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Quick Review
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Machine Learning Capabilities (1997-2014)
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Machine Learning Capabilities (1997-2014)
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Convolution

Neural Networks
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Convolution Neural Networks (CNNs)

Convolution Neural Network
Convolution neural networks are multi-layer neural networks,
designed to analyze and interpret images comprised of complex
patterns, shapes and textures.

Simple CNN Architecture:



Convolution Neural Networks (CNN) Computational Formalisms Examples

Convolution Neural Networks (CNNs)

Simple CNN Architecture Layers:
Input Layer: Receive raw image data, usually as tensors with
dimensions width × height × channels (e.g., 224 × 224 × 3).
Convolution Layers: Small learnable matrices (e.g., 5 × 5)
slide over the image input, automatically detecting features
such as edges or textures or shapes.
Max Pooling Layer: Downsampling operation to reduce
feature map dimensions (width/height) by selecting the
maximum value from sub-regions (e.g., 2-by-2 window).
Dense Layers: After feature extraction, these layers make the
final prediction based on the detected patterns.
Softmax Output: Converts the network output into
probabilities, showing the likelihood of each class.
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Convolution Neural Networks (CNNs)

Deep Learning Conceptual Diagram: Detect features in images,
starting with edges and progressing to more complex patterns.
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Convolution Neural Networks (CNNs)

Convolution Architecture: Detect features in images, starting
with edges and progressing to more complex patterns.
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Computational

Formalisms
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Vectors, Matrices, Tensors, Color Images

Vectors, matrices, tensors. Color images are
three-dimensional tensors.
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Convolution Operations

Convolutions
Convolutions are mathematical operations that take an input signal
(such as an image or datastream) and produce a transformed
output signal that highlights certain features of the input.

Mathematical: A convolution operation can be represented:

(f ∗ g) (t) =
∫ ∞

−∞
f (τ)g(t − τ)dτ (1)

Here:
f and g represent the datastream/image and filter
respectively.
∗ denotes with convolution operator.
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Convolution Operations

1D Input Signals/Arrays:
Applied to sequences or time series.
Filter slides along the input signal and performs element-wise
multiplication and accumulation at each position to produce
output signal.

2D Input Signals/Arrays:
Applied to greyscale/color images.
Filter/kernel slides over the input array and performs
element-wise multiplication and accumulation at each postion.

3D Input Signals/Arrays:
Applied to videos and/or volumetric data.
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2D Convolutions

2D Convolutions
A 2D convolution is a mathematical operation that applies a filter
to an image, producing a filtered output (also called a feature
map).

Simple Example: Sharpen filter ...
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2D Convolutions

Filter/Kernel Design:
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2D Convolutions

Filter Applied to Greyscale Image:
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TensorFlow and Python Image Library (PIL)

1 # ========================================================================
2 # TestConvolution - Example03 .py: Compute convolution ( sharpening filter ) on
3 # a real image .
4 #
5 # Source code : python -code -ai.d/ convolution / TestConvolution2D - Example03 .py
6 #
7 # Modified by: Mark Austin January 2026
8 # ========================================================================
9

10 import torch
11 import torch .nn as nn
12 import torchvision . transforms as T
13 from PIL import Image
14
15 # main method ...
16
17 def main ():
18 print (" --- Read image file ... ");
19
20 imageFile = " faces /202593. jpg"
21 image = Image . open ( imageFile )
22 image .show ();
23
24 print (" --- Convert image to torch tensor ... ");
25
26 Input = T. ToTensor ()( image )
27
28 print (" --- Unsqueeze image to make 4D tensor ... ");
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TensorFlow and Python Image Library (PIL)

30 Input = Input . unsqueeze (0)
31 print (’Input Tensor :’,Input . shape )
32
33 # Assemble convolution operation ...
34
35 print (" --- Assemble and compute convolution operation ... ");
36
37 conv = nn. Conv2d ( in_channels =3, out_channels =3, kernel_size =3, stride =2, bias=True)
38 output = conv( Input )
39
40 print ( output . shape )
41
42 Out_img = output . squeeze (0)
43
44 print (" --- Convert tensor to image ... ");
45
46 Out_img = T. ToPILImage ()( Out_img )
47
48 print (" --- Show filtered image ... ");
49
50 Out_img .show ();
51
52 # call the main method ...
53
54 if __name__ == " __main__ ":
55 main ()
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2D Convolutions
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Examples
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Convolution Neural Network from Scratch

Problem Statement:
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Convolution Neural Network from Scratch
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Recognition of Handwritten Digits

Problem Statement
Use CNNs to demonstrate recognition of handwritten digits.

MNIST Handwritten Digit Dataset
MNIST (Modified National Institute of Standards and
Technology) is a database of handwritten digits provided by
NIST.
The database contains: 60,000 training images and 10,000
testing images.
Each image is a scan of a handwritten image 0 through 9.
Differences among images are due to variations in handwriting
style.
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Recognition of Handwritten Digits

Source Code: python-code-ai.d/cnn/TestCNN-Digit-Recognition02.py

Sample Digits
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Recognition of Handwritten Digits

Model Summary
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Recognition of Handwritten Digits

Training History:



Convolution Neural Networks (CNN) Computational Formalisms Examples

Recognition of Handwritten Digits

Training History:
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Recognition of Handwritten Digits

Training History:
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Recognition of Handwritten Digits

Digit Predictions:

Legend: Prediction correct −→ green; Prediction incorrect −→ red.
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Recognition of Handwritten Digits

Confusion Matrix:
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Recognition of Handwritten Sketches

QuickDraw Dataset
The QuickDraw Dataset is a collection of 50 million drawings
across 345 categories, contributed by the players of the game
Quick Draw.

Categories:
1. aircraft carrier 16. barn 31. binoculars 46. bucket
2. airplane 17. baseball 32. bird 47. bulldozer
3. alarm clock 18. baseball bat 33. birthday cake 48. bus
4. ambulance 19. basket 34. blackberry 49. bush
5. angel 20. basketball 35. blueberry 50. butterfly
6. animal migration 21. bat 36. book 51. cactus
7. ant 22. bathtub 37. boomerang ....
8. anvil 23. beach 38. bottlecap ....
9. apple 24. bear 39. bowtie ....
10. arm 25. beard 40. bracelet 342. wristwatch
11. asparagus 26. bed 41. brain 343. yoga
12. axe 27. bee 42. bread 344. zebra
13. backpack 28. belt 43. bridge 345. zigzag
14. banana 29. bench 44. broccoli
15. bandage 30. bicycle 45. broom
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Recognition of Handwritten Sketches
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Recognition of Handwritten Sketches

Airplane Samples:
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Recognition of Handwritten Sketches

Histogram of Drawing Categories:
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Recognition of Handwritten Sketches

Dataset Format
Drawings are captured as timestamped vectors, tagged with
metadata convering what the player was asked to draw and player
location (country).

Drawing Array Format:
[

[ // first stroke ...
[ x0, x1, x2, x3, x4, .... ],
[ y0, y1, y2, y3, y4, .... ],
[ t0, t1, t2, t3, t4, .... ] ],

[ // second stroke ...
[ x0, x1, x2, x3, x4, .... ],
[ y0, y1, y2, y3, y4, .... ],
[ t0, t1, t2, t3, t4, .... ] ], ...

]

Source Code: python-code-ai.d/cnn/TestCNN-Sketch-Recognition01.py
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Recognition of Handwritten Sketches

Dataset Preview:
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Recognition of Handwritten Sketches

Dataset Preview:
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Recognition of Handwritten Sketches

Dataset Preview (Normalized):
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Recognition of Handwritten Sketches

Model Summary
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Recognition of Handwritten Sketches

Graphviz of Model
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Recognition of Handwritten Sketches

Training History

Model Accuracy
Training Set Accuracy Validation Set Accuracy Test Set Accuracy
------------------------- ------------------------- -------------------------

Training loss: 1.36 Validation loss: 1.43 Test loss: 1.40
Training accuracy: 0.66 Validation accuracy: 0.65 Test accuracy: 0.67
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Recognition of Handwritten Sketches

Visualize Predictions: Training dataset ...

Legend: Prediction correct −→ green; Prediction incorrect −→ red.
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Recognition of Handwritten Sketches

Visualize Predictions: Test dataset ...

Legend: Prediction correct −→ green; Prediction incorrect −→ red.
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