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Color image fusion method for enhancing situation awareness of ICA

Luo Yuan'?, Zhang Ke', Ji Ming?
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Abstract: Airborne sensors reconnaissance and ground data fusion processing is the fourth grade of UAV
situation awareness that planned by USA Office of the Secretary of Defense. Independent Component
Analysis (ICA) that applied to the image processing field is a novel method of transform domain in the
analysis of human visual system characteristics based on sparse coding theory, with multiple directions,
excellent characteristic extraction and edge modeling feature. Color transfer is the best way to get natural
sense color fusion image. The combination of studies highlighted the band characteristics of the natural
sense color fusion method so as to enhance UAV situation awareness. Training image database was
established according to the scene and the independent band feature information was extracted to construct
ICA domain analysis kernel and synthesis kernel. In the ICA domain, the gray fusion image was
generated applying area energy fusion rules, the gray fusion image color information was given using
source image linear projection to the color channel. The various channels of source color fusion image
and color reference image were multi —resolution decomposed using steerable pyramid, each channel
transfer mean and variance were independently completed. Finally a similar color fusion image was
obtained. Eye perception and objective evaluation show that outstanding band features and natural color
enhance detail information to further improve the airborne platforms scene perception.
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Fig.1 Color image fusion using a combinatory steerable pyramid color transfer and ICA method

S$126002-2



aohligk T2

% S1 2 www.irla.cn % A5 F
HRH R, 3x3 MAETE 0 AR IURMG R s, HES R x,, , BT A 5

S, s IR IERUS R FE 4 BT WG A £T 4b
FUE ST % Be e AR5 B, A ICA Sk 43 A7 A% A
LA A0 R B 1K AT WG R RN R
AT Ay BB R AL B, A TCA Bt 2 Hiods R il &
T Rl 5 Sk R R AR 5 56 =20 TESE B - R
BRI 8], 40 YOV 23 18] KA [ il 00 ) 45 )
{14 = R 1 B A RV e 5 8 = A Bl 4 i, RIS DN
BTG 55 002 R ) & FIE R R S % RS
FER R € % () = A B o0 B b AT 22 00 BESR 0 it
TER D HERIZN S % ER = A B s w1 E
Ty AL N ARGt W, BRI
FA S BRI H SRR Al & IR

2 ICA BRI

2.1 E&H ICA H KA

Vinjie F1 Gallant'™ 38 i A= #2% 5256 W 7 | W L 30
PIw) 0B 2 W 28 T AR B 2 F AR U AE i A
ST B, e 7 i L A A A A, DA TR B T AR R
149 8 B e R PR RO AE 57 431 o AR A S0 4 )
B3, A AR 2 R A B ST Y — A B ) RN AT
] {5 2R B — /NS A3 18 S ] FR B S 5 TR 1Y

EUR x(i, )RR MyxMy, i€ SRR s, 1R
K (i, jo) I — 4B, KN NixNoo INEUR x (i, )
Bl B0 R — o B 0y R B, ARG e s, (k, D HE
ST x () I — A I (E X s ) ] LLER
N KA EEm b SR w(n) LA S, i=1...K,

K

x,(D= D, u ()b, (1)

R x(, ) FREG x L i R B AR AR E
Phj R B AL bR B i=1, - M, j=1, e M
sk, DRI EEIRLL kB i AL br i, DL 1o
BB AR FRAL B k=1, - Ny, =1, -+ N3t MK
R A RIS ¢ A BRI T 5 BB w() F A B

AR B Y . A ()W AT RR R .
x,(t)=Bu(t) (2)
u(t)=B7"x,(1)=Ax,(1) 3)

K A=B" (RE W% B RELRE .

SCH R MR MR T R B HE S Sy ) 1, A
G ZE b B 5B AT R s g 1B IR RS S BT 2 L

FRG R G Y s, fla & x, WAL E, JEIEHE
1A R /N AT AR 4 S Br RS AL B 75 B2 AT e %, v
¥R 5x5 . 8x8 . 16x16 %

7
8
9|x,

NI EN

™
3

TP

[1]2]3]4]s]6[7[8]9]

P 2 oK 3x3 FEAE 7 11 $ B R AR B Sy e 4

Fig.2 3x3 rectangular window image block arranged to extract a vector
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Tab.1 Calculation of analysis kernel A

1) Z is obtained by centralizing and whitening the data X.
2) The number m of independent components to be estimated is
selected, and p«<—1 is set.
3) The initialization vector w, with unit norm is randomly selected.
4w E{Zg(w; 2)}-E{g' (W, 2)}w,,
g()=tanh(ay),g' (V)=a(1-tank*(ay)), a=0.5.
5) Orthogonalization is performed.
p-1
Wy w,— 2 (W, wp)w;
j=1
6) Standardization is conducted w,,w,—w, || w, ||
7) If wp is not converged, the process goes back to step 4.

8) p<—p+1 is set. If p<m, the process goes back to step 3.
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Tab.2 Calculation result of Fig.3 objective indicator

Fig.3(d) Fig.3(e) Fig.3(c)
ISM 79.769 2 85.348 1 54.665 1
ICM 0.360 9 0.436 2 0.264 4
ccM 7.203 5 8.270 1
CH 0.712 9 0.701 6
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Tab.3 Calculation result of Fig4 objective indicator

Fig.4(d)  Fig.4(e)  Fig.4(f) Fig.4(c)
ISM 63.290 0 36.455 6  47.733 3 34.545 0
ICM 0.295 2 0.257 9 0.414 9 0.141 5
CcCM 6.661 1 6.597 2 7.667 8
CH 0.813 8 0.779 2 0.609 2
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