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1. Applied AI – Complex Decision Making
§ Big Data is not always Good Data
§ adding Domain Knowledge is crucial

2. AI at the Edge
§ Central cloud-based AI is not sustainable
§ AI will be distributed and federated
§ Edge computing needs a boost

3. Autonomous Agents
§ Central Control is not sustainable

4. Communicate & Collaborate with Humans
§ Stories & Speech will be the interface

WHERE TO MAKE THE DIFFERENCE ?



FLANDERS AI PROGRAM STRUCTURE
4 GRAND CHALLENGES
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DATA WRANGLING, INTEGRATION & QUALITY HANDLING: TREAT THE INPUT DATA

• Data acquisition
• Labeling and 

annotation
• Integration structured 

/ unstructured data
• Imperfect data handling
• Data quality estimation
• … 

…

variant

errors



KNOWLEDGE MODELS & REASONING: BRING IN THE EXPERTS

• Graphs
• Simulation models
• Physical models
• Ontologies
• Digital twins
• …



DATA EXPLORATION: YOU DON’T KNOW WHAT’S IN THE DATA

• Dimensionality reduction
• Topological data analysis
• Subjective interestingness
• Personalized visual analytics
• …



AUTOMATED MACHINE LEARNING: HOW SELECT THE BEST ML APPROACH

ML

• Data selection
• Model selection
• Feature engineering
• Hyperparameter tuning

• Neural architecture search
• Bayesian optimization

• Hybrid modeling
• Transfer learning
• Surrogates/digital twins 
• ...



TRUSTWORTHY AI: IS IT ROBUST, EXPLAINABLE AND PRIVATE ?

• Fair and Explainable
• Robust and hardened
• Transparent, traceable, 

reproducible
• Federated AI
• Privacy-preserving AI





16

USE CASE EXAMPLE: HEALTHCARE
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Computer Tomography

Magnetic resonance

GS-FLX Roche 
Applied Science 454

Sequencers

ACACATTAAATCTTATATG
CTAAAACTAGGTCTCGTTT
TAGGGATGTTTATAACCAT
CTTTGAGATTATTGATGCA
TGGTTATTGGTTAGAAAAA
ATATACGCTTGTTTTTCTTT
CCTAGGTTGATTGACTCAT
ACATGTGTTTCATTGAGGA
AGGAACTTAACAAAACTGC
ACTTTTTTCAACGTCACAG
CTACTTTAAAAGTGATCAA
AGTATATCAAGAAAGCTTA
ATATAAAGACATTTGTTTC
AAGGTTTCGTAAGTGCACA
ATATCAAGAAGACAAAAAT
GACTAATTTTGTTTTCAGG
AAGCATATATATTACACGA
ACACAAATCTATTTTTGTA
ATCAACACCGACCATGGT
TCGATTACACACATTAAAT
CTTATATGCTAAAACTAGG
TCTCGTTTTAGGGATGTTT
ATAACCATCTTTGAGATTA
TTGATGCATGGTTATTGGT
TAGAAAAAATATACGCTTG
TTTTTCTTTCCTAGGTTGA
TTGA

Mass spectrometry

Microarrays 
(DNA chips)

Data tsunami
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Data 
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AI-Assisted 
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Wrangling, 
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Predictions
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Human in the loopHuman in 
the loop

Source: https://aws.amazon.com/sagemaker/

Human in the loop

Data annotated by nurses according to AASM guidelines

Automated detection of sleep apnea events
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USE CASE EXAMPLE: INDUSTRY 4.0



Data 
Acquisition

AI-Assisted 
Data 
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Human in the loop

Operator

Data          Time series

+

Predictive models

Predictive maintenance
in manufacturing

IoT collected data

Forecasts and anomalies



-

Mechanical structure monitoring DSS



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
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USE CASE EXAMPLE: MOBILITY AND LOGISTICS – SMART CITIES 



Human in the loopKn
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Propagation of uncertainty

Better understanding

removing known 
dependencies
location based noise removal

opportunistic data
uncertain conditions

Human in the loop Human in 
the loop

cluster guided 
spatial exploration

Road degradation
Safety
Air pollution
Noise

ML models 
à external indicators

Data 
Acquisition

AI-Assisted 
Data 

Wrangling, 
Integration & 

Quality 
Assessment

AI-Assisted 
Data 

Exploration

Insights & 
Discoveries

Models & 
Predictions

Human in 
the loop

Human in 
the loop



Detector technology: inductive loops, Gatso-meters, camera’s 
Traffic & Mobility DSS  
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Speed harmonisation Ramp metering DRIP

Traffic & Mobility DSS: control  
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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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 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,…)



Flanders AI program structure
4 GRAND CHALLENGES

70 30 10 30
6 M 2.6 M 0.8 M 2.6 M
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DISTRIBUTED SYSTEMS

39

DATA VERSUS COMPUTE TRADE-OFF

Exascale Super 
Computers

Cloud
Computing

Edge Computing Devices Sensors

compute

data reduction LOTS OF DATALOTS OF

KNOWLEDGE



REAL-TIME DISTRIBUTED AND HIERARCHICAL AI
FROM EXTREME EDGE TO CLOUD

Learning
Inference

Learning
Inference

Learning
Inference

Distr
ibuted
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ibuted
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nce

Distributed learning

Distributed inference



Learning
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Distributed inference

REAL-TIME DISTRIBUTED AND HIERARCHICAL AI
FROM EXTREME EDGE TO CLOUD



EXTREME EDGE
SENSORS WITH HARDWARE ACCELERATION 
FOR MACHINE LEARNING



SOLVING THE ENERGY EFFICIENCY BOTTLENECK (ANALOG IN-
MEMORY COMPUTE)



SOLVING THE ENERGY EFFICIENCY BOTTLENECK (ANALOG IN-
MEMORY COMPUTE)



CONFIDENTIAL

FLANDERS AI PROGRAM STRUCTURE
4 GRAND CHALLENGES

70 30 10 30
6 M 2.6 M 0.8 M 2.6 M
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AUTONOMOUS AGENTS
NO ONE SIZE FITS ALL

Data Economy
users decide to when to share data with whom when for which service



FLANDERS AI PROGRAM STRUCTURE
4 GRAND CHALLENGES

70 30 10 30
6 M 2.6 M 0.8 M 2.6 M
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INTERACTION WITH THE 
ENVIRONMENT & HUMAN

UNDERSTANDING OF 
“WHAT’S GOING ON”

(beyond simple pattern matching)

FAST AND 
PERSONALIZED 

ACTIONS



AI assisted operator
Complex interaction with AI system 

(cobot or conversational agent)
Scene understanding & real-time feedback 

Incremental learning



Human-like question answering
Natural interactions 

Personalized recommendations
Interaction with knowledge base

Education, entertainment, financial analysis,  
industrial process control, …



WILL TURN LEFT IN 2.3 SEC

Understanding Intent
Gaze estimation

Visual Scene Understanding
Depth Estimation

All kinds of mobile actors

DRIVES AT 25.5 KM/H



Understanding of context & relations
Autonomous learning of tasks

System-wide optimizations and scheduling
Decision making & recommendations



FLANDERS AI PROGRAM STRUCTURE
4 GRAND CHALLENGES

70 30 10 30
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AI PROGRAM FLANDERS

ETHICS, EDUCATION

AND TRAINING

DIGITIZATION AND

IMPLEMENTATION IN

INDUSTRY

TOP RESEARCH

Data ethics and society 1 mio €/year
Training and education 3 mio €/year 
Public Outreach 1 mio €/year



§ (5’) Is onze industrie er klaar voor ?

FLANDERS AI
RESEARCH


