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Computational Graph – Complex Example
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Computational Graph – Neuron
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Backpropagation– Neural Network 2 Hidden Layers
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Activation Functions
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Video in our everyday life
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Convolutional Neuronal Networks
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Youtube Every Second

� http://www.everysecond.io/youtube
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Cameras in autonomous cars



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 13

PASCAL Visual Object Challenge

[Everingham et al. 2006-2012]
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Imagenet
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ConvNets exited before 2012…
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What else can ConvNets to today ? 
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What else can ConvNets to today ? 
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Most important: Convnets can make you rich! 

26.10.2018
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Convolutional Neural Networks  
Google Trend

Neural Network
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But…
…what are Convolutional Neural Networks?

...how do they work?
...and why do we need them?
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Fully Connected Layer
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Fully Connected Layer
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Dimensions x2 ? 

18x18x10x10x4B =

129600 Byte = 0.1296 MB
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Dimensions x2 ? 

FullHD x FullHD?

1920x1080x3 x 1920x1080x3x 4B =

1.54729341e+14 B =

154.293 GB =

154 TB =

Internet Traffic of 12800 people in 2018

=> For images we need something else
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Hubel and Wiesel Experiment 1959
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Hubel and Wiesel Experiment Video
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Hubel and Wiesel
Results

• Simple cell:
• Responses to light orientation

• Complex cell:
• Responses to light orientation and movement

• Hypercomplex cells:
• Repsonse to movement with and end point
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Convolution Layer
Math and other domains

n
(f g)(x) f( )g(x )dτ τ τ∗ = −∫ℝDefinition:

https://en.wikipedia.org/wiki/Convolution1 2

1 2 1 2
n n

f(x, y) g(x,y) f(n ,n ) g(x n ,y n )
∞ ∞

=−∞ =−∞

∗ = ⋅ − −∑ ∑
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Convolution Layer
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Convolution Layer
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Convolution Layer
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Convolution Layer
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Convolution Layer
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2 1
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Convolution Layer
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Convolution Layer
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Convolution Layer
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Convolution Layer 1 1 4
2 1 k k

i, j,k x i,y j,z i, j,z i, j
x 1 y 1 z 1
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Convolution Layer 
RGB Image
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Convolution Layer



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 45

Convolution Layer
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Convolution Layer

2
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Convolution Layer
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Convolution Layer
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Low-level

feature

Mid-level

feature

High-level

feature
Classifier

Convolution Layer
Filter Visualisation
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Convolution Layer
Activation Map Visualisation



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 51

Convolution Layer
Visualisation

Input Layer

Conv. layer, 
Feature map

Relu Aktivierungfuntkion
b=-0.7

Feature 1



Agenda

Deep Neural Networks
Johannes Betz / Prof. Dr. Markus Lienkamp / Prof. Dr. Boris Lohmann

(Jean-Michael Georg, M. Sc.)

1. Chapter: Convolutional Neural Networks 

1.1 Motivation

1.2 Introduction

1.3 Dimensions, Padding, Stride

2. Chapter: Pooling

3. Chapter: CNN in Action

4. Chapter: Advanced Topics

2.1 Optimizer

2.2 Data Formatting



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 53

Convolution Layer 
Dimensions
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Convolution Layer
Dimensions
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Convolution Layer
Dimensions
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Convolution Layer 
Dimensions: Padding
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Convolution Layer 
Dimensions: Padding
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Convolution Layer 
Dimensions: Stride
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Convolution Layer
Padding with RGB Image
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Convolution Layer
Dimensions Formula

F
F

1W

1H

1D

2D

2W

2H

S

1D

P

N×

N :

F :

S :

P :

Number of Filters

Filtersize

Stride

Padding

1
2

1
2

2

W 2P F
W 1

S

H 2P F
H 1

S

D N

+ −= +

+ −= +

=

1 1 1 2 2 21 D W H 2 D W HL K L K× × × ×∈ → ∈

New Dimensions:

Keep Dimensions:

F 3 P 1

F 5 P 2

F 7 P 3

= ⇒ =
= ⇒ =
= ⇒ =
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Convolution Layer
Padding

Without padding, volume shrinks with every convolution layer. This can cause problems in 

very deep neuronal networks. Use padding!
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Convolution Layer
Example

1
2

1
2

2

W 2P F
W 1

S

H 2P F
H 1

S

D N
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+ −= +
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2D

2W
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Convolution Layer
Example

2

2

2

16 2 2 5
W 1 16

1
16 2 2 5

H 1 16
1

D 20

+ ⋅ −= + =

+ ⋅ −= + =

=
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Convolution Layer
Example

Number of parameters in this

layer?

5 5 3 1 76× × + = Paramter per filter

20 76 1520⋅ = Paramter
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Convolution Layer
Parallel module

Stacking previous

layers

1 x 1 Filter

3 x 3 Filter

5 x 5 F.

3 x 3 Filter

(example filter sizes)
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Convolution Layer
Code Example

F : Filtersize

P : Padding

„Same“ keeps

dimensions

S : Stride

N : Number of filters
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Pooling
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Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4

Size = 2x2

2 1 1 1 1

i, j i, j i 1, j i, j 1 i 1, j 1
L max(L ,L ,L ,L )− − − −=
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Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4 9

Stride = 2 



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 71

Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4 9

3
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Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4 9

3 -1
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Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4
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Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4 5

Stride = 1 
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Pooling
Max Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

4 5 9

2 5 9

3 3 -1
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Pooling
Average Pool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4

1 5

-0.5 -4.5

1 1
2 1

i, j 2i x,2 j y
x 0 y 0

1
L L

4 − −
= =
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Pooling
Dimensions

1
2

1
2

2 1

W F
W 1

S

H F
H 1

S

D D

−= +

−= +

=

1
1

F

F

1W

1H

1D

2D

2W

2H

1 1 1 2 2 21 D W H 2 D W HL K L K× × × ×∈ → ∈

New Dimensions:

S

1 1
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Pooling
With Convolution layer
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Pooling
With Convolution layer
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Unpooling
Max Unpool

1 4 0 6

-3 2 5 9

-8 3 -8 -1

2 1 -5 -4
4 9

3 -1

22 5

-3 8

0 22 0 0

0 0 0 5

0 -3 0 8

0 0 0 0

0 1 0 0

0 0 0 1

0 1 0 1

0 0 0 0
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Dimension Reduction
Fully Connected - Autoencoder

Remove Decoder 

after Training
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Dimension Reduction
Fully Connected - Autoencoder

Encoded Data
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Daimler: Weather Prediction Dr. Uwe Franke et al.



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 85

Daimler: Wetterfrosch 
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Bertha Benz 1888 -> 2013 autonom 

Fußgänger

Fahrzeuge Fahrradfahrer

Straße

Bürgersteig

Verkehrsschilder 
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Bertha Benz Fahrt
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Beispielszene
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Beispielszene
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Daimler: Cityscapes Dataset 
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Daimler: Wetterfrosch 
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Cityscapes FCN: Learning Process
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CNN-Struktur
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Cityscapes CNN: Learning Process
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Pylon Camera Results
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Galaxy S7 Results
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Video: Adversial Patch
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Mensch IBM Watson, 2012

Geschwindigkeit 10.000.000 Mia Op/s 80.000 Mia. Op/s

Energie 20 Watt 200 Kilo Watt

Effizienz 500x10^6 Mega

Flops/Watt

400 Mega Flops/Watt

=> Mehr als 50% des Hirns beschäftigt sich mit Sehen

Mensch vs. Maschine
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Optimizer
Stochastic Gradient Decent
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Optimizer
Stochastic Gradient Decent + Momentum
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Optimizer
Nesterov+ Momentum
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Optimizer
AdaGrad and RMSProp



Einführung: Convolutional Networks | Jean-Michael Georg, M.Sc. | 20.12.2018 104

Optimizer
Adam
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Data Distribution of the Input Data
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Data Distribution of the Input Data
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Data Distribution of the Input Data
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Data Distribution of the Input Data

Unormalized Data Normalized Data
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1. Neural Networks

1.1 Repititon

1.2 Activation Functions

1.3 Backpropagation

2. Convolution

2.1 Motivation

Excursion
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Regularization
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Regularization
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Regularization: Dropout
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