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Colon cancer is a cancer that attacks the colon or the last part of the
human digestive system. The increase in cancer is influenced by the
environment and lifestyle, especially diet, low-fiber food consumption

and high consumption of animal proteins and fats also affect the cause
of this cancer. Common symptoms can usually be seen from changes in
bowel habits, abdominal pain, bleeding on the rectum and
()thersowever not all symptoms are seen in every patient. What's
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CNN more, it 1s difficult to determine the presence of cancer, as it must use
ot thorough dmgl]()sfllc ‘pr()cedm"es such as CT scans, MRI, PET scans,
Telepon: +62 89646363255 ultrasounds, or biopsies. But it also cannot be analyzed easily, it takes
Email:

enough time and experts to be able to know the presence of the
cancer. Therefore, this study elimao classify colon cancer based on
histopathological imagery using CNN method which is one of the
implementation of deep learning for digital image processing. In this
study, the architecture used is nrure architecture that is self-
modified. The results of this study showed that the model was able to
classify colon cancer with a fairly high accuracy of 99.55%
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INTRODUCTION

Cancer is a non-communicable disease characterized by the gl‘(mﬁ of abnormal cells that are not
controlled and are able to move and attack between cells in body tissues. The World Health Organization
lists that cancer is one of the main causes of death in the world (Pangribowo, 2019).

Colon cancer is cancer that attacks the last part of the human digestive system or commonly
called the large intestine. 90% of patients are elderly people over 60 years, although this disease can also
attack any age (Rambe, 2019). Based on data from the Global Burden of Cancer (GLOBOCAN) released
by the World Health Organization (WHO) stated that in 2020 colon cancer was ranked fourth wﬁ the
number of cases 1,148,515 cases with a death rate reaching 576,858 people or equivalent to 5.8% (Ferlay
I, Ervik M, Lam F, Colombet M, Mery L, Pifieros M, Znaor A, Soerjomataram [, 2020).

The increase in the incidence of colon cancer is influenced by the environment and
lifestyle. Diet plays an important role and can lead to colon cancer. The level of consumption of low-
fiber foods and high consumption of protein and animal fats are factors that influence the cause of
colon cancer or colon cancer (Puspitasari & Waluyo, 2021). General symptoms can usually be seen
from changes in bowel habits, abdominal pain, bleeding in the rectum, and iron deficiency anemia,
although other gastrointestinal diseases also have these symptoms (Puspitasari & Waluyo, 2021).
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However, not all symptoms are seen in every patient. Moreover, it is difficult to determine the presence of

cancer without thorough diagnostic procedures such as CT scan, MRI, PET scan, ultrasound, or
Biopsy. In many cases, patients show little or no symptoms in the early stages, because they appear only
after the tumor is large enough or the cancer has spread to surrounding tissues or organs, and sometimes it
15 too late.

For this reason, early detection is needed, which means the earlier a person is diagnosed, the
more time the doctor will have to design a treatment for him, and the patient has a better chance of
beating the disease. Early diagnosis and appropriate treatment are currently the only way to reduce the
number of cancer deaths (Cancer-Symptoms and Causes-Mayo Clinic, 2021). This diagnosis can be
made through X-rays, CT scans, through histopathological images from the results of the biopsy process
in the colon tissue, which from these results the doctor or medical personnel can determine the type of
cancer that affects the follow-up to be carried out in ée treatment of the cancer. but to do the
classification manually will take a relatively long time, so we need a technology or system that can help
facilitate the process of classifying the cancer, one of which is the use of Machin Learning.

The existence of Machine Learning in the computer field has become a trend in information
technology and has penetrated into various sectors iﬁluding health (Sugara & Subekti, 2019). Machine
Learning are used in the field of health has a variety of applications in pathology, ranging from detection
of disease to an intelligent system, which is seen from the patient's symptoms, can prescribe drugs (Das et
al., 2018). Thus, the detection results can be received more quickly by doctors / health experts, so that the
action or handling of a disease will be faster (Sugara & Subekti, 2019).

In the application of Machine Learning technology, a good method or algorithm is needed so
that it can predict zlccurzllﬁf.Becuuse the determination of lheﬁx]el and algorithm can affect the
prediction results obtained, this study will propose a method using Convelutional Neural Network (CNN)
which is one of the implementations of Deep Learning for digital image processing. CNN has become a
popular method because it has been ranked first in the image classification category since 2012 (Felix et
al., 2020). The research was conducted by examining the dataset obtained from the Kaggle repository

ith 10,000 images consisting of Colon Adenocarcinoma (colon aca) and Colon Benign (colon n) images
(Lung and Colon Cancer Histopathological Images | Kaggle, n.d.). The results show that the model is

able to classify colon cancer with high accuracy.

RESEARCE\/IETHODS

The data used in this study is secondary data (public data) obtained from the Kaggle
Repository kn(wﬁ as the LC25000 dataset. This dataset, created by Andrew A. Borkowski and
colleagues, and collected at the James A. Haley Veterans Hospital located inﬁmpa. Florida, has 10,000
images with 2 classes of colon cancer and each class has 5,000 images with 768 x 768 pixels in size and
in jpeg file fgrmat. The datrasets were generated from original samples from appropriate sources and

validated by the Health Insurance Portability and Accountability Act (HIPAA).
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Table 1. Colon Cancer Dataset

No Image Class Amount
1 i Colon Adenocarcinomas 5.000

S+

Colon Benign 5.000

Total Dataset 10.000

The research stages were carried out starting from data collection, image calling, pre-
processing, dataset sharing, building CNN architecture, determining hyperparameters, conducting model
training, model evaluation, and model implewlenion. This is done to get the right model in classifying

colon cancer using histopathological images. The stages of the research can be seen in Figure 1.
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Figure 1. Research Stages
Based on the picture, the stages of the research can be explained as follows:
1. Image Summon
The first stepﬁr calling the image is to determine the dataset storage directory to be used. where
the dataset has 2 types of colon cancer classification, namely Colon Adenocarcinoma and Colon
Benign . Then call all the libraries needed in building the architectural model, including: Module
OS5 . pandas , glob , cv2, numpy . matplotlib , sklearn . tensorflow ., hard . and others.
2. Pre-Processing
At this stage it consists of three stages of process including changing the image size to 50x50
pixels, this is done so that the image is small so that it can speed up the image recognition process at
the modeling stage, the next stage is to determine the rcemelge of training data and test data, in
which the ratio used is 80:20, meaning that 80% is used for training data, and 20% for test data. Then
change the scale of the image value, this serves to represent the image into a 3D array or also called a
tensor which has a value range between 0-255.
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3.

Dataset Sharing

At lhih‘ililgc. the daraser is divided into training data, test data, and validation data, where the
percentage of training data and test data distribution is in accordance with the percentage determined
in the previ()uswge, which is 80:20. This is done to ensure that the classifier is generalized well, so
that the data is divided into three categories, namely training data, test data, and validation data, each
of which consists of 7950 training data samples, 2000 test data samples, and 50 samples of validation
data taken. of the amount of training data.
CNN Model Building

In this stage, it is done by determining the number of architectural layers to be used starting from
determining the value of the input layer which is the input of image data that is converted into a
matrix with 3 dimensions where the value of each dimension is red, blue and green (Felix et al., 2020)
the number of convolution layers It is the main part of CNN. The operations performed are the same
as convolution operations which are usually performed in image processing, where there is a kernel
and sub-images. The kernel used in CNN is generally 3x3 in size. Then for each sub-image that is the
same size as the kernel, a convolution (ﬁmti()n is performed (Nugroho et al., 2020), pooling layers is
the stage after the convolutional layer. The pooling layer consists of filters of a certain size and step.
Each shift will be determined by the number of steps to be shifted across the feature map or activation
map area (Santoso &ﬁriyiml(). 2018). fully-connected layers is a multi-layer perceptron (MLP)
classification process. In the fully connected layer, each neuron is fully connected to all activations in
the previous layer (Candra & Prapanca, 2020) and output layers. The steps involved in making the
CNN model are described in more detail in Table 2 below:

Table 2. CNN Architecture

Layer Size and Kernel Size Activation Pooling size
Filters
1 Image 50x50x3 - -
Convolution 16x16 2x2 relu -
Maxpooling - - - 2x2
2 Convolution 32x32 2x2 relu -
Maxpooling - - 2x2
3 Convolution 64x64 2x2 relu -
Maxpooling - - - 2x2
4 Convolution 128x 128 2x2 relu -
Maxpooling - - - 2x2
iCirten - - - -
Dropout 02
Dense 200 relu
Dropout 03
Dense 500 relu
Dropout 04
Dense 2 sigmoid

The research was conducted using four convolution layers with an image input of 50x50 pixels
according to the size of the image that had been initiated earlier. All convolution operations on each
layer use a 2x2 kernel size starting from the first layer to the last layer, but with different filter sizes
for each layer starting from filter 16 for the first layer, filter 32 for the second layer, filter 64 for the
third layer and filter 128 for the fourth layer. As for the use of activation at each convolution layer

using ReLu activation and pooling layer using max pooling with a size of 2x2.
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In addition, zeropadding is also applied to each convolution process, which is the process of
adding zero values on each side of the input. After going through the convolution process, the final
result ofmax poolingwill be converted into a two-dimensional vector. The hidden
layer uses dense with a vector number of 200, a dropout value of 0.2 along with a dense with
a vector number of 500 and a dropout value of 0.3 and uses the activation of the ReLU function. And
in the outpur layer there are dense as many as 2 according to the number of classes in the dataset and
add a dropout value of 0.4 and asigmoid activation function . The CNN model development

architecture can be seen in the following figure:
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Figure 2. CNN Architecture Model

Determination of Hyperparameter

At this stage determine the hyperparameters for the architectural model that is built, but setting
these parameters is done outside the construction of the CNN architectural model, such as determining
the type of optimization, the type of probabilistic /oss and the measurement of the evaluation model to
be used.
Model Training

The model training stage of the architecture that hilﬁtl} built, in this stage determines the
number of epochs to be used, where the number of epochsis a hyperparameter that determines how
many timeﬂe learning algorithm will work through the entire training daraser . And determine the
number of batch size which is the number of samples processed before the model is updated . The
number of epochs used is 50 and the batch size used is 32.
Model Evaluation

The next stage is the model evaluation stage which functions to see the performance of the
model that has been built, which can be seen from the accuracy value obtained, predictions for testing
image samples based on the model, viewing graphs generated from iterations of model training,
and confusion maitrix tables .
System Implementation

The last stage is the implementation stage of the architectural model that has been built into a
prediction system, where this system will be built using flash web development using

the Python programming language

Figure 3. System Interface Design
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RESULTS AND DISCUSSION
This study aims to classify colon cancer based on histopathological images into two classes,
namely Colon Adenocarcinoma and Colon  Benign using the CNN method with a modified
architecture. In this study, several pilot scenarios were conducted to measure the success rate of the
proposed method. Where this test is carried out by testing the use of the number of convolution layers, the
use of  optimization types, data  sharing, as well as testing the transfer
learning methods, namely MobileNet, DensNet , VGG16, and ResNet50 . The following are the results of
the tests that have been carried out in this study:
1. Convolution Layer Number Test Results
In this test, it is done by testing the number of W()luti()n layers used in the test model. This is
done to compare the accuracy values when umﬂ 1 layer, 2 layer, 3 layer, 4 layer, and 5 layer
sequentially for the proposed CNN architecture. The results of this test can be seen in Table 4.6 as

follows:

Table 3. Convolution Layer Number Test Results

No Number of Convolution Layers  Accurasy

0.4964999854564667
0.9670000076293945
0.9890000224113464
0.9955000281333923
0.4964999854564667

o b2 —
Lh o Wk =

Table 3 shows that the highest accuracy value resulted from the use of 4 convolution layers with
an accuracy value of 99.55%. from the table it can also be seen that the use of too few or too many
layers affects the accuracy value produced, especially in the tests applied to the case of this
study. This can be seen from the accuracy results obtained by testing using 1 convolution layer and 5
convolution layers which produce the same accuracy value of 49.64%. the accuracy values generated
from the two tests have arange of values that are quite far from the accuracy values produced by tests
using 2, 3, or 4 convolution layers which are quite stable in the range of 90% and above.

2. Optimization Type Test Results

In this scenario, it 1s done by testing the type of optimization used in the test model that produces
the best accuracy value in the previous test scenario, namely a model with 4 convolution layers
according to the proposed model. This is done to compare the accuracy values when using adam,
nadam, adadelta, adagrad, adamax, RMSprop , and SGD optimizations sequentially for the proposed
CNN architecture, in this test the only difference is the use of the optimization type. It aims to see the
effect of the use of optimization. The following are the results of testing on models with different
types of optimization.

Table 4. Optimization Type Test Results

No Optimization Type Accuracy

1 Adam 0.9955000281333923
2 RMSProp 0.9940000176429749
3 Nadam 0.9940000176429749
4 Adamax 0 9919999837875366
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SGD 0.9769999980926514
6 Adagrad 0.7070000171661377
7 Adadelta 0.5034999847412109

Table 4 shows that the use of Adam's optimization produces the highest accuracy value
compared to other optimizations, although other optimizations also produce no less high accuracy,
namely in the range of 97-99% except for Adagrad optimization with an accuracy of 70.70%
and Adadelta which produces the lowest accuracy. that is 50.34%.

Test Results Percentage of Data Sharing

this scenario, testing is still carried out using the proposed model, only changes are made
during the distribution of training data and test data, which are carried out three times with different
data comparisons ranging from 9:1, 8:2 and 7 ratios. :3, this is done to see the performance of the
proposed model, which data comparison produces the highest accuracy value. The following are the
results of testing the model with different data comparisons.

Table 5. Test Results of the Percentage of Data Sharing

No Data Percentage Accuracy

1 9:1 0.9909999966621399

2 8:2 0.9955000281333923
7:3 0.9950000047683716

Table 5 shows that the difference in the percentage of data sharing can produce different
accuracy values, in this scenario the use of 8:2 produces the highest accuracy value of 99.55% with
further accuracy obtained from a comparison of 7:3 with an accuracy value of 99.50%, and a
comparison of 9:1 produces an accuracy value of 99.09%.

Transfer Learning Method Test Results

At this stage, a trial using the transfer learning method was conducted, which aims to
determine the best accuracy between the proposed method and the transfer learning method . Transfer
learning ﬁitcclurc methods used  include Resnet50, VGG16, Densnetl 21, and Mobilenet . The
results of the experiments carried out ggg as follows:

Table 6. Tcslﬁults of Transfer Learning Method

No Transfer Learning Method Accuracy

1 VGG16 0.9725000262260437
2 DensNet 0.9559999704360962
3 MobileNet 0.926999986171722
4 Resnet 0.925000011920929
5 Proposed Method 0.,9955000281333923

Based on table 6 shows that the architecture of the proposed method has a higher accuracy
value of 99.55% compared to the transfer learning method. In this test, the highest accuracy produced
by the transfer learning method was obtained by the VGG 16 method with an accuracy of 97.25%, and

the lowest accuracy was obtained from the ResNet method with an accuracy of 92.50%.
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5. Model Evaluation

The results of the research conductcﬁvith several test scenarios that have been carried out
starting from comparing the accuracy values based on the number of convolution layers used, the type
of optimization, the percentage of data sharing to making comparisons between the proposed method,
namely CNN non- transfer learning and the transfer learning method. Based on the results obtained,
it appears that the best results are obtained using the proposed method with an accuracy value of
99.55%.

To see the performance of the model that has been built, it can be seen from the accuracy value
obtained, predictions for testing image samples based on the model, viewing graphs generated from
iterations of model training, and confusion matrix tables.

a. Model Evaluation with Predicted Results
Besides being able to be evaluated based on the accuracy value, the performance of the proposed
CNN method can also be seen from the results of image prediction, in this case the proposed

method can predict the image well as shown in Figurc 4. below.

Figure 4. Prediction Results of C(ﬁn Cancer Image
Figure 4 shows some of the predictions geuﬁlted by the CNN model proposed in this study.

&lsed on the picture, information is given to the types of colon cancer, namely colon aca for the
colon adenocarcinoma class, and colon n for the benign colon class, where theﬁen color
indicates that the predictions are correct and correspond to the actual values, while the incorrect
predictions are marked in red. Overall the proposed model predicts the image correctly, this is
evident from the prediction shown in green which means the prediction is correct.

b. Model Evaluation with Loss Graph and Accuracy

The following is a graph of accuracy, val accuracy, loss and val loss generated from the proposed

method.

10 -

08 [_A

06 = Accuracy
\ Val Accuracy

= Loss

04 —— Val Loss

02 |

00 o — Al
L] piul 0 O 0

Figure 5. Graphics of the Proposed Method
Figure 5 displays a graph of the accuracy value generated for each epoch. Based on the graph, it

can be concluded that the accuracy value of each epoch in the average training data has increased
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quite stable starting from the first epoch with an accuracy value of 06907 and continues to
increase until the last epoch where the 50th epoch produces a high accuracy value of 0.9999, This
means that the greater the accuracy value, the better the proposed model. Likewise with the

validation data which has increased or decreased which is quite stable.
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Figure 6. Accuracy Graph and Loss Graphs
The loss value in the test data produced in this study shows that it is decreasing where the first loss
value is 0.5656 to 00058 towards the last epoch, the smaller loss value indicates a low error rate,
in this case the loss value in the validation data has increased or decreased. the decline at certain

epochs is quite stable.

Evaluate Model with Confusion Matrix

Other evaluation results are shown by the confusion matrix table, where in this table shows the
number of positive predictive values that turn out to be true positive values, this is called true
positive (TP), and the number of ncguliveﬁdiclivc values that turn out to be true negative values
oris called true negative (TN). as well as the number ﬁ()sitive predictions but the actual result is
negative or false positive (FP) in addition, it shows the number of negative predictions, but the
actual value is positive or called false negative (FN). The following is a table of confusion matrix

generated in this study.

Confusion Matrix

1000
800
Colon Aca
T 800
X
s
&
- 400
Colon N
00

Colon Aca Colon N
Predicted labe:

Figure 7 Confusion Matrix Value

Based on the results of the confusion matrix in Figure 7, it can be seen from the amount of test
data used as many as 2000 images, from 1007 images for the colon n class, 1003 images were
correctly detected and 4 other images were detected by the aca colon, while for the colon aca class,
988 images were correctly detected. and detected colon n as many as 5 images.

Evaluation of the Proposed Model with Previous Research

This evaluation was conducted to see the level of comparison between the results obtained from
the proposed method and several colon cancer classification methods that have been discussed

previously. However, most of these results cannot be directly compared because several studies
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weﬁcelrried out using different images, but the purpose remains the same so that the research can
be used as a comparison. Several previous studies were conducted using the type of colonoscopy
imagery, but there were also studies that used the same dataset but with different methods, and
there were also studies that used the same dataset and even the same method. Comparison of the
accuracy values generated from previous studies with the proposed method can be seen in more
detail in table 4.10 as follows:

Table 7 Comparison of Accuracy Values

No Research Image Type Method Accurasy
1 (Babu et al., 2018) Histopathological RF 85.,30%
2 (Akbau’ﬁt al.,2018) Colonoscopy CNN 90,28%
3 (Yuan et al., 2017) Colonoscopy AlexNet 91.47%
4 (Usama et al., 2020) Histopathological RESNET-50 9391%
5 (Urban et al., 2018) Colonoscopy CNN 96 .40%
6 (Mangal et al., 2020) Histopathological CNN 96.,01%
7 Proposed Method Histopathological CNN 99.55%

Table 7 shows that the proposed method produces a higher accuracy value than the accuracy in
previous studies. This is due to differences in the model development on the CNN architecture, in
previous studies using 3 convolution layers, with a 150x150 image resize with one FC layer of 512
neurons and the output layer according to the number of classes. Meanwhile, in this study, the
CNN model was built using 4 convolution layers, with 2 FC layers having values of 200 and 500
neurons, and the output layer according to the number of classes. So that the resulting accuracy

results are different even though using the same dataset and method used.

6. System Implementation

From the results of tests conducted on research with the proposed CNN architecture, obtained a
model that can be used to be implemented into a program system. Programs created using the Python
programming language with the Flask Python Web Development framework. The test is carried out
using one of the images in the colon adenocarcinoma class, then click predict to see the prediction
results generated from the system that has been created. The results of testing the implementation of
this system are carried out to compare the results of the existing image types with the predictions
obtained from the implementation of the model that has been made. System implementation shows the

following results:

Klasifikasi Peryakit Kanker Usus Besar Berdasarkan Citra Histopatolog
unakan CNN

Figure 8. Test Results for Colon Adenocarcinoma Class
Figure 8 shows the results obtained from testing the system. Based on these tests, it can be seen

that the predictions generated by the system are in accordance with the type of image from the class
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that is used as an example case. With the implementation of this system, it is hoped that it can help
doctors or health analysts to diagnose colon cancer based on histopathological images with a faster

and more accurate time.

CONCLUSIONS AND RECOMMENDATIONS
Based on the results of research conducted regarding the Classification of Colon Cancer Based on

Histopathological Image Using the Convolutional Neural Network Method, several conclusions can be

drawn in this study, namely as follows:

1. Modelling with the CNN method uses a modified architecture, namely the use of 4 convolution
layers with the filter size in the first layer containing 16 filters, followed by 32, 64, to 128 for the
second, third and fourth layers, kernel size 2x2 and 2 flatten layers pl’()vid'm performance which is
good with the resulting accuracy value is quite high compared to the use of 1 layer, 2 layer, 3 layer or
5 layer convolution.

2. The application of hyperparameters in the proposed CNN modelling can give good results where in
this study using Adam optimization, the type of loss binary cross entropy gives good results
compared to the optimization of Nadam, Adamax, RMSprop, SGD, Adadelta and Adagrad.

3. The experimental results of the application of epoch 50 with a batch size of 32 and an image
resolution size of 50x50 showed good performance as evidenced by the increase in the accuracy
value displayed.

4. The proposed CNN method can be used for colon cancer classification and the implementation of the

proposed CNN model into a web-based system can classify these types of cancer correctly.
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