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Infrared visible light image fusion in low light scenarios of substations

ZHAO Jie CHEN Jiagjin
(School of Electrical and Control Engineering,
Heilongjiang University of Science and Technology, Harbin  150022)

Abstract The image acquisition of substations in low light environments can lead to problems
such as low visual quality, loss of details, and low contrast, which in turn affect the subsequent detection
and monitoring of equipment. A fusion method based on low light image enhancement and
nonsubsampling contourlet transform (NSCT) and discrete cosine transform (DCT) technology is
proposed in this paper. Firstly, adaptive image adjustment is performed on visible light images based on
gamma parameters to enhance visibility. Then NSCT decomposes the image into high and low frequency
coefficients. For high-frequency coefficients, edge information extraction based on Sobel operator is
used, and for low-frequency coefficients, improved DCT-DFT is used for decomposition and integration.
The decomposed amplitude spectrum and the phase spectrum are fused using contrast enhancement
weighting and local energy optimization rule based on singular value decomposition (SVD), respectively.
Finally, the fused image is obtained by NSCT inverse transformation. Three sets of images of common
equipment in substations are used to compare the proposed method with other algorithms. The results
show that this proposed method performs better in indicators such as average gradient, information
entropy and mutual information.

Keywords: image fusion; low light image; nonsubsampled contourlet transform (NSCT); discrete

cosine transform (DCT); singular value decomposition (SVD)
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Z y PSNR SSIM RMSE
0.5 10.867 1 0.498 3 0.716 6
0.8 14.260 6 0.529 1 0.484 9
B4l 1.1 16.207 7 0.597 5 0.384 8
1.4 13.978 5 0.521 6 0.5012
1.8 8.110 3 0.5150 0.885 8
0.5 9.301 4 0.3829 0.742'5
0.8 10.942 6 04321 05173
ot 1.1 12.514 4 0.482 3 0.454 7
1.4 10.248 5 0.439 0 0.498 3
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0.5 8.556 2 0.452 3 0.783 6
0.8 9.984 0 0.469 8 0.589 6
o=t 1.1 11.601 6 0.510 7 0.563 0
1.4 9.882 4 0.481 8 0.640 8
1.8 8.400 9 0.473 2 0.749 8
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R2 F—HEGMEMRITNGER
Fk AG SD MI EN El | #¥EW/s

DTCWT 3.616 |36.898 | 0.536 | 4.485 |36.107 | 23.340

DWT-AHE | 3.298 | 17.304 | 1.068 | 5.453 |43.571 | 27.438

NSST-PCNN| 2.714 | 19.166 | 0.839 | 5.509 |37.914 | 32.648

CT 3.246 |26.085| 0.973 | 5.624 |45.901 | 18.587

NSCT 4.352 [35.217| 0.880 | 4.485 | 41.908 | 23.945

AXHVE | 5372 |31.824 | 1.361 | 6.839 |55.126 | 21.891

*3 EZHARGMEIFRITNER
Bk AG SD MI EN El | ¥ /s

DTCWT 5.543 |28.397 | 0.482 | 4.582 |47.174 | 25.150

DWT-AHE | 2.991 |16.828 | 1.650 | 5.597 |31.273 | 28.892

NSST-PCNN| 5.501 |38.244 | 0.847 | 5.402 |35.277 |37.317

CT 4.501 |35.504 | 0.961 | 5.642 |35.705 | 22.006

NSCT 3.578 [25.983| 0.707 | 5.239 |46.481 | 30.187

ACEVL | 4.820 |38.602 | 0.855 | 6.199 | 49.634 | 24.182

T4 EZHERGMEIFRIFNEGER
Bk AG SD MI EN El | ¥ /s

DTCWT 4.218 |37.532 | 1.218 | 6.634 | 49.671 | 35.199

DWT-AHE | 3.681 |27.358 | 1.027 | 5.623 |42.805|36.187

NSST-PCNN| 2.893 [ 17.656 | 0.751 | 4.231 |34.570 | 41.649

CT 3.168 | 16.255| 0.682 | 4.624 |35.737 | 30.762

NSCT 4.287 |33.846 | 1.158 | 5.837 |45.834 | 34.145

AR | 4.986 |34.862 | 1.563 | 6.518 |52.358 | 31.817
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