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Abstract: Enhancement of cancerous images is a vital section of image preprocessing for Computed Tomography imaging
classification. The combination of computer added pictures in X-ray is widely used for medical imaging. Basic enhancement
techniques like Pixel wise Enhancements and Local operator based operation on computed Tomography (C.T.) scan are mainly
used in preprocessing by using an artificially based model of the medical imaging. The study is focused on selecting the better
among basic enhancement methods by using the cancerNet neural network structure. Whereas CancerNet is a widely used
Convolutional neural Network structure for classification based study for cancerous medical image.
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1. Introduction

Image enhancement is used to enhance the desired features of the raw image into a better-transformed image.
So that either human visual or artificial intelligence-based model can be observed in a better way. This irreversible
model can be applied to a single image multiple times for better enhancement. Still, the enhancement's idea is not
to lose the objectives of an enhanced image than the original [1]. Sometimes the enhancement of the image may
improve noise or unnecessary parts of the image rather than the required portion of an image.

The research primarily focuses on exploiting mixed variants of enhancement processes than single image
enhancement in a neural network. The raw image enhancement techniques for medical image processing is the
pixel-wise operation and via a local operator. These most-used processing methods are added to the different
histogram equalization transformation for a better result [2]. The output images of all these methods are processed
with the neural network.

Intensity scaling is an essential aspect of image enhancement.The advanced research on medical image
processing is still using the hands-on enhancement method.Gonzalez RC et al. improved medical image
performance by using concept intensity scaling[3][4]. The fundamental concept of Histogram equalization is the
basis of the theory of intensity scaling. The research is parted the histogram equalization into single-pixel
dependent or local Pixel dependent image [5][6].

CancerNet is a neural network architecture used for cancerous image classification [7]. The previous research
analysis is proved that the network architecture provides a better result than other models of the convolutional neural
network. The CancerNet is not meant only for medical cancerous image classification, but this can ensure more
accuracy when it deals with the scan tumor C.T. images' sensitiveness.

2. Method
2.1 Datasets

Datasets are an essential prospect for any neural network classification approach. Lunal6 and LIDC - IDRI
datasets for lung cancer are chosen for the research. Different formats like DICOM are converted to Joint
Photographic Expert Group (JPEG) for further processing. JPEG format is selected due to its minimization size of
an image to process these large datasets.As the idea is for evaluation for better image enhancement methods in
preprocessing, so the same Images are first processed and then categorized according to the number of
enhancement techniques used for the classification.

LIDC - IDRI dataset is included with an annotation XML file with 1018 CT Scan images[8]. According to
annotation, It is categorized into three folders, i.e., nodule=3mm, nodule < 3mm, and non-nodule >3mm. The
version of the LUNA16 dataset that is used for the paper consists of a total of 888 CT images with two
categorizations [9]. The similar making structure for both the dataset in the module, which is less than the 3 mm
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and non-nodule, is grouped into a single set as "Non - relevant." The other was tagged as "Relevant / Malignant."
2.2 Pre-processing

The dataset of only the raw C.T. scan images is used for this research purpose. The primary intention is to
process all the image enhancement techniques of the same image in these two primary enhancement methods. The
comparison study is for only the preprocessing of scan images, so any pre-modified or enhanced image is not
taken for the research.This comparison study shows every image enhancement by using the primary enhancement
method by using CancerNet architecture.

Fig 1: Pixel wise modified C.T. image (Right side) is the enhanced version of the raw image (Left side).Fig 2:

Local operator enhancement method a) Raw image of a dataset (top left) b) after applying median filter (top right) c)

edge was enhanced on filtered image (bottom left) d) final image after applying local histogram equalization (bottom
right)

In the preprocessing section of image enhancement, the downloaded image is varied by different formats and
sizes. All the C.T. scans are binarized to their greyscale images, each of size221 x 221. All the data is divided
into the Train and test set of the ratio 80:20.These images are needed to be standardized in a specific format. Joint
Photographic Expert Group is selected against other usable standards like PNG as it consumes less storage. Due to
less size of the JPEG format, this standard is useful for deep neural processing as an efficient and less time-
consuming format.

2.3 Method

The fundamental enhancement of an image in preprocessing stage is broadly categorized into two methods.
These are pixel-wise enhancement and local operator wise enhancement. The essential enhancement is to add
some extra feature to present the image in the advanced enhancement method. But the crucial element is still in
use in some manual enhancement, particularly in medical imaging, to get detail in the region of interest of any
image.

Pixel operation is defined as enhancing the pixel grey level of an image, which does not depend upon the
neighborhood pixels. On the other hand, the Local operator image enhancement, each pixel value in the picture, is
enhanced by using Pixel's value along with neighborhood pixels. As both, image enhancementsare popularly used
in medical image classification. This research is the comparative study of both the enhancement techniques by
using transfer learning with the help of the convolutional neural network.

The histogram of an image is used for image characterization and enhancement techniques. It is a vector of
countable numbers of pixels at each grey level of an image. The equation of histogram (h(i)) can be defined as

X-1Y-1
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Here (x,y) is the position of the Pixel in an image. f(x,y) is the Intensity of that Pixel. X is the maximum number of
rows whereas

Y is the maximum number of the Column of the Image. P is the quantized grey intensity levels available in the
image, which can vary from 0 to P-1.

Intensity scaling is an essential pixel operation image enhancement technique that allows modifying specific
narrow band intensity band to span across the dynamic range of the display band[10][11].

Histogram equalization is the most popular method of intensity scaling. In this technique, an image's acquired
intensity is uniformly distributed across the whole intensity available band[5]. The image histogram's output is flatter
intensity bands than the input[6][12]. The redistribution of each image pixel from the no uniform raw image histogram
is
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Where j=0,1,....P-1

The enhanced Image of a uniformly distributed histogram is defined as
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CancerNet Archetecture

-

Fully Connected Layer

g(xy) = (P-1) . H (f (x,y))

The local operator is different from pixel-wise operation by adding a dependency of neighboring pixels along
with the Pixel to change its value. Noise cancellation with filtering and edge enhancement along with histogram
equalization within a neighborhood are the primary methods done by local operator techniques[13].

The Local operator-based operation is a three-step algorithm. Initially, the image is processed, either mean or
median filtering. In this experiment, Median based filtering is applied, which is then followed by edge
enhancement. Finally, the enhancement stages are ended with Local area histogram equalization.

Median filtering, a standard nonlinear noise cancellation method, is applied to the Lung cancer image for
better removal of substantial noise. In the median filter, the kernel frame is convoluted to each Pixel of a lung
cancer image. The new pixel value is calculated as the Pixel's median value within the kernel frame. After noise
removal, edge enhancement is the essential step to preserving the context and enhancing an image's edge. In the
enhancement technique,

The kernel's convolution enhances the image edge after adding value one to its central coefficient [4][13].

The local area histogram equalization is a nonlinear operation where the whole image histogram is equalized
to a local portion of an image. This feature has the capability of increasing the observability of subtle parts of an
image

The Equation of The Local histogram is

K L
hia(x,y)(@) = kzZKlEf(f(x tLy+k)—1)

The equation of the local cumulative histogram is

J
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Whereiandj=0,1... P-1
The Output Enhanced image is

gx,y) =P = 1D.H,(x, y)(f(x,¥))
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This computationally intensive enhancement method is mapped hidden detail spanned fewer pixels into non-
monotonic and nonlinear higher-visibility pixels of the whole image.

Convolutional Neural Network is used for this classification task. For an image like a C.T. scan of cancer, Depth
wise separable convolution will produce more accuracy than standard Convolutional Neural Network architecture.
CancerNet is chosen among the depth-wise convolution Neural Network[7]. The architecture has shared similar
properties to VGGNet architecture. CancerNet requires less computation time and space for better output.

3. Result

The research is a comparison study among the two basic enhancement techniques. The raw image without any
further enhancement is processed into the neural network for comparison study. The raw image with CancerNet
architecture is shown 89.87 % accuracy with an error rate of 10.13 %. In contrast, Pixel operation image
enhancement has improved up to 92.26 % accuracy with an error rate of 7.74 %. It has improved significantly
from the raw image classification task. The local operator, including histogram equalization, is markedly varied
from a single pixel-wise enhancement operation. The Local operator is shown an accuracy of 94.02% with an
error rate of 5.98 %.

4, Conclusion

Image enhancement is a necessary stage for the medical image as a modified version can classify better than
raw computed tomography images. The fundamental image enhancement method on medical scan images is taken
into account to classify. In this paper, pixel-wise enhancement and local image enhancement techniques are
counted for this research. The later technology like Fourier Transformation and other techniques are excluded,
which inclusion might have shown different results. As these image enhancement methods are widely used before
any segmentation or classification, the exclusion of other vital aspects is necessary to show in this research. Local
image enhancement is enhanced with the help of the surrounding Pixel along with that Pixel.
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