
















accelerometer readings result from the rocking motion of 
the ant as it moves. This is influenced by gravity and, to a 
lesser extent, the wires attaching the robot to the 
intelligent brick. Like the cricket controlled by MRL, 
Figure 15(a) shows that the ant controlled by MRL 
exhibits little or no structured behaviour cycles and has 
little change in attention focus. This is evidenced by the 
light, even colours on the point-cloud diagram.  

 

 
Figure 13. Point-cloud visualisations for the cricket controlled 
by (a) MRL and (b) SART-MRL  
 

 
Figure 14. Close-up of Figure 13(b). One cycle is evident. 

 
Figure 15. Point-cloud visualisations for the ant controlled by (a) 
MRL and (b) SART-MRL 
 

 
Figure 16. Close-up of Figure 15(b). A noisy, semi-structured 
behaviour cycle is evident from the diagonal pattern. This 
behaviour cycle was the robot ‘walking’ across the room.  
 

The ant using SART-MRL was perhaps the most 
interesting of the insect-bots, as it was able to learn to 
‘walk’ motivated only by the cycle-based intrinsic 
motivation function. The ‘walk’, shown in Figure 16, was 
somewhat jerky, with the ant learning to combine a 
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sequence of ‘move-forward’ and ‘stop-motor’ actions. 
However, this – and the other results from this section –  
demonstrates that robots can learn basic joint attention 
behaviours such as ‘walking’ and ‘head movement’ 
without being specifically programmed to learn those 
behaviours. In addition, even though each robot uses the 
same intrinsic motivation function, each robot learns 
different cycles in response to its physical structure.  

5 Conclusion  
This paper has introduced a model of affordances for 
controlling and evaluating intrinsically motivated robots. 
Our control model combines the model of affordances 
with motivated reinforcement learning and simplified 
adaptive resonance theory networks to produce 
intrinsically motivated robots that can generalise over 
noisy state spaces. The evaluation technique uses point-
cloud diagrams to visualise cycles in the affordances 
executed by the robots.  

We implemented and experimented with the 
control and evaluation models on four critter-bots using 
the Lego Mindstorms NXT platform. Results show that the 
evaluation technique can distinguish: 

• Changing attention focus by a robot;  
• Periods of exploration and exploitation; 
• Cyclic behaviour.  

Qualitatively, we can thus conclude that: 

• The SART-MRL algorithm exhibited more 
structured behaviour than MRL; 

• The SART-MRL algorithm exhibited greater 
ability to exploit learned behaviour the MRL 
control algorithm.  

The main weakness of the point-cloud diagrams 
as an evaluation technique is the difficulty of interpreting 
the charts for long time periods. The next phase of this 
work will focus on developing an automated, numerical 
analysis of the point-cloud diagrams to permit a 
quantitative evaluation of behaviour. This will include 
automatically identifying properties such as the number, 
length and duration of behaviour cycles and the amount of 
time spent exploring and exploiting.  This will further 
permit the design and analysis of more complex 
motivated robots for more complex environments. 
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