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Abstract: To address the problem of limited luminance dynamic range in stage scenes, this study propos-
es a method for low-light enhancement of the stage based on an improved Retinex algorithm. First, the
low-light image of the stage scene is enhanced using the improved Retinex algorithm to obtain an overall
enhanced image. Then, the original image is fused with the enhanced image, and background areas that
are over-enhanced and do not need to be enhanced are processed to obtain the final image. The improved
Retinex algorithm uses a Gauss-Laplace high-pass filter to find the reflected and illumination components,
thus addressing the problem of detail loss in the reflection component. It then performs contrast and detail
enhancement on the reflected component and multiplies it with the light component to produce the en-

hanced image. This method performs field-programable gate array (FPGA) hardware platform verifica-
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tion based on software platform verification. The experimental results show that, compared with other

classical methods, this method yields a noticeable visual improvement, with an average increase of
57.06% in peak signal-to-noise ratio (PSNR) and 27.34% in structural similarity (SSIM) in different

stage scenes. Thisimprovementis particularly significant in stage scenes with substantial differences in bright-

ness between light and dark areas. The images processed by this method restore the true luminance dynamic

range of the stage and exhibit good natural color saturation without distortion, ensuring better image quality.
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Tab.1 Comparison of peak signal-to-noise ratio metrics of different algorithms

Test images BIMEF LIME MSRCR LECARM LLEF
house 13.3130 8.3342 6.9819 11.017 3 13.608 5
village 12.026 5 9.1185 6.7777 12.2758 12.066 9
stage 1 19.357 8 15.1158 14.888 4 20.684 1 28.889 4
stage 2 19.4707 15.1350 14.910 4 20.860 0 25.9320
stage 3 17.863 7 12.856 5 13.9451 15.906 7 27.406 7
stage 4 18.369 4 15.5449 13.774 1 18.893 0 27.194 8

x2 FREEMEHBECEERILE

Tab.2 Comparison of structural similarity metrics of different algorithms

Test images BIMEF LIME MSRCR LECARM LLEF
house 0.688 8 0.4327 0.467 3 0.6132 0.7275
village 0.779 3 0.479 8 0.473 9 0.656 5 0.7321
stage 1 0.8028 0.700 2 0.7116 0.869 9 0.956 0
stage 2 0.807 4 0.706 4 0.714 6 0.874 3 0.926 2
stage 3 0.8655 0.777 3 0.803 0 0.852 8 0.964 2
stage 4 0.7378 0.638 2 0.596 0 0.820 4 0.9378
5 & #» U5 B, 078 FPGA b X IZ 3% 1 7 48 i A7 i 4 5

H1 T A BILAA 4% 58 1 23 25 5 1 A2 B, B2
VR WL, A SCHF5E 1 T ) X A BIL IR R 52 B 8h
ASVE BT R J7 i R XU R AL BE B S
PE AR T — B B 1Y Retinex fIk BR RS {500 o
fil G 5 il i Matlab 7 & X5 it O 247 BLS
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