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Abstract An adaptive detail enhancement method based on subband-decomposed multi—scale Retinex is proposed
to deal with high dynamic range compression of infrared images and detail enhancement in both high light regions
and dim regions. Three independent spectrum subbands using subband-decomposed multi-scale Retinex are
gained. Then guided image filter is applied to get detail layer and base layer from each subband. Later the basis
weight function for detail enhancement is proposed according to characteristic of separate spectrum subband.
Adaptive detail enhancement is achieved with basis weight function. In order to eliminate the nonuniformity of gray
intensity in the outcome image, a new adaptive way to get Gamma curve for gray value remapping is put forward.
Experimental results show that the detail of the enhanced images is upgraded greatly in both high light regions and
dim regions, and have a satisfied visual effect. Objective evaluation parameters illustrate that the proposed algorithm
can effectively enhance detail of infrared images. In addition, the time consuming is not lengthened compared to
other algorithms in the experiment.
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Fig.3 Illustration for bilateral filter and guided filter
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Table 1 Quantitative evaluation table of detail enhancement effects of infrared image

DPHE wWT MSR BF&DRP ADESDMSR
E 6.0347 6.3729 6.7638 6.3383 7.2442
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Time /s 0.0708 44.7007 0.1386 0.8178 0.6963
B E 4.7834 6.1704 5.9559 5.3347 5.9857
0
Y Time /s 0.0748 143.9161 0.2448 1.0908 1.0329

0512001-7



S I S

4 4 ik

S 43 85 02050 SR 0 Bt SR A 58 2 R Reevinen 150 00 57 (0638 45 | BT 86 81X
5B D45 IR P31 B 3 2 (R R 9T BT 4 52 W e 207952 30 I3 0 5 5
B R FE B Gamma K IE 7 5% 180 LS PR QT2 X 10 SR BE AR5 L% . 958 7% WL ] : ADESDMSR
5 R AR A 455 3 R 5205 6 0 RIT IX 40 , 25 ADESDMSR b B [ (R 5 B BT

£ Z X #k
1 Silverman J. Display and enhancement of infrared images[C]. Image Processing and its Applications, 1992., International
Conference on. IET, 1992: 345-348.
2 Jin Weiqi, Liu Bin, Fan Yongjie, et al.. Review on infrared image detail enhancement techniques|J]. Infrared and Laser Engineering,
2011, 12(40): 2521-2527.
AT, Xk, YEARAS, AL ZLAM RS AN T R SR AR WS HE RE )], £0 A0 5 308 TR, 2012, 40(12): 2521-2527.
3 Wu Zepeng, Xuan Ming, Jia Hongguang, et al.. Infrared image dynamic range compression and contrast enhancement based on optimal
mapping curve[]J]. Chinese J Lasers, 2013, 40(12): 1209002.
UM, E W, BTG, AL B T R 0 W i £ Y £ A 1R {5 B 250 B G RX FLRE 8 5 7 (0], O, 2013, 40(12):
1209002.
4 Vickers V E. Plateau equalization algorithm for real-time display of high quality infrared imagery[J]. Opt Eng, 1996, 35(7): 1921-1926.
5 Lai R, Yang Y T, Wang B J, et al.. A quantitative measure based infrared image enhancement algorithm using plateau histogram|J].
Opt Commun, 2010, 283(21): 4283-4288.
6 Liang K, Ma Y, Xie Y, et al.. A new adaptive contrast enhancement algorithm for infrared images based on double plateaus
histogram equalization[]J]. Infrared Physics & Technology, 2012, 55(4): 309-315.
7 Li Dan,Wang Hongtao. Fuzzy image enhancement based on dual chaotic quantum particle swarm algorithm[J]. Laser & Optoelectronics
Progress, 2013, 50(10): 101102.
A5 Ph, F ULV, LT OO0 B TR R 00 RSO ER B SR AT SR ()], SO SOt AF HE R, 2013, 50(10): 101102.
8 Chen Lei, Yang Fengbao, Wang Zhishe, et al.. Research on fusion algorithm of infrared and visible imagery based on variational
enhanced model[J]. Laser & Optoelectronics Progress, 2014, 51(4): 041003.
W @, B XER, AL, 2. 2050 T LG R i 28 G 3 i il & SEA AT ST D). O 50 7oA b, 2014, 51(4): 041003.
9 Yin Wen, Li Yuanxiang, Zhou Zeming, et al.. Remote sensing image fusion based on sparse representation[J]. Acta Optica Sinica,
2013, 33(4): 0428003.
JroS2, AETURE, SR, S RE TR A R I SR IR R LS L)), et A4z, 2013, 33(4): 0428003,
10 Zhou Yuren, Geng Aihui, Wang Ying, et al.. Contrast enhanced fusion of infrared and visible images|[J]. Chinese J Lasers, 2014, 41
(9): 0909001.
JEN KN, T 2R, AR BT S SR A 21505 W] O R Rl A, P RO, 2014, 41(9): 0909001
11 Mohan S, Ravishankar M. Modified Contrast Limited Adaptive Histogram Equalization Based on Local Contrast Enhancement for
Mammogram Images[M]. Heidelberg: Springer, 2013: 397-403.
12 Abdullah-Al-Wadud M, Kabir M H, Dewan M A A, et al.. A dynamic histogram equalization for image contrast enhancement|J].
Consumer Electronics, IEEE Transactions on, 2007, 53(2): 593-600.
13 Karali A O, Okman O E, Ayta¢ T. Adaptive image enhancement based on clustering of wavelet coefficients for infrared sea
surveillance systems|]J]. Infrared Physics & Technology, 2011, 54(5): 382-394.
14 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.
A, A, ZESFHT. TR/ B 4 Il Retinex 19 ZLAM MR 58 77 12 ()] 6= 544, 2010, 30(10): 2788-2793.
15 Branchitta F, Diani M, Corsini G, et al.. Dynamic-range compression and contrast enhancement in infrared imaging systems|[J]. Opt
Eng, 2008, 47(7): 076401.
16 Zuo C, Chen Q, Liu N, Display and detail enhancement for high dynamic range infrared images[J]. Opt Eng, 2011, 50(12): 127401-127409.
17 Jia Hongguang, Wu Zepeng, Zhu Mingchao, et al.. Infrared image enhancement based on generalized linear operation and bilateral

filter[J]. Optics and Precision Engineering, 2013, 21(12): 3272-3282.

0512001-8



A I S
B, VRS, R, . R T R MRS O U U8 B 20 A G 3 SR D). D6 2F R TRE, 2013, 21(12): 3272-3282.
18 Li Mingtao, Xiang Wei, Zhao Yaohong. Dynamic range compression and detail enhancement of infrared image[J]. Journal of
Computer—Aided Design & Computer Graphics, 2014, 26(9): 1460-1467.
B, W] RO ZDA MR 2l A5 TR 45 #0240 T 16 R (). TH LA Bh i 5 BB =27 4, 2014, 26(9): 1460-1467.
19 Land E H, McCann J J. Lightness and retinex theory[J]. ] Opt Soc Am, 1971, 61(1): 1-11.

20 Jobson D J, Rahman Z U, Woodell G A. 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.

21 Jang J H, Bae Y, Ra J B. Contrast—enhanced fusion of multisensor images using subband—decomposed multiscale retinex[J]. IEEE
Transactions on Image Processing, 2012, 21(8): 3479-3490.

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

23 He K, Sun J, Tang X. Guided Image Filtering[M]. Heidelberg: Springer, 2010: 1-14.

24 Jiang X, Yao H, Zhang S, et al.. Night video enhancement using improved dark channel prior[C]. Image Processing (ICIP), 2013
20th IEEE International Conference on. IEEE, 2013: 553-557.

25 Feng Ce, Dai Shuling. An improved unsharp masking method for depth map enhancement[J]. Journal of Harbin Institute of
Technology, 2014, 46(8): 108-112.
SR S — P SO (1 A B A AR A PR SRR ], PR R T Tl K AR, 2014, 46(8): 108-112.

26 Liu X, Zhao J, Wang S. Nonlinear algorithm of image enhancement based on wavelet transform[C]. Information Engineering and
Computer Science, 2009. ICIECS 2009. International Conference on. IEEE, 2009: 1-4.

EE&E: » &

0512001-9



