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Scope 

 

With the term Adaptive Robotics we refer to Evolutionary and/or Developmental methods that allow to 

synthesize robots that evolve/develop their skills autonomously in interaction with the physical, and 

eventually social, environment on the basis of an adaptive process driven by the ecological condition in 

which the robot operate and on the basis of an utility function designed by the experimenter. This means 

that the way in which the robots solve their adaptive task as well as the detailed characteristics that allow 

the robot to display their skills in interaction with environment are shaped by the adaptive process (i.e. are 

not designed by the experimenter). As we will illustrate in this tutorial, these methodologies are particularly 

suitable for the development of robots that are embodied (i.e. that are able to exploit properties 

originating from the numerous interactions occurring over time between their body and the environment) 

and situated (i.e. that are able to exploit the properties arising from the fact that they can modify the next 

experienced sensory states through their action). In other words robots that, besides being provided with a 

physical body and beside being situated in a physical environment, are able to exploit the opportunities 

that their embodied and situated nature provides to them. Moreover, as we will demonstrate, these 

methodologies are particularly suitable for the development of embodied cognition skills, i.e. internal 

processing capabilities that are “grounded” on simpler behavioral and cognitive skills and, ultimately, on 

fine-grained sensory-motor interactions.  

 

List of topics/research to be covered 

 

1. Behavior and cognition as complex adaptive systems (Beer, 2000; Keijzer, 2001; Yamashita & Tani, 
2008; Nolfi, 2009)  

2. Adaptive Robotics: Evolutionary and Developmental Methods (Nolfi & Floreano, 2000; Weng et al., 
2001; Weng. 2004; Oudeyer, Kaplan, & Hafner, 2007; Floreano, Husband & Nolfi, 2008)  

3. Case studies: 
3.1. Body/brain co-evolution (Lipson & Pollack, 2000; Bongard & Pfeifer, 2003; McHale & Husbands, 2004, 

Bongard, 2010) 
3.2. Reaching and Grasping and object Manipulation in Humanoid Robots  (Massera et al., 2007; Tuci et 

al, 2010; Bongard, 2010) 
3.3. Co-evolving Predator and Prey Robots (Nolfi & Floreano, 1999, Nolfi 2011)  
3.4. Evolution of cooperation and communication robotic swarms (Baldassarre et al., 2007; Floreano et al. 

2007; De Greef & Nolfi, 2010; Mitri et al. 2009, 2011; Sperati et al. 2001; Wischmann, Floreano & 
Keller 2012) 

3.5. Development of Integrated Language and Action skills (Sugita & Tani, 2005; Steels, 2010; Tuci et al. 
2011) 

4. Open Issues, Challenges and Promising Research Direction 
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Intended Audience 

 

The tutorial will be of interest for who want to know the method, the state-of-art in this field, and the 

advantages/drawbacks of different methodologies. The themes presented aim to be self-explanatory and 

do require previous knowledge. At the same time the tutorial aims to provide useful information also for 

those that are already familiar with evolutionary and/or developmental approaches to robotics and are 

interested in knowing the progresses achieved during the last years, the failures, and the challenges for the 

future. 

 

References 

 
Baldassarre G., Trianni V., Bonani M., Mondada F., Dorigo M. & Nolfi S. (2007). Self-organised coordinated 

motion in groups of physically connected robots. IEEE Transactions on Systems, Man, and Cybernetics, 
37(1):224-239 

Beer, R.D. (2000). Dynamical approaches to cognitive science. Trends in Cognitive Sciences 4(3):91-99. 
Bongard, J. C. and R. Pfeifer (2003) Evolving Complete Agents Using Artificial Ontogeny, in Hara, F. and R. 

Pfeifer, (eds.), Morpho-functional Machines: The New Species (Designing Embodied Intelligence) 
Springer-Verlag, pp. 237-258. 

Bongard J. (2011). Morphological change in machines accelerates the evolution of robust behavior. 
Proceedings of the National Academy of Sciences 108(4): 1234-1239. 

Bongard J. C. (2010). The utility of evolving simulated robot morphology increases with task complexity for 
object manipulation. Artificial Life, 16(3): 201-223. 

De Greef J., Nolfi S. (2010). Evolution of implicit and explicit communication in a group of mobile robots. In 
S. Nolfi & M. Mirolli (Eds.), Evolution of Communication and Language in Embodied Agents. Berlin: 
Springer Verlag. 

Floreano D., Husband P. & Nolfi S. (2008). Evolutionary Robotics, in Siciliano B., Oussama Khatib (eds.), 
Handbook of Robotics, Berlin: Springer Verlag, pp. 1423-51  

Floreano D., Mitri S., Magnenat S., Keller L. (2007) Evolutionary Conditions for the Emergence of 
Communication in Robots. Current Biology, 17 pp. 514-519 

Keijzer F. (2001). Representation and behavior. London, UK: MIT Press 
Lipson, H., Pollack J. B., (2000), "Automatic Design and Manufacture of Artificial Lifeforms", Nature 

406:974-979  
Massera G., A. Cangelosi & S. Nolfi (2007). Evolution of Prehension Ability in an Anthropomorphic 

Neurorobotic Arm, Frontiers in Neurobotics, 1(4):1-9. 
McHale G. & Husbands P. (2004). GasNets and other evovalble neural networks applied to bipedal 

locomotion. In S. Schaal et al. (Eds), Proc. From Animals to Animats 8: Proceedings of the Eigth 
International Conference on Simulation of Adaptive Behaviour (SAB'2004), 163-172, MIT Press. 

Mitri, S., Floreano, D. and Keller, L. (2011). Relatedness influences signal reliability in evolving robots. 
Proceedings of the Royal Society B, 278 pp. 378-383. 

Mitri, S., Floreano, D. and Keller, L. (2009). The Evolution of Information Suppression in Communicating 
Robots with Conflicting Interests. PNAS, 106(37) pp. 15786-15790.  

Nolfi S. & Floreano D. (2000). Evolutionary Robotics: The Biology, Intelligence, and Technology of 
Self-Organizing Machines. Cambridge, MA: MIT Press/Bradford Books. 

Nolfi S. & Floreano D. (1999). Co-evolving predator and prey robots: Do 'arm races' arise in artificial 
evolution? Artificial Life, 4 (4), 311-335 

Nolfi S. (2009). Behavior and cognition as a complex adaptive system: Insights from robotic experiments. In 
C Hooker (Ed.), Handbook of the Philosophy of Science. Volume 10: Philosophy of Complex Systems. 
General editors: Dov M. Gabbay, Paul Thagard and John Woods. Elsevier  

Nolfi S. (2011). Co-evolving predator and prey robots. Adaptive Behavior. 20 (1):10-15. 
Oudeyer P-Y, Kaplan , F. and Hafner, V. (2007). Intrinsic Motivation Systems for Autonomous Mental 

Development, IEEE Transactions on Evolutionary Computation, 11(2):265--286. 

http://laral.istc.cnr.it/nolfi/papers/baldassarre_swarm-bots_ieee.pdf
http://laral.istc.cnr.it/nolfi/papers/baldassarre_swarm-bots_ieee.pdf
http://mypage.iu.edu/~rdbeer/Papers/TICS.pdf
http://www.cs.uvm.edu/~jbongard/papers/MFMBongardPfeifer2003.pdf
http://www.cs.uvm.edu/~jbongard/papers/2011_PNAS_Bongard.pdf
http://www.cs.uvm.edu/~jbongard/papers/2010_ALife_Bongard.pdf
http://www.cs.uvm.edu/~jbongard/papers/2010_ALife_Bongard.pdf
http://laral.istc.cnr.it/nolfi/papers/DeGreefNolfi2010EvolutionImplicitExplicitCommunication.pdf
http://laral.istc.cnr.it/nolfi/papers/floreano_husbands_2008.pdf
http://infoscience.epfl.ch/getfile.py?docid=21299&name=florenoetal_preprint&format=pdf&version=1
http://infoscience.epfl.ch/getfile.py?docid=21299&name=florenoetal_preprint&format=pdf&version=1
http://www.mae.cornell.edu/ccsl/papers/Nature00_Lipson.pdf
http://laral.istc.cnr.it/nolfi/papers/massera_cangelosi_nolfi_2007.pdf
http://laral.istc.cnr.it/nolfi/papers/massera_cangelosi_nolfi_2007.pdf
http://www.cogs.susx.ac.uk/users/philh/pubs/SAB04_gm_r03.pdf
http://www.cogs.susx.ac.uk/users/philh/pubs/SAB04_gm_r03.pdf
http://infoscience.epfl.ch/record/150720/files/RSPB20101407.pdf
http://infoscience.epfl.ch/record/139388/files/PNAS-2009-Mitri-0903152106.pdf
http://infoscience.epfl.ch/record/139388/files/PNAS-2009-Mitri-0903152106.pdf
http://laral.istc.cnr.it/nolfi/papers/nolfi.co-evol.pdf
http://laral.istc.cnr.it/nolfi/papers/nolfi.co-evol.pdf
http://laral.istc.cnr.it/nolfi/papers/nolfi_behaviour_as_cas_elsevier_handbook.pdf
http://www.csl.sony.fr/~py/ims.pdf
http://www.csl.sony.fr/~py/ims.pdf


3 
 

Sperati V., Trianni V., Nolfi S. (2011). Self-Organised Path Formation in a Swarm of Robots. Swarm 
Intelligence, 5:97-119. 
Steels L. (2010). Modeling the formation of language: Embodied experiments. In S. Nolfi & M. Mirolli (Eds.), 
Evolution of Communication and Language in Embodied Agents. Berlin: Springer Verlag. 
Sugita Y. & Tani J (2005).  Learning semantic combinatoriality from the interaction between linguistic and 

behavioral processes, Adaptive Behavior 13: 33-52. 
Tuci E., Ferrauto T., Zeschel A., Massera G., Nolfi S. (2011). An Experiment on Behaviour Generalisation and 

the Emergence of Linguistic Compositionality in Evolving Robots, IEEE Transactions on Autonomous 
Mental Development, (3)2: 176-189. 

Tuci E., Massera G., Nolfi S. (2010). Active categorical perception of object shapes in a simulated 
anthropomorphic robotic arm, Transaction on Evolutionary Computation Journal, vol. 14, issue 6, pp. 
885-899. 

Weng J., McClelland J., Pentland A., Sporns O., Stockman I., Sur M. and Thelen E. (2001). Autonomous 
Mental Development by Robots and Animals, Science, vol. 291, 5504:599-600. 

Weng J. (2004). Developmental Robotics: Theory and Experiments.  International Journal of Humanoid 
Robotics, vol. 1, no. 2, 2004 

Wischmann S, Floreano D. and Keller L. (2012). Historical contingency affects signaling strategies and 
competitive abilities in evolving populations of simulated robots, in Proceedings of the National 
Academy of Sciences, USA, vol. 109, num. 3, p. 864-868. 

Yamashita Y & Tani J. (2008). Emergence of functional hierarchy in a multiple timescale neural network 
model: a humanoid robot experiment, PLoS Computational Biology, (4) 11. 

 

http://laral.istc.cnr.it/nolfi/papers/sperati-trianni-nolfi-SI2011.pdf
http://www.bdc.brain.riken.go.jp/~tani/papers/nn07.pdf
http://www.bdc.brain.riken.go.jp/~tani/papers/nn07.pdf
http://laral.istc.cnr.it/nolfi/papers/tuci-et-al-tamd2011.pdf
http://laral.istc.cnr.it/nolfi/papers/tuci-et-al-tamd2011.pdf
http://laral.istc.cnr.it/nolfi/papers/TuciMasseraNolfi_IEEE-TEC.pdf
http://laral.istc.cnr.it/nolfi/papers/TuciMasseraNolfi_IEEE-TEC.pdf
http://www.cse.msu.edu/dl/SciencePaper.pdf
http://www.cse.msu.edu/dl/SciencePaper.pdf
http://www.cse.msu.edu/~weng/research/IJHRv1n2.pdf
http://www.bdc.brain.riken.go.jp/~tani/papers/PLoSComBiol_2008.pdf
http://www.bdc.brain.riken.go.jp/~tani/papers/PLoSComBiol_2008.pdf

