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Fusion of infrared and visible images combined
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Abstract: A novel fusion method of infrared and visible images was proposed based on Non-
subsampled Dual-tree Complex Contourlet Transform ( NSDTCT ) and sparse representation to
overcome the shortcomings of traditional image fusion method based on wavelet transform. With the
proposed method, morphological transform was used to deal with source images, and then the source
images were decomposed by the NSDTCT to obtain the low frequency sub-band coefficients and high
frequency sub-band coefficients. According to the different characteristics of the low and high
frequency coefficients, an Improved Sparse Representation (ISR) fusion rule was proposed for the low
frequency sub-bands; Then, the improved spatial frequency was used as the external input of a pulse

coupled neural network, and a fusion method based on the improved adaptive dual channel pulse
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coupled neural network (2APCNN) was presented for the high frequency sub-bands. Finally, the

fused image was obtained by performing the inverse NSDTCT. Experimental results indicate that the

proposed method outperforms the conventional image fusion methods in terms of both objective

evaluation criteria and visual quality. As compared with conventional NSCT-SR method, the fusion

quality indexes, Mutual Information (MI), Mount of edge Information (Q**"), Average Gradient
(AG) and Standard Deviation (SD) have increased by 9. 89%, 6. 39%, 104. 64%, 55. 09% ., and

9.53%, 17.77% . 95.66 %, 52.89%, respectively.

Key words: image fusion; infrared image; visible image; Non-subsampled Dual-tree Complex Contourlet

Transform (NSDTCT); sparse representation; Adaptive Dual Channel Pulse Coupled Neural

Network(APCNN) ; morphology transform
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Fig. 2 Flow chart of proposed fusion method
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(b) £L4MEE 1
(b) Infrared image 1

(] WL EE 2
(a) Visual image 2

K3 SeHiRIE R
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Fig. 3 Source images
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(h) 2APCNN (i) Proposed method
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Fig. 4 Fusion results for the first group of infrared and

visible images
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Fig. 5

(i) Proposed method

Fusion results for the second group of infrared and
visible images
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Tab.1 Objective indexes for the first group of images

fused by different methods

RS MI QAWF AG SD
CT-SR1 4.0652 0.5850 7.737 4 40.532 9

NSCT-SR1 4.5100 0.687 5 8.2881 41.948 2
NSCT-PCNN  3.3422 0.5544 7.1382 38.0553
SR 4.2029 0.603 8 7.460 5 38.545 4
NSCT-SR2  4.3529 0.6637 8.046 9 40.604 4
NSDTCT 3.596 5 0.544 5 7.8351 35.298 2
SR1 4.2929 0.6342 7.7537 40.010 8
2APCNN 3.9801 0.5945 7.6932 38.2645

Proposed method 4.783 8 0.706 1 16.467 5 62.974 1
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Tab. 2 Objective indexes for the second group of images

fused by different methods

VRES MI QA AG SD

CT-SR 1.898 0 0.490 7 5.0741 33.482 9
NSCT-SR1 3.8912 0.6487 5.8027 36.3638
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SR 2.4207 0.4384 4.651 4 33.903 3
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NSDTCT 2.1309 0.5257 4.7236 32.6035
SR1 2.6309 0.466 4 4.7625 35.4617
2APCNN 3.1614 0.5459 4.8804 35.5270

Proposed method 4. 025 5 0.662 6 11.001 3 55.134 3
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