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Image Fusion Algorithm Based on Second-generation Curvelet Transform
Coupled with Two-dimensional Factor

HAN Ming!, LI Hong-tu?

(1.Department of Computer Science, The Branch of Jilin Normal University, Siping 136000, China;
2.College of Computer Science and Technology, Jilin University, Changchun 130012, China)

ABSTRACT: The work aims to solve the problems as discontinuity and blurring effect of the fused image induced by
neglecting the image details contained in the low frequency coefficients in the current image fusion algorithm in the process
of fusion. An image fusion algorithm based on two-dimensional factor coupled with second-generation curvelet transform
was proposed. Firstly, second-generation curvelet transform with multi-scale and multi-direction characteristics was used
to decompose the source image rapidly to obtain the fine low-frequency and high-frequency coefficients of the source
image. Two-dimensional factors were constructed by introducing the information entropy of low-frequency coefficients and
regional variance characteristics. The main information and change degree of the image contained in low-frequency
coefficients were measured, in order to complete the fusion of low-frequency coefficients. Subsequently, by means of the
average gradient characteristics of high-frequency coefficients, the information fusion rules were established to complete

the fusion of high-frequency coefficients, in order to further improve the detail information content of the fused image.
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Finally, the R, G and B values of the pixels were used to construct a color correction factor to correct the fused image in
order to obtain the fused image with better color effect. The experimental results showed that, the proposed method had
better detail expression ability than the current image fusion method, and the fused image had better clarity and visual
effect. The proposed algorithm has better fusion quality and it can improve the contrast and resolution of the image, which
has a certain reference value in the field of image processing.

KEY WORDS: image fusion; second-generation curvelet transform; information entropy; regional variance; average

gradient; two-dimensional factor; low-frequency coefficient
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Fig.1 Process of the proposed image fusion method
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Fig.2 Window sketch in Cartesian coordinate system
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Fig.3 Source image decomposition results

1.2
Curvelet
[10]
T J;
Wx W
E(x,y) [
m=(w-1)/2 n=(w-1)/2
Ey)=— >, D e(x+m,y+n)x
m=(1-w)/2 n=(1-w)/2
Ine(x+m,y+n) (6)
X 2
e(x,y) uIQl = —Tx Z‘JT‘]LZ x
BB, Jr+J;]
2B.B,
Bf +B’
F(x,y)



£, %% T 201947 A

£ 242 -
Lo e, 13
F(Xay)= e(X+|,y+J)_A
WXWi=—<wZ—1>/zi=—<w—l>/z[ ]
@)
A T
(6) T T [15] R
E(xY)  E,(xY) Y] 6 B
TV Tn Fv(X9 y)
Fn(X’ y) P 5 Pt ﬁt
R(x y)z(Ev(x, Y)+E YT, +(E, Y+ F (G y)T, n, . e
' (E, (%, V) +F, (%, y) +(E (X, Y) + F, (X, ) P ()
(8) XN (k) = &1 —— s {R,G.B} a1
®) R(X,Y) (e w)
k=1
clk) P k RGB
0 0=2 n
XN (k) g
) minzn:(gSXN(k)—1)2 s<{R,G,B} (12)
G q(x,y) k=1
g 4] g
s—iii\/(ua D-UG+1 ) +(UG, j)-Ud, j+D)°
T MN S5 & -l 4 & P (k) =(g. XN(K))" CP' (k) (13)
- - - - (9)
UG ) u %)) 2
9) G, G, Intel 15 500 GB Windows
S, S, 7 Matlab 7.10
K [16] [17]
K = 3G 5,6, (10)
S, +S, 5—6
8) (10) R K
R K Curvelet 5 [16]
A B 4 [17]
6¢ 6d
6e
Curvelet
K4 piEshR
R

Fig.4 Fusion result
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Fig.5 Fusion results (1) of different methods
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Tab.1 UIQI, MI, SF and SD values of fused images using
different methods in Fig.5

2R UIQI MI SF SD
TR 0.9345 2.9492 9.9603  44.6271
SCHR[16] 0.8973 2.7829 9.6839  39.9438
SCHR[17] 0.9147 2.8923 9.8731  43.1035
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Tab.2 UIQI, MI, SF and SD values of fused images using
different methods in Fig.6

HFK UIQI MI SF SD
g7 -iReS 0.9249 2.9248 9.8271  43.8435
SCHk[16] 0.8798 2.6973 9.5127 38.3642
SCHR[17] 0.8993 2.8497 9.6531 41.3160
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