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Technology and Engineering Design:
The third industrial revolution (1945...)
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- Moore’s law:
computing power
doubles

every 18 months




Grains of rice the world consumes Amount of data the world consumes
annually: 27.5 quadrillion every 30 minutes: 40.4 petabytes

We consume more bytes on the internet in
30 minutes than grains of rice in a year.

1 million = 1 000 000 1kB =1000 1TB

1 billion =1 000 000 000 1 MB =1 000 000 = large university library
1 trillion = 1 000 000 000 000 1 GB =1 000 000 000 =212 DVD discs

1 quadrillion = 1 TB =1 000 000 000 000 = 1430 CDs

1 000 000 000 000 000 1 PB =1000000000000000 =3 year music CD quality



Security & Compute
Privacy Infrastructure

Big Data

Visualization Storage
Infrastructure

Analytics




Data

VISUAL MEDIA
(Video scene detection, image understanding)

UNSTRUCTURED

NETWORK SECURITY
(Intrusion detection, APTs, malware, virus
attacks)

SENSOR DATA
(Intrusion detection, long term trends,
weather)

SEMI-
STRUCTURED

SOCIALNETWORKING
(Trend analysis, query processing)

(Sentiment anaIyS|s, behavior
analysis)

FINANCIAL

LARGE SCALE SCIENCE
(High-energy physics,
bioinformatics)

(High-frequency
trading)

STRUCTURED

REAL-TIME




Generic data processing tasks

» Data preprocessing, denoising, normalization

* Clustering and classification; feature detection; profiling;
* Relevance detection, ranking

* Dynamic modelling, time series, longitudinal modelling
* Decorrelation, modelling, (Kalman) filtering

* Predictive analytics

* Vizualisation

* Heterogeneous data fusion

* Prediction, processing and monitoring



Simple Neural Network Deep Learning Neural Network
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- Input Cell
O Backfed Input Cell

A Noisy Input Cell

@ Hidden cell

A mostly complete chart of

Neural Networks

©2019 Fjodor van Veen & Stefan Leijnen  asimovinstitute.org

Perceptron (P) Feed Forward (FF)

Radial Basis Network (RBF)

Deep Feed Forward (DFF)
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The Fourth Paradigm

First

Second
Third

Fourth

From

| have a hypothesis

| need data to check it

A millenium
A few centuries
A few decades

Today

Evolution

)

Empirical
Theoretical
Computational

Data-driven

To

| have data

Which hypotheses can | check?
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- (Cases on time series

- Utility Networks
- Micro-Climate - Spatial-temporal prediction
- Water - Spatial-temporal control
\- Power = Predictive maintenance & market segmentation
Moblllty - Incident management

.\
\
b
orts —> Performance tracking
? lecommunication = Fraud detection
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Flanders O3/fine particle DSS »vito_ pgsmbius

O, air-quality stations

Concentration [ ug/m3]

Average of the O, concentration over
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Demer Flood Regulation DSS

hdown

Teservoir
Schulensmeer

Demer

® hy

Mangelbeek

Demer

Dem;

Demy
r; '; T T
=
g E e L=
STADIUS 5 3 )
g [ S S
Center for Dynamical Systems, =z 2 23 - B
Signal Processing and Data Analytics 5] 5]
£ g .
g I I g 2251 I i 7
0 2000 4000 0 100 200
P 1 [ n ‘ \ length [m] length [m]
‘ Tnternational Marin r\IJlrJg g Cons ,\ ants DeIIlg Demy
= T T = 24F T T
= =
<
ER £ 25 .
£ £
R ER ]
) &
IPCOS ° L p——
£ | 12
z I I | ES 2t I E—
0 1000 2000 3000 0 200 400
COFELY FABRICOM b i

—— flood level
—  MPC+Kalman
--- three-pos. controller

anteagroup

water level [m TAW]

| |
2000 3000

i
0 1000
length [m]

x
Fo—— T T = — =
] I 1 I I ] 1 N R T A 1 L.
T T T T T T T T T T T T T T | |
k
horizon P
u
——— - - - — |- —_—_—_—_——_—_—_——_——_———
Ly 1 | | 1 1 1 1 1 1 I I 1
T Fo 1 T T T T T T T L PGS B M
N -
WV
uo, U1y .-, Up_1
Vab,
3 ‘qlﬁ by Ivartebeck Qo
. Qman
i, v, T v, ‘q'i Vopws
qﬂ & PILUN WP N N C & 11] 4& n Bopy .
EL C EL 1 «
E K7
qhgT _______________ ‘qm% qng q% E == lqA
Webbebom | P ;’“" ‘qL ‘ql’i‘ ,,,,,,,,,,, ‘
Vi PUs) Gemy, =L l D o hy !
Wy ! vy Th | !
—i of o] o 1
E_ 777777 | hvopw | |
3 =) Tqms g 3 qg\‘ - iqg 3 !
Vg, A | |
hlg LG A Qe |
fig Guopw L w
5 Vhopw | 1 0 1 |
lq](7bg EJQ K71y hhopw N | Tobs 1 v Vo, by !
i | e — i
higopy ! i
Vig, v “ G ¢ |
g h Qogopw qh 3 ‘/q&4 :
L Ve hy Schulensmeer i

15



Belgian smart electricity grid DSS
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Normalized Load

Normalized Load
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Electricity load: 245 substations in Belgian grid (1/2 train, 1/2 validation)
x; € R*3-824: gpectral clustering on high dimensional data (5 years)

3 of 7 detected clusters:

- 1: Residential profile: morning and evening peaks
- 2: Business profile: peaked around noon
- 3: Industrial profile: increasing morning, oscillating afternoon and evening
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Ordered Distance mahix

Ordered Model indices

20 40 & 80 16 {243 140 180 180
Ordeted oadel indices

Fi1a. 6. The matriz of all pairwise cepstral distances between the 195 substations where the
stations have been rearranged according to the cluster partition with No = 6. The color varies from
black (small distances) to white (large distances). There appear to be five clusters, three of which are
more dense than the others. The sizth cluster contains only one substation (on the 59tP position)
which clearly has a large distance to all other models. A few other outliers can also be identified,

but they were assigned to one of the larger clusters.



Sport Analytics Decision Support Systems
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Traffic & Mobility DSS

Detector technology: inductive loops, Gatso-meters, camera’s
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Traffic & Mobility DSS: control

DRIP

Vlaams ?(“ Vlaamse
Verkeerscentrum (\? \ overheid

Ramp metering
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Fraud Detection DSS (phones, credit cards,

tax declaration,...)

International Same
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- Cases on time series

- Process Industry
- Minimum time grade change
- Grade quality optimization
Change detection

E‘A

24



Chemical process DSS
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Grade transition with minimum off-spec

| | Optimized Grade Change Trajectory
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Mechanical structure monitoring DSS
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- Cases on time series

-  Health

AURY
| AN

?;23 ~

Diagnostics = Clustering

Kidney Failure = Prediction

Epilepsy 2 Change detection

Intensive care =2 Monitoring and control

30



Dr. Algorithm Is coming

“In the next 10 years, data
science and software will do
more for medicine than all the
biological sciences together.”

— Vinod Khosla, Khosla Ventures




Example: Genomic markers for Leukemia

ALL MLL AML
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12 600 genes
72 patients
- 28 Acute Lymphoblastic Leukemia (ALL)

- 24 Acute Myeloid Leukemia (AML)
- 20 Mixed Linkage Leukemia (MLL)



Forecasting kidney allograft function

Project cooperator: UZ Leuven
Testing data

Time: 10/2018 — current (Ongoing) 60 } Iy

Aim of Project: Forecast the kidney allograft function after

kidney transplantation based on patients’ sequential kidney
function values

GFR(;,) (cc/min)

Impact: provide a renal allograft function forecasting model 0 .
for clinicians to help guide indication for biopsies in 0 50 100 150 200 250
transplant recipients in the early stage after kidney Sample number

transplantation — ANFIS output

- - - Real output

Related research: Comparison of the ANFIS prediction and real GFR.,,) values for the test

dataset at 6-month interval 1.
‘Predicting Renal Failure Progression in Chronic Kidney Disease Using

Integrated Intelligent Fuzzy Expert System’

1 Norouzi, Jamshid, et al. "Predicting renal failure progression in chronic kidney disease using integrated intelligent fuzzy expert system." Computational and mathematical methods in medicine 2016 (2016).



The development of a control system to normalize glycemia in critically ill patients
Tom Van Herpe - Prof. Greet Van den Berghe - Prof. Bart De Moor
Department of Electrical Engineering (ESAT - SCD) - Intensive Care Unit (ICU - UZ Gasthuisberg)

e : J & PATIENT
oL v 15le ‘! - ( Insulin )— Glycemia )
ACTUATOR SENSOR

GLYCEMIA CONTROL SYSTEM

( Advised insulin flow )

PATIENT MODEL

( Measured glycemia )

CONTROLLER

Dynamical input variables
(e.g., administered calories,
administered drugs, body

temperature)

Initially known input variables
(e.g., BMI, medical history,
reason of admission to ICU)

Critically ill patients: Saving (Semi-)Automated control system leading
lifes by normalizing glycemia to decreasing workload for medical staff
250 ~ 200 R T T ; '! T i T
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Glycemia sensor validation:

I MtrverIbe/GLYCENSIT Control of glycemia in normoglycemic target range



Latent space of EEG signals
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- The future of Al

- Decision support :é'"{/stems

- Embedded & Edge Al

- Human interaction

- Privacy preserving mining - interaction on need to know basis

. \\ “-' \The Flanders Al program
. .; 3

iy
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ACTIONS DECISIONS

ACTIONS DECISIONS KNOWLEDGE FEEDBACK
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FUTURE DISTRIBUTED Al ENVIRONMENTS

@4 Single Data Source
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| Ad}ninistration & '

Harbor &
Finance

e Ioglstlc settmg

* Interaction between Al system — humans
* Not fully-structured domains
. Large scenes with multiple actors
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Data interaction on a need to know basis - privacy preserving machine learning

1 IT= S
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Personalized drug fabrication

Privacy- f'\"\/( _
preserving Al 7 \‘I/‘f/

Home monitoring




Flanders Al Impulse Program
Program Structure with 3 pillars, funded by the Flemish Government

C Yearly budget )

@ FLANDERS Al RESEARCH PROGRAM ) ( 12 Mio €)

Funding for R&D Projects
@ FLANDERS Al IMPLEMENTATION PROGRAM ) (__15Mio€ ) = LI

trajectories in companies,...

ETHICS, EDUCATION AND TRAINING &2 pata & Society

@ FLANDERS Al SUPPORTING ACTIVITIES: ) (" sMioe ) B ——

Flanders Al Academy



The 2019 IAB advices mapped on the structure of this presentation

(1) BRANDING,VISIBILITY, PR (4) INTERACTION BETWEEN
INDUSTRY AND ACADEMIA

(2) INTERNATIONAL POSITIONING (5) PROGRAM EXECUTION

(3) PROGRAM MANAGEMENT
AND STRUCTURE

CHALLENGE-SPECIFIC ADVICES




The ‘triple helix-model’
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Our consortium in Numbers

Universiteit
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5 Universities

5 (Strategic) Research Centers

40 Research Teams

89 Professors

500 PhD students

100+ R&D projects with funding of Flemish government
200+ Companies in Collaborative funded R&D projects
18 “PhD interns” in companies in 2020

400+ Publications in peer-reviewed journals

40+ European Funded Projects




Challenge-Based Research with Demand-Driven Impact

CHALLENGE
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Management Flanders Al Research Program

Sabine Demey

/V Director Flanders Al Research Program

imec

Al-driven Data Science m

s Prof. Bart De Moor
27 ESAT, KULeuven [

UNIVERSITEIT

., ’ Prof. Piet Demeester "
~ " IDLab, Ghent University-imec

T Mieke De Ketelaere
ST Program Director Al, imec
ARG

“umec

Multi-agent Collaborative Al

Human-Like Al

0. Ann Noweé
Professor Al Lab, VUB
j’ ap ’
@ UNIVERSTET
BRUSSEL

Prof. Steven Latré

IDLab, University of Antwerp

- imec Universiteit
Antwerpen
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