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1 Introduction
This is a step-by-step manual on setting up the code and running those for classifying knee

osteoarthritis images coloured severity levels. The paper describes the hardware required, the
dependencies, the data acquisition, and the execution procedures.

2 Hardware and Software Specification

This section contains hardware and software set up to the project using powerful cloud-based
resources provided by the Google Colab Pro.

Category Specification

Platform Google Colab Pro

Processor NVIDIA A100 Tensor Core GPU

System RAM Up to 83.5 GB

GPU RAM 40.0 GB

Storage Up to 235.7 GB available in Colab runtime

Operating System Cloud-based (Google Colab environment)

System Type Cloud-based, x64 architecture

Programming Language Python 3.8 or higher

IDE Google Colab Pro interface with Jupyter Notebook
compatibility

The python packages used are as follows:

Library Usage

TensorFlow Building and training deep learning models

NumPy Numerical computations and array manipulation

OpenCV Image pre-processing (e.g., resizing, grayscale conversion)

Matplotlib Data visualization (e.g., plotting loss and accuracy curves)

Seaborn Advanced data visualization (e.g., confusion matrix
heatmaps)

Pandas Data manipulation and tabular data handling

Scikit-learn Model performance evaluation metrics




Use the following script to check for the existence of the main libraries and install them if
missing:

import importlib

import subprocess

required_libraries = {
“tensorflow": "tensorflow”,

‘numpy”: "numpy”,

“opencv-python": "cv2",
"matplotlib": "matplotlib”,
"seaborn”: "seaborn’,
"pandas”: "pandas”,
"scikit-learn”: "sklearn”

for library, module in required_libraries.items():
try:
Importlib.import_module(module)
except ImportError:
print(f"{module} not found. Installing {library}...")
subprocess.check_call(["pip”, “install®, library])

3 Artifacts

x23134682_Thesis_Artifacts

Dataset Link.pdf Thesis_Class_=_2 Thesis_Class_=_3 Thesis_Class_=_5. x23134682_Thesi Video
.ipynb .ipynb ipynb s_PPT.pptx Present...Link.pdf

x23134682_Thesi x23134682_Congi test train
s_Report.pdf furation...nnual.pdf

Dataset Link.pdf - Contains the link to the Kaggle dataset.
Thesis_Class_=_2.ipynb — Code for 2 class case study.
Thesis_Class_=_3.ipynb — Code for 3 class case study.
Thesis_Class_=_5.ipynb — Code for 5 class case study.
x23134682_Thesis_PPT.pptx — Thesis presentation.
Video Presentation Link.pdf — Link to presentation video.
x23134682_Configuration_Mannual.pdf
x23134682_Thesis_Report.pdf

test, train, val - Data



4 Implementation
4.1 Opening Jupyter Notebook

Open the required python notebook based on the case study (class 5,3 or 2) on jupyter.

Z Jupyter

File View Settings Help

W Files  © Running

Open Download Rename Duplicate ~New % Upload C

I / Downloads | Thesis |

& Name - Last Modified File Size
[ | data 2 months ago

[ M| Thesis_Class_=_2.ipynb 14 days ago 1.4 MB
[ [A] Thesis_Class_=_3.ipynb 14 days ago 16 MB

v ®[®] Thesis_Class

pynb 14 days ago 2MB

M ™ Panfia dasv AN haiire snn 11 0R

— Jupyter Thesis_Class_=_5 Last Checkpoint: 14 days ago a

File Edit View Run Kernel Settings Help Not Trusted

B + X D 0O » m C » Code ~ JupyterLab [5 Python 3 (ipykernel) O
[1]: | !mkdir /,kaggle ® T & =

'mv kaggle.json /.kaggle
‘mv /.kaggle /root/
!chmod 608 ~/.kaggle/kaggle.json

!kaggle datasets -d work/K T thritis-dataset-with-severity

Dataset URL: https://www.kaggle.con/datasets/shashwatwork/knee-osteoarthritis-dataset-with-severity
License(s): Attribution 4.@ International (CC BY 4.8)

Downloading knee-ostecarthritis-dataset-with-severity.zip to /content

97% 197M/204M [00:01<00:00, 157MB/s)

100% 204M/204M [00:01<00:00, 143MB/s]

lunzip knee-osteoarthritis-dataset-with-severity.zip

Streaming output truncated to the last 5000 lines.
inflating: train/@8/96846@85R.png
inflating: train/@/9685238L.png
inflating: train/@/9685238R.png
inflating: train/@/9686617L.png
inflating: train/@/9686617R.png
inflating: train/@/9686777R.png
inflating: train/@/9686834L.png
inflating: train/@/9686834R.png
inflating: train/@/9686908L.png
inflating: train/@/96869@8R.png
inflating: train/@/9687273L.png
inflating: train/@/96899@6R.png
inflating: train/@/969091@L.png
inflating: train/@/969891@R.png
inflating: train/@/9691359L.png
inflating: train/@/9691359R.png
inflating: train/@/9692163L.png

import os
import numpy as np
import matplotlib.pyplot as plt
from sklearn.metrics import confusion_matrix, classification_report,accuracy_score, fl_score
import seaborn as sns
import tensorflow as tf
from tensorflow.keras.preprocessing.image import ImageDataGenerator, array_to_img, img_to_array, load_img
from tensorflow.keras.callbacks import EarlyStopping, ReducelROnPlateau
from tensorflow.keras.optimizers import Adam
from tensorflow.keras import layers, models
from tensorflow.keras.applications import (
VGG16, ResMet58, ResNet1@l, ResNet50V2, DenseNetl21l, DenseMet21,

4.2 Dataset

The dataset used in this project is the Knee Osteoarthritis Dataset with Severity, which can
be downloaded from Kaggle using the following link:
https://www.kaggle.com/datasets/shashwatwork/knee-osteoarthritis-dataset-with-severity



https://www.kaggle.com/datasets/shashwatwork/knee-osteoarthritis-dataset-with-severity

Q_ search

©) svaswwar rowam - uroaTeD & veass aco

Knee Osteoarthritis Dataset with Severity Grading

Predict the Severity Grading of Knee Osteoarthritis

Data Card Code (52) Discussion (5) Suggestions (0)

About Dataset

Context

Knee osteoarthritis is defined by degeneration of the knee's articular cartilage the flexible, slippery material that normally protects bones from
joint friction and impact. The condition also involves changes to the bone underneath the cartilage and can affect nearby soft tissues. Knee
osteoarthritis is by far the most common type of arthritis to cause knee pain and often referred to as simply knee arthritis. Many other less
common types of arthritis can also cause knee pain, including rhe id arthritis, t, and reactive arthritis

Content

This dataset contains knee X-ray data for both knee joint detection and knee KL grading. The Grade descriptions are as follows

« Grade 0: Healthy knee image.

Grade 1 (Doubtful): Doubtful joint narrowing with possible osteophytic lipping

Grade 2 (Mi ): Definite pi of phytes and possible joint space narrowing

Grade 3 (Moderate): Multiple osteophytes, definite joint space narrowing, with mild sclerosis.

Grade 4 (Severe): Large osteophytes, significant joint narrowing, and severe sclerosis.

Acknowledgements

4.3 Granularity Conversion

Usability ©
8.75

License

Attribution 4.0 International (CC ...

Expected update frequency
Never
Tags

Image  Healthcare

Multiclass Classification

Keras

<

Converting the dataset into the required classes based on the case study. The below function
“reorganize_folder structure()” is used to reduce the classes from 5 to 3 or 2.

© base_dirs = ['train’, ‘test’, 'val']

def reorganize_folder_stru
for class_dir in [* 2 A
class_path = os.path.join(base_dir, class_dir)
if os.path.isdir(class_path):
new_class = class_mapping[class_dir]
new_class_path = os.path.join(base_dir, new_class)
if not os.path.exists(new_class_path):
os.makedirs (new_class_path)

for img_file in os.listdir(class_path):
src_path = os.path. join(class_path, img_file)
dst_path = os.path. join(new_class_path, img_file)
shutil.move(src_path, dst_path)

shutil. rmtree(class_path)
for base_dir in base_dirs:
reorganize_folder_structure(base_dir)
print(“Folder reorganization completed.")

3+ Folder reorganization completed.

Only the dictionary “class_mapping” varies for different case studies.

A LA @6Nn

Case Study

class mapping

Class =5

NIL

Class =3

class_mapping = {
0': ‘o',
‘10 tor,

120, |1|,
130 |1|'
4': '2!




Class =2

class_mapping = {

9': 'e’,
'1': ‘@',
20 Mg
'3': '1',
4. 11!

4.4 Image Pre-processing

Preparing the image dataset before training CNN models:

[] # Image dimensions and batch size
IMG_HEIGHT = 224
IMG_WIDTH = 224
BATCH_SIZE = 64

# Custom preprocessing function to convert grayscale to 3-channel grayscale
def preprocess(image):

grayscale = cv2,cvtColor(image, cv2.COLOR_RGB2GRAY)

resized = cv2.resize(grayscale, (IMG_HEIGHT, IMG_WIDTH))

bw_3channel = cv2.merge( [resized, resized, resized])

return bw_3channel

# Normalization
train_datagen = ImageDataGenerator(rescale=1.8 / 255, preprocessing_function=preprocess)
val_datagen = ImageDataGenerator(rescale=1.2 / 255, preprocessing_function=preprocess)
test_datagen = ImageDataGenerator(rescale=1.8 / 255, preprocessing_function=preprocess)

© # Data Generators
train_generator = train_datagen.flow_from_directory(
train_dir, target_size=(ING_HEIGHT, ING WIDTH), batch_size=BATCH SIZE, class_mode="categorical”,
)
val_generator = val_datagen. flow_from_directory(
val_dir, target_size=(IMG_HEIGHT, IMG_WIDTH), batch_size=BATCH_SIZE, class_mode="categorical™,
)
test_generator = test_datagen. flow_from_directory(
test_dir, target_size=(IMG_HEIGHT, IMG_WIDTH), batch_size=BATCH_SIZE, class_mode="categorical”, shuffle=False
)

Preparing the image dataset before training traditional ML models:

o def preprocess_inages(directory, target_size=(224, 224)):
inages = []
labels = []
class_labels = os. listdir(directory)
class_map = {label: idx for idx, label in enumerate(class_labels)}

for label in class_labels:

label_dir = os.path. join(directory, label)

for file in os.listdir(label_dir):
img_path = os.path. join(label_dir, file)
ing = load_img(img_path, target_size=target_size)
img_array = img_to_array(img) / 255.0
images.append|img_array.flatten()]
labels.append|class_map [label])

return np.array|images), np.array(labels), class_map

[ '] train_images, train_labels, class_map = preprocess_images(train_dir)
test_images, test_labels, _ = preprocess_images(test_dir)

G X_train, X_val, y_train, y_val = train_test_split(train_images, train_labels, test_size=0.2, random_state=42)

4.5 Modelling

4.5.1 Deep Learning Models



# Function to build, train, and evaluate a model
def train_and_evaluate_sodel(base_model, model_name):
print(f"\nTraining {model_name}...\n")
# Load the base model
base_model = base_model(input_shape=(IMG_HEIGHT, IMG_WIDTH, 3), include_top=False, weights="imagenet")

# Add custom layers on top
nodel = models.Sequential( (

base_nodel,

layers. GlobalAveragePooling20() ,

layers.Dense(128, activations"relu"),

layers.Dropout (9.5),

layers.Dense(train_generator.num_classes, activations"softmax")
N

# Compile the model
model. conpi le(optimizersAdam( learning_rate=d.891), loss="categorical_crossentropy”, metrics=("accuracy”])

reduce_lr = ReduceLROnPlateau(monitor='val_loss', factors=9.2, patiences3, min_lr=le-20, verboses=1)
class_weights = compute_class_weight(

class_weight="balanced",

classes=np.unique(train_generator.classes),

y=train_generator.classes

)
class_weights = dict(enumerate(class_weights))

# Train the model

history = model. fit(
train_generator,
validation_data=val_generator,
epochs=20,
batch_size=BATCH_SIZE,
class_weight=class_weights,
callbacks=reduce_lr]

)

# Evaluate the model
test_loss, test_accuracy = model.evaluate(test_generator)

print(f"\nTest Accuracy for {model_name}: {test_accuracy = 100:.2f}%\n")
# Predict on the test set

predictions = model.predict (test_generator)

predicted_classes = np.argsax(predictions, axiss1)

true_classes = test_generator.classes

class_labels = list(test_generator.class_indices.keys())

The “train_and_evaluate()” function is used to train the CNN models by sending base_model and model_name
as parameters.

© # DenseNet121
train_and_evaluate_model(DenseNet121, “DenseNet121")

Training DenseNet121...
Downloading data from https://storage.googleapis. con/tensorflow/keras-applications/densenet/densenet12] weights tf din ordering tf kernels notop.hs
9084468 ——————— 05

29084464/2 Ous/step
Epoch 1/20

91/91 3135 25/step - accuracy: 0.2569 - loss: 1.6963 - val_accuracy: 0.3971 - val_loss: 5.3429 - learning_rate: 0.0010
Epoch 2/20

91/9] 145 147n5/step - accuracy: 0.4202 - loss: 11362 - val_accuracy: 0.3971 - val_loss: 5.5910 - learning_rate: 0.0010

;:7;: et S 145 147ns/step - accuracy: 9.4454 - loss: 1.0693 - val_accuracy: 0.4492 - val_loss: 1.3587 - learning_rate: .
::7;'1‘ o 145 146ns/step - accuracy: 9.5053 - loss: 9.9708 - val_accuracy: 0.3971 - val_loss: 6.2531 - learning_rate: 0.0010
::%: xy 145 147ms/step - accuracy: 9.4575 - loss: 1.0281 - val_accuracy: 0.4322 - val_loss: 3.0852 - learning_rate: 0.0010
E:%E :: 145 145ns/step - accuracy: 0.4977 - loss: 9.9668 - val_accuracy: 0.4722 - val_loss: 1.3268 - learning_rate: 0.0010
pocl

91/9] e 145 147ms/Step - accuracy: 9.5288 - loss: 9.9159 - val_accuracy: 0.4939 - val_loss: 1,2497 - learning_rate: 0.0010
Epoch 8/20
91/9] e 145 147ms/5tep - acCuracy: 9.5501 - loss: 0.8701 - val_accuracy: 0.5557 - val_loss: 1.0548 - learning_rate: 0.0010

Above is an example of running DenseNet121 model using the “train_and_evaluate()” function.

4.5.2 Machine Learning Models

[1 models = {
“RandonForest": RandomForestClassifier(n_estimators=18@, random_state=42),
"KNN": KNeighborsClassifier(n_neighbers=5),
"NaiveBayes": GaussianNB()

for model_name, model in models.items():
print{f"\nTraining {model_name}...")
model. fit(X_train, y_train)
y_pred = model.predict(X_val)

The above code is used to train ML models — Random Forest, KNN & Naive Bayes



4.6 Evaluation

CNN models metrics:

# Evaluate the model
test_loss, test_accuracy = model.evaluate(test_generator)

print(f"\nTest Accuracy for (model_name): {test_sccuracy » 100:.21/\n")

# Predict on the test set
ictions = model.predict(test_generator)
predicted_classes = np.arprax(predictions, axis=1)

ses = test_generator. classes

lass_labels = 1ist(test_generator.class_indices.keys())

# Classification report
print(f"Classification Report for (model_nane):\n")
print (cassitication_report(true_clar

test_sccuracies (model_name] = test_sccuracy 108

# Plot training history
plt. figure(figsizen(29, 4))

# Loss Plot
plt.subplot(1, 3, 1)
Plt.plot(history.history| loss'], labels'Train Loss')
Plt.plot(history.history[‘val_loss'], label='Val Loss’)
PLt.title(f" (modelname) Loss'
. xlabel( ‘Epachs’ |
Lylabel('Loss’)

egend!

# Accuracy Plot
ubplot(1, 3, 2)
Lot (history.history| ‘accuracy’), label='Train Accuracy')

plt.ylabel("Accuracy')
plt.legend()

# Confusion matrix
@ = confusion_matrix(true_classes, predicted_classes)
plt.subplot(1, 3

+ predicted_classes, target_names=class_labels))

_labels)

Precision 1s 3ll-defined and beisg set to 8.8 in Labels with no predicted samples. Use Zero divisise' paraseter to cc

sas, plca, a rue, fWte"G", chaps"Blues”, . labels,
PLL.title(f"Confusion Matrix for (model_name}")
Pplt.xlabel("Predicted”)
Plt.ylabel(“True")
plt.show()
accuracy 1686
wacro avg 0.2 1656
eighted ovg o 136
_varn_prt(average, neditser, 1*(setric.capitalize(}) 13", lenlresult))

_warn_pri(werage, meditier, I (eateic.capitalize()} (5", len(result)}

Precision 13 Sll-defined and beisg set to 8.8 in labels with mo prodictes samples. Use “Zero divisies™ paraseter to <

-pac

varn_prt(average, medifier, #*(setric.capitalize(})} 3", len(result))

Precision 15 ili-defined and beisg set to 8.8 in Labels with o0 predicted samples. Use rero divisiss’ paraseter to cc

VGG16 Loss VGG16 Accuracy Confusion Matrix for VGG16
]| e — van sy ™
- i = T
o
PRS- S
-
Bae s 0 s e L
T -
0o
T
Lo e R
W3S S 75 W Hs ®e ws o Wo W ®e v O T T
o n mescss

ML Model metrics:

# Calculate accuracy
accuracy = accuracy_scorely_val, y_pred)
print(f"{model_name} Accuracy: {accuracy » 100:.2f}%")
test_accuracies(model_name] = accuracy * 100

# Classification report
print(f“Classification Report for {model_name}:\!
print(classification_report(y_val, y_pred, target_names=1ist(class_map.keys())))

# Confusion Matrix
cn = confusion_matrix(y_val, y_pred)
plt. figure(figsize=(6, 4))

sns.heatmap(cm, annot=True, fat="d", cmap="8lues", xticklabels=list(class_map.keys()), yticklabels=1ist(class_map.keys()))
)

plt.title(f"Confusion Matrix for {model_name}")
plt.xlabel("Predicted Label")
plt.ylabel("True Label")

plt.showl)

Training RandonForest. .
RandonForest Accuracy: 42.62%
Classification Report for RandomForest:

precision recall fl-score support

3 0.60 m

1 26

2 280

4 38

0 459

sccuracy 1356

macro 1156

weighted avg 1156

Confusion Matrix for RandomForest
- 8 3 n [ 0 i
20
- 1 6 “ 0 55
§ ~ 2 9 2 0 0
150
- 8 2 n 3
v o - 100
o- 1 0 & 0 il
' . -0
1 o
Predicted Label



5 Executing the code

Download and unzip data.
Copy train, test and val folders to the same directory as the python notebooks.

Make sure the code artifacts are in similar structure down below.

" Jupyter

File View Settings Help

M Files

© Running

Rename WLIGIE]

| - [x23134682_Thesis_Artifacts | Code [

Name

M test

B train

. val

M Thesis_Class_=_2.ipynb
M Thesis_Class_=_3.ipynb

M Thesis_Class_=_5.ipynb

Open each jupyter notebook.

In the task bar, click Run -> Run All Cells.

" JUpYler Thesis_Class_=_5 Last Checkpoint 14 days ago

File Edit View Run | Kernel Settings Help

B+ X0l

[1):  !mkdii
Imv ki
tmv /4
! chmog

!kagg!

Datast
Licen:
Downlt
97% |
100% |

Run Selected Cell

Run Selected Cell and Insert Below

Run Selected Cell and Do not Advance

Run Selected Text or Current Line in Console

Run Selected Cell and All Below
Render All Markdown Cells

Run All Cells
Restart Kernel and Run All Cells...

Cell Type

¢

Xe
®e

lunzip knee-osteoarthritis-dataset-with-severity.zip

JupyterLab [

Ihritis-dataset-with-severity

irk/knee-osteoarthritis-dataset-with-severity

tip to /content

&

~ New

Last Modified
7 minutes ago
7 minutes ago
7 minutes ago

14 days ago
14 days ago

1 hour ago

A

Not Trusted

Python 3 (ipykernel) O

* Upload C

File Size

14 MB
1.6 MB
1.2 MB
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