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Trong linh vuc nghien ctru vé xw ly tie'ng noi (Speech signal processing]
hién nay, vdn dé nang cao chdt Iwo'ng tleng noi mong muén trong diéu kién
moi trivong thu dm cé nhiéu tleng on va nhiéu van con rdt nhiéu khé khdn
thdch thirc, ddc biét la doi voi tru'o'ng hop thu dm don kénh (smgle-
channel) va khi tin hzeu nhiéu nén & mirc cao. Tlep cdn theo hwong dp dung
ky thudt tdch ngudn dm (source separation) dé ndng cao chdt lwong tin
hiéu tiéng néi ‘mong mué’n, bai bdo dé xudt gidi phdp két hop mé hinh thira
s6 héa ma trdn khéng adm (Nonnegative Matrix Factorization - NMF] voi
cdc rang budc thwa (sparsity constmmt) dé tdch tin hiéu tiéng ndi tir tin
hiéu thu Gm don kénh chita nhiéu moi tru'o'ng & mikc cao trong truomg hop
khong 6 dir lidu hudn luyén cho tin hiéu cdn tdch. Thi nghiém da cho thdy
thudt todn dé xudt cho két qud tdt hon so vdi cdc thudt todn dwoc céng bd
trwdre do.

© 2017 Trwdong Pai hoc Mo - Pia chit. T4t ca cic quyén dwgc bao dam.

1. M& dau

tré nén vo cung khé khan. Cac danh gia khoa hoc
uy tin trong nhitng nam gan diy (Emmanuel

Trong méi treong thu 4m thuec té, tiéng noéi
mong mudn (desired speech) thwong bi tron 1an
voi nhiéu 4m thanh khac nhw tiéng 6n méi
trwong, tiéng nhac, tiéng xe ¢, hay cac giong noi
khong mong muén Kkhic,... Con nguwoi véi kha
nang thinh giac binh thwdng qua hai tai c6 thé dé
dang dinh vi va phan tach ngu6én 4m thanh mong
mudn dé hiéu dwoc cac ndi dung ddi thoai. Tuy
nhién v&i may hoc (machine) thi cong viéc nay lai

“Tdc gid lién hé
E-mail: duongthihienthanh@humg.edu.vn

Vincent et al. 2013; Kinoshita et al. 2013; Liutkus
et al. 2017) ciling da cho thay ty 1é nhin dang
thanh cong cla cac hé thong nhan dang giong néi
hoat déng trong trong moéi trwong thuc té cé
ti€éng vong va nhiéu van con rat thip, dic biét 1a
trong truedng hgp thu am don kénh. Vi vy, nang
cao chat lwong tiéng ndi (speech enhancement)
la mot van dé nghién cru quan trong, day thach
thirc trong nhitng nam gan diy va dwgc Gng
dung rong rai trong thuc té cudc séng nhu: twong
tadc ngwoi may; thong tin lién lac; truyén thong,
truyén hinh; x& ly 4m thanh hiu ky trong giai tri,
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phim &nh; cic hé théng y té ho tro theo doi va
cham so6c nguoi bénh;... D6 1a nhitng k§ thuat
nham loai bé tiéng 6n méi trwdng va nhirng am
thanh khéng mong mudn khac (goi chung la
nhiéu) va lam cho tiéng néi mong muén tré nén
“tot” hon (Benesty, Makino, and Chen 2005).

Mot s6 phwong phdp ning cao tiéng ndi da
dwoc cong bd gin diy (Cohen 2002; Gibak Kim
and Loizou 2010) thuc hién wéc lwgng pho cia
tin hiéu nhiéu, sau d6 ding phwong phap trir phd
hodc loc tin hiéu (nhw Wiener filtering) dé loai
nhiéu. Mot s6 nhém nghién ctru khac phat trién
cac giai thuat hoc c6 giam sat (supervised), ban
giam sat (semi-supervised), hay cac kj thuat hoc
sau (deep learning) (Sun and Mysore, 2013; Chen
Ma and Ding, 2017) dé nang cao chit lwong tiéng
ndi. Cac nghién ctu trén déu st dung dir liéu
huan luyén dé hoc cac dic tinh cda tin hiéu tiéng
noi va/hoic tin hiéu nhiéu, sau d6 dung két qua
ctia bude hoc dé loc, tach tin hiéu tiéng ndi mong
muon. Nhw viy, trong trweong hop khong cé dir
liéu huan luyén t6t thi nhitng phwong phap nay
sé khong thé 4p dung dworc.

Nham gidi quyét bai todn nang cao chit
lwong tin hiéu tiéng néi trong trwong hop thu 4m
don kénh, khong xac dinh dwoc ngudi néi la ai va
am thanh nhiéu méi trudmg & dang nao (khong
c6 dir liéu huidn luyén), bai bao ti€p cin theo
hwéng st dung ki thut tach cdc nguén 4m thanh
bi tron 1an (audio source separation) véi gia thiét
coi tiéng n6i mong mudn va 4m thanh nhiéu la
hai nguén 4m cin dwoc tich roi. Cling theo
hwéng tiép cin nay, cong bd gin diy cda Sun va
nnk (Sun and Mysore 2013) da dé xuit gidi phap
str dung mo hinh thira s6 héa ma tran khong 4m
(Nonnegative Matrix Factorization - NMF) (Lee
and Seung 2001) dé xay dung mé hinh pho tong
quat cho tin hiéu tiéng noéi tir moét s6 giong nodi
khac. Nghién ctru cta El Badawy va nnk (El
Badawy, Ozerov, and Duong 2015) sttr dung mo
hinh phd téng quat dé tich mdt nguén 4m thanh
bat ky v6i sw hwong dan tir cic mau 4m thanh
cung loai dwoc thu thip tir mot cong cu tim kiém
(chdng han nhw google search). Tiép tuc khai
thac y twong do, trong bai bao nay, chung tbi dé
xuit thuit toan nang cao chat lwong tiéng noi
theo hai buérc:

- Xay dung md hinh pho téng quat cho ca
tiéng ndi va nhiéu nén mot cach doc lap tir mot sé
file Am thanh mau cung loai.

- St dung két hgp m6 hinh NMF véi cac rang
budc thwa (sparsity constraint) dé khai thac hai
md hinh phd téng quat, hwéng din qua trinh
phén tich tiéng noi va nhiéu tir hon hop mixture.

Trong thuat todn, ching t6i xdy dwng mo
hinh pho téng quat cho ca tin hiéu tiéng ndi va
nhiéu, tirc 1a chi cin thu thap cac tin hiéu cling
loai véi tin hiéu cin tich dé xdy dung mo hinh
pho cho bwéc hoc ma khong can phai c6 dir liéu
huln luyén chinh x4c. Ngoai ra chung t6i st dung
dong thoi hai nhéom rang budc thwa la block
sparsity va component sparsity theo cong thirc
chiing t6i da cong b6 nam 2015 (Duong et al,,
2015) két hop véi mod hinh NMF nham nang cao
hiéu qua wéc lwgng cac tin hiéu can tach.

2. Ap dung mé hinh NMF trong nang cao chit
lwgng tiéng noéi

D€ ning cao chit lwong tin hiéu tiéng noi
mong muon tlr tin hiéu thu &m don kénh chia
nhiéu moi trudng (goi 1a mixture), chiing tdi coi
mixture 1a tin hiéu bi tron 14n bé&i hai ngudn am:
tiéng n6i mong mudn (speech) va nhiéu (noise),
trong d6 noise c6 thé bao géom tiéng 6n moi
trwong, tiéng vong va cdc Am thanh khong mong
muon khac. Muc dich ctia bai todn la phin tach
hai tin hiéu speech va noise tir mixture ban dau.

NMF la m6 hinh dwoc dung kha phé bién
trong linh vuc x& Iy Am thanh néi chung va trong
tich ngudén 4m noéi riéng (Smaragdis, Raj, and
Shashanka 2007; Sun and Mysore 2013). Mot
cach tong quat, tin hiéu 4m thanh dwoc bién doi
tlr mién thoi gian (time domain) sang mién thoi
gian-tin sO (time-frequency domain) qua phép
bién d6i Fourier (STFT). Sau qua trinh x ly, wéc
lwong cac dic trung pho va qua trinh phan tach,
tin hiéu lai dwoc bién d6i vé mién thoi gian qua
phép bién ddi Fourier ngwoc (ISTFT).

Goi X € CF*M | S e CF*M va N € CF*M Jan
lwot 13 cdc ma trAn phtrc biu dién tin hiéu
mixture, speech va noise sau phép bién doi STFT,
F 1a s0 bin tan s6 (frequency bins), M la s6 khung
thoi gian (time frames). Cong thirc quan hé gitra
ching nhu sau:

X=S+N (D

Goi V = |X|% 1a ma tran ning lwong phd cta
tin hiéu mixture, véi | X|™ 1a ma trin c6 cac phan
ttr 13 [X]}}, m6 hinh NMF sé phan tach ma tran
khéng am V kich thuéc F X M thanh hai ma tran
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khong am W € RF*K va H € RF*Mm trong
d6 W la ma tran dac trung phé (spectral matrix)
vaHla ma trdn ma trdn kich hoat (time
activations) cta tin hiéu. K1a s6 thanh phan dac
trwng phé cua tin hiéu, thwomg dwoc chon nho
hon Fva M. Bé wéc lwong cdc ma tran W va H,
ham gia thé hién d6 sai khac gittaVva WH sé
dwoc cuc tiéu hda theo mot dd do thich hop:

L D(V|WH), (2)

Vi D(V||WH) =
Yo Yot dis(Vem||Vem), V = WH, f vam Jan
lwot 1a chi s6 tin s6 va chi s6 khung thoi gian,
dis(x|ly) = %— log%— 11a do do IS-divergence
dwoc st dung phé bién véi div liéu 4m thanh
(Févotte, Bertin, and Durrieu 2009).

Cac tham s6 W,H dwoc khdi tao gid tri
khong 4m ngiu nhién va dwgc cip nhat trong qua
trinh 13p theo quy tic cAp nhat ndi tiéng MU-rules
(Févotte, Bertin, and Durrieu 2009) theo c6ng
thitrc:

wT(wr)B-Dev)

H « H® WT(WH).(B—l) 4 (3)
(WH)B-2@v)HT
We<Wo — WH)yFDHT (4)

v6i AT 1a ma tran chuyén vi clia ma tran 4,
© la phép todn element-wise Hadamard, =0 doi
véi IS-divergence.

Ky hi¢u W(s) va Wy, lan lwgt l1a ma trén dac
trung phé cua tin hiéu tiéng néi va nhiéu. Trong
truong hop c6 dir liéu huan luyén, W va Wiy,
dwoc wéc lwong qua bwdc hudn luyén tir cac div
liéu mau twong ing. Sau d6 ma tran dic trung
phé clia hai ngudn dwgc xy dung bang cong
thitrc:

W = [Wsy, W] (5)

NMF sé c6 dinh ma tridn dic trung pho cua
tin hiéu W c6 dwoc sau pha huin luyén va wéc
lwong H bang cong thitc cAp nhat MU-rules (3), H
gom hai thanh phan H ) va Hyy la ma tran kich
hoat (time activations) twong &ng cta speech va
noise:

Sau khi wéc lwong cac thanh phan W va H,
tin hiéu speech va noise dworc xac dinh béi

cong thirc Wiener filtering:

§ =1 o, )
= W(N)H(N)
N =20 oy (8

Chi tiét cac budc cla thuit toan dwoc mo ta
trong Algorithm 1.

Algorithm 1 Supervised-NMF
separation

Require: Tin hiéu mixture, Tap dit liéu
huln luyén.

Ensure: Cac ngu6n cin tach.

BU'G'C HUAN LUYEN (TRAINING STEP)

Khéi tao ngiu nhién ma tran khong m H,

source

W.

Uéc lwong W tir tip dit liéu huidn luyén dwa
trén NMF va cong thirc cap nhit tham s6 MU-
rules (4) va (5).

BU'G'C TACH NGUON (SEPATATION STEP)

C6 dinh W va khéi tao ngiu nhién ma tran
H khong am.

Uéc lwgng H tir tin hiéu mixture, dwa trén
NMF va MU-rules.

Udc lwgng cac ngudn can tach theo cong
thirc (8) va (9).

Van dé giéi han cua thuit toan ndy 1a bat
budc phai c6 dir liéu huin luyén cho tin hiéu cin
tach, c6 nghia 1a d€ nang cao tin hiéu tiéng noi,
can str dung giong cla chinh nguwdi ndéi va dm
thanh nhiéu méi truomg cho bwdc hudn luyén,
diéu nay khong phai ltic ndo ciling dé dang dap
rng dwgc trong cac (g dung thuc té, ching han
khi nguwdi néi di chuyén dén cac moi treong khac
nhau va khi khéng xac dinh dwoc ai 1a ngudi néi.

3. Pé xuat thuat toan két hgp NMF véi cac
rang budc thwa

DE gidi quyét tinh huéng khéng c6 dir liéu
huan luyén chinh xac cho ca speech va noise,
chiing t6i dé xuit trong phan nay thuit todn ning
cao chit lwong tin hiéu tiéng néi bang cach xay
dwng mo hinh phé tong quat cho ca hai tin hiéu
speech va noise tlr mot tip dir liéu huin luyén
cung loai thu thap dwoc. Ngoai ra ching toi st
dung cong thirc két hop hai loai sparsity
constraint trong mé hinh NMF cho bwéc wéc
lwong tin hiéu speech va noise can tach. So d6
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Hinh 1. So’ do thudt todn ndng cao chdt lwong tiéng néi dé xudt.

thuit toan dworc thé hién trong Hinh 1.

3.1. Xdy dwng mé hinh phé tong qudt

T tap cac tin hiéu cung loai véi tin hiéu can
tach (chang han véi muc dich tach tin hiéu tiéng
noi tir tin hiéu thu 4m chira nhiéu moi trwong, dé
dang thu thip dwoc mét vai file tiéng néi va mot
vai file Am thanh nhiéu moéi treong bat ky dé lam
tAp mau huin luyén), ma tran dic trung phé cia
tirng mau huin luyén dwoc wéc lwong bang cach
ap dung mé hinh NMF theo cong thirc (2), (3) va
(4). )

Gia st pgvapy lan lwot la s6 lwong mau
huan luyén cho speech va noise, sau khi ma trin
dic trung phd cia trng mau huin luyén riéng
biét da dwoc wéc lwong, ma tran dic trung phd
tébng quat cia speech va noise dwoc xiy dung
theo cdng thirc sau:

WS — [M/S(l)' VVS(Z), . WS(pS)]' (9)

Wy = [W wi?, . i), (10)
Cong thirc két hop hai sparsity constraint

Cac mo hinh pho tdng quat dwoc xay dung

theo cong thirc (9) va (10) sé cé kich thuéc 16n
khi s6 lwong mau huin luyén cho cac ngudn ting
1én (ps va py lom). Tuy nhién, thwong chi c6 mot
phan kich thuéc nhé ciia mo hinh phé tong quat
chtra cac dic trung phé giong véi pho tin hiéu
can tach (Virtanen 2007; Lefevre, Bach, and
Févotte 2011). Do d6, trong pha tdch nguén am,
rang budc sparsity constraint dwgc str dung véi
muc dich tim ra nhirng tip con cia ma tran phé
tong quat W, Wy chira cac didc trung phé cua tin
hiéu nguon can tach. N6i cach khac, ma tran phd
clia tin hiéu mixture ¥V = |X|? s& dwoc phan tach
dwa trén viéc t6i wu héa ham gia sau day:

L min D(VIWH) + AQ(H) (11)

O @6 Q(H) (dwoc goi 1a penalty function) thé
hién sy &nh hwdng ctia rang budc thwa déi voi H.
Alatham s6 thé hién mirc d6 anh hwdng: néu A =
0 thi H sé khong bi anh hwéng bédi sparsity
constraint, A cang 1én thi mirc anh hwdng cang
cao.

Cac nhom nghién ctru treéc diy da dé xuit
hai penalty function twong (rng véi hai loai
rang budc thwa nhw sau:



32 Dwong Thi Hién Thanh va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 58(5), 28-35

0,(H) =35_1log(e + [Hll),  (12)
0,(H) = Th_y log (e + || ). (13)

Cong thirc (12) str dung block sparsity dwoc
nhém nghién ciru Reynolds va nnk dé xuit nam
2000 (Reynolds, Quatieri, and Dunn 2000). & @6
€1a mét hdng s6 dwong du nhé, H 4 la tap con
cia H va la ma tran activation cda block thit g.
Trong trudng hop ndy, méi block dai dién cho
mdt mAu huin luyén va G 1a téng s6 miu huin
luyén dwoc st dung (G = ps + py)- Ham penalty
sé kich hoat nhitng block chira cac dac trung
twong tw véi ngudn cin tach va cac block con lai
sé hoi tu vé gia tri. Cong thic (13) sk dung
component sparsity dwogc nhém nghién ciru
Badawy va nnk dé xuit Ian dau nam 2014 va tiép
tuc phat trién cho dén nay (El Badawy, Duong,
and Ozerov 2014; Badawy, Duong, and Ozerov
2017) v6i hyy 1a dong thir k cia H. Ham penalty
(13) sé kich hoat nhitng “dong” chira cac dac
trung twong tw véi ngudn can tach.

Xuit phat tlr nhan dinh thwong chi c6 mét
phan ctia mé hinh phé téng quat da dwoc huin
luyén tir tdp mau c6 chita cac dic trung cda tin
hiéu cin tach va cac dic trung quan trong do
thuwdmg ndm rai rac trong cac mau huin luyén
khac nhau chir khong tip trung vé mot vai mau
cu thé. Nhu viy block sparsity c6 thé bd qua
nhitng mau c6 s twong dong twong ddi it voi tin
hiéu can tach, trong khi d6 component sparsity
lai loai bé twong doi it va thudng gitr lai cd nhitng
dac tinh khéng miy twong dong vai tin hiéu cin
tach. Ngoai ra, khi W ¢6 kich thwéc 16m (khi s
lwong mau huén luyén pg + py 16m) thi téc do hoi
tu khi str dung component sparsity sé rat cham vi
doi hoi thuit toan phai duyét va xir Iy nhiéu lan
toan bd ma tran W 1én. Tir nhitng phén tich trén,
chiing t6i da dé xuit st dung két hop hai sparsity
constraint dé€ ning cao hiéu qua ctia ham penalty
theo cong thirc sau (Duong et al. 2015, 2016):

QH) = a¥5_log (e + ||H(g)||1) + (-

o) TK_log (e + [|hgo ||, ). (14)
Trong d6 « 1a trong s6 thé hién sy déng goép
clia moi thanh phan. C6 thé xem (17) 1a su tong
quat hoa cia (12) va (13).
Thuét toan dé xuit duwgc mo ta chi tiét trong
Algorithm 2, v&iH gy la ma tran c6 cung kich

thudc voi H gy, 2y 1a véc to dong cé cung kich
thuéc voi vai hy.

Algorithm 2 NMF - Proposed

Require:V,W, 1, a

Ensure: H

Khéi tao H véi cac gia tri khong &m ngiu
nhién.

V=wH

Repeat

//Tinh toan thanh phan block sparsity

Forg=1,..,Gdo

End for
T

//Tinh  todn thanh phan component
sparsity
Fork =1,..,Kdo
1
200 T
&+ [|hgo|
End for
—_[,T T 17
7 = [Z(l)’ ""Z(K)]
//Cép nhat H
wrwer—2 1
H « H@( — ( ) )'2
WTV=1+ A(aY + (1 —a)Z)
Ve<WH

Until Thoa méan diéu kién hoi tu
4. Thi nghiém va danh gia két qua

4.1. Dir liéu thir nghiém

Thi nghiém st dung bd dir liéu dwoc cung
cip bai hai website uy tin thudc linh vuc nghién
cru la International Signal Separation and
Evaluation Campaign (SiSEC) va Diverse
Environments Multichannel Acoustic Noise
Database (DEMAND), gobm tip dit liéu huan luyén
va tap dir liéu thir nghiém.

- TAp mau huin luyén speech gom 4 file
"wav" c6 do dai 10 gidy madi file, 1a giong ctia 4
ngudi gobm 2 giong nam va 2 giong nir va khong
trung véi nhitng giong néi trong dir liéu test. Tap
mAu huin luyén noise gom 5 file ".wav" c6 kich
thwée tir 5 dén 15 gidy, la 4&m thanh cuda cac loai
nhiéu moi trudmg khic nhau: kitchen sound,
waterfall, metro, field sound, -cafeteria.
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- Tap dir liéu test gobm 20 file thu 4m don
kénh 13 tin hiéu mixture ctia speech va nhiéu mai
treong véi ty 1€ tin hiéu trén nhiéu (signal-to-
distortion ratio) SNR = 0 dB, cac file cé kich
thuéc tir 5 dén 10 gidy. Cac loai nhiéu trong dit
liéu test gom: traffic + wind sound, oceanwaves,
cafeteria + guita, forest birds + car, bird song,
square,....

4.2. Phwong phdp danh gia két qua

Két qua cta thuit todn dé xuit dwgc so sanh
voi két qua cta 2 thuit toan da dwoc cong bo
truéc dé bdi Reynolds va nnk (Reynolds,
Quatieri, and Dunn 2000) va Badawy va nnk (El
Badawy, Duong, and Ozerov 2014) trén cung mot
bd dit liéu thir nghiém va cung diéu kién thi
nghiém. Trong d6 thudt todn cia Reynolds va
nnk st dung két hop NMF véi rang budc thwa
block sparsity theo cong thic (12) (goi tit 1a
"NMF block sparsity"), thuat toan ctia Badawy va
nnk st dung két hop NMF véi rang budc thwa
component sparsity theo cong thirc (13) (goi tat
la "NMF-component sparsity"). Tin hiéu speech
tach dwoc tlr ba thuat toan dworc tinh toan cac do
do SDR (Source to Distortion Ratio), SIR (Source
to Interference Ratio), SAR (Signal to Artifacts
Ratio) vé&i don vi do 1a dB. Cac do do cang lom thi
chat lwong cua tin hiéu speech tach dwoc la cang
t6t. D€ tinh toan cac do do do, chung t6i dung bo
Tool dwgc cung cip va stit dung pho bién hién nay
trong cong dong nghién ctru vé xi Iy 4m thanh la
BSS-EVAL Tools (E. Vincent, Gribonval, and
Fevotte 2006).

4.3. Cdc tham sd ctia thudt todn

Cac file Am thanh dwoc 1y mAu véi tin s6
16000Hz; s6 thanh phan dic trung phé cua
speech va noise lan lwot 1a 32 va 16; s6 buéc lap
la 100 cho ca hai pha hudn luyén va tach. Cac
tham s6 ctia nhém rang budc thwa dwoc lwa chon
t6i wu sau buéc huin luyén doi véi tirng thuit
todn IAn lwot nhw sau: A = 25 v&i "NMF block
sparsity”; A = 75 véi "NMF-component sparsity”;
A =120 va a = 0.2 cho thuit todn dé xuat "NMF
proposed”.

4.4. Két qud va thdo ludn

Két qua trung binh cta 20 tin hiéu speech
tach dwoc tir tp dir liéu test véi ba thudt toan

khac nhau dwgc thé hién trong Bang 1. C6 thé
quan sat thiy thuit toan dé xuat cho két qua tot
hon hai thuit toan trwéc dé doi voi ca ba do do
SDR, SIR va SAR. Déi véi dd do quan trong nhat la
SDR, thut toan dé xut cé gia tri trung binh cao
hon 0.3 dB va 0.5 dB so vé&i "NMF-Block sparsity”
va "NMF-Component sparsity".

Bdng 1. B§ do trung binh ctia tin hiéu tiéng ndi
sau khi tdch.

Thuat toan SDR SIR SAR

(dB) | (dB) | (dB)

NMF block 6.6 12.5 10.4
sparsity

NMF component | 6.8 12.5 10.6
sparsity

NMF proposed 7.1 12.9 10.7

Trong khi “NMF block sparsity“ bd qua hoac
gitr lai toan bd nhitng mAu c6 it dic trung twong
dbng véi tin hiéu can tach (tuy theo do 16m hay
nho cia tham sé 1), “NMF component sparsity”
lai thwong gitt lai qud nhiéu nhitng dic tinh
khong may twong dong vi tin hiéu can tach (nhw
thé hién trén hinh 2). Phuwong phap dé xuit da
khac phuc dwoc hai vin dé trén bang cach trudéc
hét loai b nhirng “block” khong twong dong véi
tin hiéu can tich, véi nhitng “block” con lai sé loai
b ti€p nhitng “component” twong Gng véi
nhitng dac tinh khéng twong dong. Chinh vi viy,
phuwong phip dé xuat cho phép wéc lwong tot
hon cac dic trung cha tin hiéu cin tach va cho két
qua tét hon d6i véi bai toan nang cao chat lwong
tin hiéu tiéng noi trong moi tredong c6 mikc nhiéu
cao.

So v&i hai thuit toan trwdce do, thuit toan dé
xudt c6 thém tham s a thé hién ty 1é anh hwdng
clia moi loai rang budc thwa d6i véi ma tran kich
hoat H. Do d6 & budc hudn luyén, sé can thi
nghiém va lwa chon a t6i wu nhit cho budéc test
va diéu nay lam ting thoi gian huln luyén cda
thuit toan. Tuy nhién v&i ciu hinh may tinh PC
pho bién hién nay va dit liéu huin luyén c6 d6 dai
khodng vai phut thi dd chénh léch thoi gian la
khéng dang ké, chi khodng vai giay.

5. Kétluin

Trong bai bao, ching t6i da trinh bay thuit
toan ap dung mo6 hinh NMF d€ ning cao chit
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lwong tin hiéu tiéng ndi tir tin hiéu thu &m don
kénh chira nhiéu theo huwéng tiép can cla
phuong phap tich cic Am thanh bi tron lan.
Thut toan d6 doi hoi phai cé dir liéu huin luyén
cho céc tin hiéu can tach. D€ gidi quyét treong
hop khong cé dir liéu huin luyén, ching t6i da dé
xuat thuit toan két hop mo hinh NMF v4i dong
thoi hai loai rang budc thwa trong qua trinh wéc
lwong tin hiéu can tach. K&t qua thi nghiém vaéi
tap dit liéu test chira cac loai nhiéu moéi trwong
khac nhau & mirc cao (SNR = 0 dB) da cho thiy
hiéu qua chia thuit toan deé xuAt.

Chiing t6i mong muon sé tiép tuc phat trién
thuit toan va két hop véi md hinh khong gian
(spatial model) dé trng dung cho trwong hop thu
am da kénh (multi-channel). Péng thoi mong
muon thr nghiém hiéu qua cta thuit toan doi voi
hé théng nhan dang tiéng noi tw dong (Automatic
Speech Recognition - ASR).
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ABSTRACT

Single-channel speech enhancement method for high-level
background noise mixture

Thanh Hien Thi Duong !, Huan Thanh Tran 2, Hang Thu Nguyen !, Hien Quang Pham 1, Lién
Kim Thi Vul
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2 Hanoi University of Industry, Hanoi City, Vietnam.

This paper focuses on using the single-channel source separation techniques to improve the quality of
the desired speech in the real-world environment where the speech signal is corrupted by high-level
background noise, and especially when there is no source-specific training data. We propose a solution
combining the Nonnegative Matrix Factorization model (NMF) with mixed group sparsity constraints to
separate the speech signal from the single - channel audio signal with high ambient noise. Experiment
result over mixtures containing different real-world noises confirms the effectiveness of the proposed

algorithm.

Keywords: speech enhancement, audio source separation, nonnegative matrix factorization, universal

spectral model, group sparsity.





