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Perceptron

The appropriate weights are applied to 

the inputs, and the resulting weighted 

sum passed to a function that produces 

the output o.

https://en.wikipedia.org/wiki/Perceptron

https://en.wikipedia.org/wiki/Perceptron
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Perceptron

https://en.wikipedia.org/wiki/Perceptron
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-3

Σ sign

7

sign( 7x0.4 + 5x0.3 + -3x0.5) = 1w = .3

https://www.udemy.com/course/deeplearning_x/

https://en.wikipedia.org/wiki/Perceptron
https://www.udemy.com/course/deeplearning_x/
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Perceptron

5

-3

Σ sign

7

w = .3

bias (w0)

https://www.udemy.com/course/deeplearning_x/

https://www.udemy.com/course/deeplearning_x/
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Multi Layer Perceptron

https://en.wikipedia.org/wiki/Perceptron
https://upload.wikimedia.org/wikipedia/commons/4/46/Colored_neural_network.svg

1. Guess some solution

2. Compute the error of this solution

3. Modify the parameters based on this error – We 
need to find the minimum of the error "landscape" 
- Gradient Descent

Training Process (forward/backward propagation):

https://en.wikipedia.org/wiki/Perceptron
https://upload.wikimedia.org/wikipedia/commons/4/46/Colored_neural_network.svg


88

1. Random initialization of starting point

2. Based on gradient (derivation) decided the step way

3. Learning rate – scaling factor for step sizes

4. Repeat the process (number of iterations/epochs)

https://towardsdatascience.com/gradient-descent-algorithm-a-deep-dive-cf04e8115f21

Gradient Descent

https://towardsdatascience.com/gradient-descent-algorithm-a-deep-dive-cf04e8115f21
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Gradient Descent

Problems?

https://towardsdatascience.com/gradient-descent-algorithm-a-deep-dive-cf04e8115f21

https://towardsdatascience.com/gradient-descent-algorithm-a-deep-dive-cf04e8115f21
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https://towardsdatascience.com/gradient-descent-algorithm-a-deep-dive-cf04e8115f21

Gradient Descent
Python Example

???

https://towardsdatascience.com/gradient-descent-algorithm-a-deep-dive-cf04e8115f21
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convolutional neural network (CNN):
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Edge Detection
• Edge detection is the process for finding structure and properties of the object (i.e. edges in 

an image)

• Edges are one of the most important features

• Edges can be described by sudden changes in pixel intensity

• Locations with extreme differences in brightness of pixels indicate an edge

• We need to examined changes in the neighbouring pixels

• We can use operation that is called convolution

• We need input image and kernel

• Multiply the image pixels by pixels of the filter, then sum the results
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Edge Detection

https://docs.opencv.org/3.4/d2/d2c/tutorial_sobel_derivatives.html
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Edge Detection

https://docs.opencv.org/3.4/d2/d2c/tutorial_sobel_derivatives.html
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Edge Detection

Simple (naive) explanation of 
convolution steps:
1. Center of the kernel is 

positioned over a specific pixel in 
an input image.

2. Each element in the kernel is 
multiplied with the 
corresponding pixel element in 
the input image.

3. Sum the result of multiplications
4. This result can be stored in our 

new image (edge map)

https://www.projectrhea.org/rhea/index.php/An_Implementation_of_Sobel_Edge_Detection

https://medium.com/@bdhuma/6-basic-things-to-know-about-convolution-daef5e1bc411

https://www.projectrhea.org/rhea/index.php/An_Implementation_of_Sobel_Edge_Detection
https://medium.com/@bdhuma/6-basic-things-to-know-about-convolution-daef5e1bc411
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Edge Detection
OpenCV

https://docs.opencv.org/4.x/d5/d0f/tutorial_py_gradients.html

https://docs.opencv.org/4.x/d5/d0f/tutorial_py_gradients.html
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Edge Detection

https://docs.opencv.org/4.x/d5/d0f/tutorial_py_gradients.html

For example, if we talk about Sobel edge detection, we can use two 3x3 kernels:

In this example, we have two edge (feature) maps (two kernels). The convolutional kernels are hand 

crafted with the help of engineers (e.g. Sobel, Prewitt, Roberts). What about convolutional networks? 

How does it work in convolutional networks?

https://docs.opencv.org/4.x/d5/d0f/tutorial_py_gradients.html
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CNN - kernels
• In CNNs, the kernels are used for feature extraction.
• The size of kernels is generally small (e.g. 3x3, 5x5, 7x7).
• At the beginning of training, the kernels have random values.

• The kernels are learned during training phase (through gradient descent).

• This is the opposite process that were described in the previous slides with hand 

crafted kernels.

https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53

https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53
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https://pytorch.org/docs/stable/generated/torch.nn.Conv2d.html

CNN – Conv - PyTorch

https://pytorch.org/docs/stable/generated/torch.nn.Conv2d.html
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https://pytorch.org/docs/stable/generated/torch.nn.Conv2d.html

CNN – Conv - PyTorch

https://pytorch.org/docs/stable/generated/torch.nn.Conv2d.html
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Pooling

• The goal of this step is to reduce the dimensionality of 

each feature map but preserve important informations

• Operations: e.g. Sum, Average, Max

https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53

https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53
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https://pytorch.org/docs/stable/generated/torch.nn.MaxPool2d.html#torch.nn.MaxPool2d

Pooling - PyTorch

Common way is a pooling layer 
with filters of size 2x2 applied with 
a stride of 2

Mean: smooths images

Max: highlights sharp features

https://pytorch.org/docs/stable/generated/torch.nn.MaxPool2d.html#torch.nn.MaxPool2d


23
https://pytorch.org/docs/stable/generated/torch.nn.MaxPool2d.html#torch.nn.MaxPool2d

Pooling- PyTorch

https://pytorch.org/docs/stable/generated/torch.nn.MaxPool2d.html#torch.nn.MaxPool2d
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Simple CNN -
PyTorch
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PyTorch Sequential
vs.

Module

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
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PyTorch – Example - 1

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
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https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

https://pytorch.org/vision/main/generated/torchvision.datasets.ImageFolder.html

PyTorch – Example - 2

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
https://pytorch.org/vision/main/generated/torchvision.datasets.ImageFolder.html
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https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

https://pytorch.org/docs/stable/generated/torch.nn.LazyLinear.html

3 - channel images

2 - classes

PyTorch – Example - 3

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
https://pytorch.org/docs/stable/generated/torch.nn.LazyLinear.html
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https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

PyTorch – Example - 4

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
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https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

PyTorch – Example - 5

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
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https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

PyTorch – Example - 6

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
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https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html

PyTorch – Example - 7

Load images from folder

The same transformations as in training

Convert OpenCV numpy > PyTorch tensor

Prediction

https://pytorch.org/tutorials/beginner/blitz/cifar10_tutorial.html
https://pytorch.org/tutorials/beginner/basics/buildmodel_tutorial.html
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PyTorch – Example - 8

https://pytorch.org/tutorials/beginner/basics/saveloadrun_tutorial.html

https://pytorch.org/tutorials/beginner/basics/saveloadrun_tutorial.html
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PyTorch – Example - 9

https://pytorch.org/vision/stable/auto_examples/plot_transforms.html#sphx-glr-auto-examples-plot-transforms-py https://pytorch.org/vision/0.9/transforms.html#torchvision.transforms.Compose

https://pytorch.org/vision/stable/auto_examples/plot_transforms.html#sphx-glr-auto-examples-plot-transforms-py
https://pytorch.org/vision/0.9/transforms.html#torchvision.transforms.Compose

