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Abstract To overcome the interference of the sky background in infrared image enhancement, and highlight the
target in the image, an infrared image enhancement method based on pulse coupled neural network (PCNN)
segmentation and fuzzy set theory is proposed. The PCNN is utilized to segment the image into sky background
region and target region. The adaptive fuzzy enhancement method based on ridge type distribution is used to enhance
the target region reflectance image obtained by variation Retinex, and the enhanced reflectance image and the
illumination image are fused together. The local average value of target region is assigned to the sky background
region, and the enhanced image is acquired by the reconstruction of the target region and the sky background region.
Experimental results demonstrate that the proposed method can overcome the noise amplification problem of
existing algorithm in sky region, and the enhanced images have high contrast and good visual effects.
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Fig. 1 Flowchart of the proposed algorithm
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Fig. 2 PCNN segmentation of an infrared image. (a) Original infrared image; (b) segmentation result of PCNN;
(¢) enclosing rectangle of the target region
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Fig. 3 Fuzzy enhancement results with different iteration numbers. (a) Reflectance image of the target region;
(byn=1; (¢) n=2; (d) n=3; (e) n=4
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Fig. 4 Results with the fuzzy enhancement algorithm. (a) Reflectance images of the target region;

(b) results with the Ref. [19] method; (c¢) results with the proposed method
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Fig. 5 Results of the image reconstruction. (a) Reconstruction result with unchanged value of sky;

(b) reconstruction result with reassigned value of sky
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Fig. 6 Enhancement results with different methods. (a) Original infrared images; (b) enhancement results with the

Ref. [14] method; (c) enhancement results with VFR method; (d) enhancement results with the proposed method
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Table 1 Contrast of enhanced image with different methods

Method
Original image
Ref.[14 ] method VFR method Proposed method
5 pm 20.8739 69.4754 59.2453 75.4555
7 pm 16.6447 63.4179 49.2226 65.7657
9 pm 14.2893 60.5690 43.3107 58.9551
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Table 2 Local edge intensity of enhanced image with different methods

o Method
Original image
Ref.[14] method VFR method Proposed method
5 pm 10.1468 35.2489 27.4490 76.7970
7 pm 6.2313 31.4179 17.2907 49.5066
9 pm 5.1051 28.3499 14.5886 46.7602
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Fig. 7 Matching experiments based on edge intensity. (a) Target template; (b) matching results of the original infrared images;
(¢) matching results after enhancement with the Ref. [14] method; (d) matching results after enhancement with VFR method;

(e) matching results after enhancement with the proposed method

0910001-7



4 4k ©

S 2 g KT B RS o BB PG R B £0 AN R R T — R s A PCNIN 43 1
BRI B 0 20 A PR IR B B B 5 BT PR AT 4 R B 4 T B B AR T T B SR R T 43 X
H R W« ) T RS 22 4 (DL 52 A0 3 A (DL M ) PONIN 45 P42 43 %1 1 I b X Ja 0 2 75 301X L 22 )
it BRI K U7 78 43 Retinex 3 5515404k 19 (138 IR RSMI 838 L LA 75 I 6 X B 10 X 1 E L 9 il 5 R
S5 43Tt R LT i 22 0 (5 B D5 VR 00 045 15 5 5 46 309 380U 10 s X 1 J 30 440 R R 4 20 5% 2 75 8 DX, L)
SEHLFAR KBS T IR A, SRS SRS T U A M R T LL M PR I LSO A T
PR 9 X HEBE L I LA phe 7 5K 2 5 5 o e 75 e A 1T BEL A 55 45 G T8 T A 10 A 482 75 T U 8 20 4 ) 5 D i
e o R RS

2 £ x W

1 Zhu Xianwei. Study on structure features based registration of multi-sensor images[D]. Changsha: National University of
Defense Technology, 2009.

KM, ETEMRED TR BRI ARFR D] Kb ERRFEREAR KRS, 2009,

2 Li Qingzhong, Liu Qing. Adaptive enhancement algorithm for low illumination images based on wavelet transform[]J].
Chinese ] Lasers, 2015, 42(2): 0209001.

ZPUE, XU T/ AR S A AR R IR A IS SR [T i EOG, 2015, 42(2): 0209001,

3 Zhu Guoqing, Li Qingwu, Lin Shaofei, et a/. Infrared image enhancement algorithm based human visual system
characteristic via non-subsampled Contourlet transform domain[]J]. Laser & Optoelectronics Progress, 2015, 52(1):
011001.

REP, PRI, AT, S5 LT IR R P 00 E T SR A 50 30 i 78 o de 20 Ah R B R B 1 (0. ot 5ot 723
J&, 2015, 52(1): 011001.

4 Land E H, McCann J. Lightness and retinex theory[]]. Journal of Optical Society of America, 1971, 61(1): 1-11.

5 Jobson DJ, Rahman Z U, Woodell G A. Properties and performance of a center/surround Retinex[]J]. IEEE Transactions
on Image Processing, 1997, 6(3): 451-462.

6 Jobson D J, Rahman Z U, Woodell G A. Multiscale Retinex for bridging the gap between color images and the human
observation of scenes[J]. IEEE Transactions on Image Processing, 1997, 6(7): 965-976.

7 Kimmel R, Elad M, Shaked D, et al. A variational framework for Retinex[J]. International Journal of Computer Vision,
2003, 52(1): 7-23.

8 Rahman Z U, Jobson D J, Woodell G A. Retinex processing for automatic image enhancement[J]. Journal of Electronic
Imaging, 2004, 13(1): 100-110.

9 Jang ] H, Kim S D, Ra J B. Enhancement of optical remote sensing images by subband-decomposed multiscale Retinex
with hybrid intensity transfer function[J]. IEEE Geoscience and Remote Sensing Letters, 2011, 8(5): 983-987.

10 Wang L. Q, Xiao L, Liu H Y, et al. Variational bayesian method for retinex [J]. IEEE Transactions on Image
Processing, 2014, 23(8): 3381-3396.
11 Wang Ronggui, Zhang Xuan, Zhang Xinlong, et al. A novel adaptive Retinex algorithm for image enhancement[J]. Acta
Electronica Sinica, 2010, 38(12): 2933-2936.
SRS, ok WE, Bk, 55 —AHTAL A G Retinex BRI ITIEOFAC ], L F 240, 2010, 38(12): 2933-2936.
12 Zhan Bichao, Wu Yiquan, Ji Shouxin. Infrared image enhancement method based on stationary wavelet transformation and
Retinex[]J]. Acta Optica Sinica, 2010, 30(10): 2788-2793.
o, R4, LN BT RN R A Retinex I 204N EMG G 38 07 12 [T . A% 244Rk, 2010, 30(10): 2788-2793.
13 Zhao Hongyu, Xiao Chuangbai, Yu Jing, et al. A Retinex algorithm for night color image enhancement by MRF[]].
Optics and Precision Engineering, 2014, 22(4): 1048-1055.
AT, HA, &, 5. DRRLRBENGEAET 1Y Retinex #[H% @ EGI5 R [T]. S #% T, 2014, 22(4):
1048-1055.
14  Wu Yiquan, Shi Junpeng. Image enhancement in non-subsampled Contourlet transform domain based on multi-scale
Retinex[J]. Acta Optica Sinica, 2015, 35(3): 0310002.
Se—4 SRS, T 2 EF Retinex MAEL M R AE Contourlet 3 B4 [J]. Je2r2#4k, 2015, 35¢(3): 0310002.

15 Li Yi, Zhang Yunfeng, Li Ning, et al. Adaptive detail enhancement for infrared image based on subband-decomposed

0910001-8



ot % % i1

16

17

18

19

multi-scale Retinex[]]. Chinese ] Lasers, 2015, 42(5): 0512001.

2 ¥, W, 2T, & T TR MR Z R Retinex BILLAMNEG @ W A0 198 (1] . b EEOG, 2015, 42¢5):
0512001.

Johnson J L, Padgett H J, Arddt M, et al. PCNN model and applications[J]. IEEE Transactions on Neural Networks,
1999, 10(3): 480-498.

Kuntimad G, Ranganath H S. Perfect image segmentation using pulse coupled neural network[]J]. IEEE Transactions on
Neural Networks, 1999, 10(3): 591-598.

Pal S K, King R A. Image enhancement using smoothing with fuzzy sets[J]. IEEE Transactions on Systems Man and
Cybernetics, 1981, 11(7): 494-501.

Yun Haijiao, Wu Zhiyong, Wang Guanjun, et a/. Enhancement of infrared image combined with histogram equalization
and fuzzy set theory[J]. Journal of Computer-Aided Design & Computer Graphics, 2015, 27(8): 1498-1505.

T, REH, FREE, 5. 46 57 EI SRR EALE LA R RR [T R BT 5 RE ), 2015,
27(8): 1498-1505.

0910001-9



