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TOM TAT: Tui ta thuong dong thoi tiép nhdn nhiéu nguon am (tiéng néi, am nhac,
nhzeNu .) khac nhau nhung ta van cé thé lang nghe nguon am chii dinh. Mot hé thong xir 1y
tiéng hay nhdn dang tleng can dat dén kha nang thong minh nhu vdy. Bai toan la tir nhiéu tin
hiéu da tron lan ta muon khéi phuc cdc tin hiéu nguon riéng re.

Trong hon chuc nam qua nguoi ta dd phat trién mét phwong phap méi givp gidi bai
todn tach nguon mu (Blind Source Separation — BSS) néu trén rat hiéu qua, dé la phdn tich
thanh phan déc ldp (Independent Component Analysis — ICA). Bai bdo trinh bay tong quan
t6m lwgc vé ICA va iing dung cia ching t6i vao viéc tach am. Két qua rdt tot. Tir ddy ching
16i c6 thé tiép tuc phan tich cdc bai todn tach ém phike tap hon ding ICA.

1.GIOI THIEU

Khi ¢6 nhiéu tin hiéu & cac khoang tan s6 khac nhau duoc tron (tong hop) lai, ta co thé
loc ra timg tin hi€u riéng biét nhu luc ban dau. Con néu cac tin hiéu nam trong cing khoang
tan sb (vidu nhiéu ngudi ciing noi, tiéng hat trén nén nhac, nhiéu ban nhac cung choi...), ta
khong thé dung phuong phap loc hay phan tich phé thong thuong. Luc bay gio phai dya vao
cac phuong phap théng ké trong d6 c6 phuong phap phéan tich thanh phin doc lap
(Independent Component Analysis - ICA) [1] ... [5]. ICA co nhiéu tng dung, bai bao nay chi
dé cap dén tmg dung tach am (tiéng nodi va 4m nhac) [6] [7]- Do chua thay cong trinh trén cac
tap san, tap chi trong nudc lién quan dén ICA nén ching t6i c6 phan tong quan hoi 1a chi tiét
(muc 1, 2,3 va4).

6 hinh 1 tiéng néi ctia hai ngudi duoc thu béi hai micro:

x,(1)= ey (+ a5, () (M

X5(1) = ay s, (t)+ a8, ()
trong do a; , voi i, j = 1,2 ,1a cac hé s6 tron phu thudc vao nhiéu yéu t6 nhu huong dat micro,
khoang cach, phan am cua phong .... Trong m6 hinh ICA céc tin hi€u xi(f) va céc tin hi¢u
nguén si(t) duoc xem nhu la cac bién ngﬁu nhién, thay vi la céc tin hi¢u thoi gian thuc su, nén
trong cach viét chi sb thoi gian t dugc bo di.

Nguoi s(t) a Micro 1
Noi X1
1 apn
Nguoi
woi a21
Xa(0)
Sx(t) an Micro 2

Hinh 1 Hai tin hiéu ngudn (khéng quan sat truc tiép duoc tirc cc tin hiéu an) 1a s(t), sy(t); hai
tin hi¢u tron (quan sat duoc) la x;(t), xa(t)
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1.1 M hinh ICA co ban
Xem trudng hop cé n tin hiéu tron x; duge tong hop tir # tin hiéu ngudn s; thi

X, =a,s, +a,s, +..+a,s i=1,..,n 2)

in“n?

voiay, i, j=12,...,nla cac h¢ s tron duoc gia su ¢o tri s6 thuc. Dé y 1a ta da gia st s6 luong
tin hiéu ngudn va t1n hiéu trgn bang nhau dé duoc don gian. Bai toan ICA 1a uéc luong (phan
ly, tach ra) cac tin hiéu nguon s; tu cac tin hi€u trén quan sat duoc x; trong lac cac hé so a;
khong biét (néu biét cac hé s6 tron aj ta 6 thé giai h¢ phuong trinh (2) dé tim cac tin hiéu s;).
Pay 1a bai toan “coctail party” (¥ ndi rang tai budi tiéc c6 nhidu nguoi néi nhung ta c6 thé tap
trung nghe mdt hai nguoi nao d6 theo chu dinh).

Thuong ky hiéu vecto — ma tran duge dung. Goi x 13 vecto ngau nhién biéu dién cac
phém th tron X; : X = [ X1, X2 ..., xn]T, s la vecto ngﬁu nhién cua cac phﬁn ta nguén Si:
s=[s, s> . sn]T va A la ma trdn trf)n chira cac hé sb tron a;;. A = [au] Cac vecto x, s duogc
hiéu 1a cac VCCtO’ cot. Dé y 1a khi s6 lugng tin hiéu tron va tin hiéu ngudn bang nhau nhu da
gia su thi A 1a mdt ma tran vuoéng. Mo hinh ICA tr¢ thanh:

X=ASs 3)

Phuong tinh (3) 1a m6 hinh ICA tuyén co ban (con goi ICA chuan). Khi can str dung biéu dién
dang cOt cia ma tran A ta goi cac cOt 1a a; va viét

x=Yas, )
i=1

Tu (3) cé, thé gidiras = A'x néu biét duoc A y;‘i néu A 1a nghich dao dugc, nhung thuc té
khong biet A. Pay ciling 1a bai toan tach nguon (hay tin hi¢u) mu (Blind Source/ Signal
Separation - BSS) [6]. Céc tin hi€u nguon 14 cac thanh phan doc 1ap (1y do s€ thay & sau).

1.2 Cac diém khong xac dinh trong ICA
Mo hinh ICA co ban (3) va (4) c6 mot s6 bat dinh tom luge nhu sau:

1. Khéng thé xac dinh cac phuong sai (ning luwong) cia cac thanh phan doc 1ap. Ngudi ta gia
sir mdi bién cé phuong sai don vi: E{s?>} = 1. Tuy nhién hiy con bat dinh vé dau vi khi ta
nhan mot thanh phan doc 14p v6i -1 thi mo hinh ICA khong thay doi. Trong hau hét cac
ung dung yéu to dau khong co6 y nghia.

2. Khong thé xac dinh thir tu cia cac thanh phan doc lap khi phan ly vi ca s va A déu khong
bict nén ta c6 the thay doi thir tu cac so hang trong (4) nén bat cir thanh phan nao cling c6
thé 1a thanh phan dau ti€n. Noi o hon thi xac dinh thur ty 14 cong viéc kho khan.

2. SUPQC LAP THONG KE
2.1 Bét twong quan

Cac phan bd xac suat déu gia sir ¢6 tri trung binh bang khong. Néu khong phai nhu vay
thi ta trir phan bd véi tri trung binh ctia n6, day 1a sy qui tim (centering). Péyla hiép phuong
sai (covariance) chinh 1a twong quan (correlation) khi tri trung binh bang khong. D6i voi mot
vecto ngau nhién x ma tran hiép phuong sai la

Cx=E{(x—m)E(x-my"t (5)
trong d6 E 1.t 1a toan tir liy trung binh, m, la vecto trung binh. Hiép phuong sai cia hai
vecto ngdu nhién x,, X, (c6 tri trung binh bang khong) la:
Cxix;=E 4 xlsz (6)
Khi Cx;x; = 0 hai vecto bt tvong quan (uncorrelated). D6i v6i vecto ngau nhién x khi cac
thanh phan x; ciia né bat tuwong quan hd tuong thi:
Cx=D (7)
trong d6 D 1a ma trdn chéo nxn, v&i cac phuong sai ciia cac thanh phdn nam trén duong chéo.

Trang 34



TAP CHi PHAT TRIEN KH&CN, TAP 9, SO 2 -2006

2.2 Poc lap thong ké

Tinh bat twong quan néu trén chwa du dé phan ly ICA. Ta can mot dic tinh manh hon,
d6 1a sy doc 1ap thong ké, nghia 14 khi biét mot thanh phan nao do6 ta khong thé suy ra cac
thanh ph;“m con lai. Xem hai vecto ngau nhién x; va x, véi ham mat do xéac sudt riéng biét
p(x1), p(x2) va ham mat d6 xac suét lién két p(x; x,) 1a doc lap thong ké néu va chi néu khi
thoa

p(x1.x2) = p(x1) p(x2) (8)
Khi c6 nhiéu vecto thi sy thira s6 hoa ciing tuong tu.

Dinh nghia k¥ thudt ¢ trén dan dén mot dic tinh sau cua cac bién ngau nhién. Xem
f(x1) va f(xz) 1a bién ddi phi tuyén nao d6 trén hai vecto ngiu nhién x; va X, c6 ham phan b
d3 noi & trén, thi co thé ching minh duge [1]:

E{fi(x)f(x2); = E{fi(x1)} E{fa(x2); ©)

Nhu vay su doc 1ap 1a c6 thé thira s hoa tuong quan phi tuyén. Pay 1a dic tinh quan trong vi
n6 giai thich va nhan manh vai tro cac phi tuyén trong ICA. Khi dat f(x;) = x; va f(x;) =x» ta
thy 1a sy doc lap bao gdm ludn su bét twong quan (nhung bat twong quan khong duong nhién
1a doc lap). Cu thé 14 ta gia sir s & phuong trinh (3) 1a doc 1ap thong ké nén cac tin hiéu ngudn
si 1 cac thanh phan doc lap. Chinh nho sy doc 1ap thong ké ma ta co thé phén ly ra s tir (3).

2.3 Phi Gauss la doc lap

M5 hinh ICA dit ra mot han ché 1a cac thanh phén doc lap phai co6 tinh phi Gauss
(non-gaussianity), tirc khong c6 phan bd (ham mat do xac suat) 1a Gauss.

Ly do tinh phi Gauss nam & chd 1a cac bién ngau nhién Gauss dugc xac dinh hoan toan
boi cac thong ké bac mot (tri trung binh) va bac hai (phuong sai), cac thong ké bac cao hon
bang khong. Trong luc, nhu s& thdy & sau, md hinh ICA can céac thong ké bac cao hon cua céac
thanh phan doc lap dé thyuc hién sy phan ly (udc luong cac thanh phan doc lap). Nhu vay, su
phi tuyén, tinh phi Gauss dan dén sy doc 1ap thong ké.

2.4 Céac gia sir trong mo hinh ICA

Mo hinh ICA tuyén co ban dit ra doi hoi cac gia thiét sau cho viéc phan ly (u6c luong)
cac thanh phan doc lap:

1. Cac ngudn s doc lap thong ké nhau, nghia 1a biét dwoc mot ngudn khong thé suy ra cac
ngudn con lai.

2. Céc ham phén b x4c suét clia cic ngudn co tri trung binh bang khong.

3. Khong ¢ ngudn (thanh phan doc 1ap) nao c6 phan b6 Gauss (that ra mo hinh cho phép
c6 toi da mot thanh phan c6 phan bd Gauss).

4. Ma tran tron A 1a ma tran vudng tirc s6 luong ngudn va sd lugng tron bang nhau. Néu
khong phai vay, bai toan s€ kho hon.

3. TIEN XU LY O ICA

. Thu'{)rng trude khi uwdce luong ICA cho dir liéu quan sat dugc nguoi ta ap dung mQt hai
tién xur 1y d€ viéc wde lugng ICA duoce thuan lgi hon. O diy chi trinh bay hai cach pho bién ap
dung ¢ bai bao nay.

3.1 Qui tim

Nhu da néu & trudc, cac tin hi€u troén quan sat dugc x phai ¢ tri trung binh m = E[x]
bang khéng, diéu nay ciing co nghia 1a cac tin hiéu ngudn s ciing co tri trung binh 1a khong.
Néu cac tin hiéu chua co tri trung binh 1a khong ta thyc hién phép qui tAm tirc trir phan b cia
céc bién ngau nhién véi cac tri trung binh cta chiing:

=x' - E{x'} (10)
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trong d6 x' 1a vecto ngau nhién chua c6 trung binh 1a khong. Sau khi d3 uédc luong ma tran A
va cac thanh phan s ta c6 thé thém trd lai céc tri trung binh cta chung. Khi vecto ngau nhién x
(hoac s) c6 tri trung binh 1a khong thi hi€ép phuong sai va twong quan ctia né giong nhau.

3.2 Tring héa

Sau khi da qui tdm cac bién ngﬁu nhién X, ta 4p dung mot bién doi tuyén tinh trén x dé
duogc vecto mai 14 trang. Sy 1am tring hay tring hoa (whitening), con goi cau hoa (sphering),
¢6 muc dich 1am cho dit liéu bét trong quan. Gia st ta c6 vecto ngau nhién x bat trong quan,
trc cac xuyén phuong sai cua cac phan tir bang khong, dan dén ma tran hiép phuong sai la ma
tran chéo co cac sd hang chéo twong Umg véi cic phuong sai ctia cac phan tir ctia x. Néu cac
phuong sai nay dugc cho bang 1 (muc 1.2), nghia 1a ma tran hiép phuong sai duoc cho bang
v6i ma tran dong nhét I thi vecto ngiu nhién x 1a tring:

E[xx']=1 (x 1a tring) (11)
Viéc 1am trang 1a mot bién d6i tuyén tinh
z= VX (12)

trong do6 x la dir liéu can lam tri'mg, V la ma tran lam tri'mg, z 1a dir liéu da tra"mg hoa. Cach
thuong dung nhat dé tim ma trdn lam trang la thyc hién su phan ly tri riéng (Eigenvalue
Decomposition - EVD) trén ma tran hi¢p phuong sai:

E[xx'] = EDE’ (13)
trong d6 E 1a ma tran tryc giao ctia cac vecto riéng cia E[xx'] va D 1 ma trén chéo cua cac tri
riéng cua chung, D = chéo(d|, ..., d,), n 1a s6 lugng ngudn quan sat dugc x. Ma tran lam trang
la:
V = ED "?E’ (]4)

—1 —1 1 ’ 2 2 ~
trong d6 D - chéo (d . % yeerd, A) . Ma trdn lam trang trén cling c6 thé dugc biéu dien nhur:

V=E[xx']"? = c}? (15)
trong d6 Cy = E[xx"] & ma tran hiép phuong sai. Vay
z=Vx=VAs=As (16)
trong d6 A = VA 13 ma tran trén di lam tring. Mat khac vi z 1a dir liéu d3 lam tring nén
E{zz'} =1, dan d&én
E{zz} E{As[As N =AE{ss]AT=AAT=1 (17)
Nén nhé 1a cac thanh phan doc lap s; déu gia str ¢ phuwong sai don vi. Vay ma tran da lam
trang 14 truc giao (6 ma tran truc giao nghich dao ciia n6 bang chuyén vi ciand: A'= A 7).
Ta biét ma trin nxn néu khong truc giao chira n® do tu do, con néu truc giao chi chua
n(n-1)/2 d6 tu do. Vi dit liéu 2 chiéu diéu nay c6 nghia la d6 tu do chi 1a 1 cho mot bién do6i
tryc giao. Khi sb chiéu 16n, d6 tu do ctia mot ma tran truc giao chi l1a phan nua d¢ ty do cua
ma tran khong truc giao. Do d6 ngudi ta noi lam trang 1a da giai quyét phan nira bai toan ICA.
Boi vi tring hoa 1a mot thi tuc don gian hon bt ctr thuat toan ICA nao nén 1a mot tién xu Iy
thong dung.
Sau khi dd udc lugng ma tran tring héa A , thi tir (16) viéc u6e luong cac thanh phan
ddc 1ap s tro thanh:
s=Wz (18)
trong d6 W 1a dao nghich cia A: W= A" . Véi cac ma tran vudng viéc ldy nghich dao rat
thuan lgi. Sau khi ¢6 dugc W, viéc udc lugng ma tran géc A cho béi
A=VA=D"E'A (19)
Suy ra:
A=ED'"? A =ED "*W'=ED "*W' (20)
trong d6 vi W 14 truc giao nén W'= W'. Sau nay ta van ding ky hiéu s, x, A du c6 lam tring
hoic khong, trir khi can lam rd ra.
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Nhu vay con lai 1a udc tinh cac hang cia W. Co n‘hiéu phuong phap dé thyc hién viéc
udc tinh nay nhung ¢ day chi dé cap phuong phép ICA bang céch cuc dai hoa tinh phi Gauss
(xem muc 4).

4. UOC LUQNG ICA

Udc tinh ICA 1a mot cong viéc kha chi li. Nguoi ta di phét trién nhiéu cach dé giai

quyét bai toan, mot s 1a [1] . . . [4]
— Cuc dai hoa tinh phi Gauss (nongaussianity)
- Ubc lugng kha nang cyc dai (maximum likelihood)
- Cuyc tiéu hoa thong tin hd twong (mutual information)

Trong cac phuong phap trudc tién dinh ra mot ham ddi twong (objective function), con
goi ham trj gi4 (cost function), rdi ding mot thuét toan tdi wu héa dé cyc dai héa hodc cyc tiéu
hoa (ndi chung 1a cuc dai hoa tri tuyét d6i) ham ddi tuong nay dé udc lwong cac thanh phan
doc lap. Bai nay chi trinh bay tom lugc phuwong phéap cuc dai hoa tinh phi Gauss dan dén giai
thuat tinh todn nhanh va hi¢u qua da dugc phat trién FastICA.

Theo dinh ly gi6i han trung tam (central limit theorem), téng ctia nhiéu bién ngiu
nhién ¢6 phan bo gén Gauss hon bét ctr bién ngau nhién goc nao. O mo hinh ICA (3) vecto
ngau nhién x gdm cac bién ngau nhién 14 tron tuyén cua cac vecto bién ngiu nhién nguon S.
Cac nguodn duge gia sir doc 1ap nhau nhung khi tron lai (cong nhau) thi cic tron tré nén gan
Gauss hon. Néu viéc tron duoc déo nguoc lai theo cach nao do6 thi cac tin hiéu nhan dugc s€ it
Gauss hon. Do d6 udc luong ICA nhim dén cuc tiéu hoa tinh Gauss tirc cuc dai hoa tinh phi
Gauss boi vi diéu nay sé cho ta cac thanh phan doc 1ap.

4.1 Po tinh phi Gauss bing kurtosis

Diu tién 14 phép do dua trén kurtosis cia mot bién ngau nhién y c¢é trung binh bing

khong 14 cumulant bac bon:

kurt(y) = E{y"} =3 (EQ?})? 21

That ra vi ta gia st y c6 phuong sai don vi, nén kurtosis 1a kurt(y) = E ('} = 3, tirc kurtosis 1a
phién ban chuin héa ciia momen tht tu E{)*}. Khi'y c0 phan bé Gauss momen thir tu bang
3(E{y*})* nén kurtosis bang khong d6i véi cac bién ngu nhién Gauss. Hiu het céc bién ngiu
nhién khong phai Gauss kurtosis khac khong. Néu kurtosis 1a dwong bién ngau nhién c6 phan
bd siéu Gauss (supergaussian), con néu kurotsis 1a am thi bién ngau nhién c¢6 phan bd dudi
Gauss (subgaussian). Phan bd siéu Gauss khong con dang hinh chudng nhu Gauss ma ting
nhanh & trung tdim tuong tu nhu phan bd Laplace, con phan b6 dudi Gauss khong nho 1én &
phan giira nhu Gauss ma tién dén phan bd déu voi bién do rat nho ¢ xa trung tam.

Viéc do tinh phi Gauss bang kurtosis c6 vai bat loi khi cac gia tri ciia nd dugc tinh tir
cac mau quan sat duoc, vi kurtosis rat bj anh huong boi céc trj bién (outlier) quan sat dugc &
hai duéi ciia phéan b.

4.2 Do tinh phi Gauss b%ng Negentropy

Mot s6 do tinh phi Gauss quan trong hon 1a negentropy. 'Negentropy 1a dai luong dua
trén ly thuyét thong tin goi entropy vi sai. Entropy ctia mot blen ngdu nhién 1a s6 do luong
thong tin trung binh cua né. Entropy (vi sai) H cta vecto ngau nhién y c6 ham phan bd f(y)
dinh nghia nhu sau:

H(y) =—[f(y)log f(y)dv (22)
Dic tinh quan trong cua entropy la bién ngau nhién Gauss c6 entropy 16n nhét trong cac bién
ngau nhién c6 cung phuong sai. Nhu vay entropy, va negentropy dinh nghia theo entropy, c6
thé dung dé do tinh phi Gauss cua mét bién ngiu nhién. Dé co dugc mot sd do tinh phi Gauss
sao cho bang khong ddi voi bién Gauss va luén khong am, nguoi ta dinh nghia negentropy cua
vecto ngau nhién y:

J (y)~: H (YGauSS) —H (Y) (23)

trong d0 Ygauss 12 mOt vecto ngau nhién Gauss cung ma tran hi¢p phuong sai (hay ma tran
twong quan vi cac dir liéu dugc gia st ¢o6 trung binh 1a khong).
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Tuy nhién tinh toan negentropy lai kho khan. Mot s6 tinh toan xap xi di dugc phat

trién, ma mot 1a:
1(y) = [E{G(y)}~ E{G(Y gauss J]* (24)
Ham phi tuyén G(.) c6 thé chon theo mot hai biéu thirc sau:
G =— lo cosha
1( ) 2, g 1Y (25)
Ga(y)=expl-y* 2]
voi 1 < a1< 2 va thuong chon béng’al =1.
Trong md hinh ICA, ta mu6n tim cac hang cua ma tran W. Khi dung negentropy ngudi
ta xay dung dugc thuat toadn diém co dinh (fixed-point algorithm) [4] sau:
w—E{zg(w'2)} —E{g'(w'2)}w 26)

w < w/|w|
Trong do6 g(.) 1a dao ham cua cac ham G;(.) va Ga(.):
g,(y) =tanh(a,y)
g,(y) = yexp(-y*'?)

Tuy nhién thudng ta khéng c6 mot thanh phan doc 1ap don (chi mot ma thoéi), do d6 phai tinh
nhiéu hon mét hang cia W. Lic béy gio cac dong w khac nhau cua ma tran W co thé hoi tu
dén cung cac cuc dai cia ham dbi tuong. Dé khic phuc van dé nay, cac vecto Wi, W2, ... Wy
phai dugc tryc giao hoa sau mdi 1an lap. Sy truc giao c6 thé thyc hién theo mot sd cach.

27)

Thuat toan diém cd dinh & trén dan dén thuat toan udc luong fastICA c6 nhiéu vu
dieém so véi cach ude lugng dua vao cac thuét toan co co s¢ 1a gradient. Tai liéu [4] va mot sO
tai liéu khac co6 ghi chi tiet cac thudt toan fastiICA. Matlab 7.0 cling ho tro fastICA.

5. UNG DUNG ICA VAO TACH AM

Thyc nghiém tach 4m v6i md hinh ICA, yéu cau phai thu nhiéu ngudn 4m ctng lic. Hinh

2 minh hoa mé hinh trén 4m, trong d6 s,,...,s, 1 cac ngudn am thuc ngiém duogc thu trude vao

mdy tinh. Ma tran tron A dugc gia 1ap trén may tinh dé thyc hién tron cac nguén am, tao ra

céc hon hop xy, X,...x,. D& ¥ 12 s6 lugng tin hiéu ngudn va sb luong tin hiéu tron bang nhau dé
ma tran A 1a ma trdn vudng. Gia st nay lam vi€c phan tich thuan lgi hon. Hinh 3 minh hoa hé
thdng tach am [6] [7]. Tin hiéu 4m gbc sau khi dwoc tron 14n tao ra cac tin hiéu tron s& dua

dén b ICA. Bo phan tich nay thuc hién tdch am b?mg gidi thuat udc lugng ma tran giai W

thong qua cuc dai tinh phi Gauss véi ham ddi tuong negentropy J. Két qua ngd ra bd phan tich

ICA 1a cac am doc lap udc lugng dugce cua nguén am géc. Néu W 13 ma tran nghich déao cta

A (W =A™ thi sy udc luong 1a ding.

Chung t6i thuc nghiém viéc tach am cu thé nhu sau:

— Thu san s6 ngudn am thuc nghiém vao may tinh & téc d6 lay mau 8KHz va 22.5KHz, va
ma hoa PCM 16 bit. Chiéu dai mdi doan dit liéu 4m 1 10s.

— Thyc hién trén 4m tir cac ngudn 4m d6. Chon mé hinh trén phu hop véi thuc té (cua budi
tiéc, phong hop,...). Bé don gian, gia sir theo cach thirc trinh bay ¢ muyc 1, tirc bo di cac
phan xa va cac tri hoan cua phong [7].

- Dit liéu tron duoc cho qua bd phén tich ICA véi giai thuat tach 4m fastICA (bao gdm quy
tam, trang hoa va udc luong). Két qua 1a cac ngudn am dugce tach ra doc 1ap.
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6. KET QUA THU'C NGHIEM: Chung t6i thyc hién nhiéu mé phong véi nhiéu loai
ngudn am khéc nhau. Sau day chi néu mét so ti€u bicu

Thuc nghiém 1: (Hinh 4)

Phan tach tiéng néi ngudi, ba ngudn phat s gdm mot giong nam va hai giong nir duoc
tron dé tao ba hdn hop x. Két qua tach (udc lwong) y thu duge (danh gia trén cac dang song va
nghe qua loa) rét tét.

Thwe nghiém 2: (Hinh 5)
Trén tap dir ligu lai tron tir hai ngudn phat 1a tiéng hat cia hai ca si, moi nguon phat 17
gidy. Két qua tach am rat tot.

Thuce nghiém 3: (Hinh 6)
Lap lai thuc nghiém trén tuy nhién v6i hai nhac pham khong 161, thoi gian phat 10
gidy, tan so lay mau 22.5 KHz, ma hoa PCM 16 bit. Két qua rat tot.

Thuc nghiém 4:

Lai ghép tir tap nhiéu loai tin hiéu : tiéng nguoi, tiéng hat, nhac, tiéng kén, nhidu Gauss
...; tit ca 10 ngudn. Tin hiéu tach thu duoc tir hdn hop nghe trong va khong cam giac thay lai
tron. Do chi c6 mot ngudén Gauss, nén chap nhan duoc trong ICA. Két qua rat tot. Vi Iy do han
ché khong gian nén khong kém theo hinh.
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Hinh 4. Biéu dién c4c tin hiéu trong thuc nghiém 1
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Hinh 6. Biéu dién céc tin hiéu trong thyc nghiém 3
7.KET LUAN
Mb hinh ICA tuyén co ban (mo hinh chuén) duoc biéu dién boi phuong trinh (3): x =
As trong do s la qétc tin hi¢u nguodn (cac thanh phﬁn doc 13p), A 1a ma trdn tron, x 1a céc
tinhiéu tron. Ta biét dugc (quan sat duoc) x va can xac dinh s trong lac A (va di nhién ca s)
khong biét! Thoat nhin thi day la bai toan bat kha giai. Nhung vai mot so gia thiét kha thuec te,
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dic biét 1a cac ngudn s doc 1ap thong ké hd tuwong. Sy doc 1ap théng ké di lién voi tinh phi
tuyén va tinh phi Gauss. Tién xir Iy qui tAm va trang hoa duoc thyc hién trén x trude khi udce
lugng ICA dung phuong phap cuc dai hoa tinh phi Gauss. Co s¢ toan hoc kha phure tap nhung
dd co cac thuat toan FastICA rét hiéu qua. Nhiéu thuc nghiém trén nhiéu hdn hop tin hiéu
ngudn khac nhau cho thay viéc udc luong ICA rét tot.

Chung t6i da thyc hién nhiéu mé phong trén may tinh va danh gia chat luong tach 4m
bang cach so sanh dang song va nghe bang tai. That ra con mot vai cach khac dé xem xét nhu
phan tich phé Fourier, tinh sai s6 xuyén am . . . Cac cach nay lam phong pht thém viéc danh
gia va mang tinh dinh luong hon nhung khong cho két qua khac di.

Noi dung khao sat ctia chung t6i dya trén gia thiét sd ngudn bang véi sb tron (cam
bién) va mo hinh ICA chuén nén chi 1a co s6 bude dau dé chung toi di vao cac mo hinh ICA
thue té€ va phuc tap hon nhu s6 ngudn khac véi s tron , ngudn c6 nhidu, su lai tron c6 tré, lai
tron chdp . . . ma dd c6 rat nhidu cong trinh nghién ciru da céng bd, tuy nhién van c6 nhimg
nghién ciru méi vé 1y ludin, sy md phong va tng dung.

SOUND SEPARATION USING THE METHOD OF INDEPENDENT
COMPONENT ANALYSIS
Truong Tan Quang, Nguyen Huu Phuong
University of National Sciences, 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 processing
or recognizing must 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 the
source signals separately.

In the last decade or so a method has been developed to help solve the above problem
of Blind Source Separation (BSS) effectively, that is the Independent Component Analysis
(ICA). This paper gives an brief overview of ICA and our application to sound separation.
The results are very good. Henceforth, we will be able to tackle more complex source
separation problems using ICA.
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