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Artificial Neural Networks Applied for Digital Images with MATLAB Code:
The Applications of Artificial Intelligence in Image Processing Field Using
MATLAB

In the past decade, artificial intelligence (Al) has revolutionized how we interpret, analyze, and manipulate digital
images. At the heart of this transformation lie artificial neural networks (ANNSs), especially deep learning models
such as convolutional neural networks (CNNs). MATLAB, with its powerful Image Processing Toolbox and Deep
Learning Toolbox, has become a go-to platform for researchers and engineers looking to implement Al-driven
image processing solutions. This article explores the intersection of ANNs and digital image processing,
demonstrates practical MATLAB code snippets, and discusses real world applications that showcase the potential of
Al in the visual domain.

Why Artificial Neural Networks Matter for Image Processing

Traditional image processing technigues—thresholding, edge detection, morphological operations—rely on
handcrafted rules. While effective for simple tasks, they struggle with complex, high dimensional data. ANNs learn
patterns directly from data, enabling them to:

¢ Automatically extract hierarchical features.
¢ Generalize across varying lighting, occlusions, and viewpoints.
e Adapt to new tasks with minimal manual intervention.

These capabilities make neural networks indispensable for modern computer vision tasks such as classification,
segmentation, object detection, and image restoration. MATLAB’s integrated environment streamlines the entire
workflow—from data preprocessing and model training to deployment—making it ideal for both prototyping and
production.

Key MATLAB Toolboxes for Al Driven Image Processing

Image Processing Toolbox

Provides a comprehensive set of functions for image filtering, geometric transformations, and feature extraction. It
is often used in conjunction with Al models to prepare data or post process predictions.

Deep Learning Toolbox

Offers pre built layers, training algorithms, and support for popular architectures (CNN, RNN, GAN). It also
integrates seamlessly with the Computer Vision Toolbox for tasks like object detection and tracking.

Computer Vision Toolbox

Extends deep learning capabilities with ready to use models (e.g., YOLO, Faster R CNN) and functions for image



segmentation, optical flow, and 3 D reconstruction.

Building a Simple CNN for Image Classification in MATLAB

Let’'s walk through a minimal example: classifying handwritten digits from the MNIST dataset using a shallow CNN.
The code demonstrates data loading, model definition, training, and evaluation—all within MATLAB’s environment.

Step 1: Load the Dataset

code digitDatasetPath = fullfile(toolboxdir('vision"),'visiondata','digitDataset');

code imds = imageDatastore(digitDatasetPath, 'IncludeSubfolders', true, 'LabelSource’, ‘foldernames’);

Step 2: Split into Training and Test Sets

code [imdsTrain, imdsTest] = splitEachLabel(imds, 0.8, 'randomized);

Step 3: Define the Network Architecture

code layers = [ imagelnputLayer([28 28 1])

code

code

code

code

code

code

code

convolution2dLayer(3,8,'Padding’,'same’)
batchNormalizationLayer

reluLayer
maxPooling2dLayer(2,'Stride’,2)
fullyConnectedLayer(10)

softmaxLayer

classificationLayer];

Step 4: Specify Training Options

code options = trainingOptions('sgdm’, ...

code

code

code

code

code

‘InitialLearnRate’,0.01, ...
‘MaxEpochs'/4, ...
‘Shuffle’,'every-epoch’, ...
‘Verbose',false, ...

'Plots','training-progress");

Step 5: Train the Network

code net = trainNetwork(imdsTrain,layers,options);

Step 6: Evaluate Performance

code YPred = classify(net,imdsTest);

code YTest = imdsTest.Labels;

code accuracy = sum(YPred == YTest)/numel(YTest);



code fprintf('Test accuracy: %.2%%\\n',accuracy*100);

This straightforward pipeline demonstrates how MATLAB simplifies the entire deep learning workflow. By adjusting
the architecture, adding more layers, or employing transfer learning, you can tackle more complex datasets such as
CIFAR 10, ImageNet, or custom medical imaging collections.

Advanced Applications of ANNs in Digital Image Processing

1. Image Classification and Recognition

Beyond handwritten digits, ANNs excel at categorizing natural images. Pre trained models like ResNet 50, VGG 16,
and Inception V3 can be fine tuned on domain specific data (e.g., plant disease detection, wildlife monitoring).
MATLAB's transfer learning utilities allow users to replace the final fully connected layer with a custom classifier,
dramatically reducing training time.

2. Semantic and Instance Segmentation

Segmentation divides an image into meaningful regions. Fully Convolutional Networks (FCNs), U Net, and DeepLab
variants provide pixel wise predictions. MATLAB’s deeplabv3plus implementation, for instance, can be trained on the
Cityscapes dataset to segment urban scenes. Code snippet:

code net = deeplabv3plus('resnet101’, 'numClasses', 20);
After training, you can visualize results with:

code seg = semanticseg(im, net);

code overlay = labeloverlay(im, seg);

3. Object Detection and Tracking

Detecting and localizing objects in images or video streams is vital for autonomous vehicles, surveillance, and
robotics. MATLAB offers YOLO v2/v3 and Faster R CNN models. Training a custom detector involves labeling
bounding boxes with the boxLabeler app and using trainYOLOv2ObjectDetector:

code detector = trainYOLOv20bjectDetector(annotatedData, 'YOLOv2ResNet18");
During inference:
code [bboxes, scores] = detect(detector, im);

4. Image Denoising and Super Resolution

Convolutional Autoencoders and Generative Adversarial Networks (GANs) can restore corrupted images or
upscale low resolution inputs. MATLAB’s denoiseAutoencoder function demonstrates a simple autoencoder for
Gaussian noise removal. For super resolution, the SRGAN architecture can be implemented with custom layers.

5. Medical Image Analysis

Al has transformed diagnostic imaging. CNNs can detect tumors in MRI, classify retinal diseases in OCT scans,
and segment organs in CT volumes. MATLAB’s 3 D image processing capabilities, combined with deep learning,
enable volumetric analysis. Example: segmenting liver tumors usinga 3 D U Net.

6. Facial Recognition and Biometrics

Face embeddings generated by ResNet 50 or FaceNet models allow for robust identification and verification.
MATLAB's facialRecognition toolbox integrates with the Deep Learning Toolbox to train models on large face



datasets.

7. Style Transfer and Artistic Rendering

Neural style transfer blends content and style images to produce artistic outputs. Implementations using VGG 19
layers and gradient descent can be scripted in MATLAB, enabling creative applications such as automated photo
editing.

Implementing Transfer Learning in MATLAB: A Practical Guide

Transfer learning leverages knowledge from a pre trained model to accelerate training on a new dataset. Here's a
step by step workflow:

code Igraph = layerGraph(net);

codenewFCLayer = fullyConnectedLayer(5, 'Name', 'fcNew', 'WeightLearnRateFactor', 10, 'BiasLearnRateFactor’,
10);

code newClassificationLayer = classificationLayer('Name', 'classOutput');
code Igraph = replacelLayer(Igraph, 'fc1000', newFCLayer);
code Igraph = replaceLayer(Igraph, 'ClassificationLayer_fc1000', newClassificationLayer);

code options = trainingOptions('sgdm’, ...

code
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