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Multi-scale decomposition based detail perception fusion algorithm for
extreme exposure images

ZHANG Junchao, HUANG Junbin, YANG Degui” , LIANG Buge, CHEN Jianlai, ZHAO Dangjun
(School of Automation, Central South University, Changsha 410083, China)

Abstract; Aiming at the problem of the low dynamic range of extreme exposure images, such as underexposure and overexposure images, a
detail perception image fusion algorithm based on multi-scale decomposition was proposed. After detail enhancement, the underexposed image was
roughly fused with the overexposed image. Wavelet transform was used to perform multi-scale decomposition on the brightness component of the
image after detail enhancement, and a special high-frequency and low-frequency fusion strategy was designed to realize the fine fusion of brightness
components. The hue and saturation components of the coarse fusion image were recombined with the brightness components of the fine fusion image
to obtain the final fusion result. Based on abundant testing data, the experimental results show that the visual effect of this method is excellent. The
index of averaged MEF-SSIM is 0.985 4, and the index of averaged SSIM is 0. 650 8, which are superior to the existing mainstream algorithms.
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Fig.1 Framework for detail perception image fusion based on multi-scale decomposition
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Fig.2 Brightness enhancement mapping curve
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(a) ZEOLEZFSI

(a) Multi-exposure image sequence

(b) Shent®, MEF-SSIM=0.9730 (¢) Li*"!; MEF-SSIM =0.928 7

(d) Shen'™; MEF-SSIM=0.8279 (e) Hou'™ ; MEF-SSIM=0.979 0 () Li™), MEF-SSIM =0.983 7 (g) Ma'™’; MEF-SSIM =0.971 1

(h) Jung"®"; MEF-SSIM =0.904 0 (i) Xu""”

. MEF-SSIM =0.882 5 (j) Li'™; MEF-SSIM =0.930 2

(k) A3 MEF-SSIM =0.986 3
(k) Ours: MEF-SSIM =0.986 3

K5 AREDrEm ZeeE B ) Bl 4 R

Fig.5 Multi exposure image fused results of lamp for different methods

(a) ZEOLEKITFI

(a) Multi-exposure image sequence

(b) Shen'™ ; MEF-SSIM=0.9529 (¢) Li'"'; MEF-SSIM =0.900 7

(d) Shen'™ ; MEF-SSIM =0.924 5 (e) Hou'': MEF-SSIM =0.9554 (f) Li"*'. MEF-SSIM =0.987 7 (g) Ma "’ MEF-SSIM =0.955 2
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(k) A8, MEF-SSIM =0.973 5

(h) Jung™®'. MEF-SSIM =0.8823 (i) Xu"’; MEF-SSIM =0.8655 (j) Li"™ MEF-SSIM =0.914 9
(k) Ours: MEF-SSIM =0.973 5

KIS NE PN SEAUS AL EAE: ok i FEsA B

Fig. 6 Multi exposure image fused results of chapel for different methods

(a) ZEOLHEKITFI

(a) Multi-exposure image sequence

(k) AR08, MEF-SSIM =0.977 5

(h) Jung"®'; MEF-SSIM =0.856 6 (i) Xu'"’; MEF-SSIM =0.857 8 (j) Li"™ MEF-SSIM =0.739 2
(k) Ours: MEF-SSIM =0.977 5

K7 AR5 L 2 B ) il 4 2R

Fig.7 Multi exposure image fused results of tree for different methods
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Fig.9 Quantitative comparison results of SSIM indicator

F1 REAEZEHSONFEREERTENE
Tab.1 Average value of 50 fusion indicators for
different methods

Bk MEF-SSIM SSIM e Y
Shen''"! 0.946 1 0.643 5 0.794 8
Lit! 0.920 5 0.600 1 0.760 3
Shen'?! 0.834 5 0.5357 0.685 1
Hou'" 0.946 7 0.641 5 0.794 1
Lt 0.990 5 0.647 6 0.819 1
Ma!"’ 0.947 0 0.624 0 0.7855
Jung"'®’ 0.861 0 0.612 1 0.736 6
Xu!"”? 0.878 6 0.596 6 0.737 6
Lt 0.901 8 0.636 3 0.769 1
A 0.985 4 0.650 8 0.818 1

TE AR 56 X B 7 T8, AR SO R A0 AR B
T3 HARAT T B R RS SOR s TR R WLAE bR
ASCR AN SCHR [ 14 ] AT T 85 ) MEF-
SSIM #1 SSIM fi . ULAh, 3 hn 1 5 CHk[ 14 ] &
Piis A7 B R X b, Bk TR R T
MATLAB i 5 % 5, W 1K 6 1 7 & & : AMD
Ryzen 5 3500U CPU (8 G RAM) ., B [£11% 1)
BATHS E R 2 s, AT LLE ), A S
BT I ) B A

®2 ARRTEGKTEITHIELEE
Tab.2 Comparison of running time of images with

different sizes

Bfi] s
p_— & AT E]
i
1 200 x 800 2128 x1 416
Lit 1.350 5 4.276 7
ARSI 1.128 9 3.795 8

2.4 INESBEHXEE SRR

TEHAR A AL RGO T, /NI i IZEC N
AN ARV Rl PR 2 A A — AR L SR
Ho MRS B 3 AR 5, 10 ) B
FIMKUCE SR L5 2 s 3, kB Ay
5 ~8 JZ/NBIT I, o i B A RS R 2R 4
bi, H S 3o AT UL, X F AR B9 3 5, Ho/ ooy
fife )2 B ) do IR AN — 2K

(a) ZBEEEITS

(a) Multi-exposure image sequence

(b) N=5

(¢) N=6 (d) N=7 (e) N=8

K10 N[l /N o figk )2 K5kl & TR 100 L

Fig. 10 Comparison of fused images with different wavelet decomposition levels
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Tab.3  Comprehensive index of fusion under different

wavelet decomposition levels

N% LD

fife )24 i1 gk 2 i3

N=5 0.8559 0.908 7 0.781 8

N=6 0.858 5 0.910 4 0.781 8

N=17 0.860 7 0.9117 0.779 6

N=8 0.859 4 0.912 1 0.776 6
3 g
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