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Independent component analysis-based image/video
analysis and applications

LIU Ju, SUN Jiande
(School of Information Science and Engineering, Shandong University, Ji’ nan 250100, China)

Abstract; The application of image and video is becoming increasingly popular with the development of computer
and communication techniques. One of the important methods applied in image and video information analysis is to
obtain suitable features which approach the visual characteristics of humans. Independent component analysis
(ICA) is an unsupervised training method which effectively matches human vision with image and video under-
standing. In this paper, different image/video analysis models of ICA were presented and the independent image/
video features based on these models were analyzed. A comparison between multimedia ICA and digital wavelet
transform ( DWT) was performed. Finally, computer simulation results on various analysis methods were given to
show the independent features of different models and their applications in image and video watermarking. The re-
sults of the application simulations show that the independent features may make improvements for image and video
watermarking.
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DAS B AT R 4 , (A5 R R 2 N5 TH - B
41245 # ( discrete cosine transform, DCT) 2 —fp 5
RS Y P ey N

FEE S EEM BRI R, HE
AEIFRZR RGP B 8] Tovk o 5 , R 3R
TRESEES T TR—/MNEZ#. I TRFEES
Y N AR 3 AT 2 B SR R ) R /D B B e (-
crete wavelet transform, DWT).

BRUNE A R LA BIE S B /N B R
B, B ) R AT R AL i R e , T BB A RO S
SHRBEEAS S Bl EN RS EET
SHESHATE RE R AT, e T8 E AR i
T REMR DRIV 2 [FIRR , g\ =i R-RUE b fl 2
SRBATH—MHFREAR"Y . EEEFSHN.EE
A B EBRIEA TR BIE E4E R R
RREGEHE VST HEBUS T RANEE A
N FYHE B BUR

Jh 7 438437 (independent component analysis,
ICA) RIEEREFS A 54 & RERK—
I, BEAER—RE R 2 B SR (blind source
separation, BSS) , B{5 S AL H IR TS # . ICA
ISR R R R — R e B — AN B3R
AR—HETEX EHERINEENEREH
& B EE L ICA SR B 5 5 R AE &2 A T 4 o7
H). BHEI ICA B &) Z N TRIE 2B A 3
BRI BB RS A BB AT AR F R 3
FIKENSE I3 TH .-

1 ICA FaF ICA ty BR A AE$R B

1.1 M5B

ICA fERh—ME S HER, KEMREUS
TSI BB R A AR F R — AN EE™.
ICA BAE X 2 AN R B 1R 5 B AARE 12
B, WX 2 A5 A K BN 53R B A
TR R.

BRSO BERERE S EES YR ANE
OUT BRI ARG ST, CCERNES
AT ASER Mk B iR R G 5

ICA {55 #AImN=(1)

x = As,
s = Wx. (1)
K x =[x 200 x,] Bm EWNEFERE,s=
[sy 8,0 s, ]" B n RAMPFFERE,A BRAFE
BIEME, W RARA B AR
ICA SRR {URIBMNESRF S x RAHIRES s, 5K

AT AEE WL S = Wa , B8] s il BE2F
Y Z R ICA B 0 FastlCA B i FHE
TR R AT BT ) Y2 .

FastICA 2—FF R E Sl 2 8 th Bk
THEIEMNUESRSFH FE 55 & 5347 (principle com-
ponent analysis, PCA) #47H A4k, MR E S x &
Bl z=Ux, 5z WP EBRB RN T ZHEAM
X, Hr z iy BARAE MR BALME, U S HALIE.

FastICA F| FUE B B Am RBUE N 2 B HEN, 7388
RIS ARN

V(k) = E[z(V(k-1)z)*] -3V(k -1).
bk BB BANBEM A W=V'U.

1.2 BE{EHICA 5

SCHER[4 ], A. Hyvarinen ¥ ICA A T B FR1E
REL
BE—MESEENRHES x WESHEER RN
I(x). G AB PG ERAEERKZES 1(x) R
ANA—RIFHEREE F R 0, () RSB IS
R:

I(x) = gai(x)s,-.

A s, AEILRE, B—MFS 1(2) WK S, 2
AEFAE B AXNTHESHE x =
[, %y %, ] R SRR N x = As . FRIFIEHR
AEEARR ICA AL AR,

L 1 4 el S 2 A B MR AL,

Bl EHalsE
Fig.1 Image mixture model

1.3 BT ICA FHERA

7E ICA BB, BAFTE2 MIE S, WL ER
TR EE RE —EEG, B, 5 2ET
ICA /K BN T7 SRR AT IR S6 B R R i 77 AR B 2
AWAE S, BB REE—D NG5 REL
ICA #5l.

Xt T ER B R BB AL 8 x 8 B 16 x
16 R R, AN 2, FHHEIX Bk AE Dy ICA LRI P
MNE S, FET ICA BRRES. XHERM T
BIRE S RIS, W LA BRI RHE , B
X —id B ARAERFAE SR AL

B3 2 B REMGRRHZET 4 ICA SREUHR )
B Oy T BRI, AIEERA—
Sepn AT B BRI B O B R R BT i
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FeifEdl, AR R R ARE A 285 BE
143 3, FEF I FastlCA 753k HEATALBE; B U5 , 718
3| ICA Fyr &%, A. Hyvarinen $§ Y X st i &
BATER R IRER, X 3 N EEREA R,
T FLX B4R AE 5 Gabor BE¥LT 43 #H4LL, [F] B 495

X e FL ) 8 5 /N WA AT,
8x8
16% 16
JR A % 4358 x 8EE16 x 161k
B2 ok

Fig.2 Method of image blocking

E3 FMASRICARRERMEABGERE
Fig.3 Basis vectors of natural images extracted by the
method of blocking ICA

X BBRHIE RE B A & A SR 46 B R B9 — 2807 [ 34
%, SRR R B R, s, Hateren JEH
T X BRI 5 ARSI B AR 2 AR BV, 3F L
TR B R SC I 83 T R 25
1.4 EFREHE G303 FFE S 7 RS E

TP ICA B8, FR B R JE, &1
RAFEBRARR L T AL, REBUH R ARRIE I A
REAR 74 [ PR R B 2 AR 1A

REER—F 0¥ RNESLEITE, T
HRIEAS ] B R B B SRA IR B 15 520 FUAH
PIBES. ARERHBOUT D EEIRNEE SR
EEGARL. SRAEE T 2 B, JREER T LA
N 4 A FEUES T .

BRBRIGEIB AR/ n xm B RAEE T4 2 B9
TREECINE 4) )5, 153 4 TR, INK(2) T :

Isubl(i’j) = I(2i - 1,25 - 1,
IsubZ(i’j) = I(2i - 112j) »
L, (i,j) =1(2i,2 - 1),
L, (i) = 1(2i,%). (2)

I NREEEG,i=1,2,,n/2,j=1,2,--m/2.

Bl 4 s A R T B D SR 6 B 15 E s i B AT
11 A5 2 B B 2 AR T 1B R ph SR 0 R B A
BT BSARE] i C A T B v R G B i

HEBTT . FFE3 5 D 4R T B2 B R in E B
EAHBETT BFIER. B 5 K IRIATRIHE peppers
B2t EARREIIE RN T EER.
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c|plc]plc]plc]D AlA[AlA|[C]CIC]C
AlB[A[B[A[B[A[B AlAlAalAl[CC[C]C
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AlB]A[B[A[B[A]B B[B[B[B|D[D[D[D
c|plc]plc]plc]p B[B[B[B|D[D[D[D
AlB]A[B[A[B[A]B B|B|B|B|[D|D|D|D
c|plc]|p|c|p]c]D B|B|B|B|D|D/D|D

B4 FEHREGUERETRERIN4IASTFE
Fig. 4 Original image and the four sub-images ob-

tained by downsampling

B5 R4 peppers BBRURETRERS 441 FHE
Fig.5 Original standard image “peppers” and the four
sub-images obtained by downsampling
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fRSHEAT ICA AL B, 7T LIS B AH R FRARRIE -

RTEHEAE T B/, BT RES
ICAMEELBGFSHENTRE N ICA Z#H
(ICA transform, ICAT) "' jEid ICAT BHf 4 445
AEEI 5 (feature image, FI), WJ LI 37 B9 07 5=
7N, AN 6.

E6 ICAT{RERAY4 MFESR
Fig.6 Four feature images obtained by ICAT
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FEEL. BB, B FL, FR 8 IR B R R & FIL
FL, ,FI, gk v 41 o &.
1.5 FEfR ICA RS EMNES A EIER
N TERY G R ZRINEREN
GITT kTR SRR L T M . BB, SIS
R REH ICAT g RA —E B .
FETREM ICA BRHAE 047 07 35 — R 7 AR
BAE2M. 5 1 MES/PMEST T ERL, F—F
ICAT R BIK &1~ B 48 2 51T — W ICAT &b
H. 7—Mr SRR RS REHE TN 4 BRF
B 16 ~T B, RJE XX 16 AME G #EAT ICA 4b
B XA R v B T RAFE T 4 /Y ICAT. 72
X EH LIS 1R Bl T BB, oA SR L IR 4
B 7 .
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~[F12_F11]
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E7 $£1%2RICAT SREE
Fig.7 The framework of the first type of 2-order ICAT

1 MRS HRE/MEZRE ST I EHEE
1, KBS R RUMNE R BT A G R X He. AR ER]
& peppers BT 1 F )7 ICAT 7L BEI R
WK 8(a) , K 16 M BHHFAEEMHETE(RE
—N 8 RAT R (HERK 1540 8). B 8(b)
& peppers 5 — )2 2D-DWT 40315 ] i 45
/N EER A Y2 Daubechies<4 /™.

(a)2/ZICAT 4 it W peppers B 1% b 8 ¢ T

(b) 2IEDWT o i Xl peppers BUS AL A (LT R
BESA Ay, HATLH, HL, HHTHO0EER
PG AR A i AT

B8 ICAT 5 DWT B4y 4745 SRRttt
Fig.8 Comparison between ICAT and DWT
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AHRBRGEGH RS TH, ERGEGREERSE
R, R T R E R ERE R B, A
SCHERESER I B BE B ST R A A L A B — A
THE NS A B AR N R T SR B D045 -

A SCHHE SR 53 B BEAT " 4E B BOR S5 AR e (2D-
DCT) , X153 9 B LR 7% REUHEAT zigeag A, 18
FE DCT REIFE MBS HRKHES. BREE 1
DCT A% (CE R REO 5b , -2 BRI A3 2 w5 55 B4 I
FRITHR ARSNGB ZRALEBEER
95% \90% B L. IRX A B BHZHARLE
FIT o5 Y EL B ) , T 252 BA 3o 8 4 ) RE B 4R rP R
B4

B3R PR peppers IR, BRI/ 512 x
512 , B RUNEAR R FI RN A Danbechies4 /N,
GrRIX— R R/ BT ICAT SHEAS B B o>
BT ikl DCT R¥geit .

1) — 253 fEss . 78 DWT BRI & (H
T3k B Daubechies4 /N, R BE E RPN
259 x259) I3 (AC) REE, # MRS EN =57
HINFE , BUS 627 MIRHRACH R EUHY RE & o 48 T B4
TMABBDREEM 95% , X R G /BN LM AR
BHI8.39% ;1 ICAT #5770 & ({8 & K/D KN 256 x
256) KT 793 451 4, R B KR R T
5.27% , U & DWT Z52R 1) 61% . X HiBH, & G
BB R BN Y ST, ICAT #E5 r B P EY RT3 4514
SR AR BK A B B T AR B A /N AR 2 B T
S2INMTMABMKEE BN AR XERE—F
ICAT 73 f 2B ES 7 B BE B 4 DWT SN .

2) " EaBait &R, R DWT 23 M4
e, HARFE R/ 69 x69, BRI (AC) R
TR RSB R AR B , Bl 673438 R EUE
REE LR TR SR ALEREER 95% , X R
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d RN ACT R B35, 14% . 575 51, i 962 N3
RERER G TENMALRAEERN 90% ,3X
B 2B AR ALN 19.61% . REFEETF 2
1 —E ICA FiRMHSS &, HEE R/ 64
x64, BEHIZH (AC) REY P, WK B SR
R , Bl 206 MES S R E RER 4 TR A58
RABBRER 95% , X B ARG WBENMTHAK
19 31. 64% ; A 650 MESAZMALIRER 45 T
BAZHRBYRBEER 90% , 33 3 A ¥ G BT
WA 15.87%. IBHRERETTREN_Z
ICAT 73 5 L IR UM AR 70 B 5 — BB B/ e A
BB RS S B AL, REE N .

ICAT 71 DWT #4773 & B & Gu it 1 45 1 3583
ICAT 2SR B B RS DWT BRI 2 &
HHH, RER NG . duph 2, 7T LA AR E A
DCT RPIRE H R R E M E K. X UL, ICAT
EIRET A ER T DWT, B a] BB A SR R
A R 2 K B AR BT R &0, DWT Be& BREkdi 1948
S DAk B $HE i T4 G B N TR A T
B ESE , 3F 2 24 % JPEG2000 FE 45 4R vk B 336
. ICA FRABH 2 B AU K B2 S8 1% 57
B, X BEAE BB AR B/ D EHRTUAR. LR stie Al
B 73X — . EAIA ICAT 45 BRI, 48
RET RES LT DWT.

2 AW B L 3 A AFAE AT

FMLF B ICA 4347, AR ICA T A
AEIREEEL, b, 2F ICA R PR 747 7 LA =4
R T5] B4 ST IRAT A
2.1 ARG IESI IS GE

¥ 1.3 Fep T E 5 45k B9 ICA 51 Fms
ALY & , B SR U AT st 1) _ 43 BR , SR e
43 BT AR 23 8] b4y, SRR 43y = 2k, LLax s
ZHEHEN ICA BRI LI 43 8 3547 ICA 4%,
A5 B R A 7 BUARAE R R B T ICA R RLARA% 37 Bt
KRR AR 7R . SCHER[ 10 ] 38 5 S2E6 E B X s 37 By
-5 AR AN B R B2 J2 400 e 2 B VR TR A
EH L. B 9 RS 7 HRHE A $RBUAEZE.

FEHAT SRR SR U, SRR A AT
I _L Fy o B, BP LA S AT RAE BN TR _E BB L R
JEAFEZS ) b . MBRAE 4T MPEG 450, 38
H 1% R GOP(group of picture, GOP ) £514 3 X AR
SEFTAR N EYE 0, — M GOP a3 2
gt T it P FD B 3. YRS R 45 o B B — R
GOP Z54niE 10 fir7s.

T

B9 MMk R RYIR VSR
Framework of the independent block-based

Fig.9

video feature extraction

)

B 10 5H GOP dhigi BBl 44y
Fig.10 The structure of GOP

FRIBHSR X B GOP 1) 544 3k 3 WS 7E B [
b E. A BE, BRRE 9 hiR KR
PRATARAE FFR I, 33X A 2RAG O 40 A B PR O (A4 ST,
H4E1E (video independent block feature, VIBF) . 3%~
TR A PR IE A B b R R ETE =, FR H
BT A E0 e, DA A OAR e i Wtge 4T X 1)
2.2 HIMAGISIBhAS S BAFE

FET ST SRR 2R 5 EE BRI TR S R —
BOORAA , SR TR P A 7 B AIE B & SO R w4
PR a1 A P HES B R S ER P 51, 1X SE %
ZRBZAFERBHUKNERGER, WS
B X E BB A B SR B R RN, X T
A BMMEXNESE RELTT L RMEM S,
DU TCA AR PRSI B ot I 45 o 40 31 R BB .
B EEAE T BT RSB 0 B 15 2 AP
RATIE.

BB RS2 1 2 WEER 53 3 O X AN
Xrii-1)» BN ERRER Spii-1) ARG E, BN
ZRHAE S B s, , BNEHA R, 2, F
Xpci-1) W LAB R Spiion) T Sy BB IMBISER «

[xF(i) ]:A[SF(i—l)]
Xr(i-1) sF(i)
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= Xriy~ XrG-1)~ SFGi-1)~ SMF(,-) a7 2 Xri) ~
Epis1y Sr-1) ~Su, o BT BTG R. B, ICA 771
FASR S B AR b AR <R 2 Wi R ER S B 5 B AE
A EFL. B 11 ZF]H FastlCA 3§ — BT+ 41
2B 2 WIBEAT SRR R

Hij e

15 it
B 11 ICA 4EFESIMmBENE R

Fig.11 ICA analysis on two consecutive frames

SCHRL 13 ] UEBA th 5 2 TR B30 7. 053, T Hh 30
SR LA N, RN YR i iz sh T k2
B HGERBERM. DG REB T RARET
BIZUE 3l , BRI R R R SRRz 3l , I
BT BPECE XS, X— 4 R R T 0
R AT E S o &, A ROB R T AR E 3l
2, MR e T A sfiit FEhEES
HIEERAE, WA T HER.

[Eat, AW R AR A EFERS
HEHMSZW0E 2%, BRI AR IE 35 B 5%k
B RS B EFEMARME. Fit, BARMZE LA
fe7BRL, T LA B R B AR TR 4 Sz 315 S, L (B R
Bz a5 BIFAREIEE X LR MR 2305
BTERL B R R 5. T ICA 2 BUHY it A
Xz fE R, ERIENEREEEME
ST EY, T LRSS AR AR 4R 2 Wi [a) & A 1Y
BEEL, I BN AP BA BRI B
2.3 MIAEIIRSL N BEHE

BEEENIEST B R R AR R AT R BE i
PRARH B9IE SR, (B SR LA 2 E AT )
AR, R 2R e LS _ L iEshiE B, ok
RS B, SIkFER, Af]1R BSR4 [F
— AR B SR N A KB, B
U HR T T N AR R IR R A 7k

FET 0T AR B URARR 7 7 s B SR
WRBEA TR L B, B AR IR 37 5 e WA 4% N 7 g [
X5y pB e B R g 7 43 8 4347 (princi-
pal independent component analysis, PICA ) $2 BUH &
Tix Be LA i N 2 R AE—— L AR 7 N AR AR

(video independent content feature , VICF).

2.3.1 Hkp%

PR GRS 3 B, PRy ORATa 18] _B R 43, 2
AL — A ERZFR S W R B R R R
RN AR AL B R] B o A R B B 8%
KB BT EEER . ETERN . ETHN.ET
BRI RS
2.3.2 MM I A EH4E(VICF)

1) F4h 74324501

— i ZEHETT ICA 43501, e MR E S FIA
FEAE5H(PCA) #EfTH R . HE RS, J
VEREIERAS S 1 T 5 22 56 1 v R B A AEAB I X 1 )
FHIE Bk 1 4L B, BE T LA S BRE 4, R R T
) ICA HrikBIxd FE L s B LA fs i, X~
BEFR A IS 3BT BISTBT A— kST
SRR T A4k BB TR, 52k
i) VICF i b r s 2 7 A 4R B

2) BTAH ST N ZAAE (VICF) .

B F—NE Sk 9 AR AR O ICA #5230 o iy R
BI55#E17 PICA /3%, BL AT IR B E T UM &
27 A AE VICF.

S PICA P BFPHMNERFEEN xp =
[®e Xy 3 ], %0, RBESK TS i W F, 1951 1
B, KE R p xq,p.q A RIANIEITT 14K,
M R (R EL) H i B4 F FastICA BIE X
BT M0 850 #% (FastiCA) , 153 5 =
[sve Sice syl ", Ho N @8 B ek s o B 19
N

Sye = FastICA,(xy).

BRIANGIMMISE S B NEERER
Ver, Voo Bh R WUIR ST 4 2845 4E VICF. DL 540 22
HOEIR ' S il BEAT VICF 207, ¥isb 5 A F48 4
FIXTRHBHAT 5 AN, T H T 5 M. Dhigdg i
THSEIEN 1 S8, SR TRER 2 5#,KK
HeHE. FRERAYNF P2 1-2-3-4-2-3-1-5, 8 12 3§ TR
SRR AT B LR,

B12 FERFAMHETIR

Fig. 12 Frames in the video of fingers playing piano
&l 13 2 FastlCA XX B AR BEAT £ 52 7
BTSSR FEBEAT PCA TR LI, EXEE 6,
by-bs RAFFNRY 6 4~ VICF; p,-ps 4 PCA HAL/ETE 3
i 6 N ERESE DT B 13 (a) ~ (f) £ PI-
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CA $#=EUHRE) VICF. K1 (a) ~ (o) FRKEBEH
HT7 BT T RS, b, ~ by B HIN RIS
4 BRE2BRESE L RSE 3 BRAIEE 5 6] VICF ZAIF
— PO BRARE o 2 B SR YRR AE it , AR P
B BRARFAE , 3953 o B A T AL R TR 58 1) B .

(b) B,VICF

(a) b VICF

() b VICF

() b,VICF {e) b,VICF (f) BVICF

[ 13 PICA 425 EIR 3 4 2ii

Fig. 13 Principal independent content feature frames
obtained by PICA

3 ETICAWEGHT AN

BT K ERBAR R — R AR 4Rl B L A T L AR e
RS BB EE RER T AAT, d T
LB E B A & , NIRRT AR IR B R SE 45
KB RZEFEE 2 N KEEREERA
FIKER B EIR BRI , — R ESRAK B RA AT
R BB AN EBAERY KEBR AR
KRN 14 FF7.

K E Ak B

BIRHAE
UK E 2R S

=h KR K B

3
.

’
———————————— e

R

M4 KERA TR TSR
Fig. 14 Models of watermark embedding and detection
FLLE H, ICA MIEE/ 2 B AL A 5K D Rk
AN/ BRBAEF R - RARE . Bk, ¥ ICA 5K
ENEORE: &, §UH LIS BB T ICA B9 EI5/ Ias K
B ER. THMNAHETRERGE S ENER
7K BRI 7 58
3.1 HEKHFE
TRAA ICA KRS/ o B R, 78 i =3P
KoK G EEB MBI RAEE B b TEKERAR,
KRR BIER— B SIRA B REE BT, 5

B FiR A K D B T R R A I 45 R K B 45 1R
B s TE/K BRI B, AR RS B 28R 1k PRl 45 v 2 B K
EREMR , ST 5 R aR 7K B B R B4 s SR 4 I A A 0
FIZRIRE 5 P R A IR AKED. K ERA R BB 5
FIER WA 15 FrR.

SRl
KM
LR ENEEEY) e ATKEN Y BN
{41, EIg
WK EIAY JREUE
K ED S w BRI 4 Ak CRw

B15 ZTHHRBRANRRERKNEAR

Fig. 15 Framework of watermarking embedding and

extraction in spatial domain
1) JKEFEHER AFIHREL.
% 2 W R R 8 R 4 AV R 4 T
FIKERER w ¥ KB AR ICA Al 2 MRS, K
BN A ARFRUT -

X, S,
-l
Kt es, W s, AP BURBMAEE T RAEDES w b97F
BRI %, Al x, AR AKE R ER I,

I TREUKHNEARR 2, TR, A, 2R
BEE GREX T REOKRARE & A, =

NEL

aySy + aps, = ¥,
ays; + aps, = X
R THRKEDAT REMENRK,A, Fla, >
lay |, 3% B0 LUEE AT EAT 2 48 SR R R A
FKEIAT WK, H ay can A RE.
R K EREY , o] LUK R B4R B AR S AR R R A
HEL R K B i A T R B I AR 20 B KBS B s
SR TS A A 7 3 3 TR B A M B R EF A 57, 3F
EL TR BRI e A, IR BRI O ik & K
& AR 2. i, X BERA ICA BB K
BN B R AR W, 5, MR (1) #E17
SIS ASRBUKED. 0 R AR IR K EDE B I, , W]
RPIBIARXFZSIT

s’ x
=W_| |
[srw] "'[xlk]
K2 ARFIKETER I 2L, s, Ak
BUHSREIKEDER w' 1T M BIE, T & s; 8 —

NEREBEEEGECUNER 'K W,
N BRBUK B B 73 B AR



- 502 - BB R & % #®

R

2) P5HE

SIS W% 256 x 256 f¥) Cameraman & {5 5 & &
ER , #8256 x 256 ¥ Tree G /K EPEIR. =4
BB FEW 2 oy 1> e, | BIRTR T, RAREHL
PTG IRBER, X B FEARSESE N

]. RS E BN 16 TR,

(0.7 0.026
™ 10.72 0.600

(R BUK B Y S R (h) B

PSNR=38. 955 7 dB

E1l6 RBERFIMESK

Fig. 16 Two mixture images

XK R R HE AT A R B B AR, 4R )5
hnAK PR B R AAT B , 3 B R BB 1R R
JKER. B 17(a)  (b) B&5E JPEG FE44/5 i B 5 U
FFP SRR AYKED. B 18(a) . (b) BH{HIEE
AT 5 B V45 A B A H 4R B SR B9 7K B

e pK

B 17 IPEG E4ERIE & EIRE H AIKED
Fig. 17

Watermarked image with JPEG compression
and the watermark extracted from it

MEESZRT LA, I 2T ICA B/
REEBF KA TR, HIER—IRA KGR E
HEK, BT —2 LER AU BGE , SRR
BT, A RFHEEME.

HAbSCER A X AP B ABE A AR BB E A
Sy BHERT T N SCER[28 ] o R I R R AT
JKERREATHERIE ICA S35 , TE IR 46 B B 208 JE B9
AR EBIKEN S5 B9 R EL, AT 5E BLK B B iR
A SCHK[29-30 ] oo B R e b AT D R B BUE
Ridgelet 28 #t , 7R B #e 9 R LB LK EI IR B R
FERERA , TREUR, 7E AR 3 33 ICA 7 R 1R
BUH IR B ZKED s SCIK[ 31 PR B B9 RGB 3 A0 &
Y624 3 MEBERBHEST ICA 7%, AR/ B K RHE &
BEATKEI B ER AR SR B X 295 357 — 2 &/ T #8
BE TREFHIGR.

(@) FHEIEBA R

B 18 o {ERHR fE A B R B IRER H Ak ED
Watermarked image with median filtering and

(bR H R Ay AR N

Fig. 18
the watermark extracted from it

3.2 ETFICAMmBNIEREGRKE AR

‘BN Y BAKEBGE A 55 ERIURE
MG —FPBCET. 8 T XL N B, AR
B AKERIFER , SR ARTERBNER L. 4
Xt FRX AR A K E A JR 46 B 15 K BV R F1 48 4
B4R 3 MR AE S, TR Bt ) 2B R A U R A
FHRR 2 M5 BB, TR 19 ] MR T —Fh i
PRIk XTI IR IR IR 1R B B 4 UK NS B
— AR ABIR SR & o s 7R Wi , P RS ) PR R
FHARGIER 2 MWNES B R B R
HZWRH ICA 3%, 45 A IG5 B — E SR A
LRI 2 AIES B IR E 5 R R
BEE R U SOKEMER.

1) JKEI R AR

BRAJKEIR, B e R R BT 2 2/ o
fi#, I R TR RIRES s, , KEIFRIGE 5
1 IS S BWERIRIE S 5, T s, RGN 5,38, Fl 55 R
ABATH R, F M ICA BRBHEE x =As HITRE
SEPUKEREHRA. TEX B, 8 T REH TN E 2
B, MK ER R A AR, BEDL= A — 1 2 x 3 4ERAE R
A= (aij) 2><3'ﬂzj§7§%§5[§¢, BIE U T ix ABEEL

x a, a, a S
(xz) ) (a21 ay azs) Sz]

83
BJa R x, FE AR AKEIFN IS BY/NIBIEF
Bl %, HRAGHIE. Xt x, FEAT/ BB B, FRSERL T 8
MR T W RKEIEAT REEER , BEBHE
A BRHER ap,a3<ay (ay +a;;=0.1ay, ). 0
REHE x, PEHKEME L, MR BB E,
XFFA G KETH R , 358 RIS KK ENER B R , 3%
R TAERES MRS, ICA 77 E A LAUE
AWNE SRR E SRRBIRGE S, Bh T R E
BR, 0y BUEN HF. ap =0 ERBEHAGEHEHF IS

BRMAEKEE R, XHEAAE RPN, s, &
KRG s, BEERNS BN, HIE o, >a ANTTFE—




FoH

XUFE - W37 o3 BT 0 B B IR 547 -5 L - 503 -

AR UK E B R

SREU/ R 7K EV I, B SRR A K BB T 4R R /)
PeIEET B AN I AT 10 B 2R , a0 BB AR
122 MIMES x, Ml x, , FH ICA EINGARB
B BAERE w, e RV, 3¢ x, Al x, $H4T ICA B, 18
AN EES yi My, , B

(1) w) - we
Y2 X

§

. (3)

$

S3

MK (3) TLUER, AR Ly, fy, BREES
s18, s, MRMAE. HK K v, FE— D RNGF
= X3 1"% 33 fﬁ?ﬂ%*ﬁiﬂ?ﬂﬂﬁ% X, X X3 il X, P
17 ICA 25, FI%ERE W, e R 4T 435, 5 B K EN
s, T4 55

5y X3 Y2
()= )= ()

2) RS K51,

JRIGE 5 J& 256 x 256 HYHRifE“ Lena” B4, UN
B 19 (a) i, BE =B /NS RREE FE (E
19 (b)) Ex AJKED. R IR B R H47 128 x 128 433k
DCT,#%“ 2" FR 8, Ba /) k8 5+ B i Ri
16 x 16 MR FOR A MR R E G H IS, WE 19(c).
KEMEE R K/ 32 x32 M EHER, E 19
(d) finm. FERAWBBEERN A, =

0.106 0'015 ‘01' P\, sk s E @ 19
(e) Fin. 5B 19 (a) MLk, MBEAIZ B B IEEE
I L, PSNR =57. 865 dB. 328, 7K B ) e R (635
% 0. 85.

F1AH TRV ERSE TRIREKERSE
JKERZ IR NC {H, &R BGE 2310 :1) BEHK0.1,
J522°80.001 SHY RS 2ifi52) 3 x 3 (BB I
3) BIY4R Lena” B RO FR BB 38 5354 ) JEPG FE4E, B
R4 2N 16. 624;5) R #e, B 5k A “ Biline-
ar” FIL SR ERY KV RERK 2 5, B8 RE
BN Wk 1 T LIEH , KNS RA BIFH
SRk, Brill NCEX R T4 BE 0. 85.

®1 EME FRREANS EAR NCE S

Table 1 NC comparison between the original and extrac-
ted watermarks under usual attacks

Bk NC b NC
TyE 1 By 0.855 3
EHFEME  0.9778 | JPEG E4E  0.946 5
HEMEE 0.9622 || REDT#H  0.9586

(@BEIG R (R ATKEN A 15

%
EN -

(e) AP

(e)/NEE L T

B 19 KEMERNBTEE G AKED
Fig. 19 Images with and without watermark and water-

mark

4 FTF ICA HAFAR I %

BT K BN B AT IO 7 R R B TR TR
M BTAR , LRI ALK BR B A B8 0
WA AR B R T, R B AR
PN A SER R B ).

SEGKEVEAM W, K BA B BEA
H)—SERRE , SRATUK BN EE IR — SRR B R, 10
WIREAERMES =N, BiEAERXNEREGE
BAREEZHU] WiRsE i E 4 B — 2
R BT B
4.1 BT HERFEOASTKEN TR

ANERAELH AR RLHE, E—RIEAER
RUISANZ , B TSR N 253 S Fp b TS etk B i

FIRS 2.3 35 iR W ORI ST N SRR AT
R —FPE T ICA FO4% 37 WLAR I 25 R 4E 1 BRAT K
B ™. Sk RS 1 B 3k 4> 7 i) 1 4 Be,
P A BT ICA 43 f% B8 B S 7 B WEE
YEER , R BA W EBOKEN 5k, e S B E
B P74 B R B R AKEDR. B T8 o i 3 0
SEAF RN T AR EA TR PR M, Bt
TEHR AIKER I HER A B B G OKER 75 St o7 LA 3]
MBUKEP M ERN. XERATET 2B EK
SWE (single watermark embedding) 772>,

FEKEPERELAT, SEER BURERY U AR B 2k ST 43
B, A AT 2 B R K ER.

PFEEE P EA—R 73 W EESER R
BB A 3 AR, WIERy 25 Wi/s, iR/
272 x352. JKEIRA IR KEFEFHE _ER B, K/
A 32 x32.

A REBUE kK VICF &8 A F B K
E1, 3 BT PR 10 DB ses, BT i B
1)3 x 3 B {E R, 2) WIR T 48/ 2 45,3) Mie sk



- 504 - OB %R

% ¥ #M R

0.5°,4) BN 0. 02 MRS ,5) BIE R 0, 2
0.001 ST S BT AR B0ih :6) 5 WA BL
PIERRISE e, B 5 Wi 138 2 A4S T3E e, 7)
MiER, 6 WiHEEER—M,8) WIERM 25 ~
30 Wi/s, FREZIF RIS, WIBOM 73 3624 85,9) i
M 25 ~24 Wi/s , Fegeat [l ZE, WEEOM 73 WK 69,
10) AR B AR S T . X B SIS ER R AR
S T MPEG2 45 /5 #E1T Y. X BLBCA 4 A i
BORAR MRS ) 28 Ak B i AR 4k, 2 R X it
ARG T ISR B A AL AT B9 B 00 , B ot A
AR BT AT IRBUEM R B 20(a) ~ (j) 25
XFRE(a) ~ (j) Bl E SR BUH R KER. 1) ~10) &
ATFEIHR 3 ASKED, A w43 35 R R ik
JEMEE 1.2.3 Brp 4R BUH SR B/KER. B 20 (k) &R
TRKER.

Wigk gl HiEw W o E g4
xE ok Be ge ke xx k¥ ke k¥
(g) (h) ()

: o K

(k)

B20 ‘FHEETHEETRLFRIAIAED

Fig. 20 Watermarks extracted from different video

shots under various attacks

SCHREEFRI X7 RN T H A2 T B
iy, AN AP R R A4 VEE IR R A 1R
SR BRI T H LR BT IR 86, 40 MPEG2
P48 Josete iR AR iR SRS S TR
R, 3T ARSI B (s , A —E
B e 5 TS T A TR AN R 2 ) Bt (i se 6t i 25
KAL) ATRIFRIE R
4.2 BFEiREREMHIERMKEDARE

2.2 W4T FIF ICA DASTARSE 2 Wiih 4R EL
A& HERE hE B B8 3 2 B W, 5 B IR X2 3l
I 38 J AR IX 33 )78 A AR A A X BB DL B
P, 3 I Bl KR RE 7 , K 7K B ER AR S HRAR Y
BRI, BRARETREEEL QM Hik,
FEPRUEAK BN H] DL AR 4R T , 7K B0 1o 30 R s
MPEG-2 FR48 Wil B A1t BY 20 % B iy BA BR 9
Stk

BT AIRXT S A% o EBREsX
30 AR IX 38R Y 2 A SRR AR X B, A ICA

REUE SRR R, R M S E i
NI EER K B A B X 5B, B4 ICA
SRR 2 WAL NS BFIMENEs 8. 8
L FEALIE B 508 Wi P SO B KR, 7T LA SE R
R AR DA 3 Bl X S E A -

B 21 $i3d T s s e g 2. BT, A 16 x
16 B9 3t SR BWTEEFT 3 2 132 3l X I8UE .
SCHR[ 24 | AR EEAEB 8 x8 MNREITT
ZAWE s SR R B ROAR e, BA N T 20
REGEBESERIFL. K, U 2B K H ATy
LB E— N7 T X IR (8n x 8n, A D 31 ik A K EJ
HE R R n xn) , MoK R 2 JFRAL ST, B
E 4G B HiE 3 KI5

E21 EZREEMC
Fig.21 Motion region locating

RFAETF Watson’ s JAEHIA ™ go B 4L KT
Hl5E " B AJKER. B K ERi, 7548 A ICA $21R
HAXE s &, X R B R Wi 1T 02 B X e
i, PR S ARE S B R SR BUK .

D5 BB B T — Brdb iR REMLAT AR O Ak WA
w3 50 tiE 1R, iR 5ok 272 %352,
AR 425 Wi/s. B FIE9 K B g i 0.1 LAY — sl
PHREDLIF 3, 1B > 100 (8 L , 7 1€ #938 3l X 35
BRI 80 x 80). i AZK BV A, kALK B B 58 &
beta B 18, EULIAE (R4 R IO DL R B B AT 4R
TR RABUFRIE .

NIERABEIE B R, EH R A — W AR
BT XK IR BEAT AL B , R 4% AP E
0. 77 Z2 AR B i 1 R A il , 7R PRSP AL AR IR BR
MR A BRI 32 T R A Wi ZR89 MPEG-2 [k 44,
LA Rt ] B P i B AR ot oo, W B o BE AL 42
AR 25 10% it BRRLAR £ 55 5 Wi & ¢ F 5
PRAULBRNL P 42 T 2 B BT R BGh, ST T &
WISE— Ny BY ERANRE L BT 4R, LA K & Wi R AL BT FR A
FEIFT5155 3 Fst sk, B 22 45 i T E R
W EHIZK BRI 45 R 2RI T, RIUH S5 BT RRAL A
K% 5 13/31 81751 HE T T BT #AL.-



FoH

XUFE - W37 o3 BT 0 B B IR 547 -5 L - 505 -

1.0
0.8
0.6
0.4
0.2
I

7K {3 RS arg i

0.2
047300 400 600
HOFARAS
() o BT

800 1 000

L.or
0.8
0.6
0.4
0. 211

7K E{ RS A i

0.2
047500 400 600
AR
(bYINEE(Var=0.002 0)5

800 1 000

1.0
0.8
0.6
0.4
0.2

7K E{ RS A i

-0.2

097200 400 600 800
AR
()L —FENLET RS

E22 HEAAEDHEIEER
Fig.22 Watermark extraction results

1 000

PR RIERA T A J5 X #7 2 5 \MPEG-2
FE48 Wi B S i BY 2B i A B B B e .

5 HEiE

ARICEG TIEFRET ICA FE B/ IR Hr
W EPTR R Z EAOKEI PN . BIR 54
B 5 IR AR AT H BUBT R , R E B 708 R4
WE LB KET RS0t HERR
TSR I3-HT SO B BAEA BT iR . AL 2B
%7 BOET ICA iy B APLIREHE 32 B BT
B HAERT KNSR B DL AR, SEfn B R E L
s NEI AR B AR e B LU B9 AR A A

B

=

SR

[1]MALLAT S A. Theory for multiresolution signal decomposi-
tion; the wavelet representation[ J]. IEEE Trans Pattern A-
nal Mach Intel, 1989, 11(7) : 674-693.

[2]COMON P. Independent component analysis, a new concept
[J]. Signal Processing, 1994 ,36 287-314.

[3]HYVRINEN A, OJA E. A fast fixed-point algorithm for in-
dependent component analysis [ J]. Neural Computation,
1997, 9(7) . 1483-1492.

[4] HYVARINEN A, KARHUNEN J, OJA E. Independent
component analysis[ M]. New York: John Wiley, 2001 .

21-35.

[5]HURRI J, HYVARINEN A, KARHUNEN J, et al. Image
feature exiraction using independent component analysis
[ C]//Proc IEEE Nordic Signal Processing Symposium. Es-
poo, Finland, 1996 ; 475-478.

[6]Van HATEREN ] H, Van DER SCHAAF A. Independent
component filters of natural images compared with simple
cells in primary visual cortex[ J]//Proceedings Royal Socie-
ty of London; Biological Sciences, 1998, 265(1394) ; 359-
366.

[7]ZHANG Qiang, SUN Jiande, LIU Ju, et al. A novel ICA-
based image video processing method [ C ]//ICA 2007,
LNCS 4666, [S.1. ], 2007 836-842.

[8] MALLAT S. Wavelets for a vision[ J]. Proceedings of the
IEEE, 1996, 84(4) : 604-614.

[9]ANTONINI M, BARLAUD M, MATHIEU P. Daubechies:
image coding using wavelet transform[ J]. IEEE Transac-
tions on Image Processing, 1992, 1(2) : 205-220.

[10]SWANSON M D, ZHU B, TEWFIK A H. Multiresolution
scene-based video watermarking using perceptual models
[J]. IEEE Joumnal on Selected Areas in Communications,
1998, 16(4) : 540-550.

[11] Van HATEREN J H, RUDERMAN D L. Independent
component snalysis of natural image sequences yields spa-
tio-temporal filters similar to simple cells in primary visual
cortex[ J]//Proceedings of the Royal Society. London B,
1998, 265(1412) ; 2315-2320.

[12]TEKALP A M. Digital video processing[ M]. JL &L :i§ %Kk
2 fRAE, 1998: 15-30.

[13]BELL A J, SEJNOWSKI T J. Edges are the independent
components of natural scenes [ M ]//Advances in Neural
Information Processing Systems 9. Cambrige: The MIT
Press, 1996 : 831-837.

[14]HOYER P O, HYVARINEN A. Independent component a-
nalysis applied to feature extraction from color and stereo
images [ J]. Network: Computation in Neural Systems,
2000, 11(3): 191-210.



- 506 - OB %R

% ¥ #M R

[15] SMARAGDIS P, CASEY M. Audio/visnal independent
components [ C]//4th International Symposium on Inde-
pendent Component Analysis and Blind Signal Separation.
Nara, Japan, 2003 . 709-714.

(16 ] PhAE, XIIE. BTGB ERIKE TR
[J]. ®F24R, 2004, 32(9): 1507-1510.

SUN Jiande, LIU Ju. A blind video watermarking scheme
based on independent component analysis[ J]. Acta Elec-
tronica Sinica, 2004, 32(9) : 1507-1510.

(1713, i, & T ICA BYBF/KENRY L[ T]. BT
], 2004, 32(4) : 657-660.

LIU Ju,SUN Jiande. A new scheme of digital watermarking
based on independent component analysis[ J]. Acta Elec-
tronic Sinica, 2004, 32(4) : 657-660.

[ 18] KUTTER M, VOLOSHYNOVSKIY S, HERRIGEL A. The
watermark copy attack [ C]//Proc of SPIE: Security and
Watermarking of Multimedia Contents [ . San Jose, USA;
SPIE, 2000, 3971 : 371-380.

(191811, X138, IMNEE. BT ICA WIs N BH K

FAKREFRII]. BFERFER%¥M, 2005, 27(7):
1035-1038
HU Huibo, LIU Ju, SUN Jiande. An ICA-based water-

marking scheme resistant to copy attack[J]. Journal of E-
lectronics & Information Technology, 2005, 27(7) : 1035-
1038.

[20]LIU Ju, ZHANG Xingang, SUN Jiande. A digital water-
marking scheme based on ICA detection[ C]//4th Interna-
tional Symposium on Independent Component Analysis and
Blind Signal Separation. Nara, Japan, 2003: 215-220.

[21] &%, XI5, HEE, % ETHRRERRZMA AQIM
JKEPEB[T]. 7R ,2010, 38(1) : 151-155.

LING Jie, LIU Ju, SUN Jiande, et al. Visual model based
iterative AQIM watermark algorithm[ J]. Acta Electronica
Sinica, 2010, 38(1) : 151-155.

[22]SUN Jiande, LIU Ju. A
scheme based on independent dynamic component[ J].
Multidimensional Systems and Signal Processing, 2006, 17
(1) : 59-74.

[23]YU D, SATTER F, MA K K. Watermark detection and
extraction using ICA method [ J]. EURASIP Joural on
Applied Signal Processing, 2002, 1: 92-104.

[24]SUN Zhaowan, LIU Ju, SUN Jiande, et al. A motion loca-

tion based video watermarking scheme using ICA to extract

novel blind video watermarking

dynamic frames [ J]. Neural Computing & Applications,
2009, 18(5) : 507-514.
[25] WATSON A B. DCT quantization matrices visually opti-

mized for individual images[ C]//Proc SPIE on Human

Vision, Visual Processing, and Digital Display IV. San

Jose, USA, 1993 202-216.

[26]CHEN B, WORNELL G W. Quantization index modula-
tion; a class of provably good methods for digital water-
marking and information embedding[J]. IEEE Transac-
tions on Information Theory, 2001, 47(4) ; 1423-1443.

[27]SUN Jiande, LIU Ju. A blind video watermarking scheme
based on ICA and shot segmentation[ J]. Science in China
Series F, 2006, 49(3) : 302-312.

[28 ] GONZALEZ-SERRANO F J, MURILLO-FUENTES J J.
Independent component analysis applied to image water-
marking [ C]//Proc IEEE ICASSP. Lake City, USA,
2001 : 1997-2000.

[29 ] MANGAIYARKARASI P, ARULSELVI S. A new digital
image watermarking based on finite ridgelet transform and
extraction using ICA[ C]//Proceedings of ICETECT. Tam-
il Nadu, India, 2011 837-841.

[30]JADHAV S, BHALCHANDRA A. Robust digital image-a-
daptive watermarking using BSS based extraction technique
[J].//International Journal of Image Processing, 2010, 4
(1):7788.

[31]CHAUDHARI B P, GULVE A K. Approaches of digital
image watermarking using IC[ C]//Proceedings of ISCET.
Punjab, India, 2010; 32-46.

EEME:

“ XI3E,58,1965 4, T# M+, #

B ELERN. LR RERFSR

FHTREE¥EARZ RSB T, 85

ITRAREEPERTESRESR.

IEEE & 2,4 51 (Senior Member) ; E

A EH T International Journal of Swarm In-

telligence Research(IJSIR) . GH {52 R) M KIBERE 54

H)EmE. TR T hZHEEGERLE BLEFPE

RHESAE, BESAEBR SRS SN TERERE

RIS 2 RARI (973) BB FBK M B %, EHRoR#E TER

BARZES REFEANLA TRERTEETREW

R 10 R BRI AHEAREHEL S LMTFERK

BAPE RS RECZH LM 8 I, 72 B MM L7

HEEEARSW ERRZFEARLRIC 200 K.

PNETE, 58,1978 4R 4. T8+,
BB EEM AT RARTATNE
AR BT R R BER M E SR/
PUIRGAT R/ IR RIS | 2
15 B RS AN B K B\ 2D - 3D MHm#%
% XS5 TRER ARREES
SRS 10 /T ERPSMETIMEREBREARSW ERR
WX 30 RE.




