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Abstract

Enhancing images captured under low-light conditions is a significant challenge in computer
vision. Poor illumination often degrades image quality, leading to low contrast, high levels of
noise, and blurred details. This paper proposes a novel low-light image enhancement method called
Adaptive Gamma and Contrast Correction (AGCC). The model analyzes the brightness of the
input image and calculates the average color values to determine adaptive gamma and contrast
coefficients. These values are computed automatically and adjusted dynamically based on varying
illumination levels, eliminating the need for manual tuning. Both qualitative and quantitative eval-
uations demonstrate that the AGCC model effectively enhances low-light images while preserving
fine details, maintaining natural contrast, and ensuring accurate color representation. The result-
ing images exhibit visually pleasing and natural appearances. Due to its efficiency and robustness,
AGCC can offer a practical solution for various applications, including night-time surveillance,
medical image enhancement, and photography in low-light environments.
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1 Introduction

Low light is a major challenge in computer vision[1]. It reduces the scene’s image quality regarding
contrast and detail clarity [2]. Imperfect lighting increases noise and loss of detail in dark areas [3].
Low-light image enhancement plays an important role in human life because it enters into many fields,
the most important of which are the military [4], security, health, night photography [5], and smart
driving fields [6]. Low-light image enhancement techniques aim to restore lost information and enhance
lighting without overdoing it, in addition to achieving a balance between removing noise, enhancing
contrast, restoring details, and improving colors so that images are closer to natural images [7]. An
approach proposed in this paper uses adaptive gamma and contrast correction (AGCC), a technique
based on dynamically adjusting the illumination distribution within an image based on local analysis of
brightness levels [8]. Details in low-light areas are improved without distortion or loss of information in
Bright areas. It allows visual improvements to images without brightening bright parts or amplifying
noise in dark areas [9].

Fig. 1 illustrates the intensity distribution of a low-light image and the corresponding enhanced
result produced by the proposed Adaptive Gamma and Contrast Correction (AGCC) method.

The main contributions of the proposed model are summarized as follows:
1. Improved computational efficiency – The method increases processing speed and reduces com-

putational complexity, making it suitable for real-time or resource-constrained applications.
2. Effective brightness enhancement – the model enhances image brightness to closely resemble that

of normally illuminated scenes, while simultaneously suppressing noise for improved visual quality.
3. Adaptive parameter selection – The model autonomously selects appropriate baseline parameters

for processing, ensuring robustness across a variety of low-light scenarios without the need for manual
adjustment.
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(a) Low-light image (b) Enhanced image

Figure 1: Illustrates the intensity distribution of a low-light image and the corresponding enhanced
result produced by the proposed Adaptive Gamma and Contrast Correction (AGCC) method.

2 The proposed model adaptive gamma and contrast correc-
tion (AGCC)

The proposed model, Adaptive Gamma and Contrast Correction (AGCC), is designed to enhance
low-light images through a series of adaptive, data-driven steps. The enhancement process consists of
the following main stages:

1. Brightness and color analysis: The model first analyzes the input image by computing its overall
brightness factor along with the average RGB values. This step provides a global understanding of
the illumination and color distribution, which guides subsequent adjustments.

2. Noise estimation and reduction: A noise suppression coefficient is then estimated based on the
brightness and color characteristics of the image. This coefficient is used to perform targeted denois-
ing, effectively reducing the noise commonly present in low-light conditions without over-smoothing
important details.

3. Adaptive gamma correction: Next, an adaptive gamma value is calculated to correct the image’s
tonal range. This gamma coefficient is dynamically adjusted according to the illumination level,
allowing the model to brighten dark regions while preserving natural brightness transitions.

4. Contrast enhancement: Finally, a contrast enhancement factor is computed and applied to
improve the visual distinction between light and dark regions. This step sharpens the image structure
and restores detail, further improving visibility and perceptual quality. Through these steps, AGCC
provides a robust and fully automatic enhancement pipeline that adapts to varying lighting conditions
without manual intervention, making it suitable for practical low-light image enhancement tasks.

The source code is publicly available at:
https://github.com/FakedSky122/Adaptive-Gamma-and-Contrast-Correction.

A. Luminance factor (L)
The luminance factor can measure the average distribution of brightness in an image. It uses red,

green and blue channel(r, g, b) to calculate, and based on the sensitivity of the human eye.

L = 0.2126r + 0.7152g + 0.0722b

Where r, g, b refers to the mean’s channels of red, green, and blue.

B. Color mean factor (C)
The average color factor is the sum of the average values of each channel red, green and blue(r, g,

b).
C = (r + g + b)÷ 3

Where r, g, b are the mean values of the red, green, and blue channels.

C. Adaptive gamma coefficient (γ)
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The adaptive gamma coefficient is calculated for the image, it is based on the luminance factor(L)
and the color mean factor (C)

γ = 500÷ σ × (L÷ C)

Where σ is the standard deviation of the gray scale of the input image, it is the control parameter in
this model. Here 500÷ σ must less than 25.

D. Appling adaptive gamma correction
The adaptive gamma coefficient is calculated for the image, it is based on the luminance factor(L)

and the color mean factor (C)
Io = (Ii)

2÷γ

Where Io refers to the output image, Ii refers to the input image.

E. Calculate and apply adaptive contrast correction
The adaptive contrast coefficient (F) is calculated for the image, it is based on the luminance

factor(L) and the gamma coefficient (γ). Then the model will use contrast stretching to enhance the
image.

F = (50÷ σ + γ ÷ 5)÷ 1.5

Where σ is the standard deviation of the gray scale of the output image.

3 Result discussion

To evaluate the performance of the proposed model, it is tested on the LOL dataset. The results were
compared with 3 algorithms at the leading level: IAGC [10], LGMS [11], and LIEW [12].

Algorithm (on LOL dataset) PSNR↑ SSIM↑
IAGC[10] 11.260 0.468
LIEW[12] 12.678 0.638
LGMS[11] 15.834 0.475
AGCC 18.343 0.899

Table 1: Compare the model’s (AGCC) results with the set of algorithms on LOL dataset, using PSNR
and SSIM metrics.

(a) Comparison

Figure 2: Comparison of AGCC and other models on LOL dataset.

The images are evaluated visually, as shown in Figures 2. It was observed that the proposed model
(AGCC) produced enhanced images with balanced brightness and high contrast while maintaining fine
details as well as low noise levels.

3



4 In conclusion

Quantitative evaluations on benchmark datasets demonstrate that AGCC outperforms representative
state-of-the-art methods in both PSNR and SSIM, while qualitative assessments confirm its ability to
produce natural-looking images with accurate color reproduction.

Owing to its low computational cost and training-free nature, AGCC is well-suited for deployment
in resource-constrained platforms such as embedded vision systems, mobile photography, and real-time
video surveillance.

In conclusion, experimental evaluations demonstrate that AGCC achieves consistently favorable
results in both visual quality and computational efficiency.

References

[1] X. Liu, Z. Wu, A. Li, . . . F. V. preprint arXiv, 2024, “NTIRE 2024 challenge
on low light image enhancement: Methods and results,” openaccess.thecvf.com Avail-
able: https://openaccess.thecvf.com/content/CVPR2024W/NTIRE/html/Liu_NTIRE_2024_

Challenge_on_Low_Light_Image_Enhancement_Methods_and_CVPRW_2024_paper.html

[2] W. Wang, X. Wu, X. Yuan, Z. G.-I. Access, 2020, “An experiment-based review of low-light
image enhancement methods,” ieeexplore.ieee.org, Available: https://ieeexplore.ieee.org/

abstract/document/9088214/

[3] F. Lv, Y. Li, and F. Lu, “Attention Guided Low-Light Image Enhancement with a Large Scale
Low-Light Simulation Dataset,” Int J Comput Vis, vol. 129, no. 7, pp. 2175–2193, Jul. 2021

[4] S. Ji et al., “Boosting the Performance of LLIE Methods via Unsupervised Weight Map Generation
Network,” mdpi.com, 2024

[5] C. Xie, H. Tang, L. Fei, H. Zhu, Y. H.- Electronics, 2023, “IRNet: An improved zero-shot
retinex network for low-light image enhancement,” mdpi.com, Available: https://www.mdpi.

com/2079-9292/12/14/3162

[6] L. Ma, T. Ma, R. Liu, X. Fan, Z. L.-P. of the IEEE, 2022, “Toward fast, flex-
ible, and robust low-light image enhancement,” openaccess.thecvf.com, Available:
https://openaccess.thecvf.com/content/CVPR2022/html/Ma_Toward_Fast_Flexible_

and_Robust_Low-Light_Image_Enhancement_CVPR_2022_paper.html

[7] M. Rasheed, D. Shi, H. K.-S. Processing, 2023, “A comprehensive experiment-based review of
low-light image enhancement methods and benchmarking low-light image quality assessment,”
Available: https://www.sciencedirect.com/science/article/pii/S0165168422003607

[8] N. A. Al-Dmour and W. J. Teahan, “Peer-to-peer protocols for resource discovery in the
Grid,” Available: https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=

b59f2358eba96139d90db8f7a07692ef14c66731

[9] S. Akhtar, S. Aftab, S. Kousar, A. Rehman, M. Ahmad, and A. Q. Saeed, “A Severity Grad-
ing Framework for Diabetic Retinopathy Detection using Transfer Learning,” 2024 Interna-
tional Conference on Decision Aid Sciences and Applications (DASA), pp. 1–5, Dec.2024, doi:
10.1109/DASA63652.2024.10836441

[10] G. Cao, L. Huang, H. Tian, X. Huang, . . . Y. W.-C. & E., 2018, “Contrast enhancement of
brightness-distorted images by improved adaptive gamma correction,” ElsevierG Cao, L Huang,
H Tian, X Huang, Y Wang, R ZhiComputers & Electrical Engineering, 2018•Elsevier, Available:
https://www.sciencedirect.com/science/article/pii/S0045790616306292

[11] J. Jeon, J. Park, I. E.-P. Recognition, 2024, “Lowlight image enhancement using gamma correction
prior in mixed color spaces,” Elsevier, Available: https://www.sciencedirect.com/science/

article/pii/S0031320323006994

4

https://openaccess.thecvf.com/content/CVPR2024W/NTIRE/html/Liu_NTIRE_2024_Challenge_on_Low_Light_Image_Enhancement_Methods_and_CVPRW_2024_paper.html
https://openaccess.thecvf.com/content/CVPR2024W/NTIRE/html/Liu_NTIRE_2024_Challenge_on_Low_Light_Image_Enhancement_Methods_and_CVPRW_2024_paper.html
https://ieeexplore.ieee.org/abstract/document/9088214/
https://ieeexplore.ieee.org/abstract/document/9088214/
https://www.mdpi.com/2079-9292/12/14/3162
https://www.mdpi.com/2079-9292/12/14/3162
https://openaccess.thecvf.com/content/CVPR2022/html/Ma_Toward_Fast_Flexible_and_Robust_Low-Light_Image_Enhancement_CVPR_2022_paper.html
https://openaccess.thecvf.com/content/CVPR2022/html/Ma_Toward_Fast_Flexible_and_Robust_Low-Light_Image_Enhancement_CVPR_2022_paper.html
https://www.sciencedirect.com/science/article/pii/S0165168422003607
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=b59f2358eba96139d90db8f7a07692ef14c66731
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=b59f2358eba96139d90db8f7a07692ef14c66731
https://www.sciencedirect.com/science/article/pii/S0045790616306292
https://www.sciencedirect.com/science/article/pii/S0031320323006994
https://www.sciencedirect.com/science/article/pii/S0031320323006994


[12] J. Jeon, I. E.-S. Processing, 2022, “Low-light image enhancement using inverted image normal-
ized by atmospheric light,” ElsevierJJ Jeon, IK EomSignal Processing, 2022•Elsevier, Available:
https://www.sciencedirect.com/science/article/pii/S0165168422000706

5

https://www.sciencedirect.com/science/article/pii/S0165168422000706

	Introduction
	The proposed model adaptive gamma and contrast correction (AGCC)
	Result discussion
	In conclusion

