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High Dynamic Range Image Generating Algorithm Based on

Detail Layer Separation of a Single Exposure Image

ZHANG Hong-Ying' ZHU En-Hong' WU Ya-Dong?

Abstract Aimed at the problem of insufficient information on high dynamic range (HDR) image generating using a
single low dynamic range (LDR) image, an HDR image generating algorithm by means of detail layer separation of a
single exposure image is proposed. Firstly, according to the human visual system model, the luminance component and
chrominance component of the LDR image are extracted, respectively, then the gamma-corrected luminance component
is filtered by bilateral filtering so as to extract the basic layer of the luminance component, and the extracted basic layer
and the luminance component are traversed to get the detail layer of the luminance component. Secondly, the inverse tone
mapping function is constructed to extend the detail image and the gamma-corrected luminance image to obtain the inverse
tone mapping images, respectively. Thirdly, fusing the inverse tone mapping luminance component and the compressed
detail layer obtains a new luminance component. Finally, the chromaticity component is combined with the new luminance
component to get the fused image, which is de-noised to obtain the final HDR image. A comparison experiment shows
that the proposed algorithm can excavate some hidden image detail information and has better processing effects, higher
operation efficiency, and better robustness.
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Fig.8 Comparison results of several algorithms
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Fig.9 LDR image sequences of white top architecture
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Fig.10 Comparisons of our algorithm and ground truth
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BT, S 5 3 FBES 10 AR P40 He, 0 Dynamic Range = %L (1)
%2 DRIM XL, 4. TABRESINEHE S (%)
Table 2 Percentage of red pixel, green pixel and blue pixel in DRIM (%)
DRIM By ) (I1) (I11) (Iv) (V) (VI) (VII) SE{E
Akyuz 6.26 26.84 7.45 25.72 9.5 1.27 2.71 11.39
Banterl 3.58 26.02 5.37 27.41 9.68 1.98 1.55 10.79
Red Huo 1.58 20.38 8.42 10.56 4.49 5.38 1.42 7.46
Zhu 2.23 23.01 4.89 15.36 8.13 1.03 1.58 8.03
AR 2.03 22.76 4.34 17.35 8.11 2.74 1.4 8.39
Akyuz 48.13 22.78 19.1 12.84 13.53 5.27 23.34 20.71
Banterl 34.2 15.98 8.02 13.99 13.25 4.32 21.34 15.87
Green Huo 20.27 4.48 19.39 5.93 7.63 5.45 30.63 13.39
Zhu 17.02 5.72 5.3 17.47 16.38 3.21 10.23 10.76
AR 10.83 5.16 4.34 9.74 14.64 3.47 12.82 8.71
Akyuz 24.19 42.21 16.17 10.37 8.37 9.37 3.95 16.37
Banterl 25.61 37.48 24.18 12.46 9.09 10.36 5.25 17.77
Blue Huo 21.84 36.37 20.71 9.96 4.27 10.32 4.84 15.47
Zhu 26.87 37.29 33.19 13.09 10.63 15.43 5.94 20.34
V'8 28.32 38.28 32.48 12.88 10.44 19.73 5.66 21.11
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Fig.11 DRIM comparisons of several algorithms
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Table 3 Comparisons of dynamic range
& 1% Akyuz Banterl Huo Zhu A
@O 7.8 x 10* 3.2 x 10° 2.4 x 108 6.7 x 108 2.5 x 108
(I1) 3.2 x 10* 1.2 x 10° 1.2 x 10° 4.5 x 108 1.1 x 10°
(I1I1) 4.3 x 10° 2.1 x 10° 9.4 x 10° 1.6 x 107 9.8 x 10°
(Iv) 7.1 x 10* 2.7 x 10° 2.1 x 10° 5.3 x 10° 2.0 x 10°
(V) 3.5 x 10* 1.5 x 10° 1.3 x 106 4.9 x 10° 1.2 x 106
(VD) 5.0 x 10 2.1 x 10° 1.8 x 106 1.9 x 106 1.7 x 106
(VII) 6.8 x 10* 2.9 x 10° 2.1 x 10° 5.8 x 10° 1.8 x 10°
Red Green Blue
35 60 90
80
30 50
70
25 \/
40 60
20 50
30
15 40
20 \ 30 J
10 A
y 20
Y ’ W
10
0 0 = 0
1 3 5 7 9 11131517 19 1 3 5 7 9 1113151719 13 57 9 11131517 19
—— Akyuz Banterl Huo ——Akyuz Banterl Huo ——Akyuz Banterl Huo
Zhu AL Zhu =L Zhu =2
E 12 DRIM Z[.. £k, ¥H 4 lbir & &
Fig. 12 Line charts of red, green and blue percentage in DRIM
4 i References

EE%tEABR LDR G405 (5 S L B ), A
SCERH T R AT AT 24 B FR R HDR &R
YR BEESS S HVS BAL ¥ LDR E1g
Oy SR A . W B R S A
E P T Gamma &K IE, Z JFHXT Gamma 1 I1E J5 1)
P15 SR F ORI 08 8 B0, AT AN J2 5 201 J2 43 155
SRIGAHE A B R AT 2 5 Gamma W IE 51152 %
Gy B HEAT S VR RS e R AT A A B B ) e
gyt B E RS AR AT S 2R B A
HDR K. @5 HAL 3 i it HDR K
1G4 B LU, AR SCAA AR W] DA RO B v R 1
SASVER, 428 LDR 5 s RO p a5 15
B, fE— 2R B yReh T R LDR B 4015
SRR R, (R T A RO T B RN X 3 15 R
S R AL PERCRANE, S ILIRIE, A T BYENCR %
&, TER TR AR T, W T B T ERUR,
TR EXFERCR IS, GE R G
LS 5T

1 Lu Xu-Ming, Zhu Xiong-Yong, Li Zhi-Wen, Mai Jian-Ye,

Tan Hong-Zhou. A brightness-scaling and detail-preserving
tone mapping method for high dynamic range images. Acta
Automatica Sinica, 2015, 41(6): 1080—1092

(REVFBA, Aebivk, 2850, Zdly, Y. —Fse w55 4y
PR B S P A PRI vk A B4R, 2015, 41(6):
1080—1092)

2 Yang Ke-Hu, Ji Jing, Guo Jian-Jun, Yu Wen-Sheng. High

dynamic range images and tone mapping operator. Acta Au-
tomatica Sinica, 2009, 35(2): 113—122

(Bhoer, Wi, SR, ARSCAE. W shAS T PR G BB 57
A3k, 2009, 35(2): 113—122)

3 Sun M Z, Shi M Y. A HDRI display algorithm based on

image color appearance model. In: Proceedings of the 15th
International Conference on Computer and Information Sci-
ence. Okayama, Japan: IEEE, 2016. 1-6

4 Huo Y Q, Yang F. High-dynamic range image generation

from single low-dynamic range image. IET Image Process-
ing, 2016, 10(3): 198—205

5 Huo Y Q, Zhang X D. Single image-based HDR imaging

with CRF estimation. In: Proceedings of the 2016 Inter-
national Conference On Communication Problem-Solving
(ICCP) . Taipei, China: IEEE, 2016. 1-3



2170 H 3l

e

¥ i 45 %

6

10

11

12

13

14

15

16

17

18

19

20

Oh T H, Lee J Y, Tai Y W, Kweon I S. Robust high dy-
namic range imaging by rank minimization. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2015,
37(6): 1219—1232

Kuo P H, Tang C S, Chien S Y. Content-adaptive inverse
tone mapping. In: Proceedings of the 2012 IEEE Visual
Communications and Image Processing. San Diego, CA,
USA: IEEE, 2012. 1-6

Le Pendu M, Guillemot C, Thoreau D. Local inverse tone
curve learning for high dynamic range image scalable com-
pression. IEEE Transactions on Image Processing, 2015,
24(12): 5753—5763

Huo Yong-Qing, Peng Qi-Cong. High dynamic range images
and reverse tone mapping operators. Systems Engineering
and Electronics, 2012, 34(4): 821—826

(B, A% M ER L GRS T RETRY
HTHAR, 2012, 34(4): 821—826)

Daly S J, Feng X F. Bit-depth extension using spatiotem-
poral microdither based on models of the equivalent input
noise of the visual system. In: Proceedings of SPIE Vol-
ume 5008, Color Imaging VIII: Processing, Hardcopy, and
Applications. Santa Clara, CA, United States: SPIE, 2003.
455—466

Daly S J, Feng X F. Decontouring: prevention and removal
of false contour artifacts. In: Proceedings of the SPIE Vol-
ume 5292, Human Vision and Electronic Imaging IX. San
Jose, California, United States: SPIE, 2004. 130—149

Banterle F, Debattista K, Artusi A, Pattanaik S,
Myszkowski K, Ledda P, Chalmers A. High dynamic range
imaging and low dynamic range expansion for generating
HDR content. Computer Graphics Forum, 2009, 28(8):
2343—-2367

Akytiz A O, Fleming R, Riecke B E, Reinhard E, Biilthoff H
H. Do HDR displays support LDR content?: a psychophysi-
cal evaluation. ACM Transactions on Graphics, 2007, 26(3):
Article No. 38

Hsia S C, Kuo T T. High-performance high dynamic range
image generation by inverted local patterns. IET Image Pro-
cessing, 2015, 9(12): 1083—1091

Didyk P, Mantiuk R, Hein M, Seidel H P. Enhancement of
bright video features for HDR displays. Computer Graphics
Forum, 2008, 27(4): 1265—1274

Martin M, Fleming R, Sorkine O, Gutierrez D. Understand-
ing exposure for reverse tone mapping. In: Proceedings of
the Congreso Espanol de Informatica Gréafica. Aire-la-Ville,
Switzerland: Eurographics Association, 2008. 189—198

Banterle F, Ledda P, Debattista K, Chalmers A, Bloj M. A
framework for inverse tone mapping. The Visual Computer,
2007, 23(7): 467—478

Banterle F, Ledda P, Debattista K, Chalmers A. Expand-
ing low dynamic range videos for high dynamic range ap-
plications. In: Proceedings of the 24th Spring Conference
on Computer Graphics. Budmerice, Slovakia: ACM, 2010.
33-41

Wang L D, Wei L Y, Zhou K, Guo B N, Shum H Y. High
dynamic range image hallucination. In: Proceedings of the
2007 Symposium on Interactive 3D Graphics and Games.
San Diego, California: ACM, 2007. Article No. 72

Celebi A T, Duvar R, Urhan O. Fuzzy fusion based high dy-
namic range imaging using adaptive histogram separation.
IEEE Transactions on Consumer Electronics, 2015, 61(1):
119-127

21 Huo Y Q, Yang F, Dong L, Brost V. Physiological inverse
tone mapping based on retina response. The Visual Com-
puter, 2014, 30(5): 507—517

22 Zhu En-Hong, Zhang Hong-Ying, Wu Ya-Dong, Huo Yong-
Qing. Method of generating high dynamic range image from
a single image. Journal of Computer-Aided Design and Com-
puter Graphics, 2016, 28(10): 1713—1722
(RIBA, SR, RWAR, BKTE. B MR ) A0 B 1R A g
Tk NG S B AR, 2016, 28(10): 1713—-1722)

23 Wei Z, Wen C Y, Li Z G. Local inverse tone mapping for
scalable high dynamic range image coding. IEEE Transac-
tions on Clircuits and Systems for Video Technology, 2016,
to be published, doi: 10.1109/TCSVT.2016.2611944

24 Schlick C. Quantization techniques for visualization of high
dynamic range pictures. Photorealistic Rendering Tech-
niques. Berlin, Heidelberg: Springer, 1995. 7—20

25 Aydin T O, Mantiuk R, Myszkowski K, Seidel H P. Dynamic
range independent image quality assessment. In: Proceed-
ings of Special Interest Group on Graphics and Interactive
Techniques. Los Angeles, California: ACM, 2008.

b AR N A RS o e

. $2. 2006 4 3R1F BT RHE R 240

b, ot FBFF AR, T B A
| W BELH A, E-mail: zhywyd@163.com

Vu? (ZHANG Hong-Ying Professor at
i ‘\ ) the School of Information Engineering,
Y Southwest University of Science and

Technology. She received her Ph. D. de-
gree from University of Electronic Science and Technology
of China in 2006. Her research interest covers image pro-
cessing, computer vision, and pattern recognition.)

BEA PHRRHR S B TR B
WFFEA. 2013 AERAS Y B RHOR A AE
JSSIVE T 2 Uk e e AN 52 0/ W A L
PG AL B S AR .

E-mail: enhongzhu@gmail.com

(ZHU En-Hong Master student at
the School of Information Engineering,
Southwest University of Science and
Technology. He received his bachelor degree from South-
west University of Science and Technology in 2013. His
research interest covers image processing and pattern recog-
nition.)

RIFR VR RIS 55
AREFBE . 2006 4F KA HLFRHE R
Hb2a ., RS Ts 1 h w A S ]
oA, ML S5 MR, BLE 5
ARICEFNEE.
E-mail: wuyadong@swust.edu.cn

/ (WU Ya-Dong Professor at the

- School of Computer Science and Tech-
nology, Southwest University of Science and Technology.
He received his Ph. D. degree from University of Electronic
Science and Technology of China in 2006. His research in-
terest covers visualization and visual analytics, virtual real-
ity and human computer interaction, and computer vision.
Corresponding author of this paper.)



