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TOM TAT: Phan tich thanh phan déc ldp (Independent Component Analysis — ICA),
thudc cdc thudt toan hoc khong giam sat, dugc nghién ciu va ing dung nhiéu trong vai chuc
nam tro lai day. Mot linh vy 1iing dung cua ICA la tach nguén mi (Blind Source Separation —
BSS), trong do tir cac tin hiéu trgn lan ta tim lgi cdc tin hiéu nguén nguyén thiy trong lic
khéng biét dwoc chinh sy tron. Thuong cdc tin hiéu trén quan sat phdi dwge tien xir Iy boi mét,
hodc hon, phirong phdp phit hop trudc khi dia vao woc hegng boi mé hinh ICA. Bai bdo nay
trinh bay viéc tach anh bang tién xu Iy bién doi wavelet roi rac (DWT) két hop véi wée luong
ICA ding thudt todn InfoMax va FastICA. Chiing t6i thir nghiém trén nhiéu loai anh dimg cdc
DWT va thudt toan ICA khdc nhau dé so sanh vé hiéu qua

Tir khéa: Phan tich thanh phan déc ldp, tach nguén mii, tach anh, bién doi wavelet roi
rac.

1.GIOI THIEU

Xem trudng hop ¢6 nhidu tin hiéu nguyén thity, goi tin hiéu ngudn, dugc tron ldn thanh
nhiéu tin hiéu trén. T céc tin hiéu trén quan sat dugc nay ta mudn phuc hdi cac tin hiéu nguén
riéng ré. Pay la bai toan tach ngudn mi (Blind Source Separation — BSS) ma phan tich thanh
phan ddc 1ap (Independent Component Analysis — ICA) 1a mot phuong phép hiéu qua. Tin
hiéu trong bai nay la cac anh. Cac tin hiéu ngudn la cic thanh phén ddc lap va viéc phuc héi
ching thuong dugc go1 1a uée lugng (estimation) ICA. Bai toan ICA khong thé giai bing toan
hoc thong thuong vi s6 lugng an nhi¢u hon s6 phuong trinh, ma duoc giai bang cac phuono
phéap théng ké. Qe tang hiéu qua, ICA thudng dugc hd tro béi it nhat mot tién xi Iy ma trong
bai nay la bién doi wavelet roi rac (Discrete Wavelet Transform — DWT).

Té chic tiép theo bai bao nhu sau: Muc 2 1a mé hinh ICA co ban, muc 3 tém lugc vé
DWT, muc 4 tach anh va chuin dénh gia, muc 5 mé phong va két qua, va sau cing, muc 6 1a
két luan.

2. MO HINH ICA CO BAN [1] [2] [3] [4]

Nhiéu tin hiéu nguén S1, S2 ..., Sy dugc tron (téng hop) tuyén tinh thanh céc tin hiéu trén
X1, X2 ..., X, MO t& bdi hé phuong trinh sau:

Xi=as;tapsa+...+taus, , 1i=1,2,...,n (1)

trong d6 a; ,1,j=1, 2, ..., n, 1a cac hé s6 tron dugc gia sir 1a thuc, va chua biét. Thuong
dang vecto va ma trdn dugc dung:

X =As (2)

VOi X = [Xy, X, ... Xa]" 12 vecto tin hiéu trén

s = [s1, Sz, ... 8y]" 1 vecto tin hiéu ngudn

A = [a;] la ma tran trén
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Ma tran trén A gom céc cot goi ai, nén vecto x con cé thé viét nhw

n
X =) a;s;
i=1 (3)
S6 lugng tin hiéu ngudn va tin hiéu tron duge gia sir bing nhau (cung 1a n) dé viéc tinh
toan dugce don gian. Day 1a mé hinh ICA co ban. Luc bay gio A la ma trdn vudng nxn.

2.1 Bai toan ICA

Khi giai bai toan ICA ta udc lugng dugc cac nguon s nguyén thuy nhung khéng hoan toan.
Cu thé 1a chi c6 thé xéac dinh dugc dang song ctia cac thanh phan ddc lap, con yéu to thang ti 18
(bién do urong dox) dau (pha) va thir tu ctia ching thi khong 6. Trong phén 16n truong hop
thuce té cac yéu t6 bat dinh nay it quan trong. That ra ngudi ta da va dang phat trién cac cach dé
khéac phuc cac bét dinh.

2.2 Uéc lwgng ICA

Tir mé hinh (2) bai toan ngugc la

s=A-1x (4)

A-11a ma tran g1a1 trén (dem1x1ng/unm1x1ng matrix). Thét ra vi A khéng biét nén ta chi c6
thé woc luong A-1 va s, goi chung la uéc lugng ICA. Co nhiéu cach nhu phuong phap kha

nang cue dai (maximum likelihood) bao gdm cac thuit toan nhu entropy cue dai, théng tin hd
twong cuc tiéu, tinh phi gauss cuc dai (maximum nong gaussianity),va Informax.

3. BIEN POI WAVELET VA PHAN TICH DA PHAN GIAI [11] [12]

Vi bién dbi wavelet da rat phd bién nén muc nay trinh bay rit tom luoc vé phan tich
wavelet ma sé& dugc lam mdt tién xir Iy cho céc tin hidu tron trude khi dua vao udc lugng ICA.
3.1. Bién ddi wavelet li¢n tuc

Bing cach ldy thang ti 1¢ (scaling) va dich chuyén mot ham thoi gian wy(t) goi wavelet me
hay wavelet co s0, ta duoc mot ho wavelet:

W, (1) = 2 \p[-——-—t )
ab
sJa a (5)

trong d6 a 1a théng s thang ti 1& chi sy co gifin clia wavelet, b 1a thong sb dich chuyén chi
vi tri thoi gian ciia wavelet. Dang song tong quat ctia cac wavelet trong cing ho dugc bao toan
trong moi co gidn va tinh tién.

Bién ddi wavelet lién tuc (CWT) ctia mot ham thoi gian (tin hiéu) x(t) duoc dinh nghia

W, (a,b) = [7, x(th3, (E)dt = (x(t) v (t) (6)

trong d6 * chi lién hiép phirc, ¢ chi tich ndi. Bién dbi wavelet Wx(a,b) dién ta su tuong
quan gitra tin higu x(t) va wavelet ya,b(t). Bién d6i thuan & trén la phan tich, ngugc lai la tong
hop dé phuc hdi tin hidu thoi gian,

nhu

3.2.Bién ddi wavelet roi rac

Bién dbi wavelet lién tuc chira nhleu tring ldp va doi hoi tinh todn cong phu nén it duoc
dung. Cé hai tr ngai trén duoc giai quyét dong thoi bing cach rdi rac hoa thong so a, b:

a=ay b=nbyay
2

(7)
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trong d6 m, n la s6 nguyén. Ho wavelet ¢ (5) tré thanh

Yo (t):a;MLP(agmt—nbo) ®

Thong dung ,nhz"'it 14 roi rac hoa dang bat phan (octave) hay liiy thira cia 2 (dyadic) voi
a0 = 2, b0 = 1, két qua

_ o-m/2 -mgy

Y (t)=2""w2™t-n) 5

Tap wavelet trén truc giao khi

<ym,n(t), wk,1(t)> = dmkonl (10)

cho tit ca m, n, k, I nguyén, va 8 la ky hiéu Kronecker.

Véi su chon Iua thong s6 a, b nhu trén ta c6 bién ddi wavelet roi rac (DWT) c6 cac hé s
wavelet 1a

Con = (X0, () = [ xOW},, (Ot

Viéc téng hop s& cho lai tin hi¢u thoi gian:

x(t)=Y T epna¥mnt)

(11)

(12)

3.3 Phén tich da phan giai wavelet

Phén tich da phén giai (multiresolution analysis — MRA) phan tich tin hiéu thoi gian x(t) ra
céc dai tin s6 khac nhau béi céc loc thong thip va thong cao lién tiép. MRA ding hai ham bd
tic nhau 1a ham ti 1é (scaling function) va ham wavelet (thudng chi goi wavelet) lién két lan
luot véi cac loc thong thap va théng cao. Hinh la la cdy phén tich wavelet 3 muc. Ra & loc
thong thap 1a thanh phén xap xi (approximation-A) va ra ¢ loc thong cao 1a thanh phan chi tiét
(detail-D).

Tu cic hé sb wavelet nhan dugc bai sy phan ly, ta ¢6 thé phyc héi tin hiéu x(n) nguyén
thuy. Pay la bién ddi wavelet roi rac nguge (IDWT).

Trong phén tich bang con ¢ trén cdc tn sb cao chira cac chi tiét tinh bi bd bét nén chi
thich hop v6i cac tin hiéu ¢6 nang lugng tap trung & vang tan sb thap. Tuy nhién & nhiéu tin
hiéu, ning lugng tip trung & cac tan sd gitra hodc trai rong khap. Luc do can phai phan chia ra
cac dai tan sb thap lan cc dai tan sb cao. Pay 1a sy phan tich wavelet packet (géi song con).

2 A Wasalad
3.4. Wavelet packet

Cac pixel cua anh phan bd theo hai chiéu (2-D) 1a ngang va doc, khac véi tin hi¢u thong
thudng chi ¢o6 chiéu thoi gian. Do d6 trong xir 1y anh ta ding wavelet 2 chiéu hodc wavelet
packet 2 chiéu. Céc ham co s& wavelet packet 1-D dugc dung dé tao ra cic ham co s& wavelet
packet 2-D nho tich tenso theo chiéu ngang va doc.

4. TACH ANH VA CHUAN DANH GIA [2] [4] [8]

4.1 Tach anh

Cac nhom anh géc duoc san vao mdy tinh, sau do ta thuc hién tron tin hiéu theo Hinh la
bang ngdn ngit Matlab dé tao ra cac tron (1161:1 hop). Hinh 1b 1a so d6 wde lugng ICA. Céc hon
hop tao ra tir md hinh 2a dugc dua dén ddy dé thyuc hién viéc tich anh.

Trudc tién cac anh tron duge tién xtr ly véi wavelet packet 2D. Sau do cac hé sb dic trung
clia cac cdy wavelet packet dugc lam tring hoa (whitened) roi dya vao phan tich ICA, o day
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hai thuét toan dugc sir dung 1a Infomax [1] [7] va FastICA [11 [2]. Két qua ¢ ngd ra la cac anh
ude lugng duge cha céc anh goc.
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4.2.Chuin danh gia

Mbéi thuc nghiém dugc thyc hién 5 lan dé danh gia cac chi tiét:

D6 hdi tu cuia thuit toan thong qua thoi gian thuc hién thuat toan.

Sai s giita ma tran trén A va ma tran uéc lugng W: E(A, W) nhu sau:

E(A, W)= min|A -

(13)
v&i P 1a nhém cic ma tran n x n thuc kha nghich ma chi mot phén tir trong mdi cot khac
khong.
Hiéu qua cia tién xir ly cho mé hinh ICA.
PSNR (Peak Signal to Noise Ratio), gia sir cac anh ngudn da biét, theo dinh nghia
255’ \
PSNR =10log =48-20logo
¢ (14)
vol
1 n s 5
=> (2, -gi)
(O
trong do

i 1a gia tri pixel xam cta anh ngudn.

&i 1a gia tri pixel xdm cta anh udc luong.

n 12 sb pixel cia anh.

Céc ky hiéu cia cac thong sé danh gia nhu sau:

T1: Thoti gian thyuc hién ICA véi dit lidu khong dung wavelet packet lam tién xir 1y.

Errorl: Sai sb gilfa ma tran trén A va ma tran udc lugng W voi dir ligu khong dung
wavelet packet lam tién xtr 1y.

T2: Thoi gian thyc hién ICA véi dit liéu c6 ding wavelet packet 1am tién xr 1y.

Error2: S‘ai sb gilta ma trdn tron A va ma trdn uéc lugng W voi dir liéu cé dung wavelet
packet lam tien xir ly.

5. MO PHONG VA KET QUA
5.1 Cac nhom anh thuc hién

Chiing t6i thuc hién vi¢c md phéng téch anh trén 4 nhém anh khac nhau, mdi nhém gdm
anh c¢6 nhiéu va anh khéng c6 nhiéu, trong d6 nhém anh dau la cic anh benchmark (co so dir
liéu c6 sin) con 3 nhém anh sau 1a do chung toi nhép vao.

5.2 Két qua

33 thyuc nghiém & 4 nhom anh néu ra & muc 4.1 dugc thyc hién trén cac anh khong nhiéu
- va c6 nhiéu bang cac tién xur ly dung cac wavelet packet (db4, db8, Haar, va sym2) dugc phan
tich muirc 2, mirc 3, va hai thuat todn ICA 1a InfoMax va FastICA. Danh gid cac truong hop tir
thuc nghiém nhu sau.
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5.2.1.Phan tién xir Iy
Thoi gian thye hién tién xur 1y T1 voi cac wavelet:

Hinh 2. 4 nhém anh khac nhau cho viéc thuc nghiém

db4:

T1=(14.22s + 14.53s) o muc 3
T1=(5.60s + 7.23s) 0 muoc 2

db8:

T1=(18.58s + 18.74s) 6 muc 3
T1 = (5.40s + 7.43s) g muc 2

Ti=(10.18s = 10.49s) ¢ muc 3
Tl=(4.14s+4.175) O muc 2

sym2:

Tp=(11.31s+ 11.565) 0 muc 3
Tp = (4.57s + 4.405) & muc 2

Tir cdc két qua trén ta thdy néu dung phan ly wavelet packet mirc 3 thi thoi gian chiém
khoang gap d6i so voi muc 2.

5.2.2.Phin ICA (Hinh 3):

- Thuét toan InfoMax:

Thoi gian thuc hién thudt toan va sai sé E(A,W) véi dir lidu duoc tién xur ly wavelet
packet:

db4:

T2 = (1s + 1.01s), Error2 = (0.72 + 0.93)6 mirc 3
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T2 = (2.35s + 3.09s), Error2 = (0.21 + 0.31) & muc 2
db8:
T2 = (1.03s), Error2 = (0.66 + 1.39) o muc 3
T2 = (2.61s = 2.64s), Error2 = (0.33 + 0.46) O muc 2
Haar:
T2 = (0.83s + 0.84s), Error2 = (0.28 + 0.41) & murc 3
T2 =(2.21s + 2.23s), Error2 = (0.15 + 0.28) o muc 2
svm2: '
T2 = (0.83s+ 0.85s), Error2 = (0.28 + 0.42) o muc 3
T2 =(2.25s + 2.26s), Error2 = (0.25 + 0.31) O mirc 2
Bang dinh gida PSNR (Peak Signal Noise Ratio): nhom anh thir nhét
S1 S2 S3 S4 85 S6
PSNR 94.53 88.09 90.58 88.97 86.06 87.31
- Thuat toan FastICA:
Thoi gian thuc hién thudt todn va sai s0 E (A, W) voi dit liéu dugc tién xur Iy wavelet
packet:
db4:
T2 = (0.13s + 0.25s), Error2 = (1.35¢-14 + 2.33¢-14) O muc 3
T2 = (0.24s + 0.38s), Error2 = (6.82¢-15 + 1.20e-14) O muc 2
db8:
T2 =(0.14s + 0.17s), Error2 = (9.73e-1 5+ 9.73e-15) O muc 3
T2 = (0.28s + 0.34s), Error2 = (7.94e-15 + 1.42¢-14) & muc 2
Haar:
T2 = (0.13s = 0.16s), Error2 = (1.01e-14 + 1.49¢-14) ¢ mirc 3
T2 = (0.24s + 0.32s), Error2 = (7.58e-15 + 1.29¢-14) & mic 2
sym2:
T2 =(0.13s + 0.15s), Error2 = (1.16e-14 + 1.47¢-14) ¢ muc 3
T2 =(0.25s + 0.49s), Error2 = (7.12e-15 + 2.44¢-14) o mirc 2
Bang danh gia PSNR (Peak Signal Noise Ratio):
S1 52 S3 S4 59 S6
PSNR 95.03 93.37 92.06 74.67 83.90 83.79
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Két qua trén cho phép ta c6 méot s nhan xét vé hiéu qua cta cac I,ogi wavelet packet, s6
mure, thuat toan ICA. Thuit toan FastICA cd d6 hoi tu nhanh va sai s gitra hai ma tran nho
hon thudt todn InfoMax. Trong céc trudng hop tién xtr Iy khéc nhau thi wavelet packet db4 va
Haar cho két qua & ngd ra t&t hon so véi truong hop db8 nhung néu ching ta dénh gid bing
chi quan (nhin vao két qua) thi khong thé phan biét dugc thuat todn nao co sai s6 nho hon va
ngdra o tru‘é'ng hop nao t6t hon. Riéng truong hop tién xur ly v&i wavelet packet sym2 két qua
ng0 ra khong tot néu phan ly mire 3.

Hinh 3.Céc anh dugc ude lugng tir cac anh gde khéng c6 nhiéu

5.3.Truong hop tach anh ¢6 nhidu [1] [7]:

- Trudng hyp anh gbe ¢6 nhiu mudi ticu va gauss, thufit todn ICA van tach duoc nhung
anh con nhiéu.

- Truong hop loc nhiéu: néu loc nhidu trén céc anh da uéc luong thi két qua tdt (Hinh 5)
do qua trinh loc nhiéu khong anh huéng dén tin hiéu dua vao thuét toan ICA. Néu loc nhiéu
trén cac anh hon hop, tin hiéu bi anh huéng do loc nén khi dua vao thuit toan ICA, két qua
ude luong khong tot,

6. KET LUAN

Cac két qua md phong cho thay ICA hiéu qua trong viéc phuc hdi lai cic anh gdc sau khi
cac anh nay di duec irdn tayén tinh. Su higu qua tuy thudc co ding bién doéi wavelet lam tién
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xur ly hay khong, loai wavelet, mirc phan tlch va dung thudt toan ICA nao (InfoMax hay
FastIiCA ...). Ket qua cia m6 hinh ICA co ban trinh bay trong ban nay la budc dau dé ching
toi phan tich cac tinh hudng khé khin hon (trén phi tuyén, s6 tron it hon s6 nguén . ..). That ra
di c6 nhiéu cong bo trén cac tap chi khoa hoc két qua nghién ciru cua tac gia khac c101 véi cac
md hinh ICA phirc tap hon mé hinh co ban [8] [9] [10], tuy nhién vin con nhidu van dé can
duoc tiép tuc nghién ciru.

Céac anh goc co6 nhiéu mudi tiéu

Hinh 4.Céc anh tach tir udc lwong cac anh goc co nhiéu
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IMAGE SEPARATION USING WAVELET TRANSFORM AND
INDEDENDENT COMPONENT ANALYSIS

Vo Minh Son, Nguyen Huu Phuong
University of Natural Sciences, VNU-HCM

ABTRACT: Independent Component Analysis (ICA), which belongs to the general
class of unsupervised learning algorithm, has been studied and applied for a few decades. One
of the application field is Blind Source Separation (BSS), in which from the mixed signals we
would like to recover the original source signal, whereas the mixing is unknown. In our work,
the mixed images are preprocessed by the Discrete Wavelet Transform (DWT) multivesolution
analysis, followed by the ICA estimation using InfoMax and FastICA algorithms.

We do not contribute any new theoretical or algorithmic development. Instead, we carry

out extensive simulations on many different types of images using various DWTs and ICA
algorithms for comparison of their effectiveness.

Keywords: Independent component analysis, blind source separation, image separation,
discrete wavelet transform. '
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