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Abstract

In this project, we implemented a color transformation from RGB to CIELAB to enhance low-light images. This
transformation separates color information from brightness information, which improves contrast and overall quality.
We are using a standard color conversion formula and combining it with other techniques, such as histogram
equalization and neural networks, for better results. The project will have a user-friendly interface that allows users
to upload and download images and compare the original and enhanced versions. The programming language used
and the specific details of the implementation process are not mentioned.
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1. Introduction

The history of image processing can be traced back to
the 1960s [1], when research institutions began
experimenting with enhancing image quality for medical
imaging, video telephony, character recognition, and
satellite imagery. The goal was to improve the visual
impact of low-quality images and generate higher-quality
images as a result [2]. Since then, numerous types of
image processing have been developed, including image

enhancement, restoration, encoding, and compression [3].

Nowadays, the use of digital devices such as
smartphones and digital cameras has become ubiquitous
4. However, low light conditions can have a significant
impact on image quality, causing images to lose colour
information, contrast, and brightness [5]. To address this
issue, experts have developed various methods to
enhance the quality of low- light images, including
histogram equalization, illumination map estimation [6],
normalization flow [7], neural networks [8], and dark
region-aware low-light image enhancement [9].

To further improve the effectiveness of low-light image
enhancement techniques, colour space transformations
have been developed to convert RGB colour space to HSI

or CIELAB colour space. This project proposes the use
of colour transformation from RGB to CIELAB, along
with a step-by-step implementation of the transformation
and enhancement process. The project also includes a
simple interface for uploading low-light images and
downloading the enhanced images, as well as a
comparison box to show the difference between the
original and enhanced images

2. Related Work
2.1. Histogram Equalization (HE)

In image processing, histogram equalization is a
method used to enhance contrast in images by expanding
the intensity range and distributing the most common
intensity levels. This allows for regions with low local
contrast to receive more contrast, and intensity
distributions are changed by histogram equalization. It
can be divided into global histogram equalization (GHE)
and local histogram equalization (LHE), with LHE being
more effective in improving overall contrast. However,
histogram equalization may also significantly change the
mean brightness of an image, which may not be desired
in some cases [10].
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2.2. lllumination Map Estimation (LIME)

The Hlumination Map Estimation (LIME) method is a
new approach to enhance low-light images by estimating
illumination maps for each RGB color channel separately.
Unlike the variational model, LIME proposes additional
illumination enhancement processes that further improve
the illumination conditions of the image. LIME is
considered one of the most advanced works in the field
of classical algorithms and builds on the Retinex-based
category. However, retinex-based methods produce
undesirable results such as halo aberrations, poor contrast,
and excessive smoothness in the enhanced images, and
certain methods over-compute during the enhancement
process.

2.3. Normalizing Flow (NF)

A normalizing flow is a method of transforming a
simple probability distribution into a more complex
distribution using a set of invertible and differentiable
mappings. The layers of the network must be constructed
carefully to ensure that the inversion and determinant of
the Jacbian matrix can be easily captured, limiting the
capacity of the generative model. Modifications have
been proposed to increase the expressive power of the
model, such as 1 x 1 convolution, partitioning and
concatenation, permutation, and affine coupling layers.
Wang et al. [11] implemented this method to accurately
learn local pixel correlations and global image properties
by modeling the distributions over the normally exposed
image. Although this method provides saturation
enrichment and color distortion reductions, it still leads
to unnatural image colors [15].

2.4. Neural Network (CNN)

Based various image enhancement methods based on
neural networks that have emerged in recent years.
Inception and LLCNN use convolutional blocks in their
pipelines, while ResNet uses residual connections to
provide two different channels for illumination and
reflection. However, these methods still result in visible
visual artifacts. Mehwish et al [12] proposed a color-wise
attention network method that balances color on low
frequencies using a sigmoid function and preserves
contrast while reducing color saturation. Lore et al [13]
used LLNet, the first deep learning technique applied to
low-light image enhancement, which significantly
outperformed conventional techniques using a variation
of the stacked-sparse denoising and contrast-
enhancement autoencoder. However, a sizable amount of
dataset is required for effective training.

2.5. Dark Region-Aware Low-light Enhancement
(DALE)

The method uses visual attention and enrichment
networks to improve images with low light. The attention

network creates an attention map to detect dark areas, and
the enrichment network enriches the image with low light
[14]. The method has been successfully implemented in
many images, but requires a large dataset for training.

3. Method
3.1. Accuracy of numerical integration

The CIELAB color space is a widely used color model
that is designed to be more perceptually uniform than
RGB. It separates color information into three
components: L for lightness, A for the red-green axis, and
B for the blue-yellow axis.

The formula provided in this paper is a way to enhance
low-light images by adjusting the lightness component
(L) while preserving the chroma and hue information in
the image. The steps are as below:

The chroma of the image is calculated by taking the
square root of the sum of the squares of the A and B
components. This represents the intensity of the color in
the image.

Chroma = square root (A*A + B*B) (1)

The hue of the image is calculated by taking the
arctangent of the B component divided by the A
component. This represents the angle of the color in the
red-green-blue color space.

Hue =tan-1 (B/A) 2
The overall intensity of the image is calculated by
taking the average of the R, G, and B components.

I = (R+G+B)/3 3)
An alpha value is calculated based on the intensity of
the image, which is used to scale the lightness component

later.
Alpha = (255 - 1)/255 4

The new lightness value is calculated by adding 1 to the
alpha value and multiplying it by the old lightness value.
This increases the brightness of the image.

newL = (Alpha + 1) x oldL (5)
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The ratio of the new lightness value to the old lightness
value is calculated.

ratio = newL/oldL (6)
The new chroma value is calculated by multiplying the
ratio by the old chroma value. This preserves the intensity
of the color in the image.
new chroma = ratio x Chroma @)
The new A value is calculated by multiplying the new
chroma value by the cosine of the hue angle. This adjusts
the red-green axis of the image.
newA = new chroma x cos(Hue) (8)
The new B value is calculated by multiplying the new
chroma value by the sine of the hue angle. This adjusts
the blue-yellow axis of the image.
newB = new chroma x sin(Hue)

9)

Finally, combine newL, newA and newB together
then convert it back to RGB color space. By using this
formula, the brightness of the image will improve and
it will become clearer while maintaining the color of
the image.

3.2. System Interface

The interface design of the LLIE system should be
simple and consistent to avoid users wasting time
learning how to use the system repeatedly. Therefore, the
system's design was based on research of similar
interfaces with features such as image upload, conversion,
comparison, and download. The LLIE system uses
Tkinter to build its interface, which is a simple and
efficient GUI toolkit for Python.

4. Result

After applying the colour space method Fig. 1, Fig. 2,
and Fig. 3 are the result of the low-light image
enhancement system together with the interface used to
compare the original image with the enhanced image.

¥ Lowight mage Enhancement o X

SoveEnbmnced moge|

Fig. 1. Door Lock Images

Low-light Image Enhancement

¢ Lowlight image Enhancement - (=] 3%

Choose File

Save Enhanced Image

! ¢ Lowiight Image Enh

Fig. 3. Wall Images

5. Conclusion

The proposed application aims to improve the overall
brightness of the image. However, the proposed
application is bound and limited to the certain images and
as such, further research will have to be conducted in
order to expand the array of viable range of images.

In the conclusion, the result in increasing the brightness
of the image helps the user to observe the object in the
image clearer with the improvement of the colour but
there are limitations that will need to be improved in the
future work.
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