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Overview

* Postal Automation

Retinal Stimulus Reconstruction
* Handwriting Recognition

— HMM

— RNN
* Deep Learning

— Geolocation of Images
— Game of Go

— Playing Atari
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Postal Automation
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IT
Neurobiology

Retinal Stimulus
Reconstruction



Retinal Stimulus Reconstruction
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Retinal Stimulus Reconstruction




Retinal Stimulus Reconstruction
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Retina 3imulator
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Handwriting Recognition

Hidden Markov Models
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Preprocessing
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Character Models
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Lexicon-free Recognition

Recurrent HMM

Postprocessing with
language models:

* N-grams
* Lexika
* Rules




Viterbi-Decoding

[F] J

Word models

Prefix-Trie

* Merge word beginnings

* Maximize probability at word endings
Beam-Search

* Calculate only activated nodes

* Deactivate nodes with low likelihood



FARErFFINRRA AN

A g
N YY YY
EEENEE




III
Handwriting Recognition

Recurrent Neural Networks



Feedforward NN vs. Recurrent NN

QDutput Layer

Hidden Layers B! L ’9'
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Input Layer

Recurrent neural networks (RNNs) allow cyclical connections.

Input Layer



Recurrent Neural Networks
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Long short term memory

NET OUTPUT
'

OUTPUT GATE
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Vanishing Gradient

LSTM

outputs |'/- ™ /’ “‘\ e ‘\
\7_/ \T/

outputs

hidden hnl:lden .—» .—> .—) .—» .—)
layer ayer

inputs /- N /-[\ .’/J-\ﬁ |'fI\| {/I\ |"/I-\"|
inputs : ‘ \ J N / N/ S N N



Multi-dimensional
Recurrent Neural Networks
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RNN Training

Backpropagation
CTC-Layer: Forward-Backward-Alignment
determines error function

Similar to Expectation-Maximization

Stabilizing by fixed alignment during first training
epochs



Recurrent Neural Networks

M M AM )A MMM

==

Jacobi-Matrix: Shows the input range
relevant for classification



Handwriting recognition with RNN

+ WRR cursive handwriting 95% (lexicon 10k)
+ CRR machine print 99,6%

+ Robust

+ Trains language models

- Slower than HMM (training and recognition)



IRPI

International Association for Pattern Recognition

The organizing committee of ICDAR 2013 certifies that

Marc-Peter Schambach, Joerg Rottland, and Sheikh Faisal Rashid

won First Place in the

ICDAR 2013 Competition on Multi-font and Multi-size
Digitally Represented Arabic Text

é " | el e
August 28t 2013 Dy

ICDAR 2013 General Chair




II1

Reading & Interpretation
Vision & Understanding

Future Directions



Vision & Understanding: Operation Pipeline

Objects of Interest > Recognition > Interpretation
Image Processing Deep Learning Databases, Rules
Deep Learning Databases, Rules

Deep Learning









IV
Deep Learning

Recent Applications



Photo Geolocation

with

Convolutional Neural Networks
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Figure 2. Left: Adaptive partitioning of the world into 26,263 S2 cells. Right: Detail views of Great Britain and Ireland and the San
Francisco bay area.



Convolutional Neural Networks

Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected
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Pheto by ChrisL AK / CC BY NC Phato by J. Stephan Conn / CC BY NC Photo by Tameio7 / CC BY NC

Pred: Hanava, Cuba Pred: Iceland Pred: Scotland Pred: Seychelles
GT: Long Beach, USA GT: Alaska, USA GT: Alaska, USA GT: British Virgin Islands

Ph by Rex Gray / CC




— H

Zimbaly
Bulawayo

Gaborope

- Pretor
e etoria

o
Johannesbirrg S

v Bloemfontein
L
7o
South Africa

East London

Cape Town Port Eizabeth

Namibia / Botswana

Photo by siamjack / CC BY NC

T U e

Hanal¢i
(=)
Halelpa Forest
a Pali-Kona Adscrve
bresteserve K
WAL e kooa  Kopan
Fdrest Reserve
Wailus ; ¢
) Photo by ryan + sarah / CC BY NC Phota by stuartichambers / CC BY NC Phato by samgraver / CC BY NC
X )

Uinue

Photo by steve-stevens / CC BY NC

p rrm——gmE
3

s

sta
Ecuador
| G
s
Cuee
Photo by victord08 / CC BY NC Photo by Domen Jakus / CC BY NC
5
chilars
S i
ot

Galapagos Islands e R =S

fe
JoTiARR

8TH ARR!
e g i
o= e | o
Fuedeluersne.  Muse®du Louvre A =
e o e Phato by fred_v / CC BY NC  Phota by Turansa Teurs / CC BY NC
-, Paris
“ 5 7TH ARR. Bagy i, S T
e
| # BTHARR.
z 5 - 3
% 5TH ARR.
15TH ARR o
Tour Monipmasse g

e
Ot Royar

EEA Gl

Pa ris Photo by JA_FS / CC BY NC

b sy
Phato by CedEm photographies / CC BY NC



Geolocation Error (log scale) [km]

Geolocation Error: PlaNet vs. Humans
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More examples
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Mastering the Game of Go
with
Deep Neural Networks

and Tree Search
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Neural Network Architecture

Policy network Value network
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Neural Network Training Pipeline

Rollout policy SL policy network RL policy network Value network
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Monte Carlo Tree Search
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Selecting Moves
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AlphaGo: Results

Short name Computer Player Version Time settings CPUs GPUs KGS Rank  Elo
ff"f-up Distributed AlphaGo ~ See Methods 5 seconds 1202 176 — 3140
Oy AlphaGo See Methods 5 seconds 48 8 — 2890
C'S CrazyStone 2015 5 seconds 32 — 6d 1929
ZN Zen 5 S seconds 8 — 6d 1888
PC Pachi 10.99 400,000 sims 16 - 2d 1298
Fd Fuego svn 1989 100,000 sims 16 — — 1148
GG GnuGo 3.8 level 10 I — Sk 431
C'Sy CrazyStone 4 handicap stones 5 seconds 32 - - 2526
Z Ny Zen 4 handicap stones 5 seconds 8 - — 2413
PCy Pachi 4 handicap stones 400,000 sims 16 — - 1756

Extended Data Table 6: Results of a tournament between different Go programs. Each program
played with a maximum of 5 seconds thinking time per move; the games against Fan Hui were
conducted using longer time controls, as described in Methods. C'S;, ZN, and PC; were given 4
handicap stones; komi was 7.5 in all games. Elo ratings were computed by BayesElo.



Playing Atari
with

Deep Reinforcement Learning
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Playing Atari: Results

B. Rider | Breakout | Enduro | Pong | Q¥bert | Seaquest | S.Invaders
Random 354 1.2 0 —20.4 157 110 179
Sarsa [3] 996 5.2 129 —19 614 665 271
Contingency [4] 1743 6 159 —17 960 723 268
DQN 4092 16 470 20 1952 1705 581
Human 7456 31 368 —3 18900 28010 3690
HNeat Best [§] 3616 H2 106 19 1800 920 1720
HNeat Pixel [§] 1332 4 91 —16 1325 800 1145
DQN Best 5184 225 661 21 4500 1740 1075




Round-Up

* Neurobiological background

°* Script Recognition

Image Classification

* Strategy Games

Video Games

What are your problems to be solwved?
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