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Superior perfomance

IMAGENET

1k categories
ILSVRC results

1,3M images 30 28,2
Top5 classification 25,8
20
16,4 Deep learning era
15
m 11,7
snow leopard | |ffordshire ::;:E’S"’E 1 O
Ey”,t,h',‘ cn: currant 6, 7
5 3,6
= I — 2,2
1¢ O H B =

acarcat 2010 2011 2012 2013 2014 2015 2016 2017
lifeboat ’:’_Jm L]

Deep Learning - Introduction 3




New deep learning era
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Turing award 2018

~Nobel prize" in computer science

FATHERS OF THE DEEP LEARNING REVOLUTION

RECEIVE ACM A.M. TURING AWARD

Bengio, Hinton, and LeCun Ushered in Major
Breakthroughs in Artificial Intelligence

Yoshua Bengio Geoffrey E Hinton Yann LeCun

Jargen Schmidhuber
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History - Perceptron Rosenblatt, 1957

= Mark I Perceptron machine
= Frank Rosenblatt, 1957

= Binary classifier 1 if w-x+b>0,
0 otherwise

= 20x20 images f(x) =
= Character recognition
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[wikipedia]
= NYT: ,the embryo of an electronic computer that [the Navy] expects will be able
to walk, talk, see, write, reproduce itself and be conscious of its existence."
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https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.335.3398&rep=rep1&type=pdf

History — Hubel and Wiesel

Hubel & Wiesel, 1961

= The neural basis of visual perception
= 1950's and 60's

= Neurons fire on a particular orientation of a line
= Receptive fields SR

= Topographical map in the visual
cortex

= Simple and complex cells
= Nobel price in medicine in 1981

Hubel & Weisel
topographical mapping

complex cells

simplecells

oW level
[https://www.youtube.com/watch?v=Cw5PKV9Rj30]
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1359523/

History - Neocognitron Fukushima, 1980

» Fukushima, 1980

= Pattern recognition

= Hierarchical multilayered neural network
= Simple an complex cells
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https://www.rctn.org/bruno/public/papers/Fukushima1980.pdf

History - Backpropagation Rumelhart et al., 1986

= Learning representations by
backpropagating errors

The backward pass starts by computing dE/dy for each of

i il th t its. Diff iati ion (3) fi icul
* Rumelhalt, Hinton, Williams, 1986 e ouns s Dileeniois cauaion (9 for & paricr
= Backpropagation for yielding OE/dy;=y;~d, (@)

We can then apply the chain rule to compute dE/dx;
dE/ax; =dE/dy; dy;/dx;

Differentiating equation (2) to get the value of dy;/dx; and
substituting gives

3E/dx; =9E/ay; y,(1—-y)) (5)

This means that we know how a change in the total input x to

an output unit will affect the error. But this total input is just a

linear function of the states of the lower level units and it is

also a linear function of the weights on the connections, so it
Internal is easy to compute how the error will be affected by changing
Representation these states and weights. For a weight w;, from i to j the
Units derivative is

representations in hidden layers

=3E/axj"y,' (6)
and for the output of the i*" unit the contribution to JE/ aY;

Input Patterns
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http://www.cs.utoronto.ca/~hinton/absps/naturebp.pdf

History - LSTM

= Hochreiter & Schmidhuber,1997

= Improved recurrent neural networks

= QOvercoming vanishing gradient problem
= Long short-term memory
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Hochreiter & Schmidhuber, 1997



https://www.researchgate.net/publication/13853244_Long_Short-term_Memory
https://www.researchgate.net/publication/13853244_Long_Short-term_Memory

History — LeNet-5

= Gradient-based learning
Applied to Document Recognition

= [eCun, Bottou, Bengio, Haffner, 1998
= Convolutional Neural Networks
= MNIST dataset

%MI LeNet 5 | peseancw
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= Architecture LeNet-5
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http://www.cs.utoronto.ca/~hinton/absps/naturebp.pdf
http://yann.lecun.com/exdb/publis/pdf/lecun-98.pdf

History - pretraining

* Reducing the Dimensionality of Data ..
with Neural Networks K

w :
2 Top !

* Hinton & Salakhutdinov, 2006 S R
= Autoencoder I

= Effective way of initializing the welghts Tw, |
= Pretraining, fine-tuning :
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https://classes.cs.uoregon.edu/17S/cis607bddl/papers/Hinton2006.pdf
https://classes.cs.uoregon.edu/17S/cis607bddl/papers/Hinton2006.pdf

History — AlexNet: beginning of new era

= ImageNet classification with
deep convolutional neural networks

= Alex Krizhevsky, Ilya Sutskever, ;
Geoffrey Hinton, 2012 '_'":'

= JLSVRC 2012 Winner
= Significantly improved the results in several

container shi motor scooter
< ship motor scooter

ow lifeboat go-kart uar
ckroach amphibian moped cheetah
ck fireboat bumper car snow leopard

h drilling platform golfcart Egyptian cat

computer vision tasks P L

= AlexNet architecture

dansa

2048

Krizhevsky, 2012

Deep Learning - Introduction


https://proceedings.neurips.cc/paper/2012/file/c399862d3b9d6b76c8436e924a68c45b-Paper.pdf
https://papers.nips.cc/paper/2012/hash/c399862d3b9d6b76c8436e924a68c45b-Abstract.html

New deep learning era

* More data!
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Dataset size

Dataset size (number examples)
Y
S
ot
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Goodfellow et al., 2016



https://www.deeplearningbook.org/

Neural network size
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Deep learning - the main concept




Representation learning

* Conventional two-stage computer vision/machine learning approach

s — Feature -
y — % Features |—> | Classification )—>| Class

- 1

> | Classification |—™ Class
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Deep learning and Al

Deep Representation Machine Artificial

learning learning learning intelligence
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End to end learning

= Representations as well
as classifier are being
learned
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Typical solution

Korak 1: Zajem podatkov




Arhitecture

= Training the model
= Inference

Segmentation Classification sub-network
sub-network




Detection of surface defects

Kolektor SDD

< ( ) ¥
v . o |

£ :
[rue Megathte False Posithe
‘v - Y (g B i fl ~
Ve DB M e RS 2!
I g
. » 2 »d ¢
s e TuR

True positives True positives rue negatives

Q
> . =
= -—
= =
b D
S =

. Q
@ &
= =
s .

I (NN

Deep Learning - Introduction



Object (traffic sign) detection Ve
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. VicC®Ss
Obstacle detection on autonomous boat sualgiive

Seamentation mask Frequency weighted |0U; 92.15%

Mean pixel accuracy: 95.27%

4
- ﬂ?“ Mean IOU: 91.95%
‘ £ ¥ Code and info
W, Edge: 9.1px [0.75 4
l e V- Edge; 9.1px [0.7%] [§] [&]
Total TP 704 o :
Total FF; 0
Total FN: 23
Total F1: 98.4%

USV equipped with
different sensors:
« stereo camera
- IMU
« GPS
« compass

Segmentation based on
RGB + IMU




Ski jump style scoring
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i . ViC®@S
Sentiment analysis Sualgiake




i ViC@s
Image generation Jocian
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i : Vic@s
Deep reinforcement learning Sualgnitive
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Problem solving

Complexity

Routine solutions

Rule-based solutions

Data-driven solutions

General intelli

ence
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Development of deep learning solutions
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Knowledge and experience count
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