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AIML@LU

 Already a lot of activity within Al an ML
— Historically
— at Lund University
— within industry and society in the region.
— As will be shown today
« What can a network help with?
— Stronger network (for new courses, research, innovations)

— Communication

« How should we develop the network? LUNDS

UNIVERSITET



Agenda AM

10:15-12:00 Introduction to AIML@LU, Round Table Presentations

Introduction — Sylvia Schwaag Serger, Kalle Astréom
WASP — Karl-Erik Arzén

LUCE — Susanne Norrman

Centre for Mathematical Sciences — Kalle Astrom
Computer Science — Jacek Malec

Automatic Control — Bo Bernhardsson

Astronomy and Theoretical Physics, — Mattias Ohlsson
Philosophy — Christian Balkenius

Medicine - Einar Heiberg

Al: On Fairness and Accountability — Stefan Larsson

Social Sciences — Maria Hedlund

»

LUNDS
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Agenda PM

12:00-13:15 Lunch sandwich in the foyer
13:15-14:00 Group discussions with the following themes (so far):

* Undergraduate education (Mattias Ohlsson)

« Commissioned education (LUCE Susanne Norrman/Anders Dackehed)
» Social Sciences, humanitiesand Al (Robert Willim)

* Developmentofthe AIML network (Jonas Wisbrant)

 Machine learning for real-time analysis and decisionmaking (Caterina
Doglioni)

Other sugestionsfor themes?

14:15-15:00 Wrap-up — presentations from group discussions “
15.00 and onwards Coffee and continued discussions in the foyer LUNDS



AIML@LU WS 29 May in space and time

113.15-14.00

Undergraduate education: ??7?
Commissioned education: ??7?
Social Sciences, humanities

12:00-13:00 Al 279
Lunch Development of the AIML
studid network: 27?7
LrH
14:15-15:00 m Datavetenskap
Wrap-up | MH |

Matematikcentrum

. -
Morning
session

15:00—
Afternpon coffe LUNDS
and mlngle UNIVERSITET
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45 active researchers in the
70 contacts field

FILTER SEARCH RESULT

A lt 25 LU researcher and
Webbs ¢ : Contact interested in the AIML field

Staff category 1-64 of 64

Machine Learning [33] (]
Deep Leaming [20] ()
Robotics [12] ]
- P eo p Ie Computer Vision [11] ()
Knowledge Reasoning [10] (]
Ethics [8] ()

* CO u rse_s a nd Bayesian Networks [7] (]
education Friendly Al [7] )

Natural Language Processing [7] (]

Jessica Abbott Najmeh Abiri

Martin Ahrnbom Christian Antfolk

Send more cou rses! EXPORT SEARCH RESULT
3

* Overview and
IinkS to reseaI’Ch ':-‘ Christian Balkenius

groups PAIN

Contribute!

Philipp Birken

LUNDD
UNIVERSITET



LUCRIS entity

5 participants

Affiliate yourself!

Affiliate ALL AIML
research projects!

= Artificial Intelligence and Machine Learning
.' Project: Network > Internal collaboration (LU)

g ©

Identification

Title

Artificial Intelligence and Machine Learning
Short title Acronym
AIML in Lund AIML
Description

The network for Artificial Intelligence and Machine Learning at Lund
University (AIML@LU) is a faculty wide platform for research, education and
innovation in the area. The network has been formed to consolidate these
activities and simplify contacts with students, industry and society as a
whole.

Participants

Related project participants *
A Kalle Astrém, PI

Internal person

& Mathematical Imaging Group
Organisational unit: Research group

A Jacek Malec, PI

Internal person

/ﬁ\ Department of Computer Science
Organisational unit: Department

A Stefan Larsson, P

Internal person

4 Real Estate Science
Organisational unit: Division

A Mattias Ohlsson, PI
Internal person
4 Department of Astronomy and Theoretical Physics
Organisational unit: Department
A Christian Balkenius, Pl
Internal person
4 Cognitive Science
Organisational unit: Division

Software!

Add up to three
AIML publications!

Add OPEN AIML

Id: 41261280

Life cycle

Classifications

Project type
Network

ature of activity type
0 Internal collaboration (LU)

Research outputs

W Semantic segmentation of microscopic
images of H&E stained prostatic tissue
using CNN
Research output: Research - peer-review > Paper in
conference proceeding

@! Algorithmic governance and the need for
consumer empowerment in data-driven
w.orkets
Research output: Research - peer-review > Article

@! Automatic Gleason grading of H&E stained
microscopic prostate images using deep
convolutional neural networks
Research output: Research - peer-review > Paper in
conference proceeding

A Debattinligg: "Idag integreras artificiell
intelligens i manniskors vardag utan att det
finns tillracklig kunskap om vad det
innebar. Lagar och regler slapar efter”
Research output: Popular science > Newspaper
article

Q! Improving a real-time object detector with
compact temporal information
Research output: Research - peer-review > Paper in
conference proceeding



Research Portal

LUND!
Find researchers, h outputs (e.g. ications), projects and units at Lund University INENGLISH | PA SVENSKA e P rt 1
People  Research Outputs m Organisation Search C a
t . t

Home ; Projects / Artificial Intelligence and Machine Learning / Research Outputs /

Artificial Intelligence and Machine
Learning

PROJECT: NETWORK » INTERNAL COLLABORATION (LU)

Overview Projects
Search within research outputs related to Artificial Intelligence and m
» More filtering options
FACULTY oF EnGNEERING, LT [reov———
1-4outofd Publication date |F
2018 AIML @ Lund University

LUND
UniveRsTY

LUND UNIVERSITY

Debattinlagg: “Idag integreras artificiell intelligens i manniskors vardag utan att det finns @

tillracklig kunskap om vad det innebar. Lagar och regler slapar efter” .
Fellander, A., Heintz, F., Cedering Angstrom, R., Anneroth, M., Fellander-Tsai, L. & Stefan To I nteg rate to First WOI‘kShOp within AIML@LU - Kick-Off AIML@LU
Larsson 2018 May 7 Sydsvenska Dagbladet WOI‘kShOp 29 May 2018 Research on artificial
Cantributicn to specialist publication or newspaper » Newspaper article intelligence and machine
A ' i R AI M L web b The network for Artificial Intelligence and Machine Learning at Lund m"—:::ﬂ
Improving a real-time object detector with compact temporal information 8 University (AIML@LU) s a faculty wide platform for research, education and gm: o
Martin Ahrnbom, Bome Jensen, M., Karl Astrém, Mikael Nilsson, Hakan Ardé & Moeslund, innovation in the area. fn“i":ﬁ""“““"’“’“‘"
T.2018 Jan 19 i Confe on C Vision ops, 2017: Comp M.ch?;m.‘m
Vision for Road Scene Und ding and A Driving Workshop. |EEE--Institute :’I“:::‘"" e Thee 1 o motsaton e University (AIML@LU) s
of Electrical and Electronics Engineers Inc., p. 190-197 8 p. ’ mﬁ:;‘f:’::‘d‘“

Chapter in Book/Report!/Canference proceeding » Paper in conference proceeding A i
of Lund University. e

2017

Semantic segmentation of microscopic images of H&E stained prostatic tissue using CNN
Isaksson, J., Ida Arvidsson, Kalle Astrom & Anders Heyden 2017 Jun 30 2017

I Joint Confe on Neural I IJCNN 2017 - Proceedings. Institute
of Electrical and Electronics Engineers Inc., Vol. 2017-May, p. 1252-1256 5 p. 7965996

Chapter in Book/Report!/Canference proceeding » Paper in conference proceeding

Automatic Gleason grading of H&E stained microscopic prostate images using deep
convolutional neural networks

Gummeson, A., Ida Arvidsson, Mattias Ohlsson, Niels C. Overgaard, Agnieszka
Krzyzanowska, Anders Heyden, Anders Bjartell & Kalle Astrom 2017 Medical Imaging L u N D S
2017: Digital Pathology. SPIE, Vol. 10140, 1014008

Chapter in BookiRepoet/Canfel ding » Paper in conference pracoeding UNIVERSITET




Expectation management Consider
. your position
Who am I in the us-network?

Personal position towards Al
Al as research domain Al as method in research

AN

Personal objective
mproving Al as such Improving the response towards Al

£

Passive observer in network Active contributor

Personal position towards Al
In depth research Cross disciplinary research

Role in the AIML network >

VNN

Want to contribute to
Improving Al education Improving Al research

N

LUNDS

UNIVERSITET
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Our interest in AIML?
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Our interest in AIML — free text A-F

Al as a part of clinical work flow, diagnostic image

evaluation

Al for Software Engineering

Al in society

AIML in signal processing

AIML in wireless communication
AIML medical applications

Application of Control to Computer-related
problems

Applications in life sciences
Applications of AIML to software engineering

Apply machine learning to classify remotely
sensed image data from satellite or aircraft

Applying learning techniques to crypto and

security.

Bayesian decision theory
Biological neuronal networks

CNN

Cognitive architectures

Constraint Programming

Control theory,

Cultural analysis of machine vision
Differential equations

EEG and fMRI data analysis; Cognitive
neuroscience of memory; Brain—-computer

Efficient implementation

Feature extraction

'\ ‘Hi
NS

UNIVERSITET
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Our interest in AIML — free text H-Z

Hardware/material science related to Al

How to use a PowerAl box (AC922)

Human-Robot Interaction

Human-Robot Interaction

Image change detection

Image reconstruction

Image time series analysis,

Knowledge-Based Systems

LSTM

Machine learning to enable real-time decision making
Medical imaging

Methods for medical (genetic) variation interpretation
Modelling

Neuroimaging (e.g. MRI, PET)
Neuromorphic computing
Optimization algorithms for ML.
Perceptions an social shaping of Al
Quantum Information
Reinforcement learning

Requirements engineering and user aspects for Al
applications

Researching social, cultural and philosophical aspects
of AIML

Semantics
Social science input in Al research

Software Engineering for Al and vice versa
LUNDS

UNIVERSITET



Two moderated mailinglists

aiml-intern@listserver.lu.se  "#subserber

aiml-public@listserver.lu.se 9 subscribers



mailto:aiml-intern@listserver.lu.se
mailto:aiml-public@listserver.lu.se

Add up to three

Contribute to the AIML network AIML publications!

Send more courses! Affiliate AIML o
i |
research projects! LUCRIS
WEB ol " Add open AIML
= ;- Affiliate yourself! Software and
2 |@ applications!
Research Calendar events Tutorials for Need meets
descriptions! and news! appliers providers
Recommend Participate in events Invite to events Create events and
people to and workshops and workshops workshops
participate: ST
- Events Share Invite to guest Co-design research e
- Send list knowledge lectures projects proposals LUND

- Web page

UNIVERSITET
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Wallenberg Autonomous Systems
and Software Program

2017, November 14:

1000 MSEK more for Al from KAW (plus in-kind from
universities and industry)

2018, March:

295 MSEK more from KAW until 2026 with 150 MSEK for Al
(plus in-kind from universities and industry)

Total budget now 3.5 billion SEK (with 2.6 billion from KAW)

S p | WALLENBERG Al,
AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Al initiative
Two main focuses

e Al/ML,DL,X
* ML: Machine Learning, DL: Deep Learning
e X: X for other Al and for eXplainable Al (XAl)
* Led by Danica Kragic

e Al/Mathematics

* Theoretical basic questions of Al in the broadest
sense

* Led by Johan Hastad

S p | WALLENBERG Al,
AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




WASP Organization

" International Sci. - | Program Board
Advisory Board :
) ' Program
Lars Nielsen b
Director

Karl-Erik Arzén Johan Hastad Danica Kragic

WASP Research | WASP Graduate

h ' ’ '
Program School Al/Mathematics Al/ML, DL, X

\/\//\S ID ’ WALLENBERG Al,
AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Al initiative - components

5 Wallenberg Professors in Al Total 100 MSEK.
14 recruitment packages a 15 MSEK within AI/ML,DL,X. Total 210 MSEK.
14 recruitment packages a 10 MSEK in Al/Mathematics.  Total 140 MSEK.

40 PhD students in AI/ML,DL,X. Total 160 MSEK.
40 PhD students in Al/Mathematics. Total 140 MSEK.
20 Industrial PhD students in WASP's current model. Total 48 MSEK.
Reinforcement of calculation infrastructure. Total 70 MSEK.
A career program 2021-2026. Total 70 MSEK.
Overall collaboration. Total 25 MSEK.
At the disposal of the Board 2023-2026. Total 60 MSEK.
Operations, guests, management, and coordination. Total 77 MSEK.
Post doc program Total 50 MSEK.
WASP-AI (funding from KAW) Total 1150 MSEK.

WALLENBERG Al,
AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Current Calls
WASP-AI/MATH Recruitments

 Assistant Professor packages
« 6 out of 12 proposals granted in first round

* One to Lund - "Numerical Optimization for Large-
scale Machine Learning’

WASP-AI/MATH University PhDs

» 18 proposals out of 84 selected to be advertised

 Two from Lund:
* Carl Olsson, Mathematics
« Tatyana Turova, Mathematics

« 15 out of the 18 will receive funding

WALLENBERG Al,
\/\//\ AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Current Calls
WASP-AI Industry PhDs

» 59 proposals received
« KTH - 26
 LinkoOping - 12
* Lund - 10 - (Sony*2, Saab, Mapillary, Arm, Acconear,
Combitech, Dirax, nok9, ProgenicsPlasma)

 Chalmers -6
« Umea -2
« Uppsala and Orebro - 1 each
» 15 will be accepted in the first round

S p | WALLENBERG Al,
AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Current Calls
WASP-AI/MLX University PhD Projects

» Collaboration projects
* Machine Learning
* Two-three Pls and 2-6 PhDs

* Deadline first round: June 3

WASP-AS Expeditions
» Covers the entire WASP
 Two Pls and 2-4 Postdocs
» Deadline first round. August 10

\/\//\S p | WALLENBERG Al,
AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Current Calls
WASP-AI/MLX Recruitments

e Seven in the first round
» Expression of Interest

« So far 12 received out of which one wants to go to
Lund

» Very few are interesting or eligible for funding
« Absolutely necessary that you search actively

WASP Wallenberg Chairs in Al

* Five full professor

 Bertil Andersson (formerly with NTU) hired as
recruiter

* Will be very difficult to find

WALLENBERG Al,
\/\//\ AUTONOMOUS SYSTEMS
AND SOFTWARE PROGRAM




Lund University
Commissioned Education



Uppdragsutbildning — ett
strategiskt verktyg

en viktig, men idag underutnyttjad, kanal for att fora ut bade generell
kunskap och de senaste forskningsresultaten och darmed bidra till
samhallsutvecklingen

ska fanga upp omvarldens behov samt erfarenheter och fora tillbaka
bade undervisning och forskning, vilket bidrar till universitetets
kvalitetsutveckling.

ar en motesplats for forskare och kursdeltagare for utbyte av
erfarenheter

oppnar for annan samverkan samt forskningssamarbeten

ett satt att bidra till internationalisering

mer flexibelt och anpassningsbart till omvarldens behov

&
HIN666 3,
2
’!',_\ 1 \\\

UNIVERSITY



Nyckeltal

130 kurser
och program

40 % internationella
deltagare

Ca 80 milj
omsattning

3100 deltagare

80/20
Nationella/Internationella
kunder

© v
%,
CHNTPAS
& 5
0511V

UNIVERSITY



Stod fran LUCE

 Avtal och fakturering

| samarbete med institutionerna:

« Marknadsforing och uppsokande forsaljning

» Radgivning och konceptutveckling

« Stod kring e-larande

* Projektledning

* Deltagarhantering och utbildningsadministration

» Kvalitetssakring

LUND

UNIVERSITY



ara omraden

Ledarskap, Organisation Digitalisering Teknik, Material Hallbar utveckling
& Arbetsmiljo & Design & Samhallsplanering

oRpPus
15 CANONIg)

Social hallbarhet, Juridik Medicin & Hilsa Lirande & Innovation &
& Samhallsutveckling Pedagogisk utveckling Entreprendrskap

LUN

UNIVERSITY



Utmaningar fOr universiteten

 tydligare utbud for livslangt larande
« gora utbudet tillgangligt och flexibelt.

« vara med och skapa maojligheter for dialog for att fa
Intressenternas input till vilka utbildningar som behovs

UNIVERSITY
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Arbetsmarknadens behov och
forandring

 Okad andel hdgutbildade
« Snabb teknikutveckling

« Krav pa okad innovationsformaga och starkt
konkurrenskraft

« Spritt behov
« Langt arbetsliv

« Matchning

UNIVERSITY
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Artificiell Intelligens

* Nationell satsning
* Vinnova-satsning
« Workshop i eftermiddag
- Vilket kompetensbehov finns?
- Vilken ar malgruppen?
- Vilken utbildning skulle LU kunna bidra med?

UNIVERSITY
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Artificial Intelligence and Machine Learning
Kalle Astrom, Centre for Mathematical Sciences, Lund University




Centre for Mathematical Sciences
Lund University

* Mathematics, Mathematical Statistics, Numerical Analysis
* Around 100 members of staff.

» World-classresearchin a number of areas, including partial
differential equations, computer vision, machine learning,
dynamical systems, numerical analysis

» Fields medal (Lars Hormander, 1962)

» Gustafsson Prize (AMelin, AMeurman)

* Marr Prize (Fredrik Kahl, 2005)

» Clay Prize (Nils Dencker, 2006)

» Wallenberg Price (Erik Wahlén, 2016)

* PASCAL Challenges (C Sminchisescu, 2009-2012)

» Topics: Machine Learning, Deep Leaming, Computer Vision, Medical
Image Analysis, Statistical Signal Processing, Analysis of sound and
radio, Applications, Probability theory, Optimization, Numerical
Methods.

LUND

UNIVERSITY




Research

Research Topics
« Geometry and 3D
« Decision support — e-health
« Traffic safety
* Precision Dairy Farming
* Precision Agriculture
« Smart Cities
« (Genomics

» Detection of explosives
(NQR)

N
TN
S




Computer Vision 3D understanding
Mapping. Localization

* Internship 1990

* Master’s thesis 1991

« Autonomous Systems

« Geometry

* Optimization

* |ndoor and Outdoor
positioning

* Kiruna-mine

UK
ST
F5 51>

UNIVERSITY



Example Segmentations

Ground truth BROOKES_AHCRF

UOCTTI_LSVM_MDPM BERKELEY_POSELETS_ALIGN_PB BONN_SVR_SEGM

Sminchisescu. LUND
Winner of PASCAL segmentation challenges 2009, 2010, 2011, 2012 HNvERSTY



CVPR, ICCYV, Challenges
Deep learning

Testi |mages for ”Hammer

Classification
0.3 rozm
s 0.26
=
()
c 0.2
o 0.16
=
.8 0.12
=
2 0-1 0.07
Y OO38 o oo
o L I
2010 2011 2012 2013 2014 2015 2016

Human
performance

LUND
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Teaching

 Machine Learning
* Image Analysis

« Computer Vision
« Spatial statistics

* Linear and logistic
regression

* Project course math/applied
math

 Master’s thesis

Optimization
Combinatorial Optimization

lterative Solution of Large
Scale Systems in Scientific
Computing

Probability Theory
Nonparametric inference

Mathematical foundations of
probability

LUND

UNIVERSITY



Applications, Collaborations, Startups

Collaborations Startups from
« Danaher Motion .
. Hovding « Mapillary
+ Sony « Polar Rose
+ Axis
. SLU * Decuma
- Anoto Cognimatics
« Cellavision N
« Combain Spudeo
+  Ericsson Ange Optimization
* Flatfrog .
+  Precise Biometrics * Mometric
y gela_:(am * Nocturnal Vision
. | R .
« Ximantis

« Region Skane

e Qlucore
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JACEK MALEC




http://cs.1th.se

People:

Elin Anna Topp
Pierre Nugues
Volker Kriger

Robotics and Semantic Systems, http://rss.cs.lth.se

Software Engineering, http://serg.cs.lth.se
Embedded Systems Design, http://esd.cs.lth.se

- Software Development, http://sde.cs.lth.se Klas Nilsson

* .. Jacek Malec

* http://nip.cs.Ith.se, Krzysztof Kuchcinski
« http://ai.cs.lth.se, Flavius Gruian

» http://jacop.cs.lth.se Per Runeson

Christoph Reichenbach

Teaching Al, ML and Intelligent Robotics since 1990s
Hundreds of examination projects related to Al and ML

LLUND

UNIVERSITY


http://cs.lth.se
http://rss.cs.lth.se
http://serg.cs.lth.se
http://esd.cs.lth.se
http://sde.cs.lth.se
http://nlp.cs.lth.se
http://ai.cs.lth.se
http://jacop.cs.lth.se

RSS research interests: knowledge representation, robotics, human-
robot interaction, robot cognition, natural language processing

e Useable programming methods and tools

¢ Interpreting human behaviour

e Knowledge-based robotic cognition

Errors!
Errors!
Errors! B

5 et

AR
e

LUND
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Finding Interaction Patterns

Question was: Can we find re-occurring patterns in user behaviour that tell us about their
communicative intentions, in case the utterance is ambiguous?

Yes, we can! We can find them using, e.g., Bayesian Classifiers

LUND

UNIVERSITY



Natural Language Processing

creating prediction models

for heart transplantation

Semantic processing for large multilingual corpora

The goal is to structure knowledge in text as a grap

1. Input text: Shakespeare was born
and brought up in Stratford-upon-
Avon, Warwickshire,

2. Extracted predicates:
born(Shakespeare, o» in [
Stratford-upon-Avon)
brought up(Shakespeare,
Stratford-upon-Avon)

3. Resulting graph (coreference and
entity linking):

All our models use machine-learning techniques trained on annotated corpora and/or Wikipedia

William Shakespeare | was born and brought

Yo eariey }\}/
' hopstone /

W
\ Lo

: CoNLL 2008, semantic parsing, English, 1st
¢ CoNLL 2009, semantic parsing, 7 langs, 2nd
" CoNLL 2011, Coreference, English, 4th (2nd

with the corrected evaluation script)

CoNLL 2012, Coreference, English,

recently: entity linking, English, Chinese,
Spanish |

LLUND

UNIVERSITY



How can a robot learn to do a specific
job?

Can the robot find strategies its own?
How can the human help?

Can the robot learn from other robots?

Following ideas of AlphaGo Zero:

e Use Deep Learning from Simulation
(top)

Use Bayesian learning for physical
exploration (bottom)




Make robots understand, that they do not understand!

* true cooperation of humans and robots in industrial settings

* representation of and reasoning about cooperative skills

« awareness of time flow and its consequences

« mutual understanding and trust

« awareness of misunderstandings and lack of knowledge

 learning cooperative skills

» talking to (or with) robots in English, Swedish, German, Polish, ...
 learning semantics of new robot skills, transforming it into knowledge
* robotic learning in the context of various industrial applications
* teaching a robot resg




Constraint Reasoning: Al since XX century

» JaCoP: a constraint solver with Java API (http://www.jacop.org)
» JaCoP-related ideas:

 constraints or models for Bayesian networks

« simple NN analysis using constraint programming

« using CP for optimisation useful in NN construction

 using constraint reasoning for generating explanations
 FSM inference using RNNs
* NNs for predictive maintenance and fault detection

LLUND

UNIVERSITY


http://www.jacop.org

AI/ML for SE

 Assist software engineering tasks with Al/

ML

— Automated bug assignment to teams

— Automated selection/adaptation of
features

Empir Software Eng

"B CrossMark
DOI 10.1007/510664-015-9401-9 @ a—

Automated bug assignment: Ensemble-based machine
learning in large scale industrial contexts

* Future work:
— Automated repair
— Automated refactoring
— Automated optimisation/configuration
— Decision support for SE

— Internet bots to support software
developers

— Automated testing

Leif Jonsso
Kristian Sa

Automated Experiments in e-Commerce:

A Case Study

LUND

UNIVERSITY




SE for AI/ML

 Build reliable AI/ML system ...more complex:

« Same challenges as in 1968, but... — Verification and validation — behaviour not
specified in advance and continuously
changing

— Platforms — Trusted in new context with
new data

SOFTWARE ENGINEERING — Data — Ownership, privacy, quality

— Integration — Programming languages for

Al/ML
Report on a conference sponsored by the B TrUStable AI N Ensure behaVIour
NATO SCIENCE COMMITTEE Compliance
Garmisch, Germany, 7th to 11th October 1968 — ACCGSS'ble AI — Gu|dance on LUND

algorithms, data etc. UNIVERSITY
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AIML (@ Automatic Control

BO BERNHARDSSON




Background

« Cybernetics, Richard Bellman

» Partially Observable Markov Decision Processes[Astrom
69]

« Adaptive Control Lund 70s, PhD theses

— Bjorn Wittenmark (Prof Lund), Lennart Ljung (Prof LiU), Bo Egardt (Prof Chalmers),
UIf Borisson, Claes Kallstrom, Jan Holst (Prof Lund), Jan Sternby (Prof Luled),
Tore Hagglund (Prof Lund), Rolf Johansson (Prof Lund)

« Artificial Intelligence 80s

« Expert Systems

&
ON1666 12
£,
055118 >

UNIVERSITY



Some Industrial Outcome

 Autopilots for Tankers
— Adaptation
— SteerMaster
— Northrop Grumman

« ABB ++
— AutoTuner - ECA (>200kSystems)
— Induce experiment to tune PID
— NovaTune, Gunnar Bengtsson

* First Control,
— Gunnar Bengtsson

O ==
1666
Tl

UNIVERSITY



Research — Expert System Boom - end
1980s

« Expert system, capture knowledge of experienced
control engineers doing
— PID auto-tuning (PhD by KE Arzén)
— System identification (Lic by Larsson and Persson)
« Model-based Al techniques for system diagnosis
— Multi-Level Flow Models (MFM)
— PhD by Jan Eric Larsson — Goalart spinoff
« Symbolics Lisp Machine
— KEE (Knowledge Engineering Environment)
« Multi-View Object-oriented Control System
— Architectures based on G2 Real-Time Expert
System (Gensym)

2\l
o 2
1666
2 S
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UNIVERSITY



Research 1n recent years
- Theory and Applications

lterative Learning Control and Reinforcement Learning
Control theoretic analysis of learning algorithms
Statistical machine learning theory for adaptive control

— ACC18 session co-organized with UC Berkeley group

Next Generation Autotuners, PhD, Josefine Berner

Virtual Sensors for Heavy Duty Engines, PhD Maria Henningsson
Adaptive Control for Aerial Venhicles, Lic, Anders Pettersson, SAAB
Machine Learning for EEG-based classification, MSc projects

Robotics

A
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Research on Learning at
Robotics Lab, LTH

e Research on learning and
adaptation in several robot
applications at Robotics Lab, LTH.

e EU/FP7 projects COMET and
SMErobotics, targeting robotic
machining. Also joint research
with Univ. Jaen, Spain, on learning
in machining.

e EU/H2020 SARAFun, learning in
robotic assembly.

e Methods: Iterative learning control
(ILC), online path / trajectory
learning, artificial neural networks,
and reinforcement learning.

- 0. S6rnmo: Adaptation and Learning for Manipulators and Machining, Ph.D. Thesis, 2015
- B. Olofsson: Topics in Machining with Industrial Robot Manipulators and Optimal Motion Control, Ph.D. Thesis, 2015
- M. Karlsson: On Motion Control and Machine Learning for Robotic Assembly, Lic. Thesis, 2017



Research on Learning at Robotics
Lab, LTH (cont’d)

e Example application with
robots milling in oak, where
the optimal path is learned
online based on wood
properties with force
sensing.

e lterative learning control for
robot machining in —_——
aluminium (including » Reipforcement learning

. . y . for in-hand-manipulation
modeling and identification A

approach). | ﬂ
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- I. Dressler: Modeling and Control of Stiff Robots for Flexible Manufacturing, Ph.D. Thesis, 2012
- 0. S6rnmo: Adaptation and Learning for Manipulators and Machining, Ph.D. Thesis, 2015

- B. Olofsson: Topics in Machining with Industrial Robot Manipulators and Optimal Motion Control, Ph.D. Thesis, 2015
- M. Ghazaei: On Trajectory Generation for Robots, Ph.D. Thesis, 2016



Teaching

* PhD course in Deep Learning (2016)
— Study circle with students from several departments

« WASP Autonomous Systems Course (with KTH)

— Includes some AI&ML components

» Master’s Program (restart) proposed to LTH

— Systems, Control and Learning

Ot 2
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ARNE — AnalysRéakning Numera
Elektroniskt

Av Bo Bernardsson, Inst for reglerteknik
@_‘
Teknologens drém ar nu uppfylld. Mata in skrivningen i Analys 2 till programmet ARNE©ch véanta

tio minuter. Ut pa laserskrivaren kommer l6sningar fardiga att lamna in pa tentamen. Programmets
prestanda ar jamforbar med medelteknologens.

Bonus material

P eww avawanman e

Artikelférfattaren vid kombinerad sekunder)
in och utmatningsenhet

Tenta.tex Svar.tex
ARNE
(SCHEME)
!

MAPLE

e e . s UNIVERSITY



Department of
Astronomy and Theoretical Physics

ML applications within:

Astrophysics
fResearch and development\
Bioinformatics | of ML methods.
Biological Physics | Focused on (deep) neural

\_ networks )

Medical informatics '

Systems Biology

UNIVERSITY



History: Carsten Peterson & Bo Soderberg

* Neural networks for optimization
 Mean field annealing
* Mean field Bolzmann machines
Current research

Feature selection ]

(b)
0.8 F . Survival analysis ]
[ Machine learning

0.6 B Autoencoders and
A : generative models

04 }

Case-based feedback ]
0.2 .
0 _J‘ ) LN
0 100 200 300

lterations

LUND

UNIVERSITY



Astrophysics: spectroscopy

Rapid analysis of stellar spectra

Ross Philipp T R e MR R

Church  Birken wfo s
Automatic
classification
of stellar

o . spectra
Dominic Sofia o B
Ford Feltzing S
+ Gregorraven (postdoc,starts HT) Figure fromTraven et al.(2017) &

LUND

UNIVERSITY



Astrophysics: discovery

1.0

Feature-based
supervised
classification to
find massive black
holes in stellar

clusters AbbasAskar
= (starts June)

0.8

TPR
06

0.4

0.2

0.0

Plus interest in:
* Analysis of planetary dynamics (Davies, Mustill,Lorek)
* Finding structures in Gaia data (McMillan,Hobbs)
* Analysing galaxy formation simulations (Agertz,Renault)

//}r:-‘_r“r“\/\\
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Biological Physics

Anders Irback
Yuan Li
Daniel Nilsson

Tobias Ambjornsson
Albertas Dvirnas

Bo Soderberg

LUND

UNIVERSITY



Unsupervised and probabilistic
segmentation of fluorescence images.

14000 T T T —
a b = Truncated Gaussian fit
. . == 1Extrapolated Gaussian fit
12000 - = Otsu threshold value

"Beyond CNNs: using
Truncated Function Fits +
Bayesian Decision Theory, we
"train" using only the original

o
o 01 0z 03 04 05 08 07 08 09

Intensity image as input (no training
Actual fraction of I = 98.04 % i ~79.72% i
. | e e | (], [ttt of ot -7 720 data required). [M. Brander

and T. Ambjoérnsson, in
preparation]."

UNIVERSITY

Our new method Otsu LUND

UNIVERSITY



Macromolecular simulations

Characterizing protein interactions in cellular environments

TIC2

SN WesOTOJOC QO
Free energy (kT)

TICO

D.S. Goodsell, The Machinery of Life

Main (slowest) interaction modes identified by
* Time-lagged independent component analysis

* Markov modeling

D. Nilsson, S. Mohanty & A. Irback, J. Chem. Phys. (2018) LUND

UNIVERSITY



Systems Biology

Victor Olariu Annell
Carsten Peterson

Carl Troein

(Henrik Jonsson)

Tomas Martin-Bertelsen
Adriaan Merlevede

UNIVERSITY



Variational Bayesian Hidden Markov Tree with
Smoothed Probabilities for Stem Cell Lineages.

100 T T
@' [ I
| NEEY — 4

[ ] ML+Prior —
80 VBEMS ]

20 30
. Number of training trees
0 0.5 1 o o5 1

T-1-60/41 . (J”
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Victor Olaliu Annell —®
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Raman spectra of fungal cellulose decomposition

-
I

2r 1200-1500 cm"’
Random forests S |
. g 141 N N Misclassification
« Decision trees; one 2 /\/ \ Tniva .
. . E 4t A\ A A N
variable at a time. %“' .f\ J;«’/ﬂ!iﬂlf"lﬁ} \"\w”‘.\/" / -
« Ensemble of tree B ,. \: ‘ﬁ? T -
i NI g
classifiers o VIR Y el .
61 Predicted
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Medical Informatics

Mattias Ohlsson
Patrik Edén
Johan Nilsson
Carsten Peterson
Najmeh Abiri
Bjorn Linse

LUND

UNIVERSITY



Decision support:
Prostate cancer

Breast cancer 8
Heart transtplantation AN
N w| Exini Diagnostics AB |
Blo(;naa:]rclgerrd?sn:gg\e/:ry: e Machine learning
development ‘

Autoimmune diseases

' Datamining and discovery: |
Systems biology
Triage of ED patients

LUND

UNIVERSITY
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Matching of donor and recipient in cardiac transplantation
Johan Nilsson, Pierre Nugues,
Thoracic surgery, Computer Science

Aim: Better match between

donor and recipient
Utilize more donated hearts

Adult and Pediatric Heart Transplants

Kaplan-Meier Survival
(Transplants: January 1982 — June 2011)

= Median survival = 11 years

N at risk at 26 years

Years

IHTSA

The International Heart Transplantation Survival Algorithm

Results

Recipient data

Diagnosis Norischemic cardiemyopathy v
Age (years)

Genoer Ml v
Heignt (¢m) 174
Weight (kg) 7
Insulin treated dlabetes

Hypertension!

Infection within two weeks$

Antiarrhythmic drugs prior to transplant

Amiadarone prior to transplant

Recipient blood group L
Previous biood transtusion

Previously transplanted*

Previous cardiac surgery

)
2

Survival probability (%

0 5 10 15
Time after transplantation (years)

Donor data

Madical condition at transplant
Intensive care unit
Mechanical ventilation

ECMO

Ventricular assist device (i)
Transplant era 2006 v
SPP (mmHG) m
PVR (wood units) 2

Creatinine (umol) 19
Serum bilirubin (umol1) 214
Use (mg/dl) Instead of (umoln)

PRA> 10 %

HLA-DR 2 mismatch

pulmonary vascular resistane; SPP- systolic pulmonary prassure

weeks prior to ransplant. . previous kidney, Iver

LUND

UNIVERSITY



Variational autoencoder for multiple imputation

6

(generative model)

mean sampled
vector latent vector
Encoder — Decoder o 6
network network G
standard @
deviation
vector

LUND

UNIVERSITY



Future
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DEFARTMENT OB
PHILOSOPHY



FECOP E & RESEARCH

« Christian Balkenius
* Ingar Brinck
« Peter Gardenfors

* Birger Johansson

* Trond Arild Tjgstheim

» developmental/epigenetic

robotics

* system-level brain models
* deep learning
» social interaction

» conceptual spaces



@epitherobot




EURREN | COURSES

» Cognitive Science: Introduction (KOGMO )

- Neural models, cognitive robotics and agents
@GRS MANMIO)

 Cognition, learning and advanced technology
(KOGPIO/MAMN I 5)




Al in medicine at Lund University

A rather incomplete survey

(overlapping, missing, incorrect,..)

Einar Heiberg

2018-05-29



Dept. Clinical Physiology
Elin Tréigardh

Eigenvision
Johannes Ulén

New imaging biomarkers for PET/CT.

Dept. Clinical Physiology
Einar Heiberg
Ellen Ostenfeld

Medviso AB
Helen Fransson

AIDA project: Platform for efficient processing of large study cohorts. Status
ongoing.

Emergency medicine

Ulf Ekelund

Improved triage in patients with chest pain with decision support by
integrating patient electronic records. Status grant application submitted.

Centrum for
primarvardsforskning

Artin Entezarjou
Patrik Midlov

Digital Tools & Artificial Intelligence for Effective Primary Care. Project
ongoing




Dept for psychology

Worddiagnostics
Oskar Kjell
Katarina Lundberg
Sverker Sikstrom

Tools for language analysis of mental illness. Price by Sparbanksstiftelsen.

Computational Biology
and Biological Physics

Mattias Ohlsson

Machine learning for medical decision support and analysis, including Breast
and Prostate cancer, Alzheimer's disease, Cardiac surgery and
transplantation, Machine learning for survival analysis

Centre for Mathematical
Sciences

Anders Heyden
Kalle Astrom

AIDA project: Decision Support for Classification of Microscopy Images in
Digital Pathology Using Deep Learning Applied to Gleason Grading.

Dept of Medical Radiation
Physics

Peter Mannfolk
Olof
Theo

Alzheimer’s disease using both MR and PET data. Supervised and
unsupervised learning, with the intention to study if these methods better
can classify patients and normal subjects. Currently using PET data and plan
to use this to group MR data for further analysis.




Dept of diagnostic

Al in breast cancer detection and prognosis.

radiology
e Ethical approval to build database with all breast screening images in
Sofia Zackrisson Malmo from 2004 and onwards for annotation, cancer detection etc.
Approximatly 400.000 exams.
e Database with 15.000 breast images from prospective study Malmo
Breast Tomosynthesis Screening Trial
e Application to AIDA to build infrastructure and a fellowship
Dept of Thoracic Surgery | Improve matching between donor and recipient in heart transplants.
Project Artificial Intelligence in CardioThoracic Sciences (AICTS).
Dept of Surgery Better prediction for lymph node diagnostics in conjunction with breast
cancer
Lisa Rydeén
Looket Dighe

(Mattias Ohlsson)




Dept of Diabetes and
endocrinology

Damon Tojjar

EasyDiabetes

Support system for type 2 diabetes. Received Medtech4Health Innovation
award 2018

Dept Radiation Science
Petra Ambolt
Lars E Olsson

Spectronic Medical
Carl Sievers

Create synthetic CT images based on MR images for radiotherapy dose
planning.

Cardiolund
Jacob Svensson

Coala Life,
Zenicor

Automated ECG analysis for atrial fibrillation

Escan Academy
Lars Edenbrandt

Eigenvision?

Automated bone and organ segmentation in CT images. Bone metastasis
detection.




Please help to continue the inventory

einar@heiberg.se
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Societal perspectives on Al

MARIA HEDLUND
DEPARTMENT OF POLITICAL SCIENCE

LUND UNIVERSITY




Responsible Al through democratic processes?

* Who is reponsibile when Al becomes expert?

« How do we make sure superintelligent Al is friendly?

« Which moral should guide the behaviour of a driverless car?
* And how do we settle such issues?

UNIVERSITY



Project 1deas

» Risks and autonomous systems: How will the risk landscape change and how
can we adapt to the new situation?

» Responsible Al: How will different distributions of responsibility affect the long-
term development of Al?

« Conceptual and societal implications of new, human-created life (synthetic and/or
machine life)
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Current 1initiatives

« Development of inter-disciplinary master course on societal perspectives on Al

« Samtech: think tank with a social science perspective on digitalisation and new
technology

UNIVERSITY



Thank you for your attention!
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