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1. Objective:
Read carefully the different steps and write a few sentences in English or French the purpose of this lab.
[bookmark: _Toc204499217][bookmark: _Toc205186201]Fundamental concepts of MRI
To understand MRI, start with the basic physics of magnetic resonance, which involves magnetic fields interacting with hydrogen nuclei in the body. MRI machines use strong magnetic fields and radiofrequency pulses to excite these nuclei, generating signals that create images. Key components of MRI machines include the magnet, gradient coils, and radiofrequency coils, which work together to capture detailed internal images. MRI has extensive clinical applications, from diagnosing neurological and musculoskeletal disorders to monitoring treatment effectiveness, making it an essential tool in modern medicine.
[bookmark: _Toc204499218][bookmark: _Toc205186202]Signal generation and relaxation
Learn about the processes of signal generation and relaxation mechanisms in MRI, starting with the concept of spin and its interaction with magnetic fields. When placed in a magnetic field, hydrogen nuclei align their spins, and radiofrequency pulses disturb this alignment. The relaxation processes, characterized by T1 and T2 relaxation times, describe how these spins return to equilibrium. T1 relaxation refers to the recovery of longitudinal magnetization, while T2 relaxation involves the decay of transverse magnetization. The signal acquisition process captures the emitted signals during these relaxation phases, allowing for the formation of detailed images.
[bookmark: _Toc204499219][bookmark: _Toc205186203]Image formation and contrast
Explore how we can generate MRI images and the factors that affect image contrast. The role of pulse sequences, such as Spin Echo (SE) and Gradient Echo (GRE), is crucial in determining image characteristics by manipulating timing and signal acquisition. Contrast agents enhance the visibility of specific tissues, improving diagnostic accuracy. Additionally, various image quality factors, including resolution, signal-to-noise ratio, and artifact management, play significant roles in producing clear and informative MRI images.
[bookmark: _Toc204499220][bookmark: _Toc205186204]K-Space and image reconstruction
Understand the concept of k-space and its relationship to image reconstruction in MRI. K-space is a mathematical representation of image data, where each point corresponds to a specific spatial frequency of the image. Sampling strategies dictate how one can collect data is collected in k-space, influencing image quality and reconstruction speed. The Inverse Fourier Transform is then applied to convert the k-space data back into the spatial domain, allowing for the creation of detailed images from the collected signals.
In addition to the topics covered, we explored a thorough overview of MRI concepts and their practical applications using Octave and Python. Students will acquire hands-on experience in applying Fourier Transform techniques for the reconstruction and visualization of MRI images.



[bookmark: _Toc204499210][bookmark: _Toc205186192]Tasks
[bookmark: _Toc204499211][bookmark: _Toc205186193]Task1
Please follow the steps bellow to complete your lab then answer the questions 
Steps to Create a Random Image in GNU Octave you can use the same directives for Matlab
1. Open GNU Octave: Start your Octave environment.
2. Generate Random Data: Create a matrix of random values that represent the pixel intensities of your image. For a color image, you can create three separate matrices for red, green, and blue channels.
3. Display the Image: Use the imshow function to display the generated random image.
4. Save the Image: Optionally, save the generated image to a file using the imwrite function.
You can use the code bellow that generates a random image to complete your Lab. Please rename your file name from EloutassiLab1_image to (for example YournamePic1Group number), keep the same extension such as png. The code might not be working properly you have to be aware of your work directory where you save it.
% Set the dimensions of the image
width = 200;  % Width of the image
height = 200; % Height of the image

% Generate random pixel values for an RGB image
R = rand(height, width); % Red channel
G = rand(height, width); % Green channel
B = rand(height, width); % Blue channel

% Combine the channels into a single image
Eloutassilab1_image = cat(3, R, G, B);

% Display the Eloutassilab1 image
imshow(Eloutassilab1_image);
title('Eloutassilab1 Image');

% Save the random image to the specified file path
imwrite(Eloutassilab1_image, 'D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\LAB1\Eloutassilab1.png');

disp('Eloutassilab1 image has been created: Eloutassilab1.png');
Explanation
· Random Data Generation: rand(height, width) generates a matrix of random values between 0 and 1 for each color channel (Red, Green, Blue).
· Combining Channels: cat(3, R, G, B) combines the three matrices into a single 3D array representing the RGB image.
· Displaying the Image: imshow(random_image) displays the generated image in a figure window.
· Saving the Image: imwrite(random_image, 'random_image.png') saves the image as a PNG file.
Please follow the next instruction to complete the first task
[bookmark: _Toc205186194]Step 1
Run the above code in your Octave environment or Matlab. You will generate a random image. Save the image as (your name GrpNumber lab and task).png in your current working directory. 
Change the size of the image to create an image of height 150 and width of 250.
	Rewrite your modified code 

	Save the picture 

	Analyse the picture


[bookmark: _Toc205186195]Step 2
Copy the code bellow and run it on python PyCharm environment. You should note that I am using my directory as well as my loaded pics. You can load any pic or the X-ray pic you loaded using the last code as image path.
from PIL import Image 
import matplotlib.pyplot as plt
# Path to the image 
image_path = r"D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\LAB1\Eloutassilab1.png"
# Open the image 
image = Image.open(image_path)
# Display the image 
plt.imshow(image, cmap='gray') # Use cmap='gray' for X-ray images 
plt.axis('off') # Hide axes 
plt.show()
	Analyse your picture 


We will see in next labs how to analyse scanned biomedical pictures
[bookmark: _Toc204499212][bookmark: _Toc205186196]Task2 
Copy this code and run it on your environment: please change the picture name to YournamePic2_Grpnumber
% X-ray Image Formation Simulation in Octave
% Define parameters
image_size = 256; % Size of the image
num_rays = 1000; % Number of X-ray rays
sample_density = rand(image_size, image_size); % Random sample density
% Initialize the X-ray image
xray_image = zeros(image_size, image_size);
% Simulate X-ray rays passing through the sample
for i = 1:num_rays
    % Random starting point for the X-ray ray
    x_start = randi([1, image_size]);
    y_start = randi([1, image_size]);
    % Random direction (angle) for the X-ray ray
    angle = rand() * 2 * pi;
    x_step = cos(angle);
    y_step = sin(angle);
    % Trace the ray through the sample
    x = x_start;
    y = y_start;
    while x > 0 && x <= image_size && y > 0 && y <= image_size
        % Calculate indices for sample_density, ensuring they are within bounds
        x_index = max(1, min(image_size, floor(x)));
        y_index = max(1, min(image_size, floor(y)));
        % Accumulate the density value at the ray's position
        xray_image(x_start, y_start) += sample_density(x_index, y_index);
        % Move to the next point in the ray's path
        x += x_step;
        y += y_step;
    end
end
% Display the simulated X-ray image
imshow(xray_image, []);
title('Simulated X-ray Image');
colormap(gray);
	Save the generated image and paste it

	Analyse the picture


[bookmark: _Toc204499213][bookmark: _Toc205186197]Task3
For more accuracy, we would like you to copy the code bellow run it on your environment 
% X-ray Image Formation Simulation in Octave
% Define parameters
image_size = 256; % Size of the image
num_rays = 1000; % Number of X-ray rays
sample_density = rand(image_size, image_size); % Random sample density
spot_size = 3; % Size of the area to widen the white spots
% Initialize the X-ray image
xray_image = zeros(image_size, image_size);
% Simulate X-ray rays passing through the sample
for i = 1:num_rays
    % Random starting point for the X-ray ray
    x_start = randi([1, image_size]);
    y_start = randi([1, image_size]);
    % Random direction (angle) for the X-ray ray
    angle = rand() * 2 * pi;
    x_step = cos(angle);
    y_step = sin(angle);
    % Trace the ray through the sample
    x = x_start;
    y = y_start;
    while x > 0 && x <= image_size && y > 0 && y <= image_size
        % Calculate indices for sample_density, ensuring they are within bounds
        x_index = max(1, min(image_size, floor(x)));
        y_index = max(1, min(image_size, floor(y)));
        % Accumulate the density value at the ray's position
        for dx = -spot_size:spot_size
            for dy = -spot_size:spot_size
                % Calculate the target indices
                target_x = x_index + dx;
                target_y = y_index + dy;
                % Ensure the indices are within bounds
                if target_x >= 1 && target_x <= image_size && target_y >= 1 && target_y <= image_size
                    xray_image(target_x, target_y) += sample_density(x_index, y_index);
                end
            end
        end
        % Move to the next point in the ray's path
        x += x_step;
        y += y_step;
    end
end
% Display the simulated X-ray image
imshow(xray_image, []);
title('Simulated X-ray Image with Wider White Spots');
colormap(gray);
	Save the generated image and paste it 

	Analyse the picture


[bookmark: _Toc204499222][bookmark: _Toc205186206][bookmark: _Toc204499214][bookmark: _Toc205186198]Task 4: Implementing FFT for MRI image reconstruction
[bookmark: _Toc205186207]Step 1
Run this code (Matlab or Octave GNU)
% Create a synthetic 2D MRI-like image (random noise)
mriEloutassi_image = rand(256, 256); % Create a 256x256 matrix with random values
save('mriEloutassi_image.mat', 'mriEloutassi_image');
% Load the synthetic MRI image
load('mriEloutassi_image.mat');
% Display the original MRI image
figure;
imshow(mriEloutassi_image, []);
title('ELOUTASSI Original Synthetic MRI Image'); 
% Save the random image to the specified file path
imwrite(Eloutassilab1_image, 'D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\LAB2\mriEloutassilab1.png');
disp('Eloutassilab1 image has been created: mriEloutassilab1.png');

	Copy the constructed image below and analyze it, ensuring you update the code to match your own directory path and the name of the saved image. Feel free to explore advanced techniques to create innovative and realistic MRI images, as we will be using real MRI images in future labs. You can also write your own codes that will create your own images.


[bookmark: _Toc205186208]Step 2
Run this code after running the one in step 1 then copy the pic and paste it then analyze it 
% Apply FFT to the MRI image
fft_image = fft2(mriEloutassi_image);
% Shift the zero-frequency component to the center
fft_image_shifted = fftshift(fft_image);
% Step 6: Calculate the magnitude spectrum
magnitude_spectrum = log(abs(fft_image_shifted) + 1); % Adding 1 to avoid log(0)
% Display the magnitude spectrum
figure;
imshow(magnitude_spectrum, []);
title('MagnitudeSpectrum mriELOUTASSISynthetic Image');
% Save the random image to the specified file path
imwrite(magnitude_spectrum, 'D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\LAB2\MagnetudeSpectrummriEloutassilab1.png');
disp('mriEloutassi_image has been created: MagnetudeSpectrummriEloutassilab1.png');
	Explain why it is useful to apply fft to an image and what is the magnitude spectrum?


[bookmark: _Toc205186209]Step 3
Do the same for this code:
% Apply FFT to the MRI image
fft_image = fft2(mriEloutassi_image);
% Shift the zero-frequency component to the center
fft_image_shifted = fftshift(fft_image);
% Inverse FFT to reconstruct the image
reconstructed_image = ifft2(ifftshift(fft_image_shifted));
% Take the absolute value of the reconstructed image
reconstructed_image = abs(reconstructed_image);
% Display the reconstructed image
figure;
imshow(reconstructed_image, []);
title('Reconstructed MRI Image from FFT');
% Save the reconstructed image to the specified file path
imwrite(reconstructed_image, 'D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\LAB2\ReconstructedMRIEloutassilab1.png');
disp('Reconstructed image has been created: ReconstructedMRIEloutassilab1.png');
	Why it is necessary to apply the inverse fft to an image?


[bookmark: _Toc204499223][bookmark: _Toc205186210]Task 5: Analysing MRI data
[bookmark: _Toc205186211]Step 1
Run this code to create a 2D dental image. Later we can use a real dental images for analyse. We will apply then in step 2 FFT to analyse the pictures.
% Create a synthetic 2D dental image
function create_dental_image()
    width = 256;  % Width of the image
    height = 256; % Height of the image
    % Initialize a blank RGB image
    dental_image = zeros(height, width, 3); % 3 channels for RGB
    % Draw teeth using ellipses (simulating tooth shapes)
    % Tooth 1 (left)
    dental_image = draw_tooth(dental_image, 60, 100, 30, 50, [1, 1, 1]); % White tooth
    % Tooth 2 (middle)
    dental_image = draw_tooth(dental_image, 128, 100, 30, 50, [1, 1, 1]); % White tooth
    % Tooth 3 (right)
    dental_image = draw_tooth(dental_image, 196, 100, 30, 50, [1, 1, 1]); % White tooth
    % Add some gums (red color)
    dental_image(120:130, 40:220, 1) = 1; % Red channel for gums
    dental_image(120:130, 40:220, 2) = 0; % Green channel for gums
    dental_image(120:130, 40:220, 3) = 0; % Blue channel for gums
    % Display the synthetic dental image
    figure;
    imshow(dental_image);
    title('Synthetic 2D Dental Image');
end
% Function to draw a tooth shape
function img = draw_tooth(img, x, y, width, height, color)
    % Draw an ellipse to represent a tooth
    theta = linspace(0, 2*pi, 100); % Angle for the ellipse
    a = width; % Semi-major axis
    b = height; % Semi-minor axis
    x_points = a * cos(theta) + x; % X coordinates of the ellipse
    y_points = b * sin(theta) + y; % Y coordinates of the ellipse
    % Fill the tooth shape in the image
    for i = 1:length(x_points)
        xi = round(x_points(i));
        yi = round(y_points(i));
        if xi > 0 && xi <= size(img, 2) && yi > 0 && yi <= size(img, 1)
            img(yi, xi, :) = color; % Set the color for the tooth
        end
    end
end
% Call the main function to create the dental image and apply FFT
create_dental_image();
	


[bookmark: _Toc205186212]Step 2
Run this code to load a picture of 2DMRIDental.JPG
% Specify the path to the image
imagePath = 'D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\LAB2\2DMRIDental.jpg'; % Replace with your actual image file name
% Read the image
img = imread(imagePath);
% Display the image
imshow(img);
title('Loaded Image');
	[bookmark: _Toc204499224][bookmark: _Toc205186213][image: ]
2DMRIDental
	[image: ]
2DMRIDental2


Step 3
Create a code to apply FFT to analyse the uploaded picture 2DMRIDental2. The save the analysed picture bellow
	



[bookmark: _Toc205186217]Task 6
Run this code after modifying it to be suitable to your own directory as well as your own loaded or created pictures. Paste the created or read pic and analyse it. You can use one of the pics or many that you created or loaded on the last tasks
from PIL import Image
import numpy as np
import pandas as pd
# Path to the image
image_path = r"D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\Eloutassilab1.png"
# Open the image
image = Image.open(image_path)
# Convert the image to grayscale (optional, depending on your needs)
image_gray = image.convert('L')
# Convert the image data to a numpy array
image_data = np.array(image_gray)
# Create a DataFrame from the image data
df = pd.DataFrame(image_data)
# Save the DataFrame to an Excel file
excel_path = r"D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\ELOUTASSIimage_data.xlsx"
df.to_excel(excel_path, index=False, header=False)  # Save without index and header
print("Image data has been successfully saved to Excel.")
	Paste here your modified code



	Paste the picture you need to analyze



	Insert excel file of the analyzed data of your last picture


[bookmark: _Toc205186218]Task 7
[bookmark: _GoBack]Use the dental MRI FFT pic of the earlier tasks in Lab3 (task 5) to transform it to an excel file you name Dental2DMRI.xslx
	Paste your code



	Insert your file


[bookmark: _Toc205186219]Task 8
[bookmark: _Toc205186220]Step1
Use this code to read an excel file then transform it to read your own file
import pandas as pd
# Path to the Excel file
excel_path = r"D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\image_data.xlsx"
# Read the Excel file
df = pd.read_excel(excel_path, sheet_name=0)  # You can specify the sheet name or index
# Display the contents of the DataFrame
print(df)
	Paste your modified code


[bookmark: _Toc205186221]Step2
Use this code to load a picture out of the excel file you read 
import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns
# Path to the Excel file
excel_path = r"D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\ Reconstructed2DMRIDentalImage.xlsx"
# Read the Excel file
df = pd.read_excel(excel_path, sheet_name=0)  # You can specify the sheet name or index
# Create a heatmap from the DataFrame
plt.figure(figsize=(10, 8))  # Set the figure size
sns.heatmap(df, cmap='gray', cbar=True)  # Create a heatmap with a grayscale color map
# Add titles and labels
plt.title('Heatmap of Excel Data')
plt.xlabel('Columns')
plt.ylabel('Rows')

# Save the heatmap as an image
output_image_path = r"D:\2025-2026\UEMEF 2025 2026\Medical Imaging 2025 2026\TP 2025 2026\heatmap_image.png"
plt.savefig(output_image_path, bbox_inches='tight')  # Save the figure
plt.show()  # Display the heatmap
	Modified code



	Loaded picture out the excel file


Notes:
You upgrade your Lab by adding some more pics to analyse.
Conclusion
Write few sentence in English or French a conclusion about this lab
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