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MO PAU

1. Tong quan ve nang cao chét lugng tiéng noi

Trong thuc té c¢6 rat nhiéu tinh hudng ma tin hiéu tiéng néi thu 4m dudc bi tron 14n
v6i nhiéu nhiéu tit mdi trudng xung quanh va tiéng vong do phin xa 4m thanh mang lai
(vi du: thu am & nhiing ndi cong cong, ndi chuyén dién thoai 6 ngoai dudng, hay giao
tiép trong budi tiéc). Hinh 1 mo td mot tinh hudng rit dién hinh trong budi tiéc, noi
c6 nhiéu ngudi tham du, nhiéu cudc trdo chuyén dién ra dong thdi cling vdi tiéng nhac,
tiéng cham ly va nhiéu Am thanh dn 20 khdc. Trong diéu kién d6, con ngudi véi kha
ning thinh gidc binh thudng qua hai tai c6 thé dé dang dinh vi va phan tach tiéng néi
mong mudn dé€ nghe hiéu va xi Iy thong tin. Tuy nhién véi hoc mdy (machine learning)
thi cong viéc ndy lai tré nén vo cling khé khiin, dic biét 1a khi tin hiéu nghi 4m c6 tiéng

vong va bi tron bdi nhiéu nguon nhiéu khic nhau (nhiéu nén, cac giong néi khac.,...)
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Hinh 1: Thu 4m trong mdi trudng nhiéu

Chinh vi thé phan tach va ning cao chit lugng tiéng néi (speech separation and

enhancement) 13 vin dé quan trong trong linh vuc xi ly tin hiéu va dugc tip trung



nghién ctiu nhiéu trén thé gidi. Ching néi c6 vai trd quan trong trong nhiéu ting dung
thuc t& nhu:

- Nang cao chit lugng giao tiép qua mang vién thong (telephone, mobile phone) va
hdi nghi truyén hinh (video/audio conferencing),

- Ung dung trong céc hé théng nhan dang giong néi tu dong (Automatic Speech
Recognition - ASR) nhu diéu khién robot, diéu khién céc thiét bi bang giong néi,. . .

- Ung dung trong cac thiét bi hd trg ngudi khiém thinh bi giam kha ning nghe hiéu
(hearing aids).

- Ung dung trong budc phan tach va xi 1i 4m thanh (information retrieval) ctia cac

hé théng an ninh qudc phong, chim séc y té,. ..

1.1. Tinh hinh nghién ciru trén thé gidi

C6 nhiéu phuong phap nang cao chit lugng tiéng néi da va dang dudc nghién ciu
trén thé gi6i. Hau hét cac phuong phép sé bién ddi tin hiéu am thanh tif mién thdi gian
(time domain) sang mién tan s6 (time-frequency domain), sau d6 st dung cac dic trung
vé phd cia tin hiéu (spectral cues) cho viéc xi 1i. Ngoai dic trung vé phd thi dic trung
vé hudng (spatial cues) clia ngudn am ciing déng vai tro rit quan trong trong cac thuat
toan st dung mang microphone. C6 thé tom tit vé mot sd ky thuat nang cao chit lugng

tiéng noi dugc cong bd gan day nhu sau:

« K§ thuat loai nhiéu (Noise Cancellation): khi sit dung 1 microphone dé thu tin
hiéu. Phuong phap nay u6c lugng miic tin hiéu nhiéu (noise spectral power) trong
cac khung thdi gian (time frame) dugc x4c dinh 13 khong c6 tin hiéu tiéng néi, sau
d6 & cac khung thdi gian c6 tin hiéu tiéng néi, phd cia Am thanh dudc cic dinh
khi trit phd cia tin hiéu quan sat dugc cho phé cia tin hiéu nhiéu. Mot sb thuat
toan cd dién c6 thé ké dén 1a Spectral Substraction, Wiener filtering,... Thuat todn
tiéu biéu dang ducc st dung rong rii va dudc cong nhan cho két qua tét trong
nhiéu diéu kién nhiéu kh4c nhau c6 thé ké dén 1a thuat toan OMLSP do I. Cohen
dé xuét [9], thuat todn Wiener post-filtering loai bd nhiéu moi trudng dong déu
(diffuse noise) do nhém nghién ciiu clia trudng dai hoc Tokyo dé xuit nam 2010
[27].

Ky thuat tao chum tia Beamforming: Khi st dung tit 2 microphone tré 1én
(microphone aray) thi ngoai thong tin vé dic trung phd (spectral cues), thong
tin vé vi tri hay huéng clia ngudn 4m trong khong gian (Direction of Arrival -

DoA) c6 thé gitip ich rat 16n cho viéc xi 1i loai nhiéu va ting cudng tin hiéu
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Hinh 2: K§ thuat Beamforming [27]

mong muén. Ky thuat tao chim tia Beamforming dua vao huéng dén cda tin
hiéu ngudn 4m (DoA) va khodng céch ctia cac microphone dé thiét ké véc to
dinh hudéng (steering vector) giup tang cudng hay triét giam tin hiéu theo huéng
mong mudn. Cac thuat todn Beamforming tiéu biéu c6 thé ké dén 1a MVDR hay
McCowan [46]. Tuy nhién trong méi trudng thuc té véi nhiéu ngudn am thi viéc
udc luong chinh xdc huéng van con nhiéu han ché, dic biét khi cdc ngudn am di

chuyén so véi vi tri cia microphone.

Ky thuat tach nguon Am thanh (Audio Source Separation): Cdc thuit toan
tach ngudn am thanh thudng két hop st dung c4 thong tin vé hudng clia ngudn
Am (spatial cues) va thong tin vé dic trung phd ctia nguodn (spectral cues) trong
qua trinh phan tach. Phuong phap dudc biét dén nhiéu 12 ICA (Independent com-
ponent analysis) 4p dung dudc khi s6 microphone 16n hon s6 nguon am. Cac
phuong phap gan diy st dung cidc md hinh thong ké (statistical models) cho
phép ap dung hiéu qua va linh dong hon. Vi du, nghién ctu cua nhém Telecoms
ParisTech, Illinois, va nhém cua Adobe st dung md hinh Nonnegative Matrix
Factorization (NMF) hay PLCA d€ xt ly déc trung phd cla tin hiéu am thanh.
Nhém nghién ciu cta vién INRIA Phép phat trién mo hinh full-rank Gaussian
[59] dé xtt 1y dic trung vé vi tri trong khong gian clia ngudn cac 4m. Nhom
nghién cttu cia NTT Nhat Ban st dung mit na thdi gian-tin sd két hgp phuong
phéap Wiener dé tach nguodn [26].... Tach ngudén Am thanh dang thu hiit rit nhiéu
nghién cifu trong cic nim gan day, tuy nhién cac phuong phap cong bd van chua
dat dudc hiéu qua tot trong cic tinh hudng thu am thuc té nhu khi ngudn am thanh

khong cb dinh vi tri, mdi trudng thu Am c6 nhiéu tiéng vong (reverberation), khi



s6 luong nguodn can tach nhiéu hon sb luong microphone, hay khi khong c6 dit

liéu huan luyén cho bai toan.

« Ky thuit triét tiéu tiéng vong (Acoustic Echo Cancellation - AEC):
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Hinh 3: Ky thuat triét tiéu tiéng vong.

AEC thudng dugc st dung trong hé théng giao nghi truyén thanh/truyén hinh
khi microphone thu 14n ca tiéng ngudi néi truc tiép (goi 12 near-end signal) va
tiéng clia ngudi hdi thoai phat ra tif loa (goi 12 far-end signal). Trong trudng hop
nay ngoai viéc loai bd nhiéu tif moi trudng thong thudng thi can phai triét tiéu
tin hiéu far-end thu dugc & microphone. Thuit toan cd ban trong AEC 1a thiét
ké bo loc tuyén tinh mo6 phong dudng truyén am tif loa t6i microphone, qua dé
cho phép tinh toan udc lugng tin hiéu far-end tai microphone. Tin hiéu mong
mudn dudc tinh bang tin hiéu thuc té thu dudc trir di tin hiéu far-end wéc luong
tai microphone, va tiép tuc trif di tin hiéu nhiéu & méi trudng xung quanh. AEC
c6 thé st dung két hop vé6i cdc k¥ thudt ting cudng chét luong tiéng n6i khac dé
tao hidu qua tdng thé cao. Vi du nhém nghién cifu ctia F. Tristan dé xuét két hop
AEC v6i beamforming [34], hay nhém nghién ciiu & Israel stt dung AEC két hop
v6i ky thuat loai nhiéu (Noise Cancellation) [47].

Ky thuit giam d¢ vong (Speech Dereverberation): thudng dugc st dung véi
tin hiéu thu 4m trong diéu kién cé nhiéu phan xa tif tudng, san, tran nha. Ky
thuét nay c6 thé dudc ding nhu bude tién xit 1i d€ gitip cac thuit toan loai nhiéu,
udc lugng huéng tin hiéu, tich 4am hay AEC cho két qua tét hon. Gan diy, nhém
nghién ciiu clia tip doan Hitachi Nhat Ban da dé xuat két hop dong thoi ky thuat
Speech Dereverberation va triét tiéu tiéng vong (AEC) trén cting mot thuét toan

d€ nang cao hiéu qué ting cudng chét lugng tiéng néi [29].

4



C6 thé thiy trong s6 cic phuong phdp nang cao chét lugng tiéng ndi néu trén, tich
nguodn am thanh 13 k¥ thuét c¢6 thé 4p dung trong nhiéu diéu kién khac nhau, do c6 thé
két hop dong thdi hoic st dung riéng ré cac phuong phap xt ly thong tin phd va thong
tin khong gian cda tin hiéu [43, 58, 76]. Chinh vi thé, dy 12 phuong phap dugc nhém

nghién citu lya chon gidi quyét vin dé dit ra ctia dé tai.

1.2. Tinh hinh nghién ciru trong nudc

Cung véi su phat trién clia cong nghé thong tin va truyén thong, nhan thic dugc
tAm quan trong clia viéc nghién ctiu va ting dung cong nghé xit ly tiéng néi trong doi
séng, tu khoang hon chuc nam vé trudc, nhiéu t§ chic, vién nghién cuu, truong dai hoc
trong nudc da tién hanh dau tu nghién citu cho linh vuc nay. Tuy nhién cdc don vi nay
chii yéu tap trung vao cic bai toan: nhan dang tiéng néi, tdng hop tiéng néi, phan tich
ngit 4m hoc [70, 71]. Bai todn vé phan tich am thanh cling da dudc nghién cifu trong
nudc, chi yéu thong qua cidc nhém nghién ciu tai cic trudng dai hoc. Pay 1 bai toan
quan trong thudng dudc thuc hién nham ning cao chit lugng tin hiéu am thanh/tiéng
né6i thu duge bdi may tinh, trude khi tiép tuc sit dung cc k¥ thuat xi ly tiéng néi khic
nhu nhan dang tiéng n6i, nhan dang 4m thanh, v.v. C6 thé ké t6i cac nhém nghién ciiu
sau:

Nhém nghién cifu ctia tic gid Truong Tan Quang, Trusng PH Khoa hoc tu nhién,
DHQG-HCM thuc hién cdc nghién ciiu tich nguén mu 4p dung cho am thanh, st
dung phuong phap théng ké dua trén phan tich thanh phan doc 1ap ICA (Independent
Component Analysis) gom hai budc: uc lugng ma tran lai tron va phan tach nguon
[62]. Nhom di c6 thit nghiém dénh gia viéc tich Am thanh trong trudng hop sb tin hiéu
nguodn can udc lugng 16n hon sd cam bién microphone (con goi 1a trudng hop under-
determined). Thuc nghiém dudc thuc hién gdm phan tiach 3 ngudn am 12 3 giong néi
doc 1ap hoic 2 giong néi va 1 tin hiéu 4m nhac. Két qua phan tach 1a tuong d6i tét tuy
nhién phuong phap ICA vén con c6 ton tai d6 12 yéu ciu nhiéu diéu kién rang budc nhu
céc thanh phan doc 1ap dudc xem 14 doc 1ap thong ké va c6 phan bb phi Gauss, ma trin
lai tron l1a ma tran vudng v.v.

Mot cong trinh nghién ciiu khac nita c6 thé ké dén 1a clia tic gia Vuong Hoang Nam,
trusng DH Bach Khoa Ha Noi [81]. Trong cong trinh niy, m6 hinh tich nguén mu dudc
nghién ctiu véi gia thiét s6 ngudn tin hiéu bang s6 sensor thu nhin la microphones.
Nhin chung cong trinh van chii yéu dua trén viéc st dung phuong phap ICA va thuat
toan Fast-ICA, Fast-ICA phic va dé xuit thém mot thuit toan DOAP st dung két hop

gbc t6i ctia ngudn Am va bai toan phan viéc d& hd trg viéc phan tach. Céac thuat toan



dugc chi ra c6 thé 4p dung cho phan tach 4m thanh va ting dung dudc trong nhiéu linh
vuc khac nita. Cong trinh nghién cttu di dugc md rong phat trién thanh dé tai NCKH
cip Bo vé ting dung gidi thuat mi vao linh vuc anh vién tham, hoic xt ly phan tich cic
tin hiéu y sinh hoc.

Mot nhom nghién ctiu cling theo dudi linh vuc bai todn nay 1a nhém nghién ciiu
cua tac gid Nguyén Linh Trung. Trong d6 bai toan xt 1y phan tach tin hiéu dang séng
am tif cdc ngudn khong 6n dinh, va ciing 4p dung cho trudng hop cé nhiéu ngudén am
hon ngudn thu nhan. Gidi thuat duge dung dua trén phan bd thdi gian tan s trén mién
khong gian (spatial time-frequency distributions) k&t hop véi cac phép chiéu chia nhé
khong gian (subspace projection) [40]. Nghién ctiu nay sau d6 dude mé rong sang phan
tach ngudn tin hiéu dién nio d6 EEG trong viéc phat hién cic con dong kinh & ngudi
bénh [69].

C6 thé thiy bai toan phan tich ngudn 4m thanh da dudc nghién ciiu trong nudc, tuy
nhién cdc nhém nghién ctiu van diing lai & viéc thi nghiém nhd 1& cic phuong phép
c6 dién nhu ICA, TFD, v.v. ma chua cé nhiing nghién cifu ting dung céc ky thuat khai
ph4 dit liéu tién tién hién nay nhu phan tach ma trin khong am (NMF) hay mang roron
(DNN). Hon nita, cac nghién ctiu trong nuéc mdi chi ding lai ¢ muc thit nghiém trén
dit liéu mo phéng trong diéu kién it nhifu va tiéng vong ma chua tinh dén cac thach

thtc trong mdi trudng thu am thuc té.

1.3. Tinh cAp thiét ctia dé tai

Nhiing phan tich trén cho thdy phan tach va nang cao chit lugng tiéng néi 1a van
dé c6 vai tro hét stic quan trong va dugc ting dung trugc tiép trong nhiéu hé thong
phuc vu ddi sdng ctia con ngudi. Cic danh gid khoa hoc uy tin nhitng nim gan day
[4, 43, 55, 75] ciing cho thdy két qui phan tach tiéng néi trong cic trudng hop kho
khin nhu: tin hiéu c6 ty 1& nhiéu cao (SN R <= 0dB) va khong c6 dit liéu huin luyén
van con rat thip (SDR < 6dB). Bén canh d6, cdc nghién ctiu trong nudc vé vin dé
nay méi chi tién hanh vé6i nhitng k¥ thuat ¢d dién va thi nghiém trén nhitng bo dit liéu
md phong chit chua thit nghiém véi dit liéu thu 4m trong moi trudng thuc cé ty 1& nhiéu
cao.

Chinh vi thé viéc nghién cifu, dé xuit mot thuit todn phan tach tin hiéu tiéng néi
dat hiéu qua tdt hon nhiing thuat todn da cong bd trén thé gidi trong diéu kién tin hiéu

thu 4m thuc chiia nhidu & miic cao 1a rit can thiét va c6 tinh ting dung thuc tién cao.



2. Muc tiéu va cach tiép can cua de tai

* Muc tiéu nghién ciru:
Muc tiéu ctia dé tai 1a nghién ctiu phat trién thuat toan tach tiéng néi tir tin hiéu
thu 4m c6 nhiéu & miic cao. Thuét todn phai c6 dong gép mdi vé hoc thuat va dat
hiéu qua phan tich cao hon nhiing thuit todn da cong b trén thé gidi trong cling

diéu kién thi nghiém.

e Céach tiép can cua deé tai:
Deé tai tiép can theo géc do: xuat phat tif nghién ctiu Iy thuyét, tit d6 luc chon ky
thuét dé cai tién va phat trién thuit todn, tién hanh thuc nghiém d€ dua ra nhiing
két luan va dinh huéng ting dung.
Theo céch tiép can d6, nhém nghién ctiu da tim hiéu cac k¥ thuat phan tich am
thanh khéc nhau va nhan thiy:
- Céc k¥ thuat tdch ngudén mu cho két qua con rat han ché.
- C4c phuong phap tach ngudn c6 dit liéu huin luyén, hay cé nhiing thong tin
huéng dan cu thé vé ngudn Am nhu tach tiéng néi khi da biét ndi vin ban (speech
transcript),... cho két qtia kha tot. Tuy nhién trong rat nhiéu trudng hop, dit liéu
huén luyén hay nhiing thong tin cu thé d6 1a khong c6 sin.
Chinh vi thé, nhém nghién ciu da tiép can theo hudng "weakly-informed" dé xay
dung thuit toan tach ngudén Am thanh. Thuit toan sit dung thong tin hudng din
rit chung chung vé loai cia ngudn Am (nhu tiéng néi, tiéng nhac hay nhiéu moi

truong,...) d€ huéng dan qua trinh phan tach.

3. Phuong phap, doi tugng va pham vi nghién ciru

¢ Phuong phap nghién ciu:

- Nghién citu Iy thuyét: Nghién citu va phan tich cac phuong phép, cic cong trinh

nghién ctu lién quan dé€ dé xuit thut toan phu hop véi ting dung ctia dé tai.

- Thuc nghiém: Thuit todn dé xuit dudc cai dit va chay thit nghiém trén bd di

liéu thuc d€ danh gia két qua va tdi vu héa cac tham sb.

« Doi tuong nghién ciu:



- Nghién cttu k¥ thuat tich ngudén Am thanh st dung md hinh Nonnegative Matrix
Factorization (NMF).

- Nghién ctfu cic dic trung phd cia tin hiéu tiéng néi va am thanh nhiéu trong
mdi truong thuc.

* Pham vi nghién cuu:

- Tap trung nghién ctiu phuong phdp tach tin hiéu tiéng néi (speech) trong diéu
kién khong c6 day du dit liéu hun luyén cho ca hai trudng hop thu 4m don kénh

va da kénh.

- Nghién ctiu céc dic tinh cla tiéng noi, cac loai 4m thanh nhiéu moi trudng va

su phan xa am thanh.

4. Noi dung nghién ciru

+ Noi dung 1: Nghién ciu tong quan: Nghién ctiu cdc phuong phéap phan tich,
nang cao chat luogng tiéng ndi, phan tich vu nhugc diém clia cic két qui nghién

ctu da cong bo li€n quan den de tai.

 Noi dung 2: Pé xuét thuit todn méi phan tich tiéng néi tif tin hiéu chita nhiéu
trong d6 phan tich rd nhitng dong gép vé hoc thuat clia thuat toan dé xuit. Biéu
dién thuit todn bang so d6 khdi, thé hién rd cac diéu kién rang budc vé dit liéu

va cac budc xu ly phan tach.

+ Noi dung 3: Xay dung bd dif liéu dé thi nghiém va danh gid két qua ctia thuat
toan dé xuat. Tim hiéu bd cong cu (tools) ddnh gid chit luong clia tin hiéu tiéng
né6i sau khi phan tach (bo cong cu hién dang dudc cong dong nghién ciiu trén thé

gi6i vé linh vuc cong nhan va st dung rong rii).

 Noi dung 4: Cai dit thuat toan phan tach tiéng néi mong mudn tir tin hiéu thu
am goém nhiéu 4m thanh khac nhau bi tron 1an. Chay th nghiém, t6i uu héa cac
tham sd, so sanh két qua ctia thuat toan dé xuét véi cac phuong phap khac dugc

cong bd gan day trén thé gidi, danh gia va cong bd két qua.



CHUONG 1
TONG QUAN VE TACH NGUON AM THANH

1.1 Mo hinh tong quat ctia bai toan tich nguon am
thanh

V6i muc dich nang cao chét lugng nguodn tiéng néi mong mudn trong tin hiéu thu
am c6 chita nhiéu nén, tiéng vong va cac 4m thanh khéc, k¥ thuat tich ngudén Am thanh
(audio source separation) xem xét tiéng n6i mong mudn 1a mot trong sd nhitng nguodn
am can tach tif tin hiéu tron (mixture). Ty theo tiing tinh hudng cu thé ma nhiéu va cic
tin hiéu 4m thanh khéc (goi chung 12 nhiéu) dugc xem xét nhu 1a mot hay nhiéu nguon
am can tach.

Tach ngudn 4m thanh 12 k§ thuét phan tach nhitng Am thanh mong muén tii tin hiéu
thu Am bi tron 14n bdi nhiéu Am thanh khac nhau [19, 42, 46, 49, 58]. Bai toan tich
nguodn am thanh téng quat dugc mo t nhu sau:

Muc dich ctia tach nguon Am thanh 14 khéi phuc nhitng 4m thanh thanh phan (goi la
nguon dm) ti tin hiéu chiia cdc Am thanh bi tron 14n (goi 1a tin hiéu tron (mixture)) don
kénh hoiic da kénh. Cac hé théng tach ngudn Am thanh thudng udc luong cic nguodn
thanh phan trong mién thdi gian - tan sd (T-F), c6 thé ding mot trong hai hodc c hai
mo hinh sau: (1) md hinh phd spectral model ma héa va khai thac thong tin vé dic
trung phd ctia Am thanh, (2) mo hinh khong gian spatial model ma héa va khai thac
thong tin vé khong gian. Sau qua trinh udc lugng, cac Am thanh thanh phan dudc bién
d6i vé mién thdi gian qua phép bién ddi Fourier ngugc (ISTFT).

Gia st tin hiéu tron tf J ngudn am dugc thu am bdi I microphone, v6i j €

{1,2,...,J} la chi s6 cia ngudén am va i € {1,2,...,1} la chi s6 ctia microphone.
Tin hiéu trdn x(t) = [z1(t),...,x;(t)]T € R duge bi€u dién theo cong thic sau
[46]:

x(t) = ch(t), (1.1)

voi ¢;(t) = [c1; (), ...,z ()" € R 1a tin hiéu thu dugc tai cdc microphone cla

nguon thy j, dudc goi la spatial image ctia ngudn j, .7 1a phép toan chuyén vi clia véc
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Hinh 1.1: Hé thdng tach ngudn 4m thanh.

to hodc ma tran, t € {0, 1,..., T — 1} la chi s6 khung thdi gian va T 1a do dai thdi gian
ctia tin hiéu. Cong thiic (1.1) trong mién thdi gian - tan s6 (sau phép bién d6i Fourier

STFT) dugc viét nhu sau:
7
x(n, f) = ¢;(n, f) (1.3)
=1

véi c;(n, f) € CP vax(n, f) € CP! 1a biéu dién trong mién T-F tuong dng cla
c;(t) vax(t). n = 1,2,.., N la chi s6 khung thdi gian va f = 1,2, ..., F biéu dién sd
bin tan sd. Muc tiéu ctia hé théng tich ngudén am thanh 1a khéi phuc J tin hiéu ngudn
thanh phan s;(t) (original source)hodc khoi phuc tin hiéu ngudn khong gian (spatial

images) c;(t) tu tin hiéu tron / kénh x(t).

1.2 Khai quat vé cac k¥ thuét tich nguon am thanh

Bit dau bing phuong phdp tich ngudén mu (blind -source separation) vao giiia
nhitng ndm 90 [7], c4c nghién cdu vé tach ngudn 4m thanh da lién tuc phat trién cho
dén nay st dung nhiéu phuong phdp khic nhau, v6i nhiéu kich ban tng dung thuc té
khéc nhau nhu: ting dung trong nhan dang giong néi tu dong, chinh sita am nhac, truy
van va phat hién thong tin 4m thanh trong cdc hé théng chim séc y té, hé thong an
ninh,. .. Céc phuong phap tich ngudén am thanh da dudc nghién ciu & nhiéu diéu kién
ngit canh va mifc do phic tap khiac nhau va dudc phan loai theo nhiéu tiéu chi khic
nhau dua trén diéu kién thu Am va cdc thong tin c6 thé khai thic trong qu4 trinh phan

tach.

10



1.2.1 Mot s6 khai niém co ban trong tach nguon Am thanh

* Moi trudng thu 4m hay céch tao ra tin hiéu tron 13 vAn dé anh hudng truc tiép dén
viéc lua chon phuong phap tach ngudén 4m, moi trudng thu 4m dudc chia thanh ba loai

nhu sau:

(a) Anechoic room (b) Reverberant room

Hinh 1.2: Céc loai méi truong thu am thuc.

Anechoic Reverberant

Hinh 1.3: Hinh anh minh hoa méi trudng thu am thyc.

- Instantaneous: Céc tin hiéu thanh phan dugc tron truc tiép véi nhau bang cach
cong bién dd tin hidu theo bo trong sb ty 1 nao d6. Tin hiéu tao ra bing cich nay sé
khong c6 dd tré vé thoi gian va diy 1a trudng hop don gian nhét cho cac thuét toan phan
tach tin hiéu.

- Anechoic 1a nhitng mdi trudng khong c¢6 phan xa am thanh, vi du nhu khi thu am
trong phong thu hay ngoai moi trudng khong gian rong khong cé vat chan 4m. Trong
diéu kién dé, tin hiéu thu dugc c6 do tré vé thdi gian nhung hau nhu khong c6 tiéng

vong va viéc tach ngudn am sé trd nén dé dang hon.
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- Reverberant la moi truong thu am thuc c6 phan xa am, nhu khi thu am trong
phong, nha thd, hay cdc dia diém cong cong. Khi d6 4m thanh thu dugc sé viia ¢6 do
tré thoi gian, vita bao gdbm phan xa am (tiéng vong) va doi hdi cic thuat toan tich ngudn

phai xtt 1y loai bo am thanh phan xa do6.

=qa,;8 ta,s, ++ ay;S).

= Qy 8y t azs; + o+ ays;.

x, = Zan(r]sl(t— )+ + Zau(r)s;(t -17)

T

x, = Zau(r)sl(t— ) + - +Zﬂ:j(r)s.,(t— )

T

Hinh 1.4: Tin hiéu thu 4m trong moi truéng ¢ va khong c¢6 phan xa am.

* Phan loai theo tuong quan giita s6 ngudn 4m va sé6 microphone sé& c6 ba trudng
hop tuong tng sau:

- Overdetermined 12 trudng hop s6 lugng microphone 16n hon sé nguén am. Céc
thuat todn hién nay di c6 te=hé cho két qua phan tach kh4 tét trong trudng hop nay.

- Determined i trudng hop s6 lugng microphone bang s6 ngudn am.

- Underdetermined la trudng hop s6 lugng microphone nhé hon s6 ngudn am. Day
1a trudng hop con rt nhiéu khé khiin thach thiic cho cong dong tach ngudn Am thanh.

Ngoai ra, khi chi ding mot microphone dé thu 4m ta sé c6 tin hiéu don kénh (single-
channel). Tin hiéu da kénh (multichannel) c6 dugc khi dung tu hai microphone trd 1€n

dé thu am.
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1.2.2 Céc k¥ thuét tach nguon am thanh

Hinh 1.2 12 biic tranh minh hoa su phat trién ctia cic phuong phap tich ngudn am
thanh trén thé gidi trong hon hai thap ky qua [76]. Cac phuong phdp phan tich dudc
thuc hién dua trén viéc mo hinh héa va khai thac cic dic tinh khong gian ctia ngudn
Am va moi trudng thu Am (spatial cues) (12 mdi quan hé giita cic kénh theo thdi gian)
va/hoic cdc dic tinh phd clia ngudn am (spectral cues), tiic 12 su phan phdi ning luong

phé clia cdc nguodn theo thdi gian va tan sb.

Microphone  epic mil gt Adaptation
array Ao ng v FO0m a{oust_l-:'s MG'F'E'-I FE'-rE‘C”Uﬂ
) ' ) timatio
processing everberation M
solirce locg xing Guided audio
Blind saurce o Spatial condition €
separation ﬂé.“l.'\l"e m}fl . . wideh mﬂdels source Sﬂpal‘ﬂlm
overdetermineg T BT sponiny  diverily in real-life condition
Etermin non priTd R
mixtures Stationarip 5'[1':'“'“:““ L sratistica ols (including under-
persistence Source mod determined case)
ha .
Independent TManicity temporal _
Compoment dependencies U$Er.mterav:.han
Analysis Multimodality

Hinh 1.5: M hinh t8ng quan vé lich st phat trién céc ky thuat tich ngudn 4m thanh.

Céc phuong phdp tach nguodn khai thac dic tinh khong gian st dung mang micro-
phone véi gia dinh cic ngudn c6 hudng dén khic nhau so véi cdc microphone. Cac
nhém nghién ciu theo huéng khai thic dic tinh khong gian clia ngudén 4m va moi
trudng thu 4m nay dua trén cdc k¥ thuat nhu: dinh vi ngudn am (source localization)
[22]; phan tich su chénh 1&ch vé thdi gian dén (Interchannel Time Difference - ITD) va
chénh l&ch vé cudng d6 tin hiéu (Interchannel Intensity Difference IID) dén céc micro-
phone [6, 57] (vi du trong hinh 1.6) Mot sd nghién ctfu khiac ma héa va uéc lugng mod
hinh khong gian ctia moi trudng thu Am bing mot ma tran bac 1 (rank-1) trong mién
tan sd v6i gia dinh bing hep [65, 84]. Nghién citu clia Nikunen va cdc cong su cong bd
nim 2014 [51] st dung ma tran hiép phuong sai bac day dd full-rank Gaussian dé biéu
dién moi trudng thu 4m c6 phan xa am.

Céc nghién ctiu cho thiy trong sd cac k¥ thuét néu trén, s dung ITD/IID hay mo
hinh rank-1 1a giai phap phu hgp khi mdi truong thu am khong cé phan xa am (trong
phong thu), nhung v6i méi trudng thu am thuc ¢6 d6 phan xa am cao (trong phong hop,

13
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Hinh 1.6: Chénh 1éch cutng do cua 2 tin hiéu tai 2 microphone trong moéi trudng khong

phan xa.

nha thd, noi cong cong,...) thi cdc phuong phap nay cho két qua rat han ché. M6 hinh
full-rank Gaussian c6 d9 phiic tap tinh todn cao hon nhung 1a m6 hinh khéi quat ¢6 thé
biéu dién dugc moi trudng thu Am thuc ¢ phan xa am.

Nhém phuong phdp phan tich dua trén thong tin phd khai thac tinh chat da dang
ctia phé tin hiéu véi nhitng gia dinh rang budc khac nhau. Phuong phap phan tich céc
thanh phﬁn ddc 1ap (independent component analysis - ICA) [50, 82], hay phan cum
trong mién tan s6 (T-F components clustering) [41] gia dinh cac tin hiéu nguodn 1a cic
thanh phan ddc 14p v6i nhau. V6i gia dinh ning luong phd cta cic ngudn am cé su
phan bb x4c suét dic biét, mot s6 nghién citu sit dung mo hinh Gaussian d&€ ma hoéa va
udc lugng phan bd ning luong phd clia céc nguf}n am [7].

Céc phuong phép dua trén dic tinh khong gian cho két qui tuong dbi tét trong
trudng hop sd ngudn am it hon hoic bang s6 microphone (over-determined/determined)
nhung cho két qua rit kém trong trudng hop s6 ngudén Am nhiéu hon sé microphone
(under-determined). Ching ciing rat khé phan biét cdc ngudn am khi ching c6 vi tri
gan nhau va c6 ciing huéng dén microphones. Phuong phdp tach ngudn dua trén thong
tin v& phd cho phép phan tach trong trudng hop under-determined va khi cic ngudn cé
cung huéng dén. Tuy nhién dbi v6i nhitng ngudn am c6 dic trung phd tuong dbi gidng
nhau thi két qua dat dudc sé khong tot.

Trong nhitng nim gan diy, nhiéu md hinh va thuit todn phiic tap hon di dudc
nghién ctu phat trién theo huéng st dung tich hgp mo hinh khoéng gian va mo hinh
phd [23, 52, 86], st dung dif liéu huin luyén 16n [52], hay st dung cac thong tin

huéng dan cu thé vé ngudn am (tach am nhac khi da biét ban nhac, tich tiéng néi khi
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biét ban transcript,...) va diéu kién clia moi trudng thu Am dé& nang cao hiéu qua tach

ngudn [35, 57]. Cac nghién ctiu st dung k¥ thuat hoc sau DNNs [8, 52, 83], hay st

dung phuong phép thita s6 hda ma tran khong am (Nonnegative Matrix Factorization -

NMF) véi céc rang budc céi tién [32, 35] da cho két qua tbt hon ciac phuong phép cd

dién.

Knowledge

Blind
Indepandant component analysis

Supervised, weakly-informed

“a.g., speaker's gender |5 known’,

Separation
quality

Hinh 1.7: Tir tich ngudén mu dén tach nguodn c6 hudng dan [76].
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Hinh 1.8: Tt tich ngudn mu dén tach ngudn c6 huéng dan [5].

Tuy nhién viéc st dung DNNs doi héi mot lugng dit liéu huin luyén 16n ciing nhu

chi phi tinh toan 16n. Trong khi d6, st dung NMF c6 thé giai quyét dudc bai todn phan
tach trong trudng hop thiéu di liéu huin luyén. NMF ciing thé hién dudc uu thé so véi

phuong phap hoc sau vé tdc do tinh todn va sy tudng minh trong viéc md ta qua trinh
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phan tich tin hiéu. Ngoai ra, cdc danh gid uy tin cong b6 gan day [19, 58] ciing cho
thdy, két qua phan tich ngudn am ctia nhiing phuong phap hién nay van con rat thip
trong nhiing trudng hop kho khin thach thic nhu: khong c6 dit liéu huén luyén hoic dit
liéu huén luyén rat han ché, khi cac ngudén am di chuyén, khi thu Am don kénh (khong
khai thac dudc thong tin vé dic tinh khong gian clia moi trudng thu 4m).

Chinh vi thé, nhém nghién ctu lua chon mo hinh NMF dé€ xay dung thuit toan
phan tach tiéng néi tir tin hiéu thu 4m trong moi triing thuc c6 mic nhiéu cao. Thuit
toan xay dung c6 thé thuc hién tich ngudn am ngay ca khi khong c6 sin dit liéu huin

luyén cho tin hiéu can phan tach.
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CHUONG 2
PHAN TACH TIENG NOI SU DUNG MO HINH
NONNEGATIVE MATRIX FACTORIZATION

2.1 Dit van dé

Trong linh vuc nghién citu vé xi 1y 4m thanh hién nay, vin dé phan tach nham nang
cao chat luong tiéng néi mong mudn (speech enhancement) trong diéu kién thu am
trong moi trudng thuc té cé nhiéu tiéng on va nhiéu van con rat nhiéu kho khin thach
thiic. Déc biét 1a khi tin hiéu tron chida nhiéu (noise) & muc cao, vi du khi ty 1€ nhiéu
cao hon hoic bang tin hiéu tiéng néi mong mudén (SNR <= 0dB). Bén canh d6 két
qua phan tich ciing con rét thap trong trudng hop thu don kénh (single-channel) vi khi
do khong khai thac dude thong tin khong gian trong qua trinh phan tach [30, 74].

Déi véi vin dé nang cao chit luong tiéng ndi néi riéng, trong moi trudng thu Am
thuc té, tin hiéu tiéng néi (speech) thudng bi tron 14n v6i nhiéu tif moi trudng xung
quanh va nhiéu 4m thanh khong mong mudn khac nhu tiéng nhac, tiéng xe co trén
dudng,...Nhiém vu ctia speech enhancement 14 can loai bd céc tin hiéu nhiéu va nhiing
am thanh khong mong muén, 1am cho tin hiéu tiéng ndi tré nén tot hon [4, 74]. Speech
enhancement c6 vai tro rat quan trong va dugc dng dung truc tiép trong cic ting dung
truyén thong (commutication), xt ly 4m thanh hau ky trong truyén hinh, phim anh
(sound post-production), va trong diéu khién r6 bbt (robotics). D€ nang cao hiéu qua
ctia hé thdng nhan dang tiéng néi tu dong (automatic speech recognition -ASR) trong
moi trudng c6 nhiéu, thuit todn speech enhancement thudng dudc két hop st dung dé
loai b nhiéu trudc khi nhan dang [3, 30].

Tiép can speech enhancement theo hudng source separation, tiéng néi (speech) va
nhiéu (noise) dudc coi 1a hai ngudn khac nhau can dugc tach tit tin hiéu thua am [46].
Trong phan nay, nhém nghién cifu tip trung gidi quyét bai todn phan tach tiéng néi
trong trudng hop thu 4m don kénh va khong c6 dit liéu huin luyén chinh xéc cho cic
nguodn can tach. Lién quan dén bai toan dit ra, mot s6 nghién ctiu mdéi day da dé xuét

huén luyén va dua ra md hinh phd tdng quat cho tin hiéu tiéng néi (universal speech

17



model) ddi vé6i trudng hop khong chi c6 dit liéu huin luyén cho nhiéu ma khong c6 dit
liéu huén luyén chinh xac cho tiéng néi [68], hodic xdy dung mo hinh phd téng quat cho
ca tin hiéu tiéng no6i va nhiéu trong trudng hop khong c6 dit liéu huin luyén chinh xic
cho ca hai tif cdc mau tin hiéu tiéng néi va nhiéu khac nhau thu thap dudc (tim kiém
dit liéu huin luyén tuong tu tir Internet cho céc loai tin hiéu khac nhau) [? ]. Tuy nhién
nhitng cong b ké trén chi 4p dung mo hinh Nonnegative Matrix Factorization (NMF)
co ban, hoic sit dung NMF vé6i mot diéu kién rang budc thua don 18. Trong nghién ctiu
ctia minh, chiing toi giSi thiéu vé mo hinh 4ap dung NMF dé€ nang cao chit luong tiéng
né6i, d& xuat phuong phap két hgp mo hinh NMF véi hai nhém rang budc thua (sparsity
contraint) d€ nang cao hiéu qua tach tin hiéu tiéng néi mong mudn trong trudng hop

khong c6 dit liéu huan luyén chinh xéc cho céc tin hiéu can tach (unsupervised).

2.2 Tong quan vé NMF

NMF 1a ky thuat giam sb chiéu ctia ma trin thudng dudc dung trong phan tich dit
liéu khong am c6 kich thudc 16n. NMF dudc st dung phd bién tit sau cong bd ca tién
cong thiic cap nhat tham sb clia Lee va Seung nam 1999 [36, 37]. Nhung thuat toan gbc
vGi té€n goi nonnegative rank factorization [28] va positive matrix factorization [61] da
xuét hién tit trudc d6 20 nim. Cho dén nay, NMF dudc st dung rong ndi trong nhiéu
linh vuc khac nhau nhu tin sinh hoc (bioinformatics) [39], xtt ly anh [64], nhan dang
anh [24], xt Iy am thanh va tiéng néi [14, 48],. ..

C6 nhiéu tai liéu mo ta rat chi tiét vé mo hinh NMF va cic van dé lién quan, c6 thé
ké dén 12 [85, 87]. Trong phan nay, nhém nghién ctiu sé trinh bay mot s6 ndi dung co
ban vé NMF: k¥ thuat d6 1a gi va dudc 4p dung nhu thé nao trong x{ 1y va phan tach

tin hi€u am thanh.

2.2.1 NMF la gi?

Gia st cho ma tran dau vao V € ]Ri *N'¢6 kich thude F' x N chita cc phan ti
khong 4m, NMF sé& phan tich ma trAn V thanh hai ma tran thanh phan W va H sao
cho WH xép xi bang V theo cong thiic udc luong sau [37]:

V ~ WH, @2.1)

trong d6 W € RI*® va H € RE*Y ciing 1a cdc ma tran khong am c6 kich thude

tuong ing la F' x K va K x N.

18



Céac nghién ciu cho thiy mot Iuong dit liéu du rat 16n nhung néu c6 cing ngudn
gbc thi dit lidu d6 s& chi gdm mot sb lugng nhod céac dic tinh co s3, con goi 13 thanh
phan gbc hay véc to co s. Vi du giong ndi cia mbi ngudi, am thanh phat ra ciia moi
nhac cu sé c6 cdc dic trung riéng, mot biic dnh cé thé dudc tdi hién bang mot tap véc
td di€ém xac dinh, . ... T nhan dinh d6, ¢ thé dung NMF trong céc bai todn phan tich
dit liéu da bién theo cach sau: Tir mot tip cac véc to dit lidu da bién n chiéu, cac véc to
la cac cot cua ma trdn V kich thuée ' x N, v6i F' 1a cac thudc tinh dac trung cua du
liéu, N 1a kich thuéc dit liéu dau vio. NMF sé phan tach V thanh hai ma trdin W kich
thuéc F' x K vama tran H kich thuéc K x N nhu mo ta trong hinh 2.1, trong d6 K la
s6 véc td co s&. Thong thudng K dudc chon sao cho nhé hon F va N [18, 37], do d6
W va H c6 kich thuéc nhé hon nhiéu ma trin ban dau V.

Cong thiic (2.1) dudc viét dusi dang véc to thanh v ~ Wh, véi v va h 12 s6 cot clia
V va H. Néi cach khac, mdi véc to v dudc xdc dinh bdi t& hop tuyén tinh clia cic véc
to cot ctia W véi trong s6 14 véc to h. Nhu vy, W dudc coi 12 ma trin tir dién chiia cic
véc to dic trung ctia dif liéu dau vao cn phan tich, H 12 ma trin trong sb, cho biét xéc
suAt xuat hién cdc thanh phan dic trung trong tin hiéu dau vao tai mdi thoi diém. Dit
liéu dau vao kich thude 16n c6 thé duge bidu dién bsi sb luong it cac vecto dic trung,
do d6 phép phan tich NMF sé dat két qua tot khi véc to dic trung dudc chon di dé mo
ta day di cc diic trung cda dit liéu.

Tém lai, NMF nham muc dich tim ra cac yéu t6 dai dién co ban khong am c6 thé
dudc st dung d€ trich xut cac dic trung cia dif liéu, nham giam kich thudc va loai bd
thong tin du thua trong di li€u.

. V(FxN) ~ W(FXK) X H(wa)

o O
®
.
°
.
@]
O

> B > E O
o O PO PO
O o0 0 o 0 00

o O O O 0 00
O Ol O | oo

OO m O m oo
T SO S -

O

Hinh 2.1: M0 hinh phén tach NMF [13].
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2.2.2 Ham gia

Qua trinh phan tach ma tran V thanh W va H mong mudn uéc luong dudc cic ma
tran thanh phan sao cho cong thic (2.1) c¢6 d6 xip xi gan ding t6t nhat c6 thé. Qua
trinh udc lugng dugc thuc hién bang thuét toan ldp va cip nhat lién tuc céc tham sb

nham cyc tiéu ham gia sau [16]:

min_ D(V|WH), 2.2)

H>0,W>0
trong d6 D(V||WH) 1a ham gia xac dinh d sai khic giita V va WH. Ky hiéu V =
WH, ham gi4 dugc viét thanh

=1 n=1

Trong cong thic (2.3), d(x||y) 1a ham xac dinh do 1éch hay do sai khac gitta = va

y. C6 nhiéu do do khac nhau dugc dung tuy theo diéu kién 4p dung va dic tinh cta dit
liéu, c6 thé diing do do Euclidean (EUC) [60], do do KullBack-Leibler (KL divergence)
[37], hay do do Itakura-Saito (IS divergence) [16]. Cac dd do d6 c6 cong thic tinh nhu

sau:

e EUC distance:

1
dpvc(zlly) = 5@ —y)*. 24)
* KL divergence:
x
dir(z|y) = xlog(;) —x—y. (2.5)
* IS divergence:
dis(xlly) = = —log(=) 1 2.6)
Yy)=—— — ) — 1. .
15 ” ”

Tuy theo dic diém clia dit liéu ma cdc thuat todn Iya chon do do khac nhau, din
dén cdc ham gia va cong thiic cip nhat tham sb trong mdi budc 1ip sé khdc nhau. Cic
nghién citu [16, 19, 67] da chi ra rang do do IS divergence 1a lua chon phu hgp nhit
dbi véi dit liéu Am thanh.

2.3 Phan tach tiéng noéi dua trén mé hinh NMF

2.3.1 Phan tich diic trung phé cta Am thanh

NMF di dudc st dung rong rai d€ phan tdch ngudén Am c6 giam sat dua trén thong

tin phé ctia tin hiéu. Theo d6, tin hiéu &m thanh tit mién thdi gian x(¢) dudc bién ddi

20



sang mién tan s6 nhd phép bién ddi Fourier (STFT). Ning lugng phd ctia tin hiéu trong
mién tin s6 dudc dudc tinh toan va biéu dién bang ma tran khong am V. NMF coi
ma tran V 12 su két hdp clia ma tran phS co s W va ma tran kich hoat H duéi dang
V = WH. Cic c6t ctia W 1a cic véc td phd co sd, biéu dién su phan bd ning luong
phd theo tan sb, cac am thanh khac nhau sé& c6 dic di€m phan bd khac nhau do d6 ma
tran phd co s6 clia chiing sé khac nhau. Céc hang trong H cho biét ty 1& két hop cua
cic phd cd sd theo thdi gian. Goi K, F va N sb ludng phd co sd, s6 bin tan sb va kich
thudc dit liéu (s6 luong mau theo thdi gian), md hinh NMF don gian véi hai véc to phd
6 sd dugc bi€u thi trong Hinh. 2.2 [33]. Trong vi du nay, hai véc to phd cd s6 dai dién
cho hai dic trung phan bd ning lugng phd khac nhau tao thanh ma tran tit dién W.

Observed matrix Basis matrix Activation matrix
(Power spectrogram) (Spectral Basis)  (Time-varying gain)
V = |X]? ~ W H
o |
STFT H i ‘
QPP s ey [ 1[5 R F g < =
Audio signal N
Amplitude :
N K

Hinh 2.2: M6 hinh NMF trich chon dic trung phé ctia 4m thanh (K = 2).

S6 luong phd co sé K dudc chon anh hudng truc tiép dén hiéu qua phan tich céc
dic tinh phd ctia tin hiéu. Néu K 16n, cdc dic tinh phd c¢6 thé dudc md hinh héa mot
cach chi tiét, nhung viéc udc tinh tham s s& doi hoi chi phi thdi gian cao hon. Ngudc
lai, néu K qud nho, mot s6 dic tinh quan trong ctia 4m thanh cin dugc md hinh héa c6
thé sé bi bo sét. Do d6, viéc Iua chon K 12 rat quan trong va né phu thudc vao tiing loai
am thanh khac nhau. Trong dé tai, chiing toi thiét 1ap tham s6 nay dua theo céc tai liéu
uy tin da dugc cong bd [19, 67, 86], chiing tdi chon K = 32 dbi vdi tiéng néi, K = 16

ddi v6i am thanh nhiéu méi trudng va K = 25 d6i véi Am nhac (music).

2.3.2 NMF-based audio source separation

Nhiéu nghién ciu trong linh vuc xt ly tin hiéu 4m thanh da x& dung md hinh NMF
dé phan tich Am thanh trong céc tinh huéng va diéu kién khéc nhau [15, 66, 68]. Ching

tdi xem xét bai todn tach tin hiéu tron thanh hai thanh phan: tiéng néi mong mudn
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(speech) va nhiéu (noise). Luu y rang 4m thanh nhiéu c6 thé gébm nhiéu 4m thanh
thanh phan, nhiéu ciing c¢6 thé chiia cdc giong néi khéc.

Mot cach khdi quat, md hinh phan tidch 4m thanh 1am viéc véi tin hiéu trong mién
thoi gian- tan sd sau phép bién di Short-Time Fourier Transform (STFT) va gom c6

hai pha nhu trong Hinh. 2.3:

- Pha huén luyén (1): uéc lugng cac dic trung phd clia tin hiéu tif cdc miu huin
luyén,
- Pha tach (2): Tach céc tin hiéu tiéng néi va nhiéu ti tin hiéu mixture theo "hudng

din" tif c4c dic trung phd da dudc huin luyén trong budc (1).

TRAINING PHASE

Speech
example |S|2 Ws
] STRT NMF

Noise
example [N |2 W
— STFT NMF

Enhanced
speech

ISTFT ——>

Noisy
mixture V=|x|? Wiener
STFT NMF filtering

)

\

Hinh 2.3: M hinh tch tiéng néi va nhiéu theo thuét toan Supervised-NMF.

Goi X € CI*M 5, € C*M va S, € C™M lan lugt la cac ma tran bi€u dién tin
hiéu mixture, speech va noise sau phép bién ddi STFT trén mién sb thuc, trong d6 F
12 s6 bin tan s (frequency bins) va M 1a sb khung thdi gian (time frames). Cong thiic
quan hé gitta ching nhu sau:

X =85, +8S,. (2.7)

Goi V = |X]? 1a ma tran ndng lugng phd cla tin hiéu mixture (power spectro-
gram), v6i | X|” 1a ma trin véi cdc phan tii 1a [X]?. Khi d6 NMF sé phan tich ma tran
khong am V kich thu6c F x M thanh hai ma trin khong 4m thanh phan W € RF*X va
H ¢ RE*M | K thudng dudc chon sao cho nhd hon F va M. D€ uée luong cic ma tran
thanh phan, d6 sai khic gitta V va WH sé dudc cuc tiéu héa theo do do IS-divergence
[15].

Viéc phan tach cdc ma tran dugc thuc hién theo tiéu chi cuc tiu ham gia 2.2 véi diéu
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kién rang buoc W, H > 0 [15]. Trong d6 D(V||V) = Z}ll M dis(V il Vim)s
V = WH, f va m lan luct 1 chi s bin tan s (frequency bin) va chi s6 khung thdi
gian 1y miu (time frame). Cac tham s6 @ = {W, H} thudng dudc khdi tao véi cac gid
tri khong 4m ngiu nhién va dudc cip nhat trong titng budc lip bang quy tic cip nhit
multiplicative update (MU rules) [15] theo cong thic sau:

W7 (WH) >0 V)

H—HOoO W (W) (2.8)
=2 T
W« Wao (WH) © V) H (2.9)
(WH) 'HT

v6i AT 1a ma tran chuyén vi cia ma trdn A, ® 12 phép element-wise Hadamard.

Thuat toan NMF udc luong hai ma tran thanh phan W and H tit ma trin dau vao
V dudc mo ta trong Algorithm 1. Dau vao clia thut todn 1a ma tran V va sd lugng phd
co s& K. Tham sb 3 quy dinh do do dung cho ham gid: 3 = 0 tuong tGing v6i do do

IS-divergence, 3 = 1 1a KL-divergence, niter 1a sb vong lip ctia thuat todn.

Ky hiéu W, vd W, 1an lugt 12 ma trdn dic trung phd cia tin hiéu tiéng néi va
nhiéu. Trong trudng hop hoc ¢6 hudng dan (supervised), W, vd W, dugc udc ludng
qua budc huin luyén tif cc dif liéu miu tuong ng. Sau dé ma tran phd ctia hai ngudn

W dudc xdy dung bang cong thiic
W = [W;, Wy (2.10)

Trong pha test (speech enhancement process), NMF sé c¢6 dinh ma tran dic trung phd
clia tin hiéu W, va udc lugng ma tran time activation H bang cong thiic cap nhat MU-
rule theo cong thiic (2.8), va H ciing 12 ma trdn gdm hai phan tuong tng véi hai ngudn
can tach
H = [HT, HI", (2.11)

trong d6 H; va H, 1a cdc ma tran kich hoat tuong ng cta tin hiéu tiéng néi va
nhiéu, A7 12 ma tran chuyén vi clla ma trin A.

MO hinh hoat dong cia NMF trong budc phan tach tin hiéu tron thanh hai 4m thanh
thanh phan dugc mo ta trong Hinh 2.4.
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Algorithm 1 NMF algorithm

Require: V, K, 3, niter.
Ensure: W, H.
// Parameters initialization
Initialize H®, W(® randomly with nonnegative values
t=0;
V « WOHO
// Parameters estimation
repeat
t=t+1
//Update W
W W0 <W—1?X{)Tm>
//Update H®
HeHo (Yo )
V +~ WH
until convergence
return W, H

Algorithm 2 Baseline NMF-based audio source separation algorithm
Require:

Mixture signal x(t)
Training data of all source {s;(¢)},j =1:J
Ensure: : Source images ¢, () separated from x(t)
//ITRAINING PHASE
for;=1,..,Jdo
- Estimating the spectral basis matrix W for j-th source from training example
s;(t) by Algorithm 1

end for
W = [Wl,...,WJ]
//ISEPARATION PHASE

- Initialize the nonnegative matrix H
- Estimating H from mixture signal x(¢) by Algorithm 1 (W is fixed).
- Estimating S,N by Wiener filtering (2.13)

A

§(t) = ISTFT(S)
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Mixture Spectral Temporal

spectrogram patterns activations

9
Q
= ~ —
G- e
v
=+ H= [Hl; Hz]

time

V W = [W, W]

Source 1 model Source 2 model
= Hiq + H>

W1 W2

Hinh 2.4: M6 hinh NMF phén tich tin hiéu am thanh.

Sau khi udc Iugng céac thanh phan @ = {W, H}, tin hiéu speech va noise dugc tinh
bdi cong thiic Wiener filtering nhu sau:

5 - WoHq

Si = X 2.12
T Twa O 12

5, - WeHp

S, = X. 2.13
2= "wn @19

Cubi cung céc tin hiéu speech va noise tidch dudc sé dugc chuyén sang mién thdi gian
(time domain) bang phép bién ddi STFT ngudc (inverse STFT). Thuit todn dugc mo ta
nhu trong Algorithm 2.

Thuét toan néu trén udc luong cac thanh phan theo quy tic cip nhat tham sé MU
rules véi su huéng dan ctia ma tran dic trung phd W da dudc hoc trudc tir dit liéu huin
luyén. Thuit toan sé& cho két qua tot khi c6 dif liéu huén luyén, tuy nhién trong trudng
hop khong c6 dit liéu huin luyén thi két qua phan tach ngudn dat dugc 1a rat thiap. Diéu
nay dudc thé hién trong cic két qua thi nghiém trong chuong 4.

2.4 Kétluan

Chuong nay gidi thiéu vé NMF, ky thuat dudc st dung rong rai trong van dé xi ly

dit liéu da chiéu néi chung ciing nhu trong linh vuc x Iy Am thanh néi riéng. Ching
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t6i ciing trinh bdy mo hinh phan tich dic trung phd 4m thanh bang NMF, thuit toan
tach ngudn Am thanh dua trén NMF va coi d6 1a thuat todn co s& dé phat trién nghién
ctfu cia minh. Trong chuong sau, chiing tdi sé dé xut thuat toan tich ngudn don kénh
st dung NMF két hop véi diéu kién rang budc thua giai quyét bai todn tach tiéng néi
trong diéu kién thong tin huéng dan it (weakly-informed).
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CHUONG 3
THUAT TOAN PHAN TACH TIENG NOI KET HGP MO HINH
THUA SO HOA MA TRAN KHONG AM VOI RANG BUOC
THUA

3.1 PDit van de

Nhiing cong bd gan day vé tach ngudn am cho thiy thuat toan tich ngudn mi, hoan
toan khong dung dit liéu huin luyén hay cac thong tin phu trg huéng din phan tich,
cho két qua chua du tot d€ dua vao dng dung thuc té. C4c thuit toan st dung dit lidu
huén luyén chinh xdc cho cic ngudn can tach, vi du nhu thuat toan Supervised-NMF
dugc trinh bay trong phan 2.3, hoiic dung cac thong tin huéng din cu thé (nhu tiach
am nhac khi biét truSc ban nhac, tach tiéng néi khi biét ban transcript,...) cho két qua
phan tach tot hon [44, 53, 55]. Tuy nhién trong nhiéu tinh hudng thuc té, di liéu huin
luyén hay nhiing thong tin chinh x4c d6 thudng khong c6 sdn. Vi du, hé thdng nhan
dang giong néi can hoat dong trong nhiéu moi trudng khac nhau, do d6 tin hiéu nhiéu
va/hodc giong noi s€ khong xac dinh.

Hudng tiép can st dung thong tin hudng din yéu (weakly-informed) 12 mot giai
phép hiéu qua nham nang cao hiéu qua tach ngudn am trong tinh hudng thiéu vang dit
liéu huén luyén. Trong nghién ctiu ctia minh, ching tdi chi cAn biét cic tin hiéu can
tach thudc loai Am thanh gi (nhu tiéng néi, Am nhac, hay nhiéu mdi truong,...) dé€ tim
kiém nhitng mAu 4m thanh cung loai lam dif liéu huin luyén. S6 luong miu huin luyén
cho méi loai tin hiéu chiing toi thif nghiém 1a tir 3 dén 5 mdu, kich thuéc méi mau 1a
rit nhé tir 5 dén 10 gidy. TAp mau huin luyén d6 dudc dung dé€ xay dung ma trin phd
tong quat GSSM (General Source Spectral Model) ctia cic ngudn thanh phan, sau d6
GSSM dugc dung dé huéng din qua trinh phan tach.

Cu thé trong chuong 3, nhém nghién ciiu trinh by cach xiy dung mo6 hinh phd
tong quat GSSM cho tin hiéu speech and noise trong phan 3.2. Sau d6 gidi thiéu vé hai
sparsity constraint cho tin hiéu 4m thanh da dudc cong bd trong cic nghién ctiu gan
day [11, 63, 68] trong phan 3.3. Cubi ciing nhém nghién citu dé xuét phuong phap két
hop hai sparsity constraint d6 trong mot mo hinh duy nhit dé két hop véi NMF uéc
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lugng tham s6 H trong phan 3.4. Trong phan nay, nhém nghién ctiu ciing xay dung hai

mo hinh thuit toan cho hai tinh hubng:

- Unsupervised: khong c¢6 dit liéu huin luyén chinh x4c cho speech va noise, khi d6
mo hinh phd tdng quat ciia ca speech va noise sé dugc xay dung bang cach hoc tif cac

mau speech va noise "tuong tu" thu thap dudc.

- Semi-supervised: chi c6 dit liéu huin luyén chinh xac cho speech va khong c6 dit
liéu huén luyén chinh xac cho noise, khi d6 md hinh phd tdng quét ctia noise dudc xiy

dung tu céc tin hi€u noise tuong tu thu thap dudc.

Chi y ring trong ca hai tinh hudng néu trén, cic mo hinh phd tdng quat dugc xay
dung tit mot tip hop nhiéu tin hiéu cling loai nhung khéc véi tin hiéu can tach. Vi du,
mo hinh phé cho speech dudc xay dung biang cach dung 3 file speech (2 giong nif va
1 giong nam) trong pha hu4n luyén nhung cac giong néi nay déu khac giong néi can
tach, tuong tu c6 thé dung 5 file tin hiéu nhiéu moéi truong khac nhau dé huén luyén mo

hinh phd tdng quét ctia tin hiéu nhiéu va chiing ciing khic véi tin hiéu nhiéu can tach.

3.2 Xay dung mé hinh pho tong quat GSSM

Tir thong tin da biét vé loai ngudn can phan tach, ching t6i thu thiap cac miu huin
luyén cung loai (c6 thé dé dang thu thap dugc tir cac kho dit liéu dudc cung cip mién
phi). Vi du, tich tiéng néi bi tron 14n v6i Am thanh nhiéu moi trudng, chiing toi thu thap
3 file tiéng néi, 4 file am thanh nhiéu khéac nhau, moi file dai khoang tir 5 dén 10 gidy
1am dit liéu huin luyén. C4c budc ctia thuit todn dé xuit dugc mo ta trong hinh 3.3: (1)
hoc ma tran phé tdng quit GSSM tif cic mau huin luyén bdi NMF, (2) phan tach cac
ngudn thanh phan tir tin hiéu tron qua qua trinh uéc lugng H bang mod hinh NMF hét
hop v6i ham rang budc thua.

Ky kiéu V% va V¥ 1an lugt 1a ma trdn phd ctia mau huin luyén speech thi p va
noise thi q. V& va V% dugc dung d€ huin luyén mé hinh dic trung phd W, and
W?N) qua NMF theo cong thiic (2.1)):
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min D(VgHW’(’S)H’ZS)), (3.1

P P
H(S)ZO,W(S)ZO

min D(Vy ||W((JN)H((]N))7 (3.2)

q q
H(n)20,W ()20

3 dé Hf ) va H‘(IN) 1a cac ma trin time activation.

Sau khi u6c lugng cdc thanh phan Wg) va W, theo tap dit liu mau véi s6 lugng
mau speech 1ap = 1, ..., P, s6 luong mau noise 12 ¢ = 1, ..., Q, md hinh phd tdng quat

cua speech va noise dugc xay dung nhu sau:

Ws =W, ..., Wiy (3.3)
Wy =Wy, ..., Wiy . (3.4)

Trong thi nghiém, nhém nghién cifu da thuc hién vé6i dif liéu huan luyén gdm mot
s6 giong nam va nit khac nhau (vi du P = 3), vA mot s6 loai nhiéu mdi trudng nhu
tiéng gio, tiéng On trong quan ca phé, Am thanh dudng phd, tiéng séng bién, ...(vi du
Q =D5).

Céch xay dung ma tran phé tdng quat GSSM tlf cac mau thu thip dudc md ta trong
hinh. Ref fig: ¢3-GSSM.

3.3 Cacrang buoc thua Block sparsity va Copmponent
sparsity

Céc md hinh phd tdng quat Wy va Wy dudce xdy dung theo cong thiic (3.3) va
(3.4) sé c6 kich thudc 16n khi s6 lugng miu huin luyén cho céc nguon ting 1én. Trong
ma trin 16n d6 thudng chi c6 mot phan kich thude nhd chifa cac dic trung phd gidng
v6i phé tin hiéu can tach. Chinh vi ly do d6, trong pha tach cdc ngudn am tif ma trin
phé ctia tin hiéu mixture, rang budc sparsity constraint dudc st dung v6i muc dich tim
ra nhiing tdp con ctia ma trin phd tong quat W = [Wg, W] c6 chia cic dic trung
phd cta tin hiéu ngudn can tach [25, 38, 80]. N6i cach khic, ma trin phd clia tin hiéu
mixture V = |X|? sé dugc phan tach dia trén viéc t6i uu héa ham gid sau déy:

min D(V|WH) + AQ(H) (3.5)

H>0
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Hinh 3.1: Céch x4y dung mo hinh phd tong quat GSSM.

¢ d6 Q(H) (dugc goi la penalty function) 12 ham thé€ hién sparsity constraint trén ma
tran H, ) 14 tham s6 thé hién sy 4nh hudng nhiéu hay it ctia sparsity constraint (dugc
goi la trade-off parameter). Khi A = 0, H khong bi anh hudng bdi sparsity constraint
va hinh anh cua ma trin H nhu trong hinh Fig. 3.2a.

Céc nghién ciu dudc cong bd gan day trong linh tdch ngudn Am thanh da xem xét hai

penalty functions tuong ting v6i hai nhom rang budc thua sau:

3.3.1 Block sparsity

Dé loai bd nhitng mau huin luyén khong quan trong la nhitng phan khong chiia céac
dic trung phé tuong tu nhu nhiing dic trung ctia ngudn can tach, ham rang budc thua
tuong ting véi block sparsity da dugc dé xuét nhu sau [63]:

G
Q1 (H) = log(e + [[Hy)lh), (3.6)
g=1

v6i H, la tap con clia H va la ma tran activation cda block thi g, G 1a tdng sd cdc
block, € 1a mot hang s6 duong nhé. Trong trudng hdp nay, mdi block dai dién cho mot
mau huén luyén va G 1a tdng s6 mau huin luyén dudc st dung (G = P + Q). Ham
penalty sé kich hoat nhitng block chifa cc dic trung tuong tu véi ngudn can tich va
cac block con lai s& hdi tu vé 0 nhu quan st thdy trong Hinh. 3.2b.
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(c) (d)

Hinh 3.2: Hinh anh cta ma tran activation H: (a) NMF khong dung sparsity constraint,
(b) NMF véi block sparsity (3.6), (c¢) NMF véi component sparsity (3.7), va (d) Két
hop block sparsity va component sparsity (3.8).

3.3.2 Component sparsity

Ham rang budc thua thif hai da dudc nghién ctiu va dé xuét tuong ing véi compo-
nent sparsity:
K
Q(H) =) log(e+ [heh), (3.7)
k=1
6 d6 h,, 1a dong thu k& cua ma tran H. Theo tai liéu [11], thay vi kich hoat ca block,
ham penalty €25 (H) chi lya chon kich hoat hodc khong kich hoat tiing component tuong

ting vdi ting véc té "dong" trong W. Hinh anh ctia ma tran H khi ap dung component
sparsity nhu trong Hinh. 3.2c¢).

3.4 Dé xuit cong thitc rang budc thua két hop

Xuét phat tif nhan dinh thudng chi c6 mét phan ctia md hinh phd téng quat GSSM

c6 chifa cic dic trung ctia tin hiéu cin tich va cic dic trung quan trong d6 thudng nam
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rai rac trong cac mau huin luyén khic nhau chi khong tip trung vé mdt vai mau cu
thé. Nhu viy block sparsity c6 thé bé qua nhitng mau c6 su tuong dong tuong ddi it vi
tin hiéu can tach, trong khi d6 component sparsity lai loai bo tuong ddi it va thudng gitt
lai ca nhiing dic tinh khong may tuong dong vdi tin hiéu can tich. Ngoai ra, khi GSSM
c6 kich thuée 16n (khi s6 lugng miu huén luyén cho cdc nguodn 16n va sb ngudn ting)
thi téc do hoi tu khi sit dung component sparsity sé rat chim vi doi hdi thut toan phai
duyét va xi ly nhiéu 1an toan bd ma tran GSSM 16n. Tir nhiing phan tich d6, dé nang
cao hiéu qua ctia cac ham penalty (3.6) va (3.7), nhém nghién ctiu da dé xuét phuong
phép két hop hai sparsity dudc trinh bay trong phan 3.3 va dp dung d€ giai quyét van
dé dudc dit ra trong chuyén dé 12 nang cao chét lugng tiéng néi trong diéu kién thu Am
c6 nhiéu mdi trudng.

Cong thiic két hop dudc dé xuét nhu sau [10]:

G K
Qpew(H) = a Y log(e + [[Hgl[1) + (1 —a) Y log(e + |[hg[ly),  (3.8)
g=1 k=1
v6i o 12 trong s6 thé hién su dong gop ctia mdi thanh phan.

C6 thé xem (3.8) 1a su tdng quat héa ctia (3.6) va (3.7), khi a = 1, (3.8) tucng
duong véi (3.6) va khi a = 0, (3.8) tuong duong véi (3.7). Hinh. 3.2d 1a hinh anh cua
ma tran kich hoat H sau khi 4p dung ham rang budc thua (3.8). C6 thé quan sat thay
khi d6 mot vai block hdi tu vé 0 do 4nh hudng ctia thanh phan thif nhét trong (3.8). Véi
nhitng block con lai, mot vai dong (components) ciing hoi tu vé 0 do anh hudng ctia

thanh phan thy hai trong (3.8).

3.5 Xay dung mo hinh thuat toan
DE t6i wu héa cac tham s6 NMF trong cong thic (3.5) v6i ham rang budc thua (3.8)

dé xuit, chiing toi dung cong thiic cAp nhat tham s6 MU-rules trong cic budc lip.

3.6 Thuét toan dé xuét cho truong hop Weakly-informed

Trong phan nay ching t6i xay dung thuat todn cho tinh huéng ning cao chit lugng
tiéng n6i khi khong c6 dit liéu huén luyén chinh xdc cho ca tiéng néi va nhiéu nhu da

néu trong phan 2.1:
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Trong tinh huéng khong c6 dit liéu huin luyén chinh xéc cho ca speech va noise,
khi d6 & budc huin luyén, mo hinh phd tdng quét ctia speech va noise can dugc xiy
dung bang cach ap dung moé hinh NMF trén tap dif liéu huin luyén cung loai thu thap
dudc (gia st gdm P mau speech va Q mau noise khac nhau). Trong budc phan tich,
thuat toan NMF két hop véi rang budc thua dé xuat dudc st dung dé udc lugng ma tran
kich hoat H. Md hinh thuit todn dudc thé hién trong Hinh 3.3.

TRAINING PHASE Ny
1t speech 2 .
example |S(l) | W_{q'l) STFT
—> STFT > NMF I
Speech P‘“.;;;eech 2 — @ ()
oxamples | example |s®)] FpWs W, .. W] V= |Xx|?
———> STFT > NMF | — l
w
= w NMFwith group
1% noise |N(13|'2 W = [Ws, Wyl sparsity constraint
example qul) x
—> STFT > NMF ~|_. W, H
Y
2 :
Qt noise |N(Q)| W = [w(l)’ .,W(Q)] Wiener
examples | example _,—’ N ¥ filtering
—>{ STFT > NMF
w® s
.
ISTFT
Enhanced
speech

Hinh 3.3: M6 hinh thuit todn UnSupervised-NMF phan tich tiéng néi va nhiéu st dung
két hop md hinh NMF vé6i nhém rang budc thua dé xuét.

Thuét toan dudc md ta chi tiét trong Algorithm 3, & d6 Y (4 1a ma trdn c6 cung kich

thude v6i Hy), z;, 1a véc té dong co cung kich thudc véi véi hy,.

3.7 Thuét toan dé xuét cho trudng hop Semi-supervised

Trong nhiéu trudng hop thuc té, tin hiéu speech can tach 1a x4c dinh dugc (Vi du
nhu trong diéu khién ro bét, nha thong minh,... da xac dinh ngudi dung). Khi d6 da
c6 dit liéu huén luyén chinh xdc cho tin hiéu speech, cong thiic (3.1) va (3.3) dudc ap
dung trong trudng hop nay véi P = 1. O buée huin luyén chi can xay dung mé hinh

phd téng quat cho tin hiéu noise dua trén tp gdm  dit liéu huin luyén cing loai thu

33



Algorithm 3 Unsupervised-NMF with mixed sparsity-inducing penalty

Require: V, W, \ «
Ensure: H
Khdi tao H véi céc gid tri khong 4m ngau nhién
V =WH
repeat
// Tinh todn thanh phan block sparsity-inducing penalty
forg=1,...Gdo
Yg) <
end for
Y = [Ya), . ,Y{G)]T
// Tinh todn thanh phan component sparsity-inducing penalty
fork=1,..., K do

Zj <

1
e+[[Heg 1

1
e+|[hy|l
end for

Z =z, .. . z%]"
/I Cap nhat ma tran activation H

1
wT(vev—?) 2
HeHO (WT(V-*1)+A(aY+(1—a)Z)>
V +—~ WH

until Thoa man diéu kién hoi tu
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thap dudc theo cong thiic (3.2) va (3.4). Trong budc tach thuat toan NMF két hop véi
cong thiic rang budc thua dé xuat chi dugc sit dung d€ udc luong phan ma tran activate
H ) tuong ting véi tin hiéu noise. Ma trén kich hoat cua tin hiéu tiéng néi dugc cap
nhat theo cong thic MU-rules thong thuong 2.8 trong chuong 2. M6 hinh thuat toan
dudc thé hién trong Hinh 3.4.

TRAINING PROCESS

Example of |N(1) |.2 W(l)
15t noise
» STFT NMF 7‘

Noise

— @ ®)
Wy = W3R, - W]

examples ‘75
; — STFT » NMF |—
xample o % )
Pt noise |N(P)| W(N)
Speech » STFT > NMF | —
example
.2 h 4 ~
Noisy V= |X]| NMF with group Wiener | $
mixture STFT sparsity constraint filtering ISTFT

SPEECH ENHANCEMENT PROCESS

Hinh 3.4: M6 hinh t4ch tiéng néi va nhiéu theo thuat todn SemiSupervised-NMF két

hop v6i mixed sparsity constraints.

Thuat todn dugc mo ta chi tiét trong Algorithm 4, & d6 Y ) 1a ma trin ¢4 cing kich
thudc voi Hy), z 1a véc to dong c6 cung kich thude véi véi hy.

3.8 Kétluan

Trong chuong nay, ching tdi da tip trung nghién ciiu cich 4p dung NMF két hop
v6i cac nhém rang budc thua trong nang cao chit ludng tiéng néi. Xay dung md hinh
thuat toan giai quyét tinh hudng tach cdc ngudén am thanh tif tin hiéu tron khong c6
dit liéu huin luyén. Nhom nghién ciu di dé xuét cong thic két hop hai rang budc
thua dudc cong bd gan day 1a block sparsity va component sparsity trong qud trinh uéc
lugng ma tran kich hoat ctia cidc ngudn 4m can tach, dong thsi xay dung thut toan cho
hai trudng hop: khong c6 dit liéu huin luyén va c6 dit liéu hun luyén cho mot loai tin
hiéu. Trong chuong sau, chiing toi s& md ta bo dit lidu thi nghiém, cch danh gid két

qua ciing nhu dua ra cdc két qua thi nghiém clia cc thuat todn da xay dung.
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Algorithm 4 SemiSupervised-NMF with mixed sparsity-inducing penalty

Require: V, W), W(g), A,
Ensure: Hg), H(y)
Khéi tao Hs), Hn) v6i cdc gid tri khong am ngau nhién, H = [H{g), H/\ |
V = WH, v6i W = [Wg), W ()] ¢b dinh
repeat
// Tinh todn thanh phan block sparsity-inducing penalty
forg=1,...Gdo

Y ¢ —2—
@

end for

Y = [Y], .. YT

// Tinh toan thanh phan component sparsity-inducing penalty
fork=1,..., K do
1

Zj & —
ety
end for
_ 1, T T
Z=|z,...,725]

/I Cap nhat ma tran activation H

WT (v—2®v)
His) + His) © %

WT (v—2®v) .
()
Hy) < Hw © (WT (V-1)+,\(aY+(1—a)Z))

. )
V «— WH

until théa man diéu kién hoi tu

S
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CHUONG 4
THU NGHIEM VA PANH GIA KET QUA

4.1 Phuong phap danh gia két qua phan tiach Am thanh

VAan dé 1am thé nao d€ danh gia hiéu qua ctia cic phuong phap tach nguoén 4m thanh
da duoc nghién ctiu tir 1au trén thé gi6i. Mot sb nghién ciiu da dua ra cic tiéu chi danh
gia két qua ctia mo hinh tdch ngudn am trén ca hai phuong dién khach quan (objective
quality) [21, 77] and subjective quality [12, 20, 78] va chu quan (subjective quality)
[12, 20, 78]. Chiing t6i quan tim dén nhém tiéu chi danh gid khach quan, do né c6
thé diing cho moi trudng hop ctia tin hiéu mixture ciing nhu moi thuit toan tach ngudn
khéc nhau. Céc tiéu chi nay danh gid két qua ngudn tich ma khong phu thudc vao thuat
to4n tach ngudn cling nhu cdc tham sb cta budc tdch. Nhom tiéu chi d6 12 Energy-
based criteria hay con goi 1a Energy ratio criteria (SDR, SIR, SAR, ISR). Ching dugc
st dung phd bién nhit trong cong dong nghién citu vé xit Iy Am thanh trén thé gi6i hién
nay [2, 31, 54, 56, 72, 73,75, 79].

Theo phuong phap danh gid d6, su bién dang ctia tin hiéu uéc luong dudc qua thuat
todn tach nguodn con goi 1a do sai khic so véi tin hiéu ngudn ding dudc phan tich ra
thanh ba thanh phan: bién dang do khong gian truyén, bién dang do su anh hudng ctia
cac nguodn khdc, bién dang do su can thiép ctia cdc phép bién ddi va thuat todn.

Céc tiéu chi ddnh gia dugc xdy dung tif viéc coi tin hiéu ciia mdi ngudn am tai
dau thu (source image) udc lugng dugc qua thudt toan ¢;;(t) dugc phén téch thanh bén
thanh phan nhu sau [79]:

Cij(t) = cis(t) + P (E) + eer (t) + €57 (2), (4.1)

ij ij

v6i ¢;;(t) 1a tin hiéu ngudn dung (true source image) ctia ngudn thy j thu dudc tai
microphone 4, e;7* (t), el7*"(t), va effﬁf (t) 1a cac thanh phan 13i riéng biét dai dién
cho su 4nh hudng ctia khong gian truyén am (spatial or filtering), nhiéu va cdc su can
thiép khéc (interference and artifacts). Phan tach niy xuét phat tif su khéc biét gitta tin
hiéu tif cdc ngudn muc tiéu, nhiéu tif cic ngudn khac va nhiéu xuét hién do cic phép
bién ddi va cic thudt todn tuong dng véi tin hidu c;; (1), e (t), el (t), va el ().

i iJ i
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Su 4nh hudéng ctia khong gian truyén dudc biéu dién nhu 12 mot bo loc clia ngudn Am
(the distortion filter), dudc tinh bang binh phuong phép chiéu least-squares ctia ngudn
udc lugng dudc (estimated source image) vao khong gian tin hiéu tuong ing nhu sau
[79]:

P (t) = PH(ey)(t) — ciy(t), (4.2)
emer(t) = Ph(e;)(t) — PF(éy)(t), (4.3)
el (t) = ey(t) — Ph(ci)(t), (4.4)

trong do PjL 12 phép chiéu least-squares vao khong gian con m rong béi ¢y (t—7), 1 <
k< 1,0 <7 <L-—1,PL laphép chiéu least-squares vao khdng gian con mg rong
bicy(t—7),1 <k<I,1<1<J,0<7<L-—1,valL lakich thudc bd loc
(L = 32 ms) [79].

Do bién dang cda tin hiéu do khong gian truyén am, do su tac dong tlif cdc ngudn
am khac va do cac phép bién d6i ctia thuat toan dugc do bang don vi 1a dB qua ba tham

sb sau [79]:

« Ty 1& bién dang bdi nhiéu giao thoa tif cic ngudn 4m khac SIR - Signal to Inter-
ference Ratio:
I spa
D1 2lcii () + eijp t(t)>2
I inter
doim1 2 eijt (t)?

The suppression of interfering sources in the separation is objectified by this

SIR = 10log;, 4.5)

measure.

« Ty 1 céc tin hiéu nhiéu sinh ra b3i cac phép bién d6i ciia thuit toan SAR - Signal
to Artifacts Ratio
1 spa inter
Dz 2l () + eijp t(t) + 6ijt (t)?
I arti
D1 D eijt f(t>2

+ Ty 1& bién dang khong gian, do do ndy dudc dung cho cic thuit todn khai thac

cac thong tin vé khong gian thu am (spatial cues): ISR - Source Image to Spatial

distortion Ratio:

1 ()2
ISR = 10 log,, 2=t 3y (0 ) 4.7
D1 D €ij (t)

Téng céc sai s6 dudc tinh bﬁng ty 1& Signal to Distortion Ratio (SDR), day 1a do do

quan trong nhit danh gi4 tng thé chit luong tin hiéu tich. Cong thic tinh SDR nhu

sau:
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* Signal to Distortion Ratio:

I 2
: i (t
SDR =10 10g1o - Sp%zﬁ Zt‘ctj( ) - . (4.8)
Zz‘:1 Zt(eij (t) + €ij () + €ij ()

Bo tool tinh cdc tham s6 néi trén da dugce xdy dung bang Matlab va dudc cong bd
cho phép st dung rong rii mién phi [17]'. Chiing 12 bo tiéu chi danh gia két qua tach

ngudn Am thanh dugc st dung phd bién nhit trong cong dong nghién ciiu hién nay.

4.2 Du liéu tho nghiém

Dé x4c thuc hiéu qua clia cac thuit todn phan tach tiéng néi dé xut, ching tdi sir
dung ba bd dit liéu 4m thanh tif cic ngudn dit liéu dudc cong bd 1a DEMAND (Diverse
Environments Multichannel Acoustic Noise Database)? va SiSEC (International Signal
Separation and Evaluation Campaign)®. Nhiing bd dit liéu nay dudgc thiét ké chuyén
nghiép va dudc st dung phd bién trong cong dong nghién citu vé xi ly Am thanh.

Bo6 dit liéu dau tién gdm cac tin hiéu dugc tao bang cach tron tiéng néi va tiéng on
tu nhiing file am thanh riéng ré da dugc thu am trudc do. Hai bd du li€u con lai 1a tin
hiéu dugc thu Am trong mdi trudng thuc cé dd phan xa m cao. Chi tiét vé cic bo dit

liéu dugc mo ta nwh sau:

4.2.1 BO du liéu Synthetic

* Dit liéu huin luyén: Chiing t6i dung 3 file tiéng néi (speech) gdm hai giong nit

4, mbi file dai 10 gidy dé hoc dic trung cla tiéng néi. Tap dit

va mdt giong nam
liéu huén luyén cho tiéng 6n (noise) gdm ba file tiéng dn tif cac mdi trudng khic

nhau: trong nha bép, siéu thi, ngoai canh dong 3, mdi file dai tir 5 dén 10 giay.

* Dit lidu thit nghiém: Tap di liéu thi nghiém gdm 12 file 1a tin hiéu trdn cla
speech va noise ¢6 ty 1€ tin hiéu/nhiéu SN R = 0dB, kich thudc moi file 1a 10

Thttp://bass-db.gforge.inria.fr/bss_eval/

Zhttp://parole.loria.fr/DEMAND/

3http://sisec.wiki.irisa.fr.

“Speech files are from the International Signal Separation and Evaluation Campaign (SiSEC):
http://sisec.wiki.irisa.fr.

>Some noise files are from the Diverse Environments Multichannel Acoustic Noise Database (DE-
MAND): http://parole.loria.fr/DEMANDY/.
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gidly. Céc giong n6i va am thanh nhiéu trong tip tht nghiém 1a khéac nhau va
khong trung 1ip véi tap dit liéu huin luyén. Mot sé file thi nghiém c6 su pha
tron ctia 2 Am thanh nhiéu khac nhau nhu: traffic + wind sound, ocean waves +
birdsong, restaurant + guitar, forest birds + car, square + music,. ... Cac file am

thanh dugc 14y mau theo tan s6 16000 Hz.

4.2.1.1 BO dur liéu SiISEC-MUS

* Dit liéu huén luyén: Ching t6i ding 3 tap huén luyén cho giong hat (vocal) va
am nhac (music). Giong hat dugc huin luyén béi 3 file khac nhau c6 kich thudc
10 gidy, gdbm 1 giong nam va 2 giong nit ®. Dt liéu huin luyén Am nhac gém 3
file nhac bass, 3 file tiéng trong (drums) va 3 file cdc nhac cu khic (guita, piano,

trumpet), mdi file c6 do dai tir 10 dén 15 gidy.

* Dit liéu thit nghiém: Gdm 5 doan bai hat dudc mo ta trong Bang 4.1 7.

Bang 4.1: Dt liéu thit nghiém SiSEC-MUS.

TT. Tén bai hat Do dai (giay)
1 Bearlin - Roads 14
2 Tamy - Que pena Tanto faz 15
3 | Another dreamer - The ones we love 25
4 Fort Minor - Remember the name 25
5 Ultimate nz tour 19

4.2.2 B0 du liéu SiSEC-BNG
* Dit liéu huén luyén: gdom cic file tiéng n6i va nhiéu nhu mo ta trong phan 4.2.1.

e Dit liéu thit nghiém: D€ thtt nghiém thuat todn, ching tdi sit dung bd dit liéu
chuén ctia SiSEC 2016 gom cdc file 4m thanh dudc thu bdi 2 microphone, 1a
hdn hop ciia tiéng néi va tiéng dn moi trudng trong thé gidi thuc (Two-channel

mixtures of speech and real-world background noise - BGN) 8 [44]. B6 dif liéu

Voice examples are from the International Signal Separation and Evaluation Campaign (SiSEC):

https://sisec.inria.fr/sisec-2016/2016-professionally-produced-music-recordings/.
"https://sisec.inria.fr/sisec-2016/2016-professionally-produced-music-recordings/.
8https://sisec.inria.fr/sisec-2016/bgn-2016/
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nay chita 29 hén hgp am thanh c6 do dai méi file 1a 10 gidy, tan s6 liy mau 16
kHz. Ching 12 hén hop ctia cac giong nam hodc nif va tiéng on tif cic moi trudng
cong cong khac nhau nhu: trong quan ca phé (Ca), tai quang truong (Sq), tai ga
tau dién (Su), .... Luu y ring cdc mdi trudng ghi 4m c6 dd vang 4m khac nhau,
chang han hdn hop ghi 4m trong quén ca phé va ga tau dién ngdm c6 do vang cao
hon hon hgp thu &m & quang trudng. Ty 1€ tin hiéu trén nhiéu (Signal to Noise
Ratio - SNR) ctia céc file Am thanh bién ddi trong khoang tir -17 dén +12 dB.
Céc file am thanh dugc chia thanh hai tap:

- Devset bao gom 9 file : 03 file v6i nhiéu Ca, 04 file nhiéu Sq va 02 file nhiéu
Su.

- Testset chita 20 file: 08 file v6i nhiéu Ca, 08 file nhiéu Sq va 04 file véi nhiéu
Su.

4.3 Két qua thuc nghiém va danh gia

Trong phan nay nhém nghién ctiu thuc hién hai thi nghiém véi hai thuat todn Algo-
rithm 3 va Algorithm 4 da dé xuét trong chuong 3 (phan 3.5) theo cong thifc rang budc
thua (3.8).

4.3.1 Két qua thir nghiém thuat toan Weakly-informed
4.3.1.1 So sanh véi cac thuat toan co sé

Két qua thi nghiém thuat toan dé xuat Algorithm 3 dudc so sanh véi thuit todn
gbc Algorithm 1 va hai thuit toan két hop NMF va cdc nhém rang buodc thua dudc
cong bd gan day 1a block sparsity (dudc goi 1a thuit todn ""NMF-Block sparsity') va
component sparsity (dugc goi la thuat toan "NMF-Component sparsity'') [11, 63]
trén hai bo du liéu Synthetic va SiISEC-MUS.

* Baseline NMF - without training: Thuat toan Algorithm 2 dugc md ta trong
Chuong 2 (Phan 2.3.2) khi khong dung dit liéu huén luyén. Ma tran phd co sé
clia speech/vocal va noise/music dugc khdi tao ngau nhién va cap nhat trong tiing

budc ldp bang cong thiic (2.8) va (2.9).

« NMF non-sparsity: Thuat toan Algorithm 3 dugc mo ta trong phan 3.5 nhung

khong két hop diéu kién rang budc thua trong qud trinh cip nhat cic tham sd
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NMF. Dit liéu huén luyén cho speech/vocal va noise/music dugc ding nhu md ta

trong bo dif liéu tuong Ung.

» NMF - Block sparsity: Thuat todn két hgp NMF véi rang budc thua block sparsity
theo cong thiic (3.6), thuit toan dudc cong bd trong bai bao [68].

« NMF - Component sparsity: La thuat todn két hop NMF va rang budc thua com-
ponent sparsity theo cong thiic (3.7) dugc cong bd nam 2015 [11].

Bang 4.2: Két qua tach nguodn trén bd dit liéu Synthetic va SiISEC-MUS.

. . Speech/Vocal Noise/Music
B0 du liéu Thuat toan
SDR | SIR | SAR | SDR | SIR | SAR
Baseline NMF-without training | -0.5 | 24 | 64 | 0.2 | 55 | 6.7
NMF non-sparsity 27 | 69 | 11.7 | 3.6 | 143 | 52
NMF-Block sparsity[68] 74 1102 164 | 69 | 198 | 85
) (A =25)
Synthetic -
NMEF-Component sparsity[11] | 7.4 | 109 | 16.2 | 7.6 | 163 | 9.3
(A = 50)
Proposed 7.7 1108 | 17.8 | 7.8 | 187 | 94
(A=150,7v=0.4)
Baseline NMF-without training | -2.3 | 2.0 | 59 | -1.2 | 44 | 7.8
NMF non-sparsity 1.3 | 37 | 7.1 38 | 95 | 11.2
NME-Block sparsity[68] 25 | 49 | 81 | 6.2 | 7.7 | 133
: (A = 50)
SiSEC-MUS -
NMF-Component sparsity[11] | 2.7 | 5.6 | 73 | 6.2 | 7.7 | 13.5
(A =25)
Proposed-Weakly inforned 32 1 62 | 79 | 64 | 79 | 14.2
(A=50,7v=0.4)

Két qua trong Bang 4.2 cho thiy:

- Thit nhét, két qua cta thuat toan "Baseline NMF-without training" 13 thip nhat.
Diéu nay cho thiy thuit toan tach ngudn dua trén md hinh NMF co ban cho két qua rét
thp trong trudng hop khong c6 dif liéu huin luyén.

- Thit hai, cac két qua thu dudc tif ba thuat todn dua trén NMF véi cic rang budc
thua t6t hon nhiéu so véi thuét toan "NMF non-sparsity". Diéu nay thé hién sy du thita
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trong ma tran ti di€n phd tong quat khi dugc xay dung tif cdc mau cung loai. Qua do,
vai trd ctia thanh phan rang budc thua dugc khang dinh mot cach rd rang.

- Cubi cling, thuit todn dé xuét cho két qua phan tach tét nhat vi cac do do SDR, SIR
va SAR, trén ca 2 bo dit liéu. Cu thé hon, so véi hai thuat todn "NMF-Block sparsity"
va "NMF-Component sparsity", thuat toan dé& xuét cho két qua tach tiéng néi cao hon
0,3 dB SDR trén bo dit liéu Synthetic. Tiang 1an ludt 0,7 dB va 0,5 dB SDR so v6i hai
thuat toan d6 trén bd dit liéu SiISEC-MUS. Diéu nay xdc thuc tinh hiéu qua cta su két

hop hai rang budc thua ma nhém nghién cifu da dé xuét.

4.3.1.2 MG rong so sanh véi cac thuat tich nguon am thanh khac

Bén canh d6, két qua cia thuit toan dé xuit Algorithm 3 con dudc md rong so sanh
v6i céc thuat toan cling loai da dugc cong bd trén thé gidi trong nhiting nim gan day
trén bo du liéu SISEC-BGN:

» Thuat todn ctia Martinez-Munoz’s [54]: Thuét todn dugc cong bd nim 2013, st
dung két hgp NMF vé6i md hinh loc thich nghi cho ting loai tin hiéu tiéng néi va

nhiéu.

+ Thuat todn ciaBryan’s [5]: cong b nim 2013, thuit toan st dung mo hinh phan
tich cdc thanh phan x4c suit tiém an (PLCA) dong thdi st dung chuyén gia chi
thich truc tiép 1én hinh dnh quang phd ctia tin hiéu d€ danh d4u vi tri xuat hién
tiéng néi, qua d6 huéng din budc phan tach (Phuong phdp dugc md ta trong
Hinh 1.8).

« Thuit todn ctia Lopez’s [45]: cong bd nim 2015, thuat todn nay st dung phép
trit phd, thiét ké ma tran phan tach va bd loc tin hiéu dua trén phuong phap tach

ngudn don kénh.

« Thuat toan ctia Liu’s [44]: cong bd nim 2016, sit dung k¥ thuit phan cum theo
thdi gian dén microphone khac nhau ctia cac ngudn am (TDOA) va phép bién
ddi pha tuong quan chéo tong quat (GCC-PHAT).
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Hinh 4.1: Két qua phan tch tiéng néi trén bo dit liéu SISEC-BGN-devset.

Bang 4.3, Hinh 4.1 va Hinh 4.2 1a két qua phan tch tiéng néi clia thuat toan dé xuét
trén bo dit licu SiSEC-BGN (gom ca devset va testset) dudc so sanh v6i két qua cia
cac thuat toan da tham gia SiSEC tif nim 2013 dén nay. Luu y ring két qua clia nhiing
thuat todn * dudc cong bd bdi chinh tic gia clia nhitng thuat toan dé trong [44, 53, 55].
Két qua cho thiy: thuat todn dé xult cho két qua kém hon thuat todn ctia Bryan nhung
lai vugt trdi hon so véi cac thudt todn con lai trén do do quan trong nhit SDR. Tuy
nhién, thuit todn clia Bryan st dung chu thich ctia chuyén gia trén hinh 4nh phd cta tin
hiéu dé€ huéng din va tinh chinh c4c budc tach nguodn, vi vdy thuit toan nay sé khong
dat dugc hiéu qua cao néu khong c6 su tham gia ctia mdt chuyén gia xt 1y 4m thanh.
Két qua cho thiy giai phap dé xuét st dung md hinh phd tdng quat GSSM, mo hinh
NMEF va cong thiic rang budc thua két hop da cho phép phan tach tin hiéu am thanh dat
két qua tot hon nhiing thut toan trude d6 trong diéu kién khong c6 dit liéu huén luyén.

4.3.1.3 Khao sat su hoi tu va tinh 6n dinh ctia thuit toan

Hinh 4.3 cho thiy cé ba d6 do SDR, SIR va SAR déu ting dan khi s6 vong lip ting
va dat gid tri bdo hoa sau khoang 20 vong lip MU. Két qua phan tich nay cho thay thuat
toan dé xuat hoi tu nhanh nén chi phi thdi gian chay thAp. Nhém nghién ciu ciing tinh
to4n thdi gian chay thit nghiém, két qua cho thiy thdi gian tach tin hiéu tron c6 kich
thuéc 10 gidy 1a 1.8 gidy, va can 15 gidy d€ tach file tin hiéu dai 60 gidy. Day 1a két qua
tuong ddi tét d€ c6 phat trién tich hop thuit todn trong cic hé théng thdi gian thuc hay

online.
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dB

Hinh 4.2: Két qua phan tch tiéng ndi trén bo dit liéu SISEC-BGN-testset.

Khao sit mic do anh hudng cda hai tham sb A va vy dbi véi két qua phan tach,
Hinh 4.4 cho thy: su bién ddi chét luong tin hiéu dau ra khi thay d6i A va v 13 tuong
ddi diéu hoa. X4c dinh dugc mot ving gia tri cho két qua tot 1a 10 <= X\ <= 50 va
0.2 <=« <= 0.5, va thuat toan dat két qua tot nhat véi A = 50 va v = 0.4.

4.3.2 Két qua thir nghiém thuit toin Semi-Supervised

Thuat toan Algorithm 4 dugc xdy dung cho trudng hop c6 dit liéu huén luyén cho
tin hiéu tiéng néi nhung khong cé dit liéu huan luyén cho tiéng 6n. Do d6 ching toi
dung 01 file tiéng ndi c6 do dai 5 gidy dé€ huin luyén mo hinh phd cho tiéng néi. Mo
hinh phd t6ng quat clia tin hiéu nhifu dugc huin luyén bang 3 file nhiéu mdi truong
nhu md ta trong phan 4.2.1.

Két qua phan tach tiéng néi cta thuat todn dé xuat dugc so sanh vé6i cac thuit toan
dua trén mo hinh NMF co ban va hai thuit todn dugc cong bd truée dé ding rang budc

thua block sparsity va component sparsity:

* Baseline NMF - speech training: Thuat toan Algorithm 2 dugc mo ta trong
Chuong 2 (Phan 2.3.2). M hinh phd ctia tin hiéu speech dugc huén luyén biang
01 file tiéng néi c6 d6 dai 5 gidy. Ma tran phd tng quét cia noise dudc khdi tao

ngau nhién va cip nhit trong tiing budc lip bang cong thic (2.8) va (2.9).

« NMF - Block sparsity: Thuat toan két hop NMF véi rang budc thua block sparsity
theo cong thic (3.6), thuat todn dudc cong b trong bai bao [68].
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Hinh 4.3: Khao sat su hdi tu cua thuat toan theo s6 vong lap MU.

« NMF - Component sparsity: La thuat todn két hop NMF va rang budc thua com-

ponent sparsity theo cong thic (3.7) dudc cong bd nim 2015 [11].

Két qua phan tach tiéng néi trén bod dif liéu Synthetic ctia thuit toan dé xuit va 3

thuét toan trudc d6 dudc thé hién trong Bang 4

4.

Bang 4.4: Két qua phan tach tiéng néi trén bo dit liéu Synthetic véi trudng hop Semisu-

pervised.
Thuat toan SDR (dB) | SIR (dB) | SAR (dB)
Baseline NMF - speech training 5.8 9.6 10.4
NMF - Block sparsity [68] 7.9 12.7 11.4
NMF - Component sparsity [11] 8.0 13.1 11.4
Proposed-Semisupervised 8.3 13.3 11.5

Két qua mo ta trong bang 4.4 cho thiy:

- Mic du c6 dit liéu hun luyén cho speech nhung két qua ctia thuét toan "Baseline

NMF-speech training" van thip hon két qua ctia ba thuit toan st dung rang budc thua

trong qud trinh phan tach. Piéu nay khing dinh ro hiéu qua ctia nhém rang budc thua

khi két hop véi mo hinh phan tich NMF.

- Két qua cta thuat toan "Proposed-Semisupervised" 12 tot nhét trén ca ba do do
SDR, SIR, va SAR. Cu thé hon, thuit toan dé xuit cho két qua cao hon lan luct 0.4
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Hinh 4.4: Khao sit su anh hudng ctia hai tham sd A va ~y vé6i két qua phan tach.
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Hinh 4.5: Hinh anh phd tin hiéu trudc va sau khi tach ngudn don kénh.

dB va 0.3 dB SDR so véi hai thuat todn "NMF-Block sparsity" va "NMF-Component
sparsity". Diéu nay cho thiy thuit toan dé xuat thé hién dudc uu thé trong ca trudng
hop Semisupervised, khi c6 dit liéu huan luyén cho mot trong s6 cdc 4m thanh can tach.

Hinh 4.5 va 4.6 12 hinh 4nh ph§ ctia tin hiéu tron va cic tin hiéu tach cla thuat toan
dé xut cho hai trudng hop tach ngudn don kénh va da kénh. Tin hiéu tron don kénh 1a
giong ctia 2 ngudi néi (speech to speech separation). Tin hiéu da kénh 12 tiéng néi thu

Am tai ga tau dién ngdm, 4m thanh nhiéu 12 tiéng tau vao ga.
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Hinh 4.6: Hinh anh phd tin hiéu trudc va sau khi tach ngudn da kénh.

4.4 Kétluan

Chuong nay da gidi thiéu bd tiéu chi danh gid két qua phan tach 4m thanh ma nhém
nghién cifu st dung dé danh gid két qua thuit toan dé xuét. Ngoai ra, cach xay dung bo
dit liéu thi nghiém cho bai todn ciing dugc mo ta vdi cac tham sb chi tiét. Két qua thi
nghiém va céc danh gid, so sanh da cho thiy hiéu qua ctia thuat toan dé xuit 1a tot hon

sp vGi cac thuét toan cung loai khi thuc hién véi cung bo di liéu thi nghiém.
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KET LUAN VA KIEN NGHI

Két luan

C6 rat nhiéu tinh hudng trong thuc t& ma am thanh thu dudc 13 hdn hop tron cia
nhiéu ngudn 4m thanh khic nhau. Con ngudi v6i kha ning thinh gidc binh thudng c6
thé dé dang x4c dinh dugc Am thanh muc tiéu dé€ nghe, hi€u. Nhung dbi v6i hoc may
thi nhiém vu nay lai vd cung khé khan.

Chiing t6i da dé xuat thuat toan phan tach cic ngudn am tif tin hiéu thu 4m gdém
nhiéu ngudn Am thanh bi tron 14n (mixture) theo huéng tiép cin st dung thong tin
huéng dan it (weakly-informed approach). Thuit todn st dung mé hinh thira s6 héa
ma tran khong 4m (Nonnegative Matrix Factorization - NMF) dé u6c luong dic trung
phd clia cdc ngudn Am can tach tif ma tran phd tdng quat GSSM, trong d6 GSSM dudc
huin luyén tif mot vai vi du mau ciing loai v6i am thanh can phan tach. Dé tai dé xuat
mot cong thiic rang budc thua mdéi cho buée wdc luong cac tham sé cia NMF. Ham
rang budc thua méi dé xuit Mixed sparsity 1a su két hop tuyén tinh ctia hai ham rang
budc thua da dugc cong bd trude d6 1a Block sparsity va Component sparsity. Ching
toi tinh todn cong thiic cip nhit tham sb theo ham rang budc thua méi dé xuét va xay
dung thuat to4n tach ngudn don kénh cho hai trudng hop: (1) Weakly-informed: khong
c6 dit liéu huén luyén cho cic nguodn can tic va (2) Semi-supervised: c¢6 dit liéu huin
luyén cho tin hiét tiéng n6i nhung khong x4c dinh nhiéu.

Hiéu suit phan tach cia cac thuit toan dé xuit ciing nhu kha niing hdi tu va tinh 6n
dinh cta thuat toan dudc kiém ching bang két qua thi nghiém trén bd dit liéu SiSEC
(International Signal Separation Evaluation Campaign), 12 bo dit liéu dudc cong bd va
st dung phd bién trong cong dong xit Iy Am thanh. Két qua thi nghiém ciing da dudc
d4nh gid, so sdnh véi cac nghién ctiu khic trén thé gi6i va cho thy hiéu qua cai thién

chét lugng tin hiéu tach ctia thuat todn dé xuat.

Kién nghi

Tit két qua nghién ctiu hién nay, chiing t6i mong mudn dudc tiép tuc mé rong nghién

ctu theo cac ndi dung sau day:

+ Kiém chiing hiéu qua cla cic thuit todn dé xuit trén hé thdng nhan dang tiéng
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no6i ty dong ASR.

Phat trién y tudng phan tich phuong sai ngudn thanh phan st dung mo hinh

DNN, dua trén viéc tim hi€u két qua nghién cifu cia nhém Nugraha [52].

Phit trién tif y tudng st dung md hinh phé tdng quat GSSM, nghién ciu xay
dung mo hinh hiép phuong sai khong gian tdng quat cho cic nguodn trong hdn
hop.

Két hop véi ky thuat phat hién d6i tugng anh, xay dung hé thdng phat hién va
phén tich dong thdi Am thanh, hinh 4nh tit dif liéu video. Dung thong tin hinh
4nh d€ huéng dan phan tich 4m thanh va ngudc lai, dung thong tin vé 4m thanh
phan tach dudc dé€ phat hién, phan tich va gan nhan d6i tuong anh.

Két hop thuat toan dé xuat v6i cac ky thuat khac nhu: loai nhiéu (dereverbera-
tion), source localization, post-filtering,...nham xay dung hé thong phan tich am

thanh dat hiéu qua phan tach cao hon nita.
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