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Convolutional Neural Network

CNN s for Classification: Class Probabilities

INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU POOLING

v

FEATURE LEARNING

A X

1. Learn features in input image through convolution
2. Introduce non-linearity through activation function (real-world data is non-linear!)

3. Reduce dimensionality and preserve spatial invariance with pooling
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Convolutional Neural Network

CNN s for Classification: Class Probabilities

— CAR
— TRUCK
— VAN

d D. — BICYCLE

FULLY
FLATTEN CONNECTED SOFTMAX

N

CLASSIFICATION

CONYV and POOL layers output high-level features of input
Fully connected layer uses these features for classifying input image

Express output as probability of image belonging to a particular class

eyi
softmax(yi) = W
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Convolutional Neural Network

CNN s for Classification: Class Probabilities

— CAR
— TRUCK
— VAN

d D. — BICYCLE

INPUT CONVOLUTION + RELU POOLING CONVOLUTION + RELU POOLING FLATTEN EULLY SOFTMAX
CONNECTED
FEATURE LEARNING CLASSIFICATION

Learn weights for convolutional filters and fully connected layers

Backpropagation: cross-entropy loss

Hebbian learning rule  j(g) = Z y®log(yD)
i
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Convolutional Neural Network
POOL POOL POOL

ReLU ReLU ReLU ReLU ReLU ReLUI FC

Conv Conv Conv Conv Conv Conv
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Convolutional Neural Network

Introducing Non-Linearity

Apply after every convolution operation (1.e., after convolutional layers)

ReLU: pixel-by-pixel operation that replaces all negative values by zero. Non-linear operation

Input Feature Map Rectified Feature Map Rectified Linear Unit (ReLU)
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white =positive values Only non-negative values e "8 ;
Ml PR R e L g(z) = max(0, z)
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Learning Convolutional Neural Networks with Interactive Visualization.

Wang, Zijie J., Robert Turko, Omar Shaikh, Haekyu Park, Nilaksh Das, Fred Hohman,
Minsuk Kahng, and Duen Horng Chau. arXiv preprint 2020. arXiv:2004.15004.

i H k. https://github.com/poloclub/cnn-explainer
W AL . https://poloclub.github.io/cnn-explainer/
arXiv Hiihik:  https://arxiv.org/abs/2004.15004

IR & N 2522 5] AL T H——CNN f##ke4s (CNN Explainer)
RENEREA RN T — D 10 BEME ML, BE5GHE. BubkmE. mibES%.

CNN EXPLAINER runs a pre-trained

model in the user's browser
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Convolution
Input (64, 64) Qutput (62, 62)

w -0.25 = -0.22 = 0.0

-8

w =017 = -0.26 = -0.03

ﬂ:} Hover over the matrices to change kernel position.

input
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What to learn?

Feature Extraction with Convolution

AlexNetH )38
FEs (96 filters
[11x11x3])
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What to learn?

Feature Extraction with Convolution

ion

Low-Level| |Mid-Level| |High-Level| | Trainable

\
A
3

Feature Feature Feature Classifier

Deep Learning = Learning Feature

Hierarchical Representations

Feature visualization of convolutional net trained on ImageNet from [Zeiler & Fergus 201 3]
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What to learn? [Zeiler and Fergus 2013]

Visualization of VGG-16 by Lane Mcintosh.

. . . VGG-16 architecture from [Simonyan and Zisserman 2014
Feature Extraction with Convolution

: : Linearly
Low-level Mid-level High-level separable
features features features i
classifier

. N . WA A
VGG-16 Conv1 1 VGG-16

Conv3 2
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Linearly
separable —
classifier

Low-level | Mid-level | High-level
features features features

A 4

What to learn?

AMESA R RS 220

- -F i [i | EL

VGG-16 Conv1_1 VGG-16 Conv3d_2

Retinal ganglion cell LGN and V1

receptive fields simple cells Complex cells:
Response to light

= orientation and movement

Hypercomplex cells:
response to movement
with an end point

\\

Mo respanss Response
{end point)
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What to learn?

Feature Extraction with Convolution https://www.jigizhixin.com/articles/2019-01-31-13

Mles 2 Cr: 4047 Pythonf{hs,
S FVRFAE P ARAL o
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https://www.jiqizhixin.com/articles/2019-01-31-13

N4

BR?

Feature Extraction with Convolution
https://www.jigizhixin.com/articles/2019-01-31-13

=

540 256 286 NUE A
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mean activation
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https://www.jiqizhixin.com/articles/2019-01-31-13

A AHER?

Feature Extraction with Convolution
https://www.jigizhixin.com/articles/2019-01-31-13

[

mean activation

540 25 256 NUE AR

filter
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https://www.jiqizhixin.com/articles/2019-01-31-13

A AHER?

Feature Extraction with Convolution
https://www.jigizhixin.com/articles/2019-01-31-13

mean activation

540 25 462 NUENES

filter
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https://www.jiqizhixin.com/articles/2019-01-31-13
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Feature Extraction with Convolution
https://www.jigizhixin.com/articles/2019-01-31-13

540 25 277 e AR
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https://www.jiqizhixin.com/articles/2019-01-31-13

Any Questions?
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