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Abstract: Lung Cancer in today’s world is one among the major outspread disease which is the subject of maximum deaths every year.
Early and accurate lung cancer detection could boost the endurance rate. Medical image processing play a significant role in an identification
of lung tumor using Computer Tomography (CT) scans images. At present, many approaches are present for definite disclosure of lung
nodules. Especially, Convolution Neural Network on the basis of deep learning boosted the success amount of recognition and analysis of
lung tumor. This paper reviewed the different approaches for lung cancer detection with Convolution Neural Network (CNN). The different
objections in CNN for further increasing the accurate detection of lung tumor are addressed.
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l. INTRODUCTION

In today’s world lung cancer is the leading widespread diseases, because of which the rate of mortality is increasing rapidly. It is estimated
that by 2030 the mortality rate due to lung cancer may reach up to 2.45 million[1] (which is 39% more than that of the cases reported in
2018). By 2040 the number of people suffering from lung cancer could increase up to 32, 99,640. More than 1.3 million people across the
globe die due to lung cancer and approximately around 1.8 million new cases are added every year. In the year 2018, the number of total
lung cancer cases reported in the entire world was approximately 2.09 million (out of which, 1.36 million were men and 0.73 million were
women). It was also reported that the mortality rate due to lung cancer (in the year 2018) was 1.76 million[2]. It is estimated that 1 out of
every 68 male and 1 out of 201 female are affected with lung cancer in India. Also, it is stated that 1 person in out of every 101 is affected
with lung cancer[3]. In 2020, there were 98,278 new instances of lung cancer cases (out of which 71,788 are men and 26,490 are women). In
the year 2018 the total number of cases reported in India was 67,795 (out of which 48,698 were men and 19,097 were women). Around
45,363 deaths were recorded (which included 27251 men and 18,112 women) .The Survival rate of lung cancer patients (including all stages)
is roughly about 14% and the time span of survival is for about 5-6 years only[4].

American cancer society states about 80 % deaths from lung cancer are due to smoking and passive smoking. The increased rate of
pollution in the environment is also the major cause for lung carcinoma[5]. Lung cancer is of two types, Non- Small-Cell Lung Cancer
(NSCLC) and Small-Cell-Lung- Cancer (SCLC)[6]. Almost 85% cases of lung cancer is mainly caused by the NSCLC and SCLC
considered for the remaining 15% and is usually caused by smoking or chewing tobacco [7].Because of low cost, short imaging time, less
distortion and widespread availability Computer Tomography (CT) scan is used as the efficient medical screening test for easy diagnosis and
recognition of lung cancer over other imaging modalities like chest radiograph (X-Ray), Sputum Cytology, Magnetic Resonance and
Imaging (MRI) scans and Position Emission Tomography[8]. A Computed Tomography (CT) scan can be used to get the detailed
information of cancerous cells in lungs, which can be used to detect lung cancer and it also decreases the chance of death due to lung cancer.

In traditional method of nodule detection, there are many different stages which may increase the error rate and computational time. But in
CNN as it is an end to end process where pre-processing, the segmentation and the feature extraction do not exist due to which
computational time will be less. In the traditional method only image processing method is used for the detection of lung nodule, whereas in
convolution neural network method the neural network is used for training and testing of the classification nodules[9].There is necessity to
reveal the existence of early stage cancer in lung CT scan images by applying image processing operation and CNN method.

In this paper the remaining part is described as follows: The Section 2 explain about the convolution neural network. The Section 3 explain
the literature survey on convolution neural network method to detect the tumor in the lung .The Section 4 explains various results obtained by
different researchers and Summary of techniques used to detect lung cancer. The Section 5 explains the conclusion of this survey work.

I1. CONVOLUTION NEURAL NETWORK

Convolution Neural Network which is a concept of deep learning method. CNN learns automatically using various stack layers of
convolution. It considers all the useful content from the given data without focus on the pre-processing and feature extraction procedures.
Convolution Neural Network consists of 3 main components such as the convolution layer, the pooling layer as well as layer with fully —
connected [11] as shown in figure 1.

In traditional method of nodule detection, there are many different stages which may increase the error rate and computational time. But in
CNN as it is an end to end process where pre-processing, the segmentation and the feature extraction do not exist due to which
computational time will be less. In the traditional method only image processing method is used for the detection of lung nodule, whereas in
convolution neural network method the neural Network is used for training and testing of the classification nodules.
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Figure 1: Convolution Neural Network with pooling layer and Fully Connected Layer
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I1l. LITERATURE SURVEY

N.Mohanapriya et al.[12] proposed a four stage system for the detection of lung cancer using Deep Convolutional Neural Networks. It
consists of tumor detector stage, malignancy detector stage, tumor classifier and patient classifier. Initially the images collected from the
LIDC dataset are preprocessed to remove the noise then applied to three different DCNN architectures. All the three architectures are
experimented with different patch size. The system performance is evaluated with parameters such as accuracy, recall, precision, dice score
coefficient. The three DCNN architecture with fully connected layer along with Softmax classifier performs well than other architecture with
82.55% accuracy, 85.79 % of precision, 85.24% of recall and 83.14% of dice score coefficient. With the proposed system the tumor is
detected either benign or malignant.

Rohit Y. Bhalerao €t al. [13] proposed a novel method for detection of cancer in the lung by applying image processing and CNN
method . Initially the images collected from LIDC database are preprocessed using gray scale conversion, binarization, and median filter. The
image is segmented using watershed segmentation and then dilation is performed. Boundaries in the image are generated using boundary
plotting. The tumor is detected as normal, benign or malignant using convolution neural network with input layer, convolution layer, the
rectified linear unit, layer of max-pooling, layer with fully connected, the Softmax layer as well as Classification (output) Layer. The system
achieved an accuracy of 94.34%.

Prajwal Rao et al.[14] has proposed a system which contains Can Net layers along with CNN to analyze tumor with domain knowledge
of medicine as well as neural networks. The Can Net consists of input layer, two convolution layers, the pooling layer, the dropout layer and
finally layer with fully connected. The formation of Can Net is performed by author using framework of Caffe deep learning which is
developed by the Berkeley Vision and Learning Center. In the proposed method the system performs better than traditional neural network
and existing CNNs. For the implementation used LIDC and achieved 76%.

M. Bikromjit Khumancha et.al.[15] has proposed a 3D CNN for lung cancer detection. The proposed method used LUNA 16 grand
Challenge dataset which also included LIDC/IDRI dataset. A total of 888 CT scans were used in which sample slices size were less than or
equal to 2.5 mm. Pre-processing is done by converting each pixel values into Hounsfield units (HU). Nodule detection is done by
segmenting small 3D cubes around lung coordinates, later data augmentation is done to handle low amount of nodules. Cancer detection is
done by using segmentation of CT scan images. Segmentation includes binarization, clearing borders, labeling images, morphological
operations such as erosion and closing and finally filling holes. Later masking is applied for the segmented lung. A 3D CNN is trained using
these segmented images, with ReLu activation function, sigmoid activation function and dropouts of 0.2. The proposed system obtained
precision of 89.24%, recall of 82.17% and an accuracy of 90.78%.

Adarsh Pradhan et.al.[16] has proposed CNN model using SPIE-AAPM lung CT challenge dataset for training. Pre-processing is done by
thresholding the CT images with HU value of lung and the air pixels are removed then holes are filled and nodule mask is applied. CNN is
trained which consists of ReLu function, Max Pooling and Softmax optimizer. 30 epochs were used in the training model with a batch size
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of 2. Training, validation and testing were in 60% of images, 20% of images and 20% of images. The model has obtained an accuracy of
83.33% in training and obtained an accuracy of 100 % in testing. The model has also obtained precision value of 1, kappa value of 1, recall
value of 1and F- score value of 1.

Azmira Krishna et al.[17] proposed CNN based model for classification of CT images. Images are collected from LIDC database and are
used as input for the proposed system. Gaussian Smoothing filter is used for pre-processing and then watershed segmentation is used .To
decrease the number of assets required to predict, feature extraction is done. CNN classifier is used to give accurate results and the
proposed system gives an accuracy rate of 94.5%.

Thiago Jose Barbose Lima et al. [18] proposed an automated algorithm to classify lung nodules into benign and malignant using LIDC
dataset. To extract the characteristics and for classification of nodule, three 3D CNN architecture with distinct input size as well as
different number of convolution layer as well as pooling layers are used. The performance of the system is evaluated using metrics such as
accuracy; kappa, sensitivity, specificity, and area under the ROC. The features of the nodules are extracted using 3D CNN architecture and
are classified as benign and malignant. The segmented images are collected from github with input size 32x32x32 are given to architecture
consists of two number of convolutional blocks as well as two number of pooling layers. The proposed system achieved an efficiency of
90.77%.

3D CNN based system proposed by Pouria Moradi €t al. [19] in detection of lung cancer and to decrease false positive rate using CT
images which helps to get high sensitivity. For false positive reduction, used multi-level contextual CNNs. Due to the different size of
nodules designed four different size 3D CNN so that the fusion of these 4 networks can provide a good coverage error of classifiers. Input
images are collected from LUNA 16 and used for training. In all layers except for the last layer, the rectified linear units (ReLu) function was
used. In addition, in the last layer, the soft max activation function is used to generate the final probability. The proposed system achieved an
accuracy of 91.23%.

IV. RESULTS AND DISCUSSION

N.Mohanapriya et al.[12] collected images from LIDC dataset and achieved an accuracy of 82.55%. Rohit Y. Bhalerao et al. [13]
collected images from LIDC database and obtained an accuracy of 94.34%. Prajwal Rao et al.[14] collected images from LIDC database
and achieved an accuracy of 76 %. M. Bikromjit Khumancha et.al.[15] collected images from LUNA16 database and obtained an accuracy
of 90.78%. Adarsh Pradhan et.al.[16] collected images from SPIE-AAPM lung CT challenge dataset and achieved an accuracy of 100%.
Azmira Krishna et al.[17] collected images from LIDC database and obtained an accuracy of 95%. Thiago Jose Barbose Lima et al. [18]
collected images from LIDC dataset and achieved an accuracy of 90.77%. Pouria Moradi et al.[19] collected images from LUNA16 dataset
and achieved an accuracy of 91.23 %.

Table 1: Summary of techniques used by researchers to detect lung cancer.

Author Techniques used Performan Limitations
ce Measure

The proposed system not validated with the

N.Mohanapriy [Three DCNN architecture with different  |Accuracy - ceal (e ahake

aetal.[7] |patch size. 82.55%

RohitY. |Gray scale conversion, binarization, |Accuracy - [Static database is used. Dynamic real time
Bhalerao et median filter, watershed segmentation, [94.34%. |database is not used. Number of convolution
al.[8] boundary plotting, CNN and batch size are not sufficient.

Experimentation on different CNN hyper
parameters cannot be done to rise the
accuracy

CNN architectures like VCG, Google Net
and ResNet are not applied. Different input
sizes to increase the accuracy are not

Prajwal Rao et |Can Net layer with CNN classifier, Caffe |Accuracy-
al.[9] deep learning framework 76%

M.Bikromjit  [Binarization, clearing borders, labeling Accuracy-
Khumancha  [images, morphological operations such as  (90.78%

et.al.[15] erosion and closing, 3D CNN A
implemented.
Adarsh Pradhan |Conversion to Hounsfield Unit, Accuracy- Id_"r?a;:re](ijc%?fas S;slésed and not validated with
et.al.[16] Thresolding, CNN 100% y
\Azmira Krishna [Erosion, binary image slicing, Gaussian Accuracy- | . . . .
et al.[12] smoothing filtering Watershed 950,  |Limited dataset is used for detection of lung
segmentation, CNN classifier. cancer.
Thiago Jose Accuracy- . . .
Barbose Lima 00.779 |Pata augmentation technique is not applied.
et al. [18] 3D CNN /Auto encoders and the generative adversarial
José Barbosa network techniques are not used
Lima
Pouria Moradi | Multi-level  contextual CNN, Accuracy- | Limited dataset is used and better DCNN
et al. [19] 91.23% farchitecture can be applied to increase the
3D CNN accuracy.
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VV.CONCLUSION

The work which is performed in this paper mainly focuses on the various methods used by researcher to predict lung cancer using
convolution neural network. Various techniques used in convolution neural network, data set used by researchers are reviewed along with
limitations. From the survey it is observed that lung CT images are detected as normal, benign or malignant using convolution neural
network and it also help the researchers to overcome the limitations exist in the current CNN method.
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