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Fig.1 Dependencies of the Contourlet transform

decomposition coefficients
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Fig. 2 Infrared and visible light images fusion experiment
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Tablel Objective evaluation of fusion performance

about infrared and visual images

Mutual information/ Mutual information/

infrared image visual light image Entropy
Algorithm one 0.5817 0.871 1 6.468 1
Algorithm two 0.572 5 0.938 0 6.783 2
Algorithm three 0.577 6 1.923 7 7.016 5
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Fig. 3 Multi-focus images fusion experiment

P 3(d) ~ (D J2& R AT 55 — 4 52 56 vh R B ) = D % L

Bhe L EW A AT RS B BT s BT
Contourlet 38 HMT #%7 f) filt 5 15 5 6. JE
LR AR AR R 3 BT P 45 1) 20 5 AL TR B R A A AN
Jii) 54 EL e SO G A5 o PR kg G 32 AL A A

LA B A O 28 850 2 A B i 22 24
FLEHT 1 bR 2 PE O Rl 1A B0 B L S SR R
2. AR SO Rl A S A Y Rl RUR LA AR O
AP R, TR AN IERE TIRRZ
[B]AH S+ DR T 51 A M P S OB 72 A B 20 TR e
LA 58 B2 R o 22 ) (EL OR3P »
UAEH] 1 2 T Contourlet J8 HMT #55 f) 6 {5 it &5
FyEI % T Contourlet Z0RUBE [B] L RUEE P 19 #H 56
P A I il PR SE G R RS B B 5

R2 sREMAEKRERENITLN
Table2 Objective evaluation of fusion performance

about multi-focus image

Mutual Correlation Average Square
information coefficient gradient difference
Algorithm 1 2.703 6 0.984 5 5.908 0 51.9234
Algorithm 2 2,936 9 0.990 2 5.8236  50.998 2
Algorithm 3 3.259 9 0.992 3 5.814 5 50.398 2
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Image Fusion Algorithm Based on Contourlet Domain Hidden Markov Tree Models

LIU Kun',GUO Lei*,CHEN Jing-song’
(1 School of Information Engineering , Shanghai Maritime University , Shanghai 200135 ,China)
(2 School of Automation , Northwestern Polytechnical University s Xi'an 710072 ,China)
(3 China National Aeronautical Radio Electronics Research Institute ,Shanghai 200233, China)

Abstract: A novel image fusion method based on Contourlet domain hidden Markov tree models is
proposed. Contourlet transform provides a flexible multiresolution, local and directional image expansion,
and also a sparse representation for two-dimensional piecewise smooth signals building images. Contourlet
HMT can capture all inter-scale, inter-direction, and inter-location dependencies of the Contourlet
coefficients. Aiming at the different frequency bands of Contourlet decomposition with different
characteristics, different fusion rules are applied to different subbands. In the low-frequency information,
the weighted average mean is used to obtain the fused low-frequency information. Contourlet HMT is
applied to design low-frequency information rule, the fusion method has the ability to strengthen the
relationship among the Contourlet coefficients, extract more detailed and exact information from the
original images. The fused images by the proposed algorithm exhibit good performance both in subjective
and objective standards. Experimental results also show the simplicity and effectiveness of the method and
its advantages over the conventional approaches.

Key words: Image processing; Image fusion; Contourlet transform; Hidden Markov tree model
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