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‘Understand’ ?

Computational power x 2 every 18 months

Technology and Engineering Design: 
The third industrial revolution (1945…) 
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Moore’s law:
computing power
doubles
every 18 months

Connectivity &
bandwidth explosion

Bandwidth & 
Connectivity
evolve
exponentially
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1 million = 1 000 000
1 billion = 1 000 000 000
1 trillion = 1 000 000 000 000
1 quadrillion = 
1 000 000 000 000 000

1 kB   = 1 000 
1 MB = 1 000 000
1 GB  = 1 000 000 000
1 TB   = 1 000 000 000 000
1 PB   = 1 000 000 000 000 000   

1 TB 
= large university library
= 212 DVD discs 
= 1430 CDs
= 3 year music CD quality



Big Data

6



Data
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Universal approximation





The Fourth Paradigm
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Paradigm Time Ago Method

First A millenium Empirical

Second A few centuries Theoretical

Third A few decades Computational

Fourth Today Data-driven

Evolution

Data first!

From To

I have a hypothesis

I need data to check it

I have data

Which hypotheses can I check?
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- Cases on time series

- Utility Networks 
- Micro-Climate à Spatial-temporal prediction
- Water à Spatial-temporal control
- Power à Predictive maintenance & market segmentation
- Mobility à Incident management 
- Sports à Performance tracking 
- Telecommunication à Fraud detection
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Flanders O3/fine particle DSS 

3/g mµ 3/g mµ

Average PM10 concentrationAverage PM10 concentration
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Demer Flood Regulation DSS



Belgian smart electricity grid DSS 
Power grid 

250 transformer substations
Every 15 min, 5 years 

1 post, 1 week

1 post,  four seasons

Seasonalities in the load: day, week, year, holidays
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6 posts, 1 year
Seasonalities, calender holidays !

1 month predictions 
depending 
on day, season 
and weather prediction

Customer profiling:
Residential, business, industrial
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Time Team Action Player Position
0:00:00 1 Kick Off 9 (50,30)
0:00:01 1 Has Ball 10 (49,29)
0:00:04 1 Has Ball 8 (45,31)

,,, ,,, ,,, ,,, ,,,

0:12:25 1 Ball Out 6 (0,57)
0:12:46 2 Corner 3 (0,60)
0:12:47 2 Has Ball 4 (4,29)
0:12:49 2 Goal 4 (0,29)
0:13:38 1 Kick Off 10 (50,30)

,,, ,,, ,,, ,,, ,,,

Sport Analytics Decision Support Systems 



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

Antwerp Ring 

Density – Flow  

Density per hour / day of the week   



Speed harmonisation Ramp metering DRIP

Traffic & Mobility DSS: control  
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 Short 
Duration Long 

Duration High 
Frequency International Same 

Destination Off 
Peak Call 

Forwarding Behaviour 
Change 

Direct call 
selling  X X X   X  
PABX fraud X  X  X X  X 
Freephone 
fraud X  X  X   X 
Premium 
rate fraud  X X  X   X 
Subscription 
fraud   X      
Handset 
theft  X X X X   X 

 

 

Call frequency

Average call duration

Fraud Detection DSS (phones, credit cards, 
tax declaration,…)
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- Cases on time series 

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



Top 99 %
Bottom 1 %
steam 15.2 T/h

Top 99.75 % (99.8%)
Bottom 0.25 % (0.2 %)
steam 20 T/h

Top 99.8 % (99.8%)
Bottom 0.31 % (0.2 %)
steam 20 T/h

Setpoint 
changes

Idealrank top
3 -> 2
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Chemical process DSS



Optimized Grade Change Trajectory

GRADE B

GRADE A

Off-spec

GRADE B

Grade transition with minimum off-spec



900
901
902
903

900
901
902
903

100 200 300 400 500 600 700 800 900 1000
900
901
902
903

No control, Quasi steady state and fast control
100

0 10 20 30 40 50 60 70 80 90 100

Histograms
N

o control
Q

uasi steady
control

Fast dynam
ic

control

27

Product quality optimization



-

Mechanical structure monitoring DSS
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- Cases on time series 

- Health 
- Diagnostics à Clustering
- Kidney Failure à Prediction
- Epilepsy à Change detection
- Intensive care à Monitoring and control 
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ESAT | STADIUS 33

Forecasting kidney allograft function

Project cooperator: UZ Leuven

Time: 10/2018 – current (Ongoing)

Aim of Project: Forecast the kidney allograft function after 
kidney transplantation based on patients’ sequential kidney 
function values

Impact: provide a renal allograft function forecasting model 
for clinicians to help guide indication for biopsies in 
transplant recipients in the early stage after kidney 
transplantation 

Related research: Comparison of the ANFIS prediction and real GFR(t+1) 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

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)

Critically ill patients: Saving 
lifes by normalizing glycemia 

(Semi-)Automated control system leading 
to decreasing workload for medical staff    
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Min-Max tolerance interval 

2.5% - 97.5% tolerance interval 

Glycemia sensor validation: 
http://www.esat.kuleuven.be/GLYCENSIT

Control of glycemia in normoglycemic target range

Glycemia prediction
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- The future of AI
- Decision support systems 
- Embedded & Edge AI 
- Human interaction
- Privacy preserving mining - interaction on need to know basis
- The Flanders AI program   



AI-Assisted Data 
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Automated Machine 
Learning
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AI-assisted Data 
Acquisition & 
Preprocessing

SENSORS
Hybrid Models 

for Learning and 
Reasoning

ELICITATION

TRUST
Explainable

Human-in-the-loop
Ethical 

(privacy&fairness)

ML Models & Predictions

Insights & Discoveries

KNOWLEDGE FEEDBACK

KNOWLEDGE FEEDBACKACTIONS DECISIONS

ACTIONS DECISIONS

ACTIONS DECISIONS
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Private data (local)

Revalidation Center

Hospital

Company Doctor’s cabinetHome monitoring

Personalized drug fabrication

Privacy-
preserving AI 

Private data (local)

Private data
(local)

Private data
(local)

Private data (local)

Data interaction on a need to know basis  - privacy preserving machine learning 
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