








 
 

 

position) and the length of the trajectory. From the balance 
point of view, c=10 is a good choice.  Similar procedure can 
be implemented for other parameters as well.  

It is a very tedious procedure to adjust these parameters to 
achieve optimal system performance.  Therefore, we plan to 
apply a genetic algorithm (GA) to automatically tune these 
parameters, which will be reported elsewhere. 

B. Case Study 1: To Deploy Multiple Robots to a Unit Circle 
     For this case study, the simulation parameters of equations 
(5) and (6) are set up as follows: a = 1, c = 1 and k = 1, and 
b=1.   

In this case, we aim onto deploy a number of initially 
randomly distributed robots to a unit circle. That is, a circle 
with center at (0, 0) and radius of 1. During the deployment, 
the robots would try to approach to the unit circle and 
meanwhile to avoid colliding with each other.   
     Three groups of robots have been used to evaluate the 
proposed distributed control algorithms, which contain 5 
robots, 10 robots and 20 robots.  Due to the page limitation, 
we only show the simulation results of 20 robots in Fig. 4.  
The simulation results of 5 and 10 robots are similar to Fig. 4.  
Initially, robots are randomly located in the environment, as 
shown in Fig. 4(a). Then robots are trying to converge to the 
unit circle while avoiding each other, as shown in Fig. 4(b).  
After certain rounds of simulation, they are uniformly 
deployed on the circle, as shown in Fig 4(c). From the above 

simulation results, we can see that any number of randomly 
initiated robots can ultimately converge to the desired shape 
uniformly. 
       Fig. 5 shows the trajectories of robots moving from the 
initial state to the final state for all three cases with 5, 10, and 
20 robots.  It can be seen from Fig. 5 that the trajectories of 
the robots are obviously not optimized.  Sometimes some 
robots have to travel a long journey from their initial position 
to their final position on the circle.  The underlying reason for 
these scenarios mainly depends on the parameter setup, as we 
mentioned in parameter adjustment section.  When c=1, 
robots move fast but with oscillated trajectories.   
      In addition, to evaluate our algorithm statistically, Table 
II lists the mean errors of the final state of the robots 
compared to the expected final position to the predefined 
shape. It can be seen that the mean errors are very small. In 
other words, the proposed GRN inspired dynamic models for 
multi-robot systems is efficient and feasible. 
 

TABLE II 
NUMBER OF ROBOTS VS MEAN DIFFERENCE IN CIRCLE DEPLOYMENT 

Number of robots in the 
environment 

Mean difference to the expected 
shape 

5 robots 
10 robots 
20 robots 

0.0800 
0.0401 
0.0301 
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                          (a) c=50;                                                             (b) c=1;                                                            (c) c=10. 

Fig. 3. Trajectories of 3 robot with different value of parameter c. The initial positions of the robots are depicted using ‘*’, and the final positions are depicted 
using ‘o’. 
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                                      (a) Initial state of robots;                              (b) Intermediate state of robots;                      (c) Final state of robots. 
Fig. 4. 20 robots deployed uniformly on a unit circle. 
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