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Enhancement of Low-Light Images
Using CNN

Avvaru Greeshma Kavya, Uruguti Aparna, and Pallikonda Sarah Suhasini

1 Introduction

High-quality image plays a critical role in object detection and classification. Image
enhancement has important contributions in object detection, classification, segmen-
tation, recognition and speech detection and been used in many real applications like
remote sensing, video processing, medical field, etc. To address the enhancement
issues, there are many techniques of image enhancement, e.g., histogram equaliza-
tion, log transformation, gamma correction, bilateral, CLAHE, etc. But, in recent
research, it is found that deep learning contributes more than any other techniques of
image enhancement. In this paper, the enhancement of low-light images using a deep
learning platform, convolutional neural network (CNN), is implemented. With the
popularity of smartphones and digital cameras, images play an important role in our
daily life. Noise is present in any imaging system, but it makes imaging particularly
challenging in low light. Since it is a low-light image, the photon number is low
to build the actual image. The quality of an image is analyzed in subjective type,
by eye vision, and objective type, by considering various parameters of noise like
mean square error (MSE), structural similarity index measurement (SSIM), peak
signal-to-noise ratio (PSNR), etc.

Low-light imaging is challenging due to low photon count [1] and low SNR.
A variety of processes like denoising, deblurring in which, with the support of
pipelining, image is enhanced by convolutional network. The limitation is that this
is not applied to humans and dynamic objects. So, we take the low-light images with
only object-level orientation [2], in which a simple illumination invariance method
is proposed. But in real time, we need to take images in RGB illumination [3] in
which an imposing structure can be illuminated and an illumination map is created.
Furthermore, we need to take images as a set to propose a machine learning method
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on it. So, we take this into another level, by taking some simple unpaired training
images [4], which are further made into a proper training set as MSR-net [5], and
the trained set should go through many layers of the network we designed and the
network layers with required functions to predict the performance [6]. Apart from
all this, noise is the major problem in image enhancement, so a model with the joint
framework of denoising and image enhancement [7] is proposed. A multi exposure
framework [8], in which the input image and the synthetic image are fused according
to their weights.

Apart from all this, in real time an image does not only contain a single noise,
but come with a combination of noises. So, in this paper we analyzed with different
combinations of noise and performance is evaluatedwith different parameters [9–11].
Different techniques are used to enhance the image added noises and are compared
results [12].

2 Trained Model

In this paper, a model is defined using CNN, in which a dataset of images is trained.
Noises like salt and pepper, Gauss, Poisson and speckle are defined in this model. An
image captured contains more than a single noise in it. As the four different noises
are defined in this model, a single noise and different combinations of noises are
applied on each image in the dataset.

Figure 1 shows the model that is trained with the dataset such that the images go
through different convolutional layers and add up so on, resulting in the enhanced
image.

Since CNN consists of numerous layers, like convolutional layer, activation layer,
pooling layer and fully connected layer, and several convolutional layers, i.e., a neural
network, each convolutional layer in CNN performs convolution operation with the
kernel. The size of the kernel is set through the term steps per epoch, and epoch is
the term used to train the network number of times to understand the model defined.
The Inception-ResNet-V2 architecture is used. Activation layer is the rectified linear
unit, and its function is

F(x) = 0, for x < 0

= x, for x = 0, x > 0

Pooling layer is a function that reduces the spatial size and performs max pooling;
i.e., it subdivides the image pixels and places the maximum value of that subdivided
image. The raw image will be with perfect illumination, and this image is gone
through certain operations to result in a low-light image. This low-light image is
used to enhance through the model enhancer.

Firstly, we applied a single noise to the dataset of 100 images resulting in the
enhanced image as a low-light image. Due to the result that we have obtained, a
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Fig. 1 Trained model

dataset of images of around 2000 (~2117) is trained with different noises with a
number of epochs and steps per epochs. The enhanced image size is not similar to
the original image size to compare. So, the enhanced image is reshaped to original
image size. The results are evaluated, and comparison is made using the parameters
like mean square error (MSE), peak signal-to-noise ratio (PSNR), and structure
similarity index measurement (SSIM).

2.1 Evaluation Metrics

MSE = 1

MN

M∑

y=1

N∑

x=1

[
I (x, y) − I ′(x, y)

]2
(1)

where I(x, y) is the original image, I ′(x, y) is the enhanced image and M × N is the
size of the image.
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Peak signal-to-noise ratio (PSNR) is an expression for the ratio between the
maximum possible value (power) of a signal and the power of distorting noise that
affects the quality of its representation.

PSNR = 20 log
MAX√
MSE

(2)

2.2 Algorithm

Figure 1 shows the architecture of trained model.
Algorithmic steps are as follows.

Step 1: Installing required software like TensorFlow and OpenCV.
Step 2: Uploading the images to form a dataset.
Step 3: Introducing virtual noise to every image in the dataset.
Step 4: Converting the RGB image to HSV image.
Step 5: Defining the dataset into an array with 2 elements X and Y. Element X is
for input noisy images, and element Y is for predicted output images.
Step 6: Defining the convolution model.
Step 7: For the input sample defining the model enhancer, i.e., optimizer and loss
function.
Step 8: Generating the X and Y elements by running the model for different time
intervals, i.e., different combinations of epochs and steps.
Step 9: Predicting the output image for the given input image.
Step 10: Get the output for the given input.
Step 11: Reshaping of enhanced image to the size of original image.
Step 12: Comparing original image with the reshaped image to evaluate metrics.

2.3 Experimental Results and Observations

Single noises like salt and pepper, Poisson, Gauss and speckle are applied to the
trained images as shown in Fig. 2. The enhanced outputs with CNN are compared,
and it is found that, for Poisson noise, the results are better with less error as shown
in Table 1.

The following experiments illustrate the performance ofCNNwhen the images are
added with different combinations of noise types. Further, the results with different
numbers of epochs are also investigated.

With Single Noise:

Salt and pepper noise is applied with an increasing number of epochs, and steps per
epoch is 3. The number of epochs used is 10, 35, 100, 500 with 3 steps per epoch and
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Fig. 2 Original image with single noise [original (i), salt and pepper (ii), Gauss (iii), Poisson (iv),
speckle (v)]

Table 1 Comparison of different parameters with single noise (S—salt and pepper, P—Poisson,
G—Gauss, SP—speckle)

Noise Epochs Steps Technique MSE PSNR SSIM

Original image – – – 0.0 100.00 1.00

S 10 2 CNN 2559.17 14.05 0.42

P 10 2 CNN 826.97 18.96 0.76

G 10 2 CNN 7560.74 9.35 0.31

SP 10 2 CNN 3402.86 12.81 0.43

other combinations as 53 number of epochs and 39 steps per epoch. As the number
of epochs and steps per epoch are increasing, the time taken for training the model
is also increasing. The enhanced images for corresponding number of epochs and
steps per epochs are shown in Fig. 3. And the parameters are given in Table 2.

This analysis proves that while increasing the number of steps and epochs, the
enhancement will be better.

With Double Noise:

Fig. 3 Enhanced images for different numbers of epochs

Table 2 Comparison of parameters for different numbers of epochs

Noise Epochs Steps Technique MSE PSNR SSIM

S 10 3 CNN 907.67 18.55 0.70

S 35 3 CNN 706.11 19.64 0.80

S 53 3 CNN 779.54 19.21 0.73

S 100 3 CNN 803.40 19.08 0.80

S 500 3 CNN 443.45 21.66 0.83
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Two different types of noises are applied to images. Figure 4 shows the low-light
image, and the input is given with double noise as salt and pepper along with Poisson
and trained 469 images with 10 epochs and 2 steps. Table 3 is related to Fig. 5.

With Three Different Noises:

Here three noises as salt and pepper with gauss and poisson are added, trained 1071
images with 10 epochs and 2 steps per epoch, 35 epochs and 3 steps per epoch
respectively. The parameters are given in Table 4.

Figure 6 shows the enhanced images after applying three noises, viz., salt and
pepper with Gauss and speckle, trained 1071 images with 10 and 35 epochs and 3
steps per epoch, respectively. The parameters are given in Table 5.

With Four Different Noises:
The model is investigated with a combination of four different types of noises.

The parameters with the number of trained images are observed. Finally, the results
of CNN when trained with 929 images, epochs of 5 and 2 steps per epoch are

Fig. 4 Low-light image with
two types of noises and
enhanced image

Table 3 Comparison of parameters

Noise No. of images trained Epochs Steps Technique MSE PSNR SSIM

S&G 1071 10 2 CNN 2978.39 13.39 0.44

S&G 1071 35 2 CNN 1962.412 15.20 0.49

Fig. 5 Enhanced images for
S&P and Gaussian noises

Table 4 Comparison of parameters

Noise Epochs Steps Technique MSE PSNR SSIM

S,G&P 10 2 CNN 2559.17 14.05 0.42

S,G&P 35 3 CNN 1983.01 15.16 0.48
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Fig. 6 Enhanced images for
three types of noises (S&P,
Gauss and speckle)

Table 5 Parameter comparison

Noise Epochs Steps Technique MSE PSNR SSIM

S,G&SP 10 3 CNN 3084.69 13.24 0.47

S,G&SP 35 3 CNN 2605.52 13.97 0.49

compared with other existing techniques like CLAHE, total variation, bilateral, log
transformation, gamma correction and histogram equalization. Figure 7 shows the
output imageswith different enhancement techniques, and Table 6 gives performance
comparison.

The enhancement using CNN yields better results compared to other techniques.

a) CNN   b) Total Variation          c) CLAHE                d) Bilateral

e)BM3D f) Log g) Gamma  h) Histogram
Transformation Correction Equalisation

Fig. 7 Comparison of CNN with other techniques
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Table 6 Comparison with
other techniques

Technique MSE PSNR SSIM

CNN 706.11 19.64 0.80

Total variation 11,371.71 7.57 0.14

CLAHE 11,321.80 7.59 0.15

Bilateral 14,195.65 6.61 0.05

Log transformation 5133.08 11.03 0.09

Gamma correction 7977.57 9.11 0.14

Histogram equalization 4652.49 11.45 0.11

3 Conclusion

Through parameters, it is observed that, by increasing the number of images in
the dataset, by increasing the number of epochs and by increasing the steps per
epoch, the performance of the enhanced image is improving correspondingly. This
comparison with other techniques revealed that CNN technique is better than the
earlier techniques of image enhancement. Google Colaboratory is used to execute
the program; as we increase the images’ number, epochs and steps, it takes much
time to execute a particular cell of the program and the memory will be drained out.
So, less number in images, epochs and steps are taken in these experiments. Further
using GPUs, with large datasets the performance of CNN may be explored.
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Identical Twin Face Recognition Using
Gabor Filter, SVM Classifier and SURF
Algorithm

A. K. Kavya Ashwini, R. Madhumitha, Mary Ann Sandra, S. Supriya,
Ullal Akshatha Nayak, and K. Ranjitha

1 Introduction

Previously, manual experiments were done to identify the difference, andmanymore
systems existed to show differences between twins. In the existing system, many
processes are used for twins’ identification like finger print, voice and iris recogni-
tion. A person can be identified uniquely using finger print identification process.
The method proposed takes a scan image from the person and compares it with the
database for identification. The iris recognition is also similar to finger prints identi-
fication. Every person has a unique iris, which helps us to identify the person through
iris recognition method. The process of voice recognition works based on the voice
to identify the twins. Finger print recognition has the drawbacks of slow processing
and is easy to hack. Iris recognition also has drawbacks such as mismatching due
to identification. In general, it is time consuming for identification, and if we have
some faults in the eye, then iris recognition is not suitable for identification.

Similarly voice recognition also has demerits of easily being misused by another
person. Hence, due to the above-stated drawbacks of fingerprint, iris and voice recog-
nition, we use a more advanced system such as an identical twin face recognition
system which extracts different features from the dataset and compares the two
images precisely based on the similarities and dissimilarities using different algo-
rithms such as multiSVM, Gabor features, Gabor filter bank and open surf. Upon
completion of the above task, the two images are then combined to form a warp
image from which we can identify whether the person is a twin, not a twin or is a
different person by viewing the distortion level of the warped image.
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2 Proposed System

There has been a huge progress in facial recognition field of study and research, but
there are still many challenges when it comes to differentiating between identical
twins. Low accuracy has been the main drawback of face recognition, and this would
be the one important objective to be accomplished. The main objective of this project
is to create a face recognition system that can recognise similar faces and be able
to differentiate between the identical twins. The purpose of the project is to develop
an efficient algorithm in terms of low complexity, with maximum possible number
of face detection factors, to reduce false identification of identical twins which in
turn will provide a solution for differentiating between them. The sample images of
identical twins are collected and are used in training the system in .pgm, .jpg and .bmp
formats. Image processing is done using Gabor filter and speeded up robust features
(SURF) algorithm.Machine learning dataset training and classification is done using
multiSVM. Twins face recognition system will detect, extract and recognise frontal
faces from the acquired images. The system shouldwork and satisfy all the conditions
of the proposed system and recognize the images of few twins at least.

This system can be designed using various other coding techniques, but MATLB
can do the same with ease using its image processing applications, its functions and
tool box (Fig. 1).

3 System Design and Implementation

System architecture has six stages. The first stage includes the input of the two
images from the dataset. In the second stage of the system architecture, the system
will detect the facial features of both the images. The third stage is the feature
extraction; using algorithms such as Gabor filter and open surf, features of the input
image are extracted. In the fourth stage, the identification of the face for the first
image is done. In the fifth stage, features of the second input image are extracted
using the same algorithms as specified above. The last stage is the classification, in
which the images are classified using SVM (Fig. 2).

The above figure represents the system architecture and the overviewof the system
design. The steps involved are.

1. Training—in this process, the collected data is loaded, and it is used for training
and feature extraction.

2. Classification—in this process, using the SVM, the given image is classified;
this is done after training.

The system design mainly consists of.

• Image collection
• Image pre-processing
• Feature extraction
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Fig. 1 Proposed system
architecture

• Training
• Classification using multiclass SVM.

3.1 Image Collection

For training purpose, images of different identical twins are collected. The images
will be stored in a standard format; in this system, we use the portable grey map
(.pgm) images; while storing them, the sample images are taken from the internet or
Kaggle dataset.
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Fig. 2 System design

3.2 Image Pre-processing

For data that is uneven and noisy, image pre-processing plays a major role. In this
process, the image is transformed to another image which has improved quality that
is better for analysing. This transformation basically removes unwanted components
of the image and enhances the image features. This step is important because it helps
the image to be effective for subsequent task like feature extraction, data mining
techniques that depend on image quality. The images and its statistical properties
are observed in greyscale format as it makes boundaries and edges easy to analyse
when in black and white. Also, the image is seen well in RGB when it comes to
information related to colour formats. Here, the intensity image is converted into
binary image by resizing the given image to 256× 256, and as a result, the threshold
is calculated. This also helps in converting the RGB image format to greyscale image.
A histogram is used to compute the mean using this, it is scaled between 0 and 1
which is a normalized value.
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Fig. 3 SURF (Speeded up robust feature)

3.3 Feature Extraction

Feature extraction is done by using two different algorithms, speeded up robust
features (SURF) and Gabor filter. These two methods will enable us to extract the
features from the twin’s images.

3.4 Feature Extraction in SURF

Key point detection can be done by feature extraction using SURF which in turn
uses a very basic Hessian matrix approximation for storage of values. Hessian matrix
exploits each column of the matrix which can be approximated by taking the differ-
ence between two instances which are evaluated at the two nearby points. The image
is used in a quick and effective way for finding the sum of values of the pixels for
the given image or for the grid of a given image. Faster matching occurs with very
minimum information, and it also does not reduce the performance of the feature
description of SURF algorithm (Fig. 3).

3.5 Feature Description in SURF

The descriptor is designed to be scale invariant and rotationally invariant and is partly
inspired from scale invariant feature transform (SIFT) descriptors. These descriptors
are used to locate and recognise objects, faces to reconstruct 3D scenes, to track
object and to extract points of interest, and it uses Hessian matrix to find interest.
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3.6 Gabor Filter

Gabor filter is used in image processing as a linear filter used for detection of edges.
We use this filter to extract features at different angles. Optimization-based feature
selection algorithm is used to find the features for the optimal feature subset. At each
stage, an improvement is made. In image processing, this filter can also be used for
texture analysis which means that it checks if there is frequency specifically for the
image in particular direction of that region around the point.

3.7 Training

Training is done to assign the desired output of −0.9 to non-face feature vector and
0.9 to face feature vector; we will be able to obtain the network desired output based
on these features. In this training process, first the datasets are trained, and then image
acquisition is done, where in the image is resized and is pre-processed during which
features are added.

3.8 Classification Using Multiclass SVM

The red and blue colours are two types of data in the below given image. Calculation
of the distance to all the training samples is done, and the one with the minimum
distance is taken for a test data in KNN. It is time and space consuming to measure
all the distances to store all samples. But referring the below given image, much
memory is not needed. Another idea is to find a line, which divides both the data into
two regions. We get a new test data, and if it belongs to a blue group, we substitute
it. This line is called as the decision boundary. This method is memory efficient and
very simple. Such data which can be divided into two with a straight line is called
linear separable (Fig. 4).

The above image shows that plenty of such lines are possible. The incoming data
can be a noise because of which it is better if the lines pass as far as possible from
all the points. The classification accuracy should not be affected by the noise. So
therefore, the line with the greatest distance is chosen as it has lesser effect of the
noise. So what SVM does is it finds hyperplane with largest minimum distance to
the training samples. The bold line in the below image passing through the centre is
the hyperplane (Fig. 5).

So to find the decision boundary, we need the proper training data. The data which
are close to the opposite group are sufficient. In the above image, the blue-filled circle
and two red-filled squares represent the support vectors and the lines passing through
them are called support planes; these are used for finding our decision boundary. We
may ignore other data as they are not needed for this purpose.


