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Fusion algorithm of EMCCD’ s low-light-level
images based on wavelet transform

CHEN Feng ,ZHANG Wenwen ,YU Wenjun,CHEN Qian ,GU Guohua
(College of Electronic Engineering and Optoelectronic Technology, Nanjing University of Science and Technology, Nanjing
210094 , China)

Abstract: Because of different gain, the image content displayed by the electron multiplying charge coupled device
(EMCCD) was different and the image had low contrast and narrow dynamic range. Meanwhile, the overall image was
dark, fuzzy and whitish. An image fusion algorithm based on wavelet transform was put forward to apply into low-light-level
images with different gain levels. Firstly, two groups of low-light-level images were acquired in the same scene with
different gain level. Secondly, proper fusion rules were chosen based on low-light-level image’ s characteristics after wavelet
transform. Finally, the images were fused by wavelet transform, high quality fusion image and the performance data of
fusion image, such as entropy, standard deviation, average gradient were obtained. Results show that the fusion algorithm
based on wavelet transform can make the fusion image with both low and high brightness scenery and enlarge the image’ s
dynamic range and contrast. The image quality is effectively improved.
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Fig. 1 EMCCD’s working process
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Fig.2 EMCCD’s read register and waveform of lime sequence signal
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Fig.3 Low-light-level imaging system components
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Fig. 4 Wavelet transformation process
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Fig.5 Algorithm flow diagram
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Fig. 6 Low-light-level image with 80 gain value

Fig. 11 Low-light-level image with 180 gain value

Fig.7 Low-light-level image with 210 gain value

Fig.9 The first group image using fusion algorithm of this article

Fig. 10 Low-light-level image with 50 gain value
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Fig. 12 The second group image of weighted fusion

Fig. 13 The second group image using fusion algorithm of this article
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Table 1 ~ Comparison of image fusion indicators between weighted fusion and the algorithm of this article
No. fusion indicators entropy mean value standard deviation average gradient
gain 80 4.3052 19.7127 5.5327 1.1983
1 gain 210 4.3921 180. 2256 72.2021 8.6444
fusion image 4.8436 4.6462 127.8383 127.0959  74.7208 74.8006 10.5977 12.6409
gain 50 3.7235 10. 1286 6.8071 0.7395
2 gain 180 3.7123 65.3122 13.5024 3.0889

fusion image 3.8232 3.8258

127.7245 128.2747

71.3549 72.5588 10.9612  12.5661
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