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Abstract 
This work package deals with the highest level of swarm adaptation to be 
addressed within the project, which is tracking randomly-moving objects, 
surrounding them and finally herding them into a predefined shape.  

Regarding tasks and objectives for WP5, the followings are presented in this 
deliverable: i) an extensive literature survey for pattern formation of swarm 
robots,  ii) preliminary studies for adaptive pattern formation using gene 
regulatory networks (GRNs) and iii) the implementation of an object-tracking 
process based on morphogen diffusion using our own virtual kinematic model as 
well as the standard model from WP1.  

Firstly, in order to obtain comprehensive understanding of the problem, we 
have reviewed pattern formation algorithms within the context of mobile multi-
robot systems. Relevant pattern formation methods are reviewed with a special 
focus on biologically-inspired self-organising approaches utilising morphogen, 
chemotaxis, gene regulatory networks, pheromone, and animal behaviours. 

As the main result of swarm pattern formation, we proposed a morphogenetic 
approach, called a two-layer hierarchical GRN (H-GRN), to region formation for 
entrapping and tracking targets using a swarm of robots, which is relevant to 
‘Task 5.1’. The proposed algorithm does not require a centralised control of the 
position of the individual robots inside the region, providing a practical flexibility 
for self-organisation of a large number of robots. We have also proposed 
another morphogenetic approach to pattern formation for entrapping targets 
using an evolving GRN framework, which is relevant to ‘Task 5.2’.  
Two algorithms based on H-GRNs mentioned above rely on the location-
dependent organiser cells which have more information about the targets in the 
environment; this makes it difficult to fully decentralise the self-organising 
patterning system. To alleviate this dependency, we proposed a morphogenetic 
algorithm for a swarm of robots following a target while maintaining its 
predefined disc-like shape based on morphogen gradient diffusion and cell type 
differentiation. 

Lastly, an object tracking process is found within the standard model by 
explicitly considering the constraints of swarm robots (kilobots) such as 
communication/sensing and movement in a fully decentralised and self-
organised way. Several object tracking algorithms were proposed using light 
source and gradient following concepts, and an initial study on a possible 
herding process is also performed. However, note that these processes were 
done in a heuristic way to see a feasibility of targeted process within the 
standard model as a starting point of our research project. We also focused on 
the object tracking process without much consideration in swarm patterning 
itself. In order to generate meaningful patterns while efficiently following a 
target or herding targets into desirable shapes, a GRN structure will be 
designed for the local controller of swarm robots.  
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Details on the background, methodology and results can be requested to the 
project coordinator if needed. 
 
 
 


	Abstract

