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A Dynamic Scene HDR Fusion Method Based on Dual-channel Low-light-level
CMOS Camera

HE Li*?, CHEN Guo®, GUO Hong", JIN Weiqi

(1. MOE Key Laboratory of Optoelectronic Imaging Technology and System, Beijing Institute of Technology, Beijing 100081, China;
2. 91216 of PLA, Huludao 125000, China)

Abstract: High dynamic range imaging technology can reflect scene information comprehensively and
effectively, which is beneficial for obtaining higher imaging qualities in high dynamic range scenes.
However, the classic high dynamic range image fusion method of using a single camera through
multiple-exposure fusion tends to result in the “ghost” problem in a dynamic scene, whereas the method of
using multiple sensors in a simultaneous exposure system is complicated and expensive. Meanwhile, an
extension method based on a single low dynamic range image loses details easily in underexposed or
overexposed areas. These methods are often used under better lighting conditions. Hence, a high dynamic
range image fusion method based on a dual-channel low-light-level (L% CMOS camera is proposed for low
illumination dynamic scenes. First, an image acquisition platform built using a dual-channel L* CMOS
camera is used to collect two images with different exposures for low illumination dynamic scenes. Based on
the accumulative histogram, the principle of dynamic range extension is established, and the two images
collected by the system are extended. Finally, the pixel level fusion method is used to fuse the sequence
images after the dynamic range extension. The results show that the method of dynamic range extension
fusion can yield high dynamic range images under L2 dynamic scenes as well as better imaging quality.

Key words: HDR image, dual-channel low-light-level CMOS camera, L>dynamic scene, image fusion
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Fig.1 The GSENSE 400BSI detector(left) and the developed dual-channel low-light-level CMOS camera(right)
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Table 1  Gain multiples for each exposure level

Level 0 Levell Level 2 Level 3 Level4 Level5 Level 6 Level 7

0.66x 1.85x 2.49x  3.68x

1.29x

3.70x  4.95x  7.25x
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HE, YL EATIROEE . B E . 18O &
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A A RIS 1], EHR AR 2R RE A B T AL S
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B=f(E-At) Q)

s B A BEUGAR Z KA : £ AHMLIE 5 % %1 (camera
response function, CRF).
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Table 2 The expansion ratio k and estimated exposure ratio of

Extended image
from Level 7

Level 0 Extended image

from Level 0

each scene

Scene Up-extending Down-extending
k Estimate k Estimate

2# 6 2.32 1/4 1/1.91

3# 4 1.90 1/5 1/2.22

44 7 2.83 1/5 1/2.06

S5# 4 2.16 1/5 1/2.01

6# 7 2.85 1/7 1/1.92

FEZWVEAN T, Xk 3 S ERME Rl 5 45 R 73 il ok
MHME 5 BRAIAGH SR G TERS Q. QW,
QE (The fusion quality index, The weighted fusion
quality index, The edge-dependent fusion quality index)
BEATHIPPN G5 R AR 3 o (B 4Rbr b i e
PRI o HAA S e B 6 B 0 P3P, S
Ko BB BIHGAE B & a
E T R, BRI 4 A6 () RS 12
AR SR o7 T B S5 R A AL AR 5] HY B Rl
BIREENFTH A 3 TR FEARI. MK 3 WL
A, ASOTEEBRENE SR 75 i S A BCR
e, FEIDGAH SRS ot & 7 T BUE Fs b BRI
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Fig.10 HDR image fusion results of each scene

*#3 EhELRIPINTENS  Table3  Evaluation of fusion result

Scene Method Mean  Comentropy Q Qw QE
LP method 73.65 7.18 0.42 0.82 0.30

» CVT method 73.53 7.14 0.38 0.76 0.26
WEA method 95.76 7.31 0.35 0.83 0.33
Proposed method ~ 104.95 7.42 0.44 0.79 0.34

LP method 34.95 6.28 0.27 0.82 0.45

” CVT method 34.88 6.17 0.24 0.79 0.39
WEA method 59.58 6.83 0.32 0.81 0.44
Proposed method  73.65 6.79 0.32 0.80 0.43

LP method 43.51 6.33 0.63 0.81 0.34

- CVT method 43.50 6.24 0.59 0.76 0.28
WEA method 75.79 6.82 0.76 0.82 0.35
Proposed method ~ 94.28 6.93 0.76 0.81 0.38

LP method 20.15 4.10 0.09 0.83 0.36

CVT method 20.14 4.14 0.08 0.80 0.33

* WEA method 23.52 5.20 0.10 0.87 0.36
Proposed method  42.14 5.33 0.09 0.79 0.35

LP method 19.01 4.44 0.18 0.80 0.35

CVT method 18.99 4.46 0.17 0.75 0.30

> WEA method 35.11 5.57 0.22 0.81 0.34
Proposed method  35.53 5.55 0.23 0.81 0.35

LP method 60.50 7.18 0.52 0.83 0.49

o CVT method 60.61 7.14 0.49 0.81 0.42
WEA method 88.53 7.19 0.59 0.81 0.50
Proposed method ~ 122.50 7.61 0.56 0.78 0.46
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