Convolutional Neural Networks (CNNSs)



What we see
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Standard Neural Network

output units

Each unit receives input from all units in the preceding layer



Key Idea: Limited Receptive Fields

In a CNN, each unit receives input only from
a small 2-dimensional receptive field
In the preceding layer



Key Idea: Hierarchical Representations
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Convolutional Neural Networks

Output Predictions

dog (0.01)
cat (0.04)
boat (0.94)
bird (0.02)
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https://www.clarifai.com/technology



Convolutional Neural Networks

Activation Maps

A

Output Confidences
100%
— — __, | Classification | ___
Module
0%
Input Layer 1 Layer 2 Layer 3 Layer 4 Dog Cat

also called Feature Maps



Activation Maps

Layer 1 Activation Maps

Layer 1



Convolution

Receptive Fields

Activation Map

Weights

1|0 |-1
1|0 |-1
1|0 |-1

410

= -10

2001 + 110x0 + 70 x-1 + 190 x1 + 90x0 + 80x-1 + 220 x1 + 70x0 + 50 x -1

90x1 +50x0 +70x-1 +70x1 +90x0 + 80x-1 +50x1 +60x0 + 70x-1



Convolution

AR
AV
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(learned weights)
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Feature map

https://github.com/pjreddie/cnn-primer/tree/master/1



Convolution

3 x 3 filter

“sliding window”




Convolution

ar + bs + ct + du + ev + fw + gx + hy + iz




Convolution
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5 x 5 filter




5 x 5 filter

10 x 10
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Stride Length 2
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https://www.youtube.com/watch?v=YRhxdVk_sls
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https://www.youtube.com/watch?v=YRhxdVk_sls







Max Pooling (“Downsampling”)

Maximum(a, b, ¢, d)




Max Pooling (“Downsampling”)

LT




Max Pooling (“Downsampling”)

D _




Max Pooling (“Downsampling”)
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Max Pooling (“Downsampling”)
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Max Pooling (“Downsampling”




ImageNet




Layer 1 Feature Detectors




Hierarchical Feature Detectors
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VGG16 Network Trained on ImageNet

224 x224x3 224X 2

/
d LA

VGGI16 Architecture

24 x 64

112 128

IX 56 X 256
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Eﬂ convolution+RelLU

@ max pooling

| fully connected+RelLU

~1 softmax
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