
COMPUTATIONAL INTELLIGENCE GROUP 

•  Focus on autonomous adaptive systems 
•  Techniques used to establish them: 

•  Evolutionary Computing 
•  Machine learning 

•  Application domains: 
•  Robotics 
•  Data mining / Data Science 
•  Artificial Life 
•  Health care 
•  Optimization 
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3D-printed Robot Evolution 

•  3D-printer-based robots in an evolutionary ecosystem – running project 

•  Wanted: good simulator to 
–  Handle big populations (> 100 robot individuals) 
–  Handle complex robots (> 20 modules/motors and > 5 sensors) 
–  Handle complex environments       

•  Research into interesting evolutionary processes 
–  Hands-free (akin to natural evolution) 
–  User guided (akin to breeding) 

Main contact: Guszti 



Shadow-world 

•  Simulated and real robot evolution deeply integrated by 
–  Cross-fertilization: real & virtual robots can have a child (real, virtual, or both) 
–  Migration between real and shadow world 
–  Adaptation of simulator by machine learning on-the-fly       

•  Very high performance computing needed 
•  Possible breakdown in more projects:  

1.  Integration,  
2.  HPC,  
3.  ML  

Main contact: Guszti & Henri Bal 



Environment-driven and task-driven evolutionary 
adaptation in a population of e-pucks 

•  Swarm robot population 
•  Distributed on-line EA for evolving 

controllers (meeting = mating) 
•  Task: object collection (virtual, 

projected) 
•  Possible collaboration with UPMC 

Paris 
 

•  RQ1: Responsible robots – how to 
ensure that humans remain in control 

•  RQ2: How do viability and usefulness 
evolve?  

•  RQ3: Emergence of specialisation?  

Main contact: Evert 



Embodied evolution of soft robotic organisms 

•  Implements the “Triangle of Life” 
•  Extends Research Track assignment 
•  Parallel Simulations in Voxelyze 
•  Meeting = mating 
 
•  RQ1: Emergence of species and specialization 
•  RQ2: Effects of increasing complexity through sensory feedback 

 
 

Main contact: Evert 



Collective sharing of knowledge in 
autonomous machines 

•  Incorporates sleep and dream-like processes to group of robots (Thymio II) 
to share experiences for improving further learning abilities.  

•  Use of Memetic Algorithms 
•  Collaboration with UPMC (Paris), Coruña, Queen Mary (London), UWE 

(Bristol, UK) 
 
 
 
 
 
 

•  RQ 1: how to share individually learned knowledge? 
•  RQ 2: how to optimize the learning process itself? 
•  RQ 3: do students pick teachers or vice versa? 
 Main contact: Guszti/Evert 



•  Predict future development of diseases/health state  
•  Challenges/Interest e-Health 

•  Interaction with domain experts (medical specialists) 
•  Increasing possibilities (data, devices, ….) 
•  Temporal data 
•  Different granularities and types (heart rate versus one medicine a day) 
•  Noisy data 
•  Making bad decisions unwanted 

•  Collaboration with: 

•  RG1: Try to develop ways to handle the temporal nature of health data and 
different granularities in existing Data Mining Techniques 

•  RG2: Try to handle the sparse and unbalanced data properly 
•  RG3: Develop accurate predictive models for diseases, such as: CRC, 

MUBS, Depression, Urinal infection, Mortality 

Data Mining for Medical domain 

Main contact: Mark 



•  Increasing number of devices 
around us that measure things, e.g. 
–  Smartphone 
–  Smartwatch 
–  Ambient sensor 
–  Internet of things 

•  These devices can learn our habits 
and anticipate or act proactively by 
taking certain actions, i.e. controllers 

•  Can help living a healthier life 
•  RG: Develop approaches to 

generate proper behavior for 
individual devices. 

•  RG: Develop approaches to let 
devices learn from each other and 
share information. 

•  Collaboration with Philips Research 

Developing Behavior for Ambient Intelligence 

Main contact: Mark 



Evolutionary Robotics: minimising the reality 
gap for a Thymio II simulator  

•  Problem: optimal learned robot behaviour in simulator does not have 
to work on the real robot (reality gap) 

•  Simulation is necessary to test many ideas and fine tune parameters 
and has to reflect the real situation as much as possible  

•  RQ: (1) Can we adapt our simulator to have a minimal reality gap for 
a Thymio II robot and (2) if we include feedback from evaluations on 
real hardware, how often do we need this (transferability approach)? 

? 

Contact Jacqueline: j.v.heinerman@vu.nl 



Evolutionary Robotics: optimising the sensory 
input for a collecting task 

•  Problem: In Evolutionary robotics, behaviours of the robot are 
usually learned through evolving the weights of a neural network. 
The larger the number of input nodes and hidden nodes, the larger 
the search space and the longer times it takes to train the neural 
network 

•  RQ: (1) What is the optimal information given to the neural net for a 
ball collecting task and (2) what is the influence of the different kinds 
of neural networks (feed forward, recurrent, extreme learning 
machines) 

Contact Jacqueline: j.v.heinerman@vu.nl 



GRADUATING IN THE CI GROUP 

•  Feel free to contact any of the staff members 
•  Feel free to come with your own ideas as well!  
•  We are warmly welcome ambitious students, and aim for 

 project which have scientific impact 
•  Always strive towards publishing the result in a paper for a 

 conference 
•  Contact details: 

•  Guszti Eiben: gusz@cs.vu.nl 
•  Evert Haasdijk: e.haasdijk@vu.nl 
•  Mark Hoogendoorn: m.hoogendoorn@vu.nl 
•  CI website: www.cs.vu.nl/ci/node/8 
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