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Machine Learning vs Deep Learning





Features 
Extraction 
Techniques
over the time



Traditional Computer  Vision and Deep Learning

Deep Learning (CNN)
- Implicit feature extraction

- The  output layers of each convolutional  layer 
are the features of the next  Convolutional layer

Traditional CV
- Explicit feature extraction (e.g.  SIFT, HOG)

- From images we create feature  vectors



What is a CNN
Imagine your CNN is a factory assembly line designed to look at an image (like a picture of a cat) and tell you exactly what it is.

The main job of the CNN is to start with pixels and end with a label ("Cat").

The Input: Raw Material

● Action: You feed the image into the network.
● The image is just a massive grid of numbers (pixels). 

E.g. For a color image, it's three grids: one for Red, one for Green, and one for Blue.



What is a CNN
Step 1: The Feature Extractor (The Convolutional Layer)

This is the most unique and important part of the CNN.

● Action: Small digital "magnifying glasses" called filters (or kernels) slide across the entire image, inspecting tiny pieces one 
by one.

● The network doesn't look at the whole cat. It sends in 10, 20, or 30 tiny inspectors, each trained to look for one specific, 
simple thing:

○ One inspector looks only for vertical lines.

○ Another looks only for diagonal edges.

○ A third looks only for rough texture.

● Output: The result is a set of Feature Maps, which are new images that highlight where in the original picture that specific 
feature was found.

○ Example: The "vertical line" map will be bright wherever a vertical line (like a cat's whisker or a chair leg) was found.



What is a CNN
Step 1: Feature Extractor   This stage aims to automatically learn hierarchical representations of the input data.

Convolutional Layer  -  Core Concept: Parameter Sharing and Sparsity of Connections.

● Mechanism: 

1. A small, learnable matrix called a filter (or kernel) is slid across the input volume (the image). 

2. At each location, a dot product is computed between the filter and the input pixels covered by the filter, this operation is 

a discrete convolution

● Purpose:

Feature Detection: Each filter learns to detect a specific feature (e.g., edges, textures, corners).

● Hyperparameters: Filter Size (e.g., 3 x 3), Stride (the step size of the filter), and Padding (adding zeros to maintain spatial 

dimensions).

● Activation: The result is typically passed through a non-linear activation function, most commonly ReLU (Rectified Linear Unit), 

defined as :  f(x) =max(0, x).



















Live convolution 
demo

http://cs231n.github.io/assets/conv-demo/index.html
http://cs231n.github.io/assets/conv-demo/index.html






What is a CNN
Step 2: The Sizer and Compressor (The Pooling Layer)

The feature maps created in Step 2 are still too large. 

→ We need to shrink them down while keeping only the most important information.

Action: The network runs a "Max Pooling" filter over the feature maps. It slides a small window (e.g., 2x2) 
over the map and only keeps the biggest number from that window.

● This is like drawing a rough sketch. We don't need to know every single pixel where an edge was 
found, we just need to know the most important location where that feature showed up in a 
general area.

Benefit: This dramatically reduces the size of the data and speeds up the process, making the network 
less sensitive to where exactly the cat is positioned in the photo.



Also used: Average  Pooling





What is a CNN
Step 3: The Assembly Line Flattening (The Flatten Layer)

Before we can make a final decision, we have to convert the processed image data into a 

single, long list of numbers.

● Action: All the compressed feature maps (which are still 2D grids) are unrolled and 

stacked end-to-end to create one massive 1D vector (a long list).

● You are taking all the little sketches and notes that the inspectors and compressors 

made, and compiling them into one final, organized report.

→  This is the network's understanding of the image: a list of the strength of 

every feature it found.



What is a CNN
Step 4: The Final Decision-Maker (The Fully Connected Layers)

The fully connected layers are the "brain" or the traditional part of the neural network.

● Action: The long list of features from the Flatten layer is passed through several 

layers of standard neurons.

● This is the executive decision. The network asks:

○ "If I see a lot of whiskers, an ear shape, and some fur texture, does that 

usually mean 'Cat' or 'Dog'?"

○ The connections between these final neurons (the weights) are trained to 

weigh these features and combine them to reach a conclusion.



What is a CNN
The Output: The Prediction

● Action: The final layer calculates the probability for every possible outcome.

● The network gives its final confidence score:

○ Cat: 95%

○ Dog: 3%

○ Bird: 1%

○ Truck: 1%

● The highest score is the network's final answer: Cat!



What is a CNN
 The Learning Process: Training a CNN

The entire training process relies on two passes through the network:

Forward Pass

● Input data flows from left to right, computing the output prediction 

● The Loss (or Cost) is calculated by comparing the prediction y to the true label y.

Backward Pass (Backpropagation)

● The gradients of the Loss function with respect to every weight in the network are calculated using the Chain Rule.

● Crucially, the CNN layers (Conv and Pooling) use the same backpropagation method as standard NNs, but applied through 
their specific operational geometry.

Optimization

● The Optimizer (e.g., Adam, SGD) uses the calculated gradients to update the weights, moving the network toward a minimum 
of the loss function.





CS231n

https://cs231n.stanford.edu/
https://cs231n.stanford.edu/


A bit of history



A bit of history

CNN Visualization - MNIST

https://www.brilliantwavetech.com/cnn-visualization.html


http://www.image-net.org/
A very large labeled images dataset
Currently: 14.197.122 images in 
21.841 categories

CNN Architectures  (ImageNet)

http://www.image-net.org/


● LeNet 1998 (the grandfather)
● AlexNet 2012. The first work that popularized 

Convolutional Networks  in Computer Vision was the 
AlexNet, developed by Alex Krizhevsky,  Ilya 
Sutskever and Geoff Hinton. The AlexNet was 
submitted to the  ImageNet ILSVRC challenge in 
2012 and significantly outperformed the  second 
runner-up (top 5 error of 16% compared to 
runner-up with 26%  error). The Network had a very 
similar architecture to LeNet, but was  deeper, 
bigger, and featured Convolutional Layers stacked 
on top of  each other (previously it was common to 
only have a single CONV  layer always immediately 
followed by a POOL layer).

● ZF Net. ILSVRC 2013 winner
● GoogLeNet. ILSVRC 2014 winner
● VGGNet. The runner-up in ILSVRC 2014.
● ResNet. winner of ILSVRC 2015.

CNN Architectures  (ImageNet)

http://www.image-net.org/challenges/LSVRC/


CNN Architectures  
(LeNet →ImageNet)



Fast-Forward to today: ConvNets are everywhere



Fast-Forward to today: ConvNets are everywhere





















Transformer

This innovation has 
been key to the 
development of 
modern large 
language models 
(LLMs) like GPT 
and Llama and 
modern Large 
Visual Language 
models (LVLMs) 

A deep learning architecture that fundamentally changed artificial intelligence by using a mechanism called 

self-attention to process data in parallel, overcoming the limitations of previous sequential models.
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Image Segmentation



Method of Image Segmentation



Time for practice
● Image Basic Analysis Code.ipynb

● Image Classification using Hugging Face Transformers

● Object Detection using Hugging Face Transformers

● Object Segmentation using Hugging Face Transformers

https://colab.research.google.com/drive/1BZIBEFVesnURdbUnUyO21iCneK2dpExR?usp=sharing
https://colab.research.google.com/drive/1fgHgSDWz-VcWdvFd2pCOTK6G8vt6QBoH?usp=sharing
https://colab.research.google.com/drive/12K4XFbaupd6xWUenq7QgvpzUYKZqvryj?usp=sharing
https://colab.research.google.com/drive/16LaGPUmHalWlMgIamMuqQJLI5Htgmg_P?usp=sharing

