
IJSART - Volume 12 Issue 02 – FEBRUARY 2026                                                                          ISSN [ONLINE]: 2395-1052 
 

Page | 30                                                                                                                                                                       www.ijsart.com 

 

Lung Tumour Segmentation Using Convolutional 

Neural Networks In MRI Images 
 

Sneha M, Ragavi K1, Kalaiyarasan K2 

1, 2Dept of Science And Engineering, 
1, 2 Trichy Engineering College 

 

Abstract- Lung cancer is a serious disease occurring in 

human being. Medical treatment process mainly depends on 

cancer types and its location. It is possible to save many 

precious human lives by detecting cancer cells as early as 

possible. Developing an automated tool is essential to 

detecting malignant states at the earliest possible stage Lung-

Retina Net. The accuracy of prediction has always been a 

challenge, despite the many algorithms proposed in the past 

by many researchers. Using CNN neural networks, this study 

proposes a methodology to detect abnormal lung tissue 

growth A multi-scale feature fusion-based module. In order to 

achieve great accuracy, a tool with a higher probability of 

detection is taken into account.. In order to overcome this 

problem, CNN and RCNN deep learning algorithms have been 

proposed to detect Classifications. Both the region proposal 

network and the classifier network use the Fused Lung-Retina 

Net’s architecture as their base layer. The algorithm achieves 

a precision of 98% in detection and classification. Based on 

confusion matrix computation and classification accuracy 

results, a quantitative analysis of the proposed network has 

been conducted. 

 

I. INTRODUCTION 

 

GENERAL 

 

The abnormal growth of cells in human Lung is 

called as Lung Cancer. Lung cancer is one of the most 

serious diseases in the world today, and it is the leading 

cause of mortality in the previous several decades. It also 

kills more people each year than breast, prostate, and 

colon cancer put together. The addiction to cigarettes is 

one of the leading causes of lung cancer. Furthermore, 

carcinogenic surroundings such as radioactive gas and 

air pollution contribute to the spread of this disease. In 

addition, genetic factors also have a major contribution 

to lung cancer. Lung-RetinaNet. A multi-scale feature 

fusion-based module is introduced to aggregate various 

network layers, simultaneously increasing the semantic 

information from the shallow prediction 

layer.Uncontrolled Deep learning drives many artificial 

intelligence (AI) applications and services that improve 

automation, performing analytical and physical tasks 

without human intervention. Deep learning technology 

lies behind everyday products and services (such as 

digital assistants, voice-enabled TV remotes, andcredit 

card fraud detection) as well as emerging technologies 

(such as self- driving cars). are used to examine cancer 

tissue. CT scan is the most commonly utilized 

pathological test, and it is very popular for diagnosis.  

 

CANCER SEGMENTATION 

 

Pulmonary tumors are now regarded being 

among the most lethal illnesses. Lung tissue's erratic and 

uncontrolled cell proliferation is the primary contributor 

to lung cancer. Among the causes is smoking. Early 

detection increases the likelihood of a successful 

recovery. CT pictures are one type today, one of the 

worst diseases is regarded as being pulmonary cancer. 

Lung cancer is primarily caused by the irregular and 

unchecked cell growth of lung tissue. Smoking is one of 

the factors. A successful recovery is more likely when it 

is discovered early. New statistics each year show that 

there are currently over 1.6 million lung cancer patients 

in the United States. Both men and women are affected 

by the same dangerous illness. 

 

MACHINE LEARNING 

 

Machine learning (ML) is indeed a branch of 

artificial intelligence (AI) that has evolved from the 

study of pattern recognition and cognitive learning 

principles. It focuses on creating algorithms and models 

that have the ability to learn and adapt from extensive 

datasets. By leveraging this data, ML models can make 

predictions and decisions based on past experiences and 

patterns. ML algorithms are designed to analyze and 

extract meaningful information from large datasets. They 

can identify patterns, correlations, and trends that may 
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not be apparent to humans. Through a process of 

training, where the model learns from labeled examples 

or historical data, ML algorithms can generalize and 

make predictions on new unseen data. The applications 

of ML are vast and diverse, ranging from image and 

speech 

 

Medical imaging 

 

Image recognition and object detection are used 

in Magnetic Resonance (MR) and Computed 

tomography (CT) processes for image segmentation, 

disease detection & prediction. Deep learning models 

can make effective interpretations by a combination of 

aspects of imaging data, for example, tissue size, 

volume, and shape. These models can flag important 

areas in images. For example, deep learning algorithms 

are used for diabetic retinopathy detection, early 

detection of Alzheimer and ultrasound detection of 

breast nodules. Thanksto new advances in deep learning, 

most pathology and radiology images can be 

investigated in the future. This research aims to detect 

and segment lung tumor automatically at an early stage. 

 

LUNG CLASSFICATIONS 

 

A Lung cancer is one of the most dreadful 

diseases in the developing countries and its mortality 

rate is 19.4% . Early detection of lung tumor is done by 

using many imaging techniques such as Computed 

Tomography (CT), Sputum Cytology, Chest X-ray and 

Magnetic Resonance Imaging (MRI). Detection means 

classifying tumor two classes (i) non-cancerous tumor 

(benign) and (ii) cancerous tumor (malignant). The 

chance of survival at the advanced stage is less when 

compared to the treatment and lifestyle to survive cancer 

therapy when diagnosed at the early stage of the cancer. 

Manual analysis and diagnosis system can be greatly 

improved with the implementation of image processing 

techniques cancer detection. The cancer treatment will 

be effective only when the tumor cells are accurately 

separated from the normal cells Classification of the 

tumor cells and training of the neural network forms the 

basis for the machine learning based cancer diagnosis 

.This paper presents a Convolutional Neural Network 

(CNN) based technique to classify the lung tumors as 

malignant or benign. 

FEATURE FUSION BLOCK 

 

Feature Fusion Convolutional Neural Network 

(F2-Net) with novel and efficient batch normalization 

(BN) modules with a multi path feature fusion network 

for the automated segmentation of medical images. The 

proposed F2-Net was designed with multiple encoder 

paths to extract layer-specific multi scale information. 

Each encoder path employs SGC modules composed of 

stacked asymmetric kernels of different sizes (k×1 and 

1×k). In the SGC modules, the context details of high-

level features are encoded at varying scales, and 

neighbor feature information is incorporated with higher 

precision. In addition, the encoded features fused at the 

bottleneck layer capture abundant semantic features 

from input images.  

 

DILATED CONTEXT BLOCK 

 

A medical image segmentation procedure 

involves analyzing and processing two-dimensional (2D) 

and three-dimensional (3D) digital images to segment, 

extract, morphologically reconstruct, and display human 

organs, soft tissues, and diseased bodies using computer 

image-processing techniques. 

 

Bilinear Upsmpling Layer Block 

 

Lung cancer ranks among the leading causes of 

cancer-related fatalities in the globe. The likelihood of 

effective treatment and greater survival rates for lung 

cancer can be significantly increased by early diagnosis 

and identification. However, there are a number of 

difficulties with lung cancer detection, lack ofearly 

symptoms, imaging limitations, difficulty in obtaining 

tissue samples, Researchers and healthcare professionals 

are investigating new technologies and methods for 

detecting lung cancer in an effort to overcome these 

challenges. These methods include advanced imaging 

methods and machine learning algorithms that can 

analyze imaging data and find patterns suggestive of 

lung cancer. This whole procedure works in the 

following steps 

 

RESULT & ANALYSIS 

 

https://www.sciencedirect.com/topics/computer-science/feature-fusion
https://www.sciencedirect.com/topics/engineering/convolutional-neural-network
https://www.sciencedirect.com/topics/computer-science/feature-fusion
https://www.sciencedirect.com/topics/computer-science/feature-fusion
https://www.sciencedirect.com/topics/computer-science/semantic-feature
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With the rapid increase in population rate, the 

rate of diseases like Lung cancer, Lung Tumor etc., are 

also increasing. Among all of them, cancer is becoming 

a common cause of death. Cancer can start almost 

anywhere in the human body, which is made up of 

trillions of cells. Normally, human cells grow and divide 

to form new cells as the body needs them..  

 

Objectives Process 

 

Input Design is the process of converting a user-

oriented description of the input into a computer-based 

system. This design is important to avoid errors in the 

data input process and show the correct direction to the 

management for getting correct information from the 

computerized system. 

 

It is achieved by creating user-friendly screens 

for the data entry to handle large volume of data. The 

goal of designing input is to make data entry easier and 

to be free from errors. The data entry screen is designed 

in such a way that all the data manipulates can be 

performed. It also provides record viewing 

facilities.When the data is entered it will check for its 

validity. Data can beentered with the help of screens. 

Appropriate messages are provided as when needed so 

that the user will not be in maize of instant. Thus the 

objective of input design is to create an input layout that 

is easy to follow. 

 

Classification of Cancer Models 

 

cancer is still considered a serious disease as the 

mortality rates are high. Among all cancer types, lung 

cancer ranks first regarding morbidity and mortality . 

There are two main categories of lung cancer: non-

small-cell lung cancer (NSCLC) and small cell lung 

cancer (SCLC). 

 

medical imaging tools, clinicians can detect and 

classify lung nodules more accurately and quickly. This 

paper presents the recent development of deep learning-

based imaging techniques for early lung cancer 

detection. 

 

Lateral Connections Layers 

CNN s are trained to extract features and offers 

great potential from datasets of images in biomedical 

application. Our primary aim is to validate our models as 

a new direction to address the problem on the datasets 

and then to compare their performance with other 

existing models. Our models were able to reach higher 

levels of accuracy for possible solutions and provide 

effectiveness to humankind for faster detection of 

diseases and serve as best performing models. F1 score 

of 98.55%, accuracy of 98.43%, recall of 96.33% for 

pneumonia and for tuberculosis F1 score of 97.99%, 

accuracy of 99.4%, and recall of 98.88%. 

 

Data Analysis 

 

A data analyst Transfer Usage of deep learning 

models has gained importance with the global CANCER 

DISEASES LUNG CANCER DATASET WAS 

COLLECTED outbreak. 

 

Researchers have started to study deep learning 

applications forearly detection of Cancer Diseases (Multi 

fusions) lung cancer dataset was collectedanalyzing of 

Chest X-ray (CXR) Chest CT images 

 

Focal Loss 

 

This approach The focal loss is a cross-entropy 

having weights to overcome the issue of class 

imbalance. It drops out easy training examples during 

the training phase and considers the difficult one. 

 

Object detection is one of the most widely 

studied topics in the computer vision community. It’s 

has been breaking into various industries with use cases 

from image security, surveillance, automated vehicle 

systems to machine inspection 

 

Image Object Detections 

 

Another popular currently, deep learning-based 

object detection can bemajorly classified into two 

groups:- 

 

Two-stage detectors, such as Region-based CNN 

(R-CNN) and its successors. and, One-stage detectors, 

such as the of detectors and SSD 
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One-stage detectors that are applied over a 

regular, dense sampling of anchor boxes (possible object 

locations) have the potential to be faster and simpler but 

have trailed the accuracy of two-stage detectors because 

of extreme class imbalance encountered during training. 

 

Libraries Used 

 

Scikit-learn 

 

It is a free Python machine learning software, 

sometimes known as sklearn. It is meant to interact with 

the Python numerical and scientific libraries NumPy and 

SciPy, and features support vector machines, random 

forests, gradient  boosting,  k-means,   and  DBSCAN,  

among    other 

 

Seaborn 

 

Seaborn is a matplotlib-based open-source 

Python library. It's used for exploratory data analysis and 

data visualization. Seaborn makes using data frames and 

the Pandas library a breeze. The graphs that are 

generated may also be readily changed. 

 

NumPy (Numerical Python) 

 

It is a package that contains multidimensional 

array objects and tools for manipulating them. NumPy is 

a Python library that allows us to perform mathematical 

and logical operations on arrays. NumPy is widely used 

in combination with SciPy and Matplotlib (Scientific 

Python) (plotting library). This combination is 

frequently used as a substitute for MATLAB, a 

prominent technical computing platform. The Python 

counterpart to MATLAB, on the other hand, is today 

regarded as a more contemporary and comprehensive 

programming language. 

 

Pandas 

 

It is a Python toolkit for data science, data 

analysis, and machine learning that is open-source. It is 

based on NumPy, a multi-dimensional arrays- 

supporting library. Pandas,  

 

Matplotlib 

For 2D array charts, Matplotlib is a superb 

Python visualization library. Matplotlib is a multi-

platform data visualization library built on NumPy 

arrays and designed to work with the entire SciPy stack. 

The ability to show vast 

 

ORGANIZATION OF THE PROJECT 

 

The report has been sub-divided into six 

chapters as follows. In Chapter 1 Introduction, the 

description about the domain and project are specified. 

In Chapter 2 Literature surveys, the list of reference 

papers related to the project are surveyed .In Chapter 3 

System study, the existing system and the proposed 

system of the project are illustrated. In Chapter 4 System 

Design, architecture diagram and data flow diagram of 

the project is specified. In Chapter 5 System 

Implementation, the modules along with its data flow 

diagrams are described. In Chapter  Conclusion, the 

project is concluded. Finally, reference papers related to 

the project are listed. 

 

II. LITERATURE REVIEW 

 

Lung cancer is the leading cause of death in 

individuals, as its symptoms only become evident in its 

advanced stages, making it difficult to diagnose. It has a 

high mortality rate compared to other types of cancer. 

Therefore, the early detection of lung cancer is crucial 

for evaluating patients and improving their chances of 

responding positively to treatment, which is the most 

challenging way to increase their survival rates. In this 

study, a computer-assisted classification method for 

diagnosing lung cancer has been used.However, in this 

work, a convolutional neural network model has been 

developed which improves the performance and 

provides a more accurate evaluation of whether lung 

cancer is malignant or not. The categorization process 

was performed, and the results were assessed using 

multiple performance metrics including an accuracy of 

94%.  

 

A novel framework for potato leaf disease 

detectionusing an efficient deep learning model  

 

Lung cancer is the leading cause of death in 

individuals, as its symptoms only become evident in its 
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advanced stages, making it difficult to diagnose. It has a 

high mortality rate compared to other types of cancer. 

Therefore, the early detection of lung cancer is crucial 

for evaluating patients and improving their chances of 

responding positively to treatment, which is the most 

challenging way to increase their survival rates.  

 

Deep learning based lung cancer detection and 

classification 

 

The Cancer is considered as a principal basis of 

death worldwide, with brain and lung cancers being 

particularly challenging to detect and classify in their 

early stages. Early detection and classification of cancer 

are crucial for effective treatment and improved patient 

outcomes. However, traditional diagnostic methods for 

these cancers often fail to detect them in their early 

stages due to their complex nature and lack of specific 

symptoms. Deep learning-based methodologies have 

shown great promise in the detection and classification 

of various diseases, including cancers. However, the 

accuracy of existing deep learning models for early-stage 

cancer detection and classification still needs 

improvement, particularly for cancers such as brain and 

lung cancers.  

 

YOLOv3: An incremental improvement 

 

Cancer is the deadliest disease in the world and 

Lung cancer is one of them. The number of deaths from 

lung cancer is much higher than thenumber of deaths 

from other cancers. In most cases, lung cancer is 

diagnosed at the last stage. To solve this problem 

currently, cancer is being diagnosed with the help of 

computer-assisted diagnostic systems. Cancer early 

detection and level prediction using a deep learning-

based model is one of them. In this research, a deep 

learning model has been proposed which can perfectly 

detect and predict lung cancer levels from 

histopathological information. The model has been 

trained and validated using 15,000 lung cancer 

histopathological image data and has got 99.80% 

prediction accuracy from our model. 

 

Deep learning for neurodegenerative disorder  A 

systematic review 

 

Out of all cancers, lung cancer is a leading cause 

of deaths worldwide. Accurate detection and 

classification are crucial for better care of patients. In 

this survey, lung cancer detection and classification has 

been studied. Out of all the techniques used, learning 

based techniques are frequently used. It also provides 

more accurate result than other method. In this survey, 

shallow learning and deep learning based study has been 

carried out. Most of the techniques discussed are deep 

learning techniques and it has more accurate rate of 

detection than other methods . 

 

III. SYSTEM STUDY 

 

EXISTING SYSTEM 

 

Existing In some cases, the application still does 

not have accurate results. Further optimization is needed. 

 

Priority information is needed for segmentation. 

Database extension is required for greater accuracy. 

Only a few diseases are covered. Therefore, the work 

must be expanded to cover more diseases. 

 

and radionuclide bone scanning, but in this 

work, we primarily used CT images for analysis. X- Ray 

imaging will show most lung tumors, but CT is used 

because it is more sensitive in finding tumor size and the 

presence of lymph node metastases. Efficient lung 

segmentation technique helps to raise the accuracy and 

higher decision confidence value of any lung 

abnormality identification system 

 

 develop a project 

Segmentation Image Acquisition 

Training Parameters 

Dataset Analysis Segmentations 

Metrics Patch Extraction 

Performance Evaluations 

Lung Image Acquisition 

Using machine learning algorithms User can upload the 

images related to lung images. 

The data set contains MRI images 

MRI images may be any time and any size. Type may be 

JPEG, PNG and so on. 

Training Parameters 
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Pre-Processing: MRI images are altered by the bias field 

distortion. 

 

Dataset Analysis Segmentation 

 

The plot In machine learning, a convolutional 

neural network (CNN, orConvNet) is a type of feed 

forward artificial neural network in which the 

connectivity pattern between its neurons is inspired by 

the organization of the animal visual cortex. 

 

Convolutional net works were inspired by 

biological processes and are variations of multilayer 

perceptron’s designed to use minimal amounts of 

preprocessing. They have wide applications in image 

and video recognition, recommender systems and 

processing. 

 

Metrics Patch Extraction 

 

A In this patch extraction we are going to extract the 

image and is compared with the normal lung image. 

 

The use of 2D patches in a MRI image requires that we 

define a plane perpendicular to an axis to extract 

patches.  

 

Performance Evaluations 

 

 Digital image processing is the process where 

the analysis and manipulation of image is used to extract 

some useful information from the image. Digital image 

processing involve various step like image pre-

processing where we can enhance the image using 

histogram equalization, spatial filter etc. 

 

Then image restoration can be done where 

various kind of noise like salt and pepper noise, 

Gaussian noise etc are applied and filter like median 

filter, mean filter can be applied on the pre-processed 

image. After that color conversions is applied only if the 

image is colored image then convert it to gray level. Fig. 

shows the proposed novel framework. Image 

segmentation is a process which divides the image into 

several segment based on the pixel, once the image 

segmentation is over the feature extraction can be 

applied.  

IV. CONCLUSION AND FUTURE 

ENHANCEMENT 

 

This study CNN-based method for segmentation 

of Classifications lung tumors in MRI images. We start 

by a pre-processing stage consisting of bias field 

correction, intensity and patch normalization. After that, 

during training, the number of training patches is 

artificially augmented by rotating the training patches, 

and using samples of HGG to augment the number of 

rare LGG classes.  

 

FUTURE ENHANCEMENT 

 

For future works, The Future model shows the 

overview of prediction of lung cancer at an early stage. 

After prediction of the tumor begins malignant or 

benign, we generate a confusion matrix for each machine 

learning technique and based on the confusion matrix we 

calculate accuracy, CNN networks are well known for its 

features in providing accuracy with higher number of 

hidden layers in i. 

 

APPENDICES 

 

A1 SOURCE CODE: 

import tensorflow as tf 

from tensorflow.keras import layers,models 

 

def cnn_model (input_shape,classes): if classes == 1: 

model=tf.keras.models.Sequential([ 

tf.keras.layers.Conv2D(16,(3,3),input_shape=input_shap

e,activation='relu') 

, 

tf.keras.layers.MaxPool2D(2,2), 

tf.keras.layers.Conv2D(32,(3,3),activation='relu'), 

tf.keras.layers.MaxPool2D(2,2), 

tf.keras.layers.Dropout(.2, input_shape=(2,)), 

tf.keras.layers.Conv2D(64,(3,3),activation='relu'), 

tf.keras.layers.MaxPool2D(2,2), 

tf.keras.layers.Conv2D(204,(3,3),activation='relu'), 

tf.keras.layers.MaxPool2D(2,2), tf.keras.layers.Flatten(), 

tf.keras.layers.Dense(512,activation='relu'), 

tf.keras.layers.Dense(classes,activation='sigmoid') 

]) 

else: 

model=tf.keras.models.Sequential([ 
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tf.keras.layers.Conv2D(16,(3,3),input_shape=input_shap

e,activation='relu') 

, 

tf.keras.layers.MaxPool2D(2,2), 

tf.keras.layers.Conv2D(32,(3,3),activation='relu'), 

tf.keras.layers.MaxPool2D(2,2), 

tf.keras.layers.Dropout(.2, input_shape=(2,)), 

tf.keras.layers.Conv2D(64,(3,3),activation='relu'), 

tf.keras.layers.MaxPool2D(2,2), 

tf.keras.layers.Conv2D(204,(3,3),activation='relu'), 

tf.keras.layers.MaxPool2D(2,2), tf.keras.layers.Flatten(), 

tf.keras.layers.Dense(512,activation='relu'), 

tf.keras.layers.Dense(classes,activation='softmax') 

]) 

tensorflow/compiler/xla/stream_executor/cuda/cuda_dia

gnostics.cc:176] hostname: xXramXx\n", 

"2023-08-16 12:34:59.213691: I 

" conv2d (Conv2D) (None, 254, 254, 16) 448

 \n", "  \n", 

" max_pooling2d (MaxPooling2D (None, 127, 127, 16)

 0 \n", " ) \n", 

" \n", 

" conv2d_1 (Conv2D) (None, 125, 125, 32) 4640

 \n", "  \n", 

" max_pooling2d_1 (MaxPooling (None, 62, 62, 32)

 0 \n", " 2D) \n", 

" \n", 

" dropout (Dropout) (None, 62, 62, 32) 0

 \n", "  \n", 

" conv2d_2 (Conv2D) (None, 60, 60, 64) 18496

 \n", "  \n", 

] 

}, 

"execution_count": 56, "metadata": {}, 

"output_type": "execute_result" 

} 

], 

"source": [ 

"tf.test.is_gpu_available() # test for using gpu\n", 

"tf.test.is_gpu_available(cuda_only=True) # testing for 

using cuda" 

] 

}, 

{ 

"cell_type": "code", "execution_count": 14, "id": 

"7913b5c9", 

"metadata": { "scrolled": true 

}, 

"outputs": [ 

{ 

"name": "stdout", "output_type": "stream", "text": [ 

"Epoch 1/15\n" 

] 

}, 

{ 

"name": "stderr", "output_type": "stream", "text": [ 

"2023-08-16 12:36:03.621943: W 

tensorflow/tsl/framework/cpu_allocator_impl.cc:82] 

Allocation of 537919488 exceeds 10% of free system 

memory.\n" 

] 

}, 

{ 

"name": "stdout", "output_type": "stream", "text": [ 

"69/69 [==============================] - 25s 

361ms/step - 

loss: 0.7463 - accuracy: 0.6769 - val_loss: 0.6823 - 

val_accuracy: 0.7895\n", "Epoch 2/15\n", 

"69/69 [==============================] - 25s 

367ms/step - 

loss: 0.5003 - accuracy: 0.8056 - val_loss: 0.4407 - 

val_accuracy: 0.9006\n", "Epoch 3/15\n", 

"69/69 [==============================] - 25s 

361ms/step - 

loss: 0.2973 - accuracy: 0.8977 - val_loss: 0.4113 - 

val_accuracy: 0.8304\n", "Epoch 4/15\n", 

"69/69 [==============================] - 26s 

371ms/step - 

loss: 0.1927 - accuracy: 0.9401 - val_loss: 0.2185 - 

val_accuracy: 0.9298\n", "Epoch 5/15\n", 

"69/69 [==============================] - 25s 

365ms/step - 

loss: 0.1134 - accuracy: 0.9635 - val_loss: 0.1415 - 

val_accuracy: 0.9825\n", "Epoch 6/15\n", 

"69/69 [==============================] - 25s 

367ms/step - 

 = mdl.fit(X_train, y_train,

 validation_split=0.2, batch_size=10, 

epochs=15)#, callbacks=callbacks)\n", 

"mdl.save('lung_class_own_model_1.h5')" 

] 

}, 

{ 
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"cell_type": "code", "execution_count": 15, "id": 

"a4f981d4", 

"metadata": {}, "outputs": [ 

{ 

"data": { "image/png": 

"text/plain": [ 

"<Figure size 640x480 with 1 Axes>" 

] 

}, 

"metadata": {}, "output_type": "display_data" 

} 

], 

"source": [ 

"# accuray plot\n", 

"plt.plot(training.history['accuracy'])\n", 

"plt.plot(training.history['val_accuracy'])\n", 

"plt.title('Model Accuracies')\n", 

"plt.ylabel('Accuracy')\n", "plt.xlabel('Epoch')\n", 

"plt.legend(['train', 'test'], loc='best')\n", "plt.show()" 

] 

}, 

{ 

"cell_type": "code", "execution_count": 17, "id": 

"743e0f60", 

"metadata": {}, "outputs": [ 

{ 

"data": { 
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