phap NMF c6 thé duoc sir dung nhu 1a budc tién xir 1y tin hiéu tiéng
n6i c6 nhiéu tai diu vao cua hé thong ASR trude khi dwa vao giai ma. Tuy nhién,
tin hi¢u tiéng n6i udc luong van co su sai khac so voi tin hiéu tiéng néi sach. Bé
nang cao chat lugng nhan dang mét k¥ thuat giai mi c6 thé duoc ap dung trong
ASR @6 1a k¥ thuat giai md dya trén thong tin vé d6 khong dam bao (UD:
Uncertainty decoding) hay phuong sai cua tin hiéu tiéng no6i [7-8]. Trong hé thdng
ASR sir dung HMM phuong sai hay d6 khong dam bao dugc st dung dé thich nghi
mo hinh 4m hoc tai mdi khung thoi gian trong qua trinh giai ma ctia ASR.

DBong gop chinh cua bai bao nay 1a gioi thieu mot hé thong ASR trong d6 NMF
dugc ap dung dé loai bo nhidu trong tiéng noéi can nhan dang. D6 khong dam bao
cta tiéng noi dugc ude lugng va duge lan truyén dén mién dic trung MFCC (Mel
Frequency Cepstral Coeficient). Sau d6, mdt b gidi ma c6 sir dung thong tin ve do
khong dam bao dua trén mé hinh Markov an HMM (Hidden Markov Model) duoc
sir dung. Hé thong ASR duoc danh gia trén mot co s¢ dit lidu tiéng noi mo phong
v6i cac ty s6 tin hiéu trén nhidu khac nhau.

Bai bao nay duoc to chirc nhu sau: Muyc 2 sé& trinh bay co s& thuat todan NMF.
U'c lugng do khong dam bao va thi tuc lan truyén do khong dam bao tir mién pho
sang mién dic trung MFCC s& dugc mé ta trong muc 3. Két qua thi nghiém vé
nhén dang ctua hé théng ASR dugc trinh bay ¢ muc 4 va két luan & muc 5.

2. NANG CAO CHAT LUQNG TIENG NOI SU DUNG NMF

2.1. Thuit toan thira s6 h6a ma tran khong Am NMF
Cho mot ma tran khong am V, can tim cic ma tran khong am W va H sao cho:
V~WH (1)
Pé tim dugc mot xép xi tét cho (1), trudc tién can dinh nghia ham muc tiéu
D(V||WH) thé hién su sai khac giita V va WH. Ma tran W va H duoc lua chon
sao cho ham muc tiéu 1a cyc tiéu
min D(V || WH) (2)

W2>0,H>0
Cac ham muc tiéu thuong dugc st dung la sai khac O-clit[5], sai khac
Kullback-Leibler[5] hay sai khac Itakuar-Saito[9].
Do ham muyc tiéu (2) thuong khéng phai la ham 16i cho ca hai bién W va H, do
do6 viée tim cuc tiéu toan cyc l1a khong kha thi. Thay vao dé c6 nhiéu ky thuét t6i
wu hoa bang phuong phap s dé tim W va H tai cuc tiéu dja phuong [10].

2.2. Nang cao chat hrong tiéng néi sir dung NMF
Cho tin hi¢u tiéng néi c6 nhidu v, hay con goi la tin hi€u trdn, gém tin hiéu tiéng
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noi sach x va nhiéu y. Ky hiéu VeC™, XeC™ va YeC"™"1amatran cic h¢
s6 bién doi Fourler thot glan ngan (STFT) cua tin hleu tron, tin hiéu tiéng noi va
nhidu, voi F 12 sb diém tan s6 va N 1a sé khung ctra s6 thoi gian.
Gia thiét pho bién do cua tin hiéu tron:
[V]=[x]+]Y] 3

Muc tiéu bai todn nang cao chat lugng tiéng noi 1a khoi phuc X tir V.

eR™ ¢o thé dugc phéan tach thanh hai ma trdn khong am

WeR™ va HeR¥" . Trong do, W duoc xem la cac dic trung pho cia |V| véi
K 1a sb vec-to phé co s6. Ma tran H thé hién thoi diém kich hoa:[ cac dac trung phé
co s¢ trong tin hi¢u. K§ thuat NMF cho nang cao chat luong tiéng noi thuong dua
trén NMF c6 giam sat [6], [11], bao gdm hai pha: pha huan luyén va pha danh gia.
Trong pha huin luyén, tir pho bién do tin higu tiéng noi |VX| va nhiéu |VY| cho
trude, tién hanh ude luong ma tran W, va W, dua trén viéc tdi wu hoa theo tiéu
chuin (2). Matran W cua |V| nhan duogc bai:
W=[W, W,] (4)
Trong pha danh gia (qua trinh ning cao chét luong tiéng noi), dya trén W nhén
dugc tir pha huan luyén, pho bién do |V| dugc phan tich theo NMF thanh:

[VI=[W, W,] H 5)
V6ima tran H sau d6 cling duge phan tach thanh hai khoi:
H
H= { X} (6)
HY

Trong do, H , 1a ma trin kich hoat ing voi tiéng noi |X| con H, tmg véi nhiéu |Y| .
Uéc luong ctia phd tin hiéu tiéng noi khong nhiéu ‘5{‘ duoc tinh theo dang loc

Wiener [12]
X=Mo g @
WXHX + WYHY
v6éi O ky hiéu cho phép nhén ting phan ti.
Tin hiéu tiéng noi trong mién thoi gian c6 thé duge khoi phuyc lai sir dung bién
d6i FFT nguoc va phuong phap OLA (Overlap-Add) [13].

3. UOC LUONG VA LAN TRUYEN PQ KHONG PAM BAO

Trong phan nay, chiing toi s& mo ta }Iéc lu’o‘ng, do khong dam bao cua phd tjn
hi¢u thu duoc tir thuat toan nang cao chat luong tiéng noi va sy lan truyén tir mién
pho qua mién vec-to dac trung MFCC.

3.1. U6c lwgng d9 khong dam bio

Ky hiéu X mvav, la phé cua tin hiéu tiéng no6i udc lugng va tin hiéu tron tai

diém tan sb k va khung thoi gian m, v6i 0<Sk<F val<m<N.

56 N. H. Binh, P. T. N. Yén, N. Q. Cwong, “Nhin dang tiéng néi... cic dic trung am hoc.”



Nghién ciru khoa hoc cong nghé

Do khong dam bao duogc xac dinh dua trén sai lI¢ch gitra tin hi€u dugc udc
luong va tin hi¢u tron [14].

/,Lkm =

(8)
3.2. Lan truyén d$ khong dam bio

Gia tri uoc lugng X ., va do khong dam bao hay phuong sai 4, can dugc lan
truyén dén mién dac trung va sau dé st dung boi bo giai ma cia ASR. Chung toi

su dung thudt toan dugc dé xuat trong [15] dé lan truyén do khong dam bao cia
pho bién do vao mién MFCC.

% 1A Mel LOG CEPS
- !"I'k]'n Ml !'ij jm jm
PIX,_ IV, ) | Fierbank | 198 [ DCT [—?C0lVscr
km km_ | ] Filterbank Ve 1og LOG CEPS e
A TSA e
- Esadm Zii'm i Ziim

Hinh 1. So d6 khéi lan truyén dé khéng dam bdo cho ddc trung MFCC/15].

Hinh 1 trinh bay cac budc thuc hién viée lan truyén d6 khong dam bao tir mién
phd qua mién MFCC. DPau vao cia qua trinh lan truyén 1a mat do phan bo xéc suat
hau nghiém cta pho bién do tiéng néi sach |X,,| khi biét ¥, , dugc gia thiét 1a

phan bo Rice véi ude lugng 1a X, va phuong sai la 4, . Pau ra cta qua trinh lan

truyén la ham mat d6 phan bd xac suat hau nghiém ctia hé s6 cepstra C,, khi biét

V.., 1a phan bd Gauss véi trung binh 1a 2" va phuong sai 1a X

m

CEPS
iim

3.2.1. Lan truyén qua STSA (Short Time Spectral Amplitude)
Trung binh cua d¢ khong ddm bao STSA dugc tinh nhu sau:

2
2 km

Véi I' 1a ham gamma va L, 1a da thirc Laguerre.
2
Néu xem xét cac hé sé Fourier cua phé tin hi¢u la doc lap théng ké thi ma tran
hi€p phuong sai cua cac h¢ sO pho trong mot khung thoi gian 1a ma tran duong
chéo, do d6 phuong sai cua d khong dam bao STSA dugc tinh

STSA 12 STSA\2
X = At X [ —(,) (10)
3.2.2. Lan truyén qua bé loc thang Mel

Khi qua J bo loc Mel, trung binh #** va hiép phuong sai = cua céc dic
trung duoc tinh:

F
Mel STSA
Hjm :ZMﬂcﬂkm (11)
k=1
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F

S = 2 M M T (12)
k=1

Vé6i 1< j,j'<J va M, 1a hé s bo loc Mel thir / tai diém tan s0 k.

3.2.3. Lan truyén qua tinh todn loga

2J+1
1 = D W, 1og(S ) (13)
i=1
LOG e LOG LOG
ij’m ~ Zz Wl '(log(Sji) —H, )'(log(Sj'i) —H, ) (14)
W ===
J+K
S _ llMEL
1 “Pm
_  MEL " MEL
S, =n +( (J+x)-Z )l_ (15)
S.s =m0 )2 )
W, =——— forie{2--J+1}
2(J + k)
Véi ky hiéu (), twong ung voi hang thiri cia ma tran va x =3—J .
3.2.4. Lan truyén qua bién déi Cosine roi rac
J
p " =D Ty (16)
j=1
CEPS L LOG
Ziw = ZZ}Z’/‘Z’]"EJ]‘M (17)

=1 J'=
v6i T 12 ma tran bién ddi cosine roi rac DCT.
3.3. Gidi ma sir dung do khong dam bio
Trong hé théng ASR su dung HMM, moi trang thai g dugc mo hinh bdi mot
ham mat do phin bd xac suit p(cm |q) ~N(¢,;#,2), ham nay nhan dwoc tir pha
huén luyén dua trén cac vec-to ddc trung c,, trich ra tr co s¢ dir liéu huén luyén
cho truéc. Trong pha nhén dang, cho mot quan sat z , can tinh likelihood

p(zm |q) . Khi tiéng néi can nhan dang sai khac véi tiéng noéi huan luyén do nhiu,

likelihood P(Zm |q) ¢6 thé dugc tinh nhu sau[7]:

p(cm |Zm)p(zm)
= c dc 18
p(z.la)=] (o) p(c,|q)de, (18)
Néu su sai khac giita ¢, va z, 1a khong 16n thi c6 thé gan diing:

p(zla)=], ple, |z )p(e.lq)de, (19)
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Néu gia thiét p(cm |Zm) - N(cm; ﬂcm,icm ) ciing 12 phan bd Gauss thi likelihood
trong (19) c6 thé duogc tinh:
p(2,]a) =N (4, 1245, ) (20)
Vi vee-to dac trung 1a MFCC, p (cm |zm ) duogc x4c dinh tir qua trinh lan truyén
d6 khong dam bao cua pho tiéng ndi nhu mo ta & muc 3.2.
4. THU NGHIEM

Pé danh gia phuong phép nhén dang tiéng néi trong moi trudng nhidu, ching
t6i xay dung mot hé théng ASR cho tiéng Viét. Cac md hinh am hoc 1a cac mo
hinh 4m ba (tri-phone) st dung HMM véi 5 trang thai, trong d6 mdi trang thai
dugc mo6 hinh bdi mo hinh tron Gauss GMM (Gaussian Mixture Model) va duogc
huan luyén tir co so dir li¢u g6m cac doan vin, cic tir roi rac va cac sé roi rac. Dir
liéu huan luyén duoc thu 4m trong moi trudng khong nhiéu, gébm tleng nodi giong
mién Béc ctia 7 nam va 5 nit. Tong so 6 16309 file thu am cac chir s6 roi rac, cac
tir roi rac, cac cau va cac doan van ngin, véi thoi luong khoang 10 gio tiéng noi.
Do thuat toan ning cao chat luong tiéng ndi va giai ma sir dung thong tin vé do
khong dam bao tac dong truc tiép vao tin hiéu va mé hinh am hoc, vi vdy, chiung
t6i xay dung hé thong nhan dang chi cac chir sd tiéng Viét. Piéu nay dé tranh anh
huong ctia mé hinh ngén ngi.

Trong thi nghiém thir nhat, co s¢ dir liéu danh gia gdbm 828 file, khoang 1 gi¢
tiéng ndi, chira cac s dién thoai dugc thu 4m trong méi trudong khong nhiéu véi
giong cta 7 nam va 5 nit, ciing 1a cac giong duoc str dung 1am co s dir liéu huan
luyén. Muc dich cua thi nghiém nay 1a dé tao két qua tham chiéu cho cac thi
nghiém dénh gia thuat toan nang cao chét luong tiéng noi va thuat toan giai ma sir
dung thong tin vé d6 khong dam bao.

Trong thi nghiém tht hai, co so dit liéu tiéng néi danh gia dugc tron voi am
thanh léy tr cac ban nhac khong 101. Ty s6 tin hiéu trén nhidu SNR duoc tron vai 3
muc khac nhau la +5dB, 0dB va -5dB.

Chung t6i sit dung cong cu cua Virtanen' cho thuat toan NMF dugc md ta trong
[16] cho hé thong nang cao chit luong tiéng néi. Co so dit lidu ding dé huan luyén
cho mé hinh NMF nhim x4c dinh ma trdin W & biéu thirc (4) gém: tiéng noi cac
doan vin duoc 1y ra tir tip huan luyén mé hinh HMM va mot doan nhac khong 10
khéac v6i doan nhac dung 1am nhiéu trong co s¢ dit liéu danh gia trong thi nghiém
tht hai. Cac tham sb dugc chon cho mé hinh NMF la: sb diém tan sb F = 960; sb
vec-to co s K = 384 trong d6 sd vec-to co s¢ cho tiéng noi 1a 256 va cho nhiéu la
128; cira s6 thoi gian 1a Hamming 60ms v&i thoi gian trugt giita hai cira s6 lién tiép
la 15ms; ham muc tiéu st dung sai khac Kullback-Leibler.

Cho hé théng ASR co so, chiing t6i str dung cong cu Hidden Markov Toolkit
3.4.1, véi vec-to dic trung 39 chidu bao gém 13 hé s6 MFCC , 13 hé s6 delta va 13
hé sb delta-delta MFCC. Mb hinh 4m hoc 12 md hinh 4m ba dugc huin luyén st
dung co s¢ dir li¢u tiéng noi sach.

! http://www.cs.tut.fi/~tuomasv/software.html
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Bang 1 trinh bay két qua cua hé thong ASR, trong d6: “Hé thdng co s6” 1a hé
thong nhan dang tleng Viét co s, voi moi trang thai cia HMM st dung 6 GMM;
NMF+ASR 1la Hé thong co s vai tin hiéu tleng néi dugc loai b nhiéu sir dung
thuat toan NMF; NMF+UP+UD_ASR 1a Hé thong co so vé6i tin hiéu tiéng noi
duoc loai bo nhiéu sit dung NMF sau d6 do khong dam bao cua tin hiéu duoc lan
truyén dén mién dic trung MFCC sir (dung thuat toan dé xudt trong[15] va bo giai
ma str dung HVite cua HTK ¢6 stra d6i do Astudillo” viét cai ddt phuong phap giai
mi voi thong tin vé do khong dam bao cua vec-to dac trung. Vi tin hiéu tiéng noi
sach, do chinh xac c6 thé dat 97,96%. Tuy nhién, khi ty s6 SNR thap, do chinh xac
giam xudng rat nhanh. Néu sir dung thuat toan NMF nang cao chét lugng tiéng noi,
d6 chinh xéc c6 thé nang cao tir 2% dén 16% tiy vao mac SNR. Néu két hop thém
thong tin vé do khong dam bao thi do chinh xac c6 thé ting thém gan 1% so véi
chi 4p dung NMF nang cao chat luong tiéng noi. Trong cic Bang 2 va Bang 3, khi
cau hinh cac trang thai cia HMM véi s6 GMM lan luot 1a 8 va 10, chiing ta ciing
c6 két qua twong tu. Két qua cua hé théng ASR c6 két hop str dung thong tin vé do
khong dam bao cua vec-to dic trung ludn cao hon so véi trudng hop hé théng ASR
chi str dung nang cao chét luong tiéng noi.

Bdng 1. Do chinh xdc nhdn dang cua hé thé'ng ASR
s dung 6 GMM cho mot trang thai HMM (%).

ﬂd SNR
HE thong ASR Sach 5 dB 0dB 5db
HE théng co s 97.06 | 87.73 705 2563
NME + ASR 9061 | 8067 | 6246
NMFE+UP+UD_ASR 9121 | 8150 | 63.39

Bdng 2. Do chinh xdc nhdn dang cua hé théng ASR
su dung 8 GMM cho mét trang thai HMM (%).

ﬂd SNR
HE thong ASR Sach 5 dB 0dB 5db
HE théng co s 9810 | 8617 | 6917 | 4306
NME + ASR 91.07 | 8043 | 6209
NMFE+UP+UD_ASR 9155 | 8162 63.8

Bdng 3. D¢ chinh xac nhan dang cua hé théng ASR
s dung 10 GMM cho mét trang thai HMM (%).

n, SNR

He thong ASR Sach 5 dB 0dB 5 dB

H2 théng co s 0814 | 8632 | 6044 | 4384

NME + ASR 9055 | 79.33 61.00

NMF+UP+UD_ASR 9136 | 80.75 62.66
5. KET LUAN

Trong bai bao nay chung toi da dé xuat udc luong do khong dam bao cua tin
hiéu nang cao chat lwong tiéng ndi sir dung NMF, sau d6, ap dung ky thuat giai ma
dira trén thong tin d6 khong dam bao va vec-to dic trung MFCC cho hé thong

? http://www.astudillo.com/ramon/research/stft-up/
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ASR. Két qua cho thiy voi viéc ap dung nang cao chét luong tiéng néi sir dung
NMF trudce khi dua vao hé théng nhén dang da nang cao dg chinh xac cia h¢ théng
1én dang ké khi ty s6 SNR thip. Bén canh d6 viéc ap dung thuat toan giai ma st
dung thong tin vé d6 khong dam bao cua vec-to dic trung ludn 1am ting d6 chinh
xac nhan dang cua hé théng. Tuy nhién, viéc tdng d0 chinh xac chua thuc su tdt.
Diéu nay cd thé do phuwong phap udc lugng d6 khong dam bao cia vec-to dic
trung chua t6t. Trong thoi gian t6i chung t61 s€ nghién ctru phuong phap udce luong
dé khong dam bao tot hon dé tir d6 c6 thé ap dung nang cao chat luong cua hé
thong nhan dang tiéng néi bén virng. Pong thoi ching t6i s& xdy dung co so dit
lidu tiéng noi 16n hon dé ting do tin cdy cua cac két qua danh gia.
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ABSTRACT

ROBUST ASR BASED ON THE NONNEGATIVE MATRIX FACTORIZATION
AND THE UNCERTAINTY-OF-OBSERVATION TECHNIQUE

In this paper, an improvement for the robustness of automatic speech
recognition (ASR) based on the nonnegative matrix factorization (NMF)
and uncertainty-of-observation technique is presented. While NMF
technique could greatly improve the robustness of ASR however the
processed signal always contains some residual noise or uncertainty. The
uncertainty could be estimated and it could be used usefully for decoding
in ASR. We evaluated this combination in the Vietnamese ASR system. The
experiment results show that our combination method can be further
improved the performance of ASR compared to NMF technique only in a
very high nonstationary noise.

Keywords: Automatic speech recognition, Nonnegative matrix factorization, Uncertainty estimation.
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