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TACH NGUON MU (BSS) AP DUNG CHO AM THANH TRONG MOT SO DPIEU
KIEN KHAC NHAU
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(Bai nhdn ngay 21 thang 03 nam 2011, hoan chinh swa chita ngay 23 thdng 04 nam 2012)

TOM TAT: Tai ta thuong dong thoi tiép nhdn nhiéu nguoén dm (tiéng ndi, am nhac, nhiéu...)
khdc nhau nhung ta van c6 thé lang nghe nguon am chii dinh. Mt hé thong nhdn dang tiéng can dat
dén kha nang thong minh nhuw v@y. Bai todn la tir nhiéu tin hiéu da trén lan ta mudn khoi phuc cdc tin
hiéu nguon riéng ré. Pdy la bai todn tdch nguon mix (Blind Source Separation - BSS). Trong hon chuc
nam qua, nguoi ta da phdt trién mét phicong phdp méi givip giai bai todn néu trén rdt hiéu qud, dé 1o
phan tich thanh phan déc ldp (Independent Component Analysis — ICA). C6 nhiéu thudt todn ICA cho
cdc tng dung khdc nhau. Bdo cdo trinh bay ing dung ICA cho tdch am trieong hop s6 nguon nhiéu hon
$6 tron (dudi xdc dinh). Chiing toi thuc nghiém trén nhiéu logi tin hiéu. Két qua rat tor.

Tir khéa: tdch mguon mix, phan tich thanh phan déc ldp, duéi xdc dinh.

MO PAU luong lai cic tin hiéu ngudén nguyén ban ma

Bai todn phan tich ngudn mu BSS (Blind chi dwa vao nhing dir li¢u hon hop thu duoc tai
Source Separation) dang dugc quan tdm nghién cdc cam bién khao sdt va dic trung clia kénh
ciru va ung dung trong nhiéu linh vuc xir ly tin truyén cling nhu cdc tin hiéu nguén gé”m nhur
hiéu khdc nhau: tich 4m, nhan dang, tin hiéu y khong biét (Hinh 1),

sinh [1][2][3]. Bai todan BSS cho phép udc
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Hinh 1. Myc dich cua phén tich nguﬁ”)n mu la chi str dung tin hi¢u hdn hop lai tron dé tim lai tin hiéu géc
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Téng quit bai todn phdn tich ngudén mu -
BSS dugc phat biéu nhu sau: cho M hén hop
lai tron tuyén tinh tir N ngudn tao qua ma trén
lai tron M x N khong biét truéc A. Bai toan
phan tich ngudn mit BSS yéu cau phan tich cau
tric dit liéu khdo sét va tich cdc ngudn gbc tir
hdn hop lai trén nay. Khi M >N, ¢6 thé thyc
hién bang cich xdy dung ma trdn giai lai trén
W, v6i W=A". Bé dam bao phan tich duoc,
cdc didu kién cin tuan theo dinh ly Darmois
[1]: céc ngudn 1a phi Gauss va doc lap thong
ké. SO chiéu ciia qué trinh lai tron anh huong
dén tinh phirc tap cia bai todn. Néu M= N, ma
trén lai tron A dugc xem 1 xdc dinh chdn
(Even-determined) hay xdc dinh (Determined),
céc tin hiéu ngudn dugce phan tich qua bién doi
tuyén tinh. Néu M > N, ma tran A dugc xem la
trén xdc dinh (Over-determined) , c¢6 thé ude
luong cdc ngudn qua téi wu binh phuong tdi
thiéu hodc bién ddi tuyén tinh gia nghich dao
ma trin. Néu M <N qud trinh lai tron duoc
xem nhu duwdi xdc dinh (Under-determined) va
hé qua 1a khéi phuc cdc tin hiéu gdc phirc tap
hon va ludn dugc thuc hién qua k¥ thuat phi
tuyén [2].

Nhitng gia thiét v& méi truong xung quanh
cdc cam bién khao sit ciing dong thoi anh
huong dén tinh phiic tap ctia bai toan. Phan
tdch mu tin hiéu 4m thuong dugc lién hé dén vi
du bai todn Cocktail Party [4], tirc 1a phan tich
céc tiéng doc 1ap tir vo van tiéng ndi trong moi
truong am khong kiém sodt duge. Cic cam
bién khao sdt con bi 14n 16n véi béi cic rung
dong tin hidu, dan dén woc lugng ma tran giai

lai tron can nhan biét ngu(“)n dén tir nhiéu

huéng khéc nhau tai nhiéu thoi diém khac nhau
clia cing mot ngudn phat. Téng quét, bai toan
phan tach mu xudt phat tir thyc té rat phirc tap
va khé khan, do d6 yéu ciu giéi han cdc gia
thiét thuc té nhim gitip bai todn c6 thé xur ly
duge. C6 ba dang gia thiét co ban v& moi
truong. Co ban nhat 1a trudng hop lai trén tire
thoi (Instantaneous), trong d6 cdc tin hi¢u dén
céc cam bién thc thoi, chi sai khéc bién d6. Mo
rong gia thiét nay 1a xem xét c6 tré gifta cdc
cam bién dugc biét 1a truong hop lai trén c6 tré
(Anechoic). Tiép tuc md rong béng cach xem
¢6 sy phan xa nhidu duong tin hidu gitra mdi
ngudn phét va mdi cam bién cho truong hop lai
tron ¢ doi (Echoic), d6i khi con dugc xem la
lai tron c6 chap. Mdi truong hop c6 thé mo
rong, két hop tuyén tinh v6i nhidu cong, ma
thuong gia st 1a nhidu tring, Gauss.

Trong bdo cdo nay, ching t6i thuc hién tich
am voi mo hinh lai tron tuc thoi - dudi xac
dinh, ¢6 sb tin hiéu ngu(“)n can udc lugng 16n
hon sé tin hiéu thu duoc tai cac cam bién
(N>M).

PHUONG PHAP
Phan tich thanh phan déc 1ap IOA

Dé dinh nghia ICA, ta c6 thé sir dung mo
hinh cic bién thdng ké. Khao sit n bién ngiu
nhién x,(9), ..., x,(¢) 12 t& hop tuyén tinh ciia n

bién ngﬁu nhién 5(7), ..., s,(%):

X, =a,s, t+a,s, +..+a,s,,  voi
moii=1,...,n (1)
véi ay, i, j = 1, ..., n 1a cc hé s thyc. Mo

hinh nay md ta qua trinh phat sinh lai tron cia

céc thanh phan 5. Cdc thanh phan doc 1ap s;
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(thwong dugc viét tit thanh ICs _ independent
components) 1a cac bién 4n (latent variables),
6 nghia 1a khong thé khao st truc tiép chiing
va céc hé s6 a; ciing khong biét. Tat ca thong
tin ¢6 duoc chi 1a cdc bién ngﬁu nhién x;, va ta
phai wéc lugng tim ca cac hé so lai tron a; va
ICs s; ma chi sir dung thanh phﬁn lai x;.

O day thong tin chi sb thoi gian ¢ duge bo
qua béi vi trong md hinh ICA co s6, gia thiét
rang mdi thanh phan lai x; ciing nhu mdi thanh
phin déc 1ap s; 1a mot bién ngiu nhién, thay vi
la mot tin hidu thoi gian hay chudi thoi gian.
Ciéc gia tri khao sét x,(z), chéng han tin hiéu
micro trong bai todn cocktail-party 13 cdc miu
clia bién ngau nhién nay. Pdng thdi bo qua céc
thoi gian tri hodn c6 thé xudt hién trong qué
trinh lai tron, vi vdy day duoc goi 1a md hinh
lai tron turc thoi (instantaneous mixing model).

ICA 12 phuong phdp théng ké giai quyét bai
todn BSS hodc phén tich tin hiéu mu ( blind
signal separation). Ngudn “source” ¢ ddy c6
nghia la tin hi¢u nguyén thiy, nhu 13 4m phat
ra tir mdi ngudi ndi trong bai todn cocktail-
party. M “blind” c6 nghia 1a biét rét it v& ma
tran lai tron, va cac gia thiét v& tin hiéu ngu(“)n
hau nhu khong dang ké.

Dé thudn tién, ta str dung cac ky hiéu vecto —
ma trén thay cho tong & cac phuong trinh trén.
Theo d6 md hinh lai trén duge viét lai nhu sau:

X=As
Diéu ki¢gn gidi han trong ICA

- Céc thanh phin doc 1ap dwoc xem la doc
1ap thong ké.

- Céc thanh phan doc 14ap phai c6 phan bé phi

Gauss.

(@)

- Ma trén lai trén l1a vudng.
Tinh nhip nhang (khong xdc dinh) ciia ICA

- Khong thé xac dinh chinh xdc phuong sai
(ning lugng) clia cic thanh phan doc 1ap.

- Khong thé xdc dinh thér tw coa cdc thanh
phan doc lap.
Thuit toan tach Am duéi xac dinh

Tach am mu dudi xdc dinh dugc thyc hién
qua hai budc: udc luong ma tran lai tron va
phén tich ngu@)n [6]. Thuat todn udc lugng cac
hé s6 ma tran lai tron dya trén cAu tric khong
gian, tim cdc vecto hudng trén phan bé tin hiéu
trong d6 thi phan tan hdn hop ldy tir cdc cam
bién khio sit va yéu cau cdc ngudn phai cé
biéu dién du thwa [4][5]. Mbi hudng déac trung
boi vecto ¢t ciia ma tran lai tron, va sau dé két
hop cdc vecto hudng tim duoc dé xdc dinh ma
tran lai tron udc lugng . Sau khi tim duoc ma
tran lai tron wéc lugng, viéc phan tich ngudn
(dudi xdc dinh) tro thanh bai todn giai hé
phwong trinh tuyén tinh. Bai todn dwoc phat
biéu dudi dang bai todn t6i wu tuyén tinh c6 10i
gii t6i thiéu chuin L, biéu dién thua [2][7]. Dé
dam bao bai todn dat ti 1€ thanh cdng cao voi
da dang tép dir liéu, déac tinh thua cua tin hiéu
duogc cai thién qua phép bién dbi STFT, nghia
1a toan bd qud trinh phan tich ngudn duoc thyc
hién trong mién bién ddi STFT (thoi gian-tan
sé) [8]. Két qua sau do chuyén vé mién thoi
gian ban diu.
Thudt todn woc lwgng ma tran lai tron

1.Bién d6i dit liéu khao sat trong mién thoi

gian x; la hang thur i cua X, i=1,...,M sang mién
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thoi gian-tan sb sir dung bién dbi STFT, cic hé
s6 dwoc do boi kurtosis.

2.Khdi tao ngau nhién N vector huéng v; va
vy mot gia tri du 16n.

3.Gén timg phan mdi diém dit lidu x(t) d&én
mdi vector huéng v;, sir dung phép gan mém:

q, =[x = (v, x|,

e’yqil

it Zeyqn
=

Tham s6 v kiém sodt d¢ tron tai bién giita cic

q

viing dic trung cho méi duodng, d; 12 céc trong
s6 cua dit liéu khao sdt tai thoi diém t déi véi
mdi dudng i.

4.Tinh ma tran hiép phuong sai cua dir liu
khao st c6 trong sb dd gin dén mdi duong.
Biéu thitc ma tran hi¢p phuong sai va céc trong
sb dugc biéu dién:

DG, (x(0) = p)(x(t) — )"

— t
2 3.
t

6 day p la vector tri trung binh cdc hang cta
X; Pbi voi tin hi€u am, p c6 trung binh khong;
Y; 1a ma tran hi¢p phuong sai cua dir liéu khao

sat c6 trong sd két hop véi dudng thi i.

5.Cép nhat huéng mdi theo vecto riéng
chinh ctia m&i ma trdn hiép phuong sai bing
céch khai trién vecto riéng ciia X;:

> =UAU"

ma tran riéng U; chtra cac vecto riéng cua X;
va ma tran chéo A; chira céc tri riéng twong rng
Xis-- ., Am. U6c lugng hudng vecto méi 1a vecto

riéng chinh ctia X : v; € tpay

vecto riéng chinh u,,, 12 vector riéng cé tri
riéng 16n nhét A,

6. Cap nhat y st dung phuong sai theo huéng
truc giao héa mdi duong: chon tri riéng 16n
nhét thir hai tr m&i A; va 14y nghich déo:

1

re max(4,,....,4y)

A; 1a tri riéng 16n nhét thr hai coa X;. Tré lai
budc 3 va lap lai cho dén khi v, hoi tu.

Sau khi hoi ty, két hop céc vecto hudng v;
ude luong duoc 1ap thanh ma trén lai tron udc
luong: A:[ vil...lvy ]

Thut todn phén tich nguén

Thuyc hién uéc luong A

Truong hop dudi xdc dinh: Qud trinh phan
tach duoc thuc hién qua bai toan i wu, 101 giai
ti thiéu chudn L, cho mdi dir liéu khao sét

trong mién thua STFT:

arg minN ||§(a))||1 theo AS(®) = x(@)

$(w)el)
Sau d6 thuc hién bién d6i nguoc ISTFT
chuyén vé mién tin hiéu ban dau:

S(w) — S(t)

Két qua cudi ciing 1a ma tran S kich thuée

NxT véi cdc hang 1a cdc ngudn uwéc lugng:
S, Sy

KET QUA

Chiing t6i trién khai thuc nghiém trén PC sur
dung ngdn nglr Matlab thyc hién tich am trong
truong dudi xdc dinh voi md hinh lai tron tirc
thoi.

Thu céc ngudn 4m thyc nghiém ¢ toc do lay

mau 16kHz va 22.05kHz, ma héa PCM 16 bit,
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chiéu dai mdi doan dir liéu 4m 1a 10s. Thuc
hién lai tron am tir cac ngu(“)n am c6 san. Mo
hinh lai tron 12 ngiu nhién hogc ty dinh nghia
dé phu hop vai didu kién moi truong thuc té.
S6 cam bién khao sat dwoc giit & mic tdi thiéu
12 hai cam bién cho tit ca thyuc nghi¢m.

Dit liéu lai trén cdc ngudn am trong mién thoi
gian dugc bién ddi qua mién thua (thoi gian —
tan s6) sir dung phép bién doi STFT véi cira s6
1024 diém. Sau cuing, dit liéu trong mién bién

ddi dua qua bd tdch dm dudi xdc dinh véi thuat

todn da trinh bay trong phan 4. Két qua 1a cdc
am phan tich doc 1ap dugc ddnh gia khach
quan vdi cdc ti s6 SDR, SIR, SAR [6], va danh
gid chu quan qua viéc quan st dang séng, nghe
am phét lai & loa so véi ngudn am gbc.
Thue nghiém 1 (ngudn 4m goc: ba giong nir)
Thuc hién phén tach hai hdn hop lai trdn tic
thoi tir ba ngudn 4m doéc 1ap dic trung giong
nir. Két qua nhén dugc rat t6t voi céc ti s6 danh

gid khach quan cho tirng ngudn am udc lugng:

Ti s6/am udc luong se; (s1) se; (S2) se3 (S3)
SDR (dB) 12,1 9,2 10,8
SIR (dB) 13,5 12,9 12,5
SAR (dB) 12,4 9.4 11,3

Vé dénh gid chu quan (hinh 2), dang séng tin
hiéu 4m dugc khoi phuc ding véi ngudn am
gdc va 4m nghe duoc phan biét timg ngudn rd
rang. Thir ty twong ng cc ngudn am se, 1a s;;
se, 1a s, va se; la s;. Luu y réng déc trung vé
bién d¢, pha va thir tu cic ngudn 4m udc lugng
c6 thé khong ding v6i ngudn am gbc, day cling

chinh 1a gidi han cia ICA [1].

Thue nghiém 2 (ngudn am goc: hai giong
néi va mdt nhac)

Thuc nghiém 2 thyc hién véi hdn hop cic
déc trung khdc nhau: hai giong néi sy, s, va mot
nhac s;. Céc ti s6 danh gia khach quan cho timg

ngudn am wdc lugng:

Ti s6/am udc luong se; (S2) se; (s1) se3 (s3)
SDR (dB) 11,2 11,9 14,1
SIR (dB) 14,1 14,1 14,8
SAR (dB) 11,3 12,1 14,3

Két qua danh gid khich quan va chu quan
(Hinh 3) cho thy viéc phan tich t6t mdc di

hdn hop 1a lai tron cidc 4m c6 dac trung khac

nhau, trong d6 ngudn am nhac wdc lugng se; c6

chét lwong rét tét.
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Nguon am goc sy, Sy, S3 Ngudn am udc lugng se;, se,, se;

x10'

X2

x10'

X1 X1
Db thi phan tin (thoi gian) Hoén hop lai trn x, X, Db thi phéan tan (thua)
0.4158 0.7815 0.9646 A 0.3417 0.9396 0.7917
= e =
0.9425 0.9314 0.7402 0.9398 0.7687 0.6109

Hinh 2. Két qua dang séng, db thi phan tan ciia hdn hop trong thuc nghiém 1
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£26

X1 X1
D) thi phan tin (thoi gian) Hbn hop lai trén x;, X, D thi phan tan (thua)

0.3102 0.3245 0.3503
0.3592 0.4041 0.2689

Ae =

0.6261 0.6519 0.7931
0.7798 0.7583 0.6091

Hinh 3. Két qua dang séng, dd thi phan tan ctia hdn hop trong thuc nghiém 2
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KET LUAN

Nhu vay, ching t6i da thyc hién thanh cong
tng dung k¥ thuat ICA giai quyét bai toin BSS
trong viéc tdch am. Céc thuc nghiém dugc tién
hanh véi cac ddc trung &m khic nhau nhu
ngudn giong nam, ngudn dic trung giong nir,
¢6 ngudn 1a nhac khong 16i. Pidu nay cho thiy
suc manh va tinh hi¢u qua cia k¥ thuat ICA
trong ung dung tich 4m. Céc két qua thuc
nghiém dugc ddnh gid khach quan véi céc ti sb
S/N va chi quan bang viéc quan st dang séng
tin hiéu, nghe 4m phét lai déu dat két qua tot.

Ddng thoi, diéu kién rang bugc vé s6 ngudn
béng sb cam bién khao sat trong mé hinh ICA
co sO da duoc thio gd minh chliing qua céc

thuc nghi€ém c6 s6 nguén am 16n hon so tin

hiéu hdn hop thu duwoc tai cam bién (micro)
trong trudng hop dudi xdc dinh. Tuy nhién, vin
con rat nhidu diéu kién rang budc va giéi han
khéc can dugc nghién ctru dé gitip hoan thién

k¥ thuat ICA con rit méi mé nay.

K¥ thuat ICA la phuong phdp xtr ly tin hi¢u
dwa trén dic trung théng ké, cho phép xir ly
nhiéu ngudn tin higu thay vi chi mot ngudn tin
hiéu don thuin dya trén dic tinh phé. That sy
phuong phdp ICA da tré thanh mét cong cu
phan tich théng k& méi bén canh cac k¥ thuat
truyén thong nhu PCA, FCA ... Cic ky thuat
vé phén tich ngudn mi nay da cé nhidu nghién
ctru phit trién va chic rang cac gidi han ciing
nhu didu kién rang budc ciia md hinh ICA co

50 s& duoc giai quyét trong mot twong lai gan.

BLIND SOURCE SEPARATION (BSS) APPLIED TO SOUND IN VARIOUS
CONDITIONS

Truong Tan Quang, Tran Quang Huy, Nguyen Huu Phuong
University of Science, VNU-HCM

ABSTRACT: Our ears often simultaneously receive various sound sources (speech, music, noise
.. .), but we can still listen to the intended sound. A system of speech recognition must be able to
achieve the same intelligent level. The problem is that we receive many mixed (combined) signals from
many different source signals, and would like to recover them separately. This is the problem of Blind
Source Separation (BSS). In the last decade or so a method has been developed to solve the above
problem effectively, that is the Independent Component Analysis (ICA). There are many ICA algorithms
for different applications. This report describes our application to sound separation when there are

more sources than mixtures (underdetermined case). The results were quite good.

Key words: blind source separation, independent component analysis, underdetermined.
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