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Abstrat

Study on Low-light Image Enhancement

Li Tao (Computer Applied Technology)
Directed by Prof. Xiaodong Xie

ABSTRACT

Image enhancement is a basic task in image processing. When an image is captured by a
camera, the environment light conditions vary from one to another. There are plenty of images
captured under low-light conditions, usually at night. The image quality descends rapidly
because of noise and loss of contrast. These images lack visual aesthetic. Also, for image
analysis tasks such as object detection, image retrieval, etc., low-light images perform badly.
Thus, low-light image enhancement is very important.

Low-light image enhancement is a long-standing problem, many scientists and scholars
focus their attention on this problem, and various algorithms are proposed. In these solutions,
considered that low-light images suffer from much more noise than those natural images which
are captured under normal light conditions, and the pixel values of low-light images are usually
in low dynamic range, the images appear to be in low quality and have low contrast. Thus,
researchers usually use a two-stage processing method, namely image denoising and contrast
enhancement. In the field of image denoising, there are several widely used methods such as
bilateral filtering, BM3D and their follow-ups. To improve image contrast, various methods
have been proposed and they can be roughly classified into three categories: methods based
on retinex theory, histogram equalization (HE) algorithms, and methods inspired by dark-
channel-prior-based dehaze model. Recently, deep learning based methods have made
impressive progress in computer vision and image processing research community. And
stacked denoising auto-encoder has been applied to enhance low-light images. All these
methods try to enhance image contrast while preserve textures and details.

In this paper, a solution is proposed which consists of two parts, image denoising and
contrast enhancement. Inspired by CNN based method in super resolutiuon, a CNN based
method is proposed to do image denoising. This method achieves comparable results with
BM3D and it can process 512X 512 images at 100 FPS on a Nvidia Titan X . After that, the
contrast of low-light images will be improved using contrast enhancement method. Two

contrast enhancement methods are developed in this paper. The first one is based on
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atmosphere scattering model. Bright channel prior (BCP) is proposed, and by using BCP and
a designed filter, transmission maps and the environment light in the atmosphere scattering
model can be estimated. Hence, the final enhanced image can be calculated. The second one
is a deep learning based method, enlighted by LLNet. Convolutional neural networks (CNNs)
are used to enhance low-light images. A special module is designed so that the input image
can be filtered by different filters. A novel loss function is proposed to train the model and this
model increases SSIM value by 0.194 over LLNet.

In addition to the improvement of visual aesthetic feeling, a new performance metric is
proposed to evaluate low-light image enhancement methods based on the results of current
object detection algorithms. A new database is published which contains low-light images
taken under insufficient light conditions by surveillance cameras. By using this novel
performance metric, better algorithm can be found if it functions as a pre-processing procedure
in image understanding problems. And the proposed BCP-based method increase the AP
(average precision) by 2.95% for the category “car”, which is the state-of-the-art results in this
testing database when using faster RCNN as the object detection method.

Key words: Low-light image enhancement, Image denoising, Contrast enhancement,
Performance metric



	摘要
	ABSTRACT

