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Convolutional Neural Networks
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Neural Networks

ImageNet Classification with Deep
Convolutional Neural Networks
[Krizhevsky, Sutskever, Hinton, 2012]
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Figure copyright Alex Krizhevsky, llya Sutskever, and Geoffrey Hinton, 2012. Reproduced with permission.
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Neural Networks

Classification Retrieval

Figures copyright Alex Krizhevsky, llya Sutskever, and Geoffrey Hinton, 2012. Reproduced with permission.
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Neural Networks

Segmentation

= - =
Figures copyright Shaoqing Ren, Kaiming He, Ross Girschick, Jian Sun, 2015. Reproduced with Figures copyright Clement Farabet, 2012.

permission. Reproduced with permission. [Farabet et al_ . 20 1 2]

[Faster R-CNN: Ren, He, Girshick, Sun 2015]

l N U ?_ X E“UI--El—
UNICON LAB, Unmanned & Intelligent Systems Control Laboratory INCHEON NATIONAL UNIVERSITY



Neural Networks

Photo by Lane Mclintosh. Copyright CS231n 2017.

self-driving cars

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

This image by GBPublic_PR is
licensed under CC-BY 2.0

¢

NVIDIA Tesla line
(these are the GPUs on rye01.stanford.edu)

Note that for embedded systems a typical setup
would involve NVIDIA Tegras, with integrated
GPU and ARM-based CPU cores.




Neural Networks

No errors Somewhat relatec

Image
Captioning
[Vinyals et al., 2015]

[Karpathy and Fei-Fei,
2015]

A white teddy bear sitting in A man in a baseball A woman is holding a
the grass uniform throwing a ball cat in her hand

All images are CCO Public domain:
https://pixabay.com/en/luggage-antique-cat-1643010/
https://pixabay.com/en/teddy-plush-bears-cute-teddy-bear-1623436/
https://pixabay.com/en/surf-wave-summer-sport-litoral-16687 16/
https://pixabay.com/en/woman-female-model-portrait-adult-983967/

. g wicae > https://pixabay.com/en/handstand-lake-meditation-496008/
A man rldlng a wave on A Cat Slttlng ona A woman Standlng on a https://pixabay.com/en/baseball-player-shortstop-infield-1045263/
top of a surfboard suitcase on the floor beach holding a surfboard  captions generated by Justin Johnson using Neuraltalk2
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UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT-;...(!E-E!-._!..EWV



Neural Networks

NO
PARKING|%

Original image is CCO public domain
Starry Night and Tree Roots by Van Gogh are in the public domain

B . : Gatys et al, “Image Style Transfer using Convolutional Neural Networks”, CVPR 2016 =
Bokeh image is in the public domain S t t I O 1 1
Gatys et al, “Controlling Perceptual Factors in Neural Style Transfer”, CVPR 2017 erl , Iane e a - Copynght CS231n 2017.

Stylized images copyright Justin Johnson, 2017;

reproduced with permission [ C [ resan et a / 3 ]

Photos by Lane Mclintosh.
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Neural Networks

o HEBEM MZAU(Convolutional Neural Network, CNN)
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Neural Networks

E .
< HZFH(covolution)
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Neural Networks
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Neural Networks

% AEZIO| E(stride, EX)
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Neural Networks

o S™X|E(feature map)
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Neural Networks
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Neural Networks

ik

EX™ Ed(stochastic pooling)
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Neural Networks

Fully Connected Layer

32x32x3 image -> stretch to 3072 x 1

input

1 R
3072

Wax

10 x 3072
weights

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

activation
—> 1 [O
/ 10
1 number:

the result of taking a dot product
between a row of W and the input
(a 3072-dimensional dot product)




Neural Networks

Filters always extend the full

. depth of the input volume

32x32x3 image /
5x5x3 filter
32 &/
I| Convolve the filter with the image
l.e. “slide over the image spatially,

computing dot products”

32

o)

F

ok m
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_E" oNIVERSITY
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Neural Networks

__— 32x32x3 image

ox5x3 filter w
2
the result of taking a dot product between the

filter and a small 5x5x3 chunk of the image

32 (i.e. 5*5*3 = 75-dimensional dot product + bias)

] wiz+b

~~ 1 number:

o)

d

UNICON LAB, Unmanned & Intelligent systems Control Laboratory



Neural Networks

__— 32x32x3 image

5x5x3 filter
2

spatial locations

32

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

@ convolve (slide) over all

activation map

28

28

o)

Ful
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Neural Networks

For example, if we had 6 5x5 filters, we’ll get 6 separate activation maps:

activation maps

32

28

Convolution Layer

32 A

3 6

We stack these up to get a “new image” of size 28x28x6!

OIA CHTH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E"_'



Neural Networks

Preview: ConvNet is a sequence of Convolutional Layers, interspersed with
activation functions

32 28 24
CONYV, CONV, CONV,
RelLU RelLU RelLU
e.g.6 e.g. 10
5x5x3 5x5x6
32 fiters 28 filters 24
3 6 10

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

RELU RELU RELU RELU RELU RELU
CONV lCONVl CONV lCONVl CONV lCONVl

'
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Neural Networks

A closer look at spatial dimensions:

7

v

7X7 input (spatially)
assume 3x3 filter

Wit
Wit
Wit

n stride 1 : 5x5 output
n stride 2 : 3x3 output

N stride3:7?

Ol CHot
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

n practice: Common to zero pad the border

0(0j0|0]O

e.g. input 7x7
3x3 filter, applied with stride 1
pad with 1 pixel border => what is the output?

7X7 output!
in general, common to see CONV layers with
stride 1, filters of size FxF, and zero-padding with
(F-1)/2. (will preserve size spatially)
e.g. F = 3 => zero pad with 1

F =5 => zero pad with 2

F =7 => zero pad with 3

o | oOo|O0| O O

r (recall:)
I " (N - F)/stride + 1

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

Remember back to...
E.g. 32x32 input convolved repeatedly with 5x5 filters shrinks volumes spatially!
(32 -> 28 -> 24 ...). Shrinking too fast is not good, doesn’t work well.

32 28 24
CONV, CONYV, CONV,
RelLU RelLU RelLU
e.g.6 e.g. 10
5x5x3 5x5x6
32 filters 28 filters 24
3 6 10

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

Examples time: / /

Input volume: 32x32x3

10 5x5 filters with stride 1, pad 2 _/ _/

Output volume size: ? (32+2*2-5)/1+1 = 32 spatially, so
32x32x10

Number of parameters in this layer?

each filter has 5*5*3 + 1 = 76 params  (+1 for bias)
=> 7610 =760

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E"_'



Neural Networks

The brain/neuron view of CONV Layer

__— 32x32x3 image s .. - N

5x5x3 filter Tl
V cell body
1 number:
32 the result of taking a dot product between

Zwa;-{-b
3 the filter and this part of the image
(i.e. 5*5*3 = 75-dimensional dot product)

/ (Zwm ; b)

output axon

activation
function

It's just a neuron with local
connectivity...

An activation map is a 28x28 sheet of neuron
outputs:

1. Each is connected to a small region in the input
2. All of them share parameters

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '—.'—ql.:" s




Neural Networks

The brain/neuron view of CONV Layer

32

> 28 E.g. with 5 filters,

II O O O O () CONYV layer consists of
neurons arranged in a 3D grid
(28x28x5)

There will be 5 different
32 28 neurons all looking at the same
region in the input volume

OI|XA| CHOH 1
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E" sy



Neural Networks

Pooling layer
- makes the representations smaller and more manageable
- operates over each activation map independently:

224x224x64
112x112x64

pool

———

> o 112
224 downsampling
112

224

UNICON LAB, Unmanned & Intelligent systems Control Laboratory



Neural Networks

Single depth slice

MAX POOLING

>

Jl1]1]2]4
max pool with 2x2 filters
516 |78 and stride 2
312110
112 |3 | 4

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

o)

d

Ful

UNIV



Neural Networks

» UESFH UFY 1
» EY FES O UEFUEE
- A=F Y ALS Bt ConvE
* RelU A+th= St= RelU s
2 4k Pool (A EH)]

- =

» =E=E EYZ AMESIH 27 £ 2HE A= CHE T
. Mutsto 2 M| HZA =l (fully connected) FCE Bt
- 252 2% 0K 50| AZEWM A (softmax)= St= SM

_ ADEDA OJAL: Z£2{0| 70| 00|AIO|BHA T 12 Ot

—
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T
I
2l

5°)
rx
ok
N

* Conv-RelLU-Pool-Conv-ReLU-Pool-Conv-ReLU-Pool-FC-SM

* Conv-Pool-Conv-Pool-Conv-FC-FC-SM

* Conv-Pool-Conv-Pool-Conv-Conv-Conv-Pool-FC-FC-SM

* Conv-RelLU-Pool-Conv-ReLU-Pool-Conv-ReLU-Pool-FC-FC-SM

OI|XA| CHOH 1
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Neural Networks

» HBRM MFBO| X of

= Conv:1-Pool:1-Conv:2-Pool:2-Conv:3-Conv:4-Conv:5-Pool:4-FC:6-
FC:7-FC:8

Conv:1

3x3 pooling FC:6 FC:7
Conv:§x3 oaling 3x3 pooling? ? FC:8

Conv:3 Conv:4 Convi5 |@® |®

o @

s > o | o [

L] o

384 256 ® ®
3x3x384 3x3x384 3x3x256 : : 1000

3x3x256 -l Y| bt

409 4096

5x5x96
T1x11x3

UNICON LAB, Unmanned & Intelligent systems Control Laboratory
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