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Plan of the talk



•Swarms have a objective

•Vising a location

•Taking pictures 

•Building a map

•Communication limitations exist

•Task : Find a local task allocation that can be merged 
into a suitable global task allocation

Introduction – Set Up



• Evaluate Nash equilibrium based competitive 
strategy vs voting based cooperative strategy for 
task allocation in a robotic swarm

Goal of the Paper



Two major improvements over previous  work

•Every robot with the same number of 
connections 

•Use of genetic algorithms for real-time agents 
with large fleets 

Modification to previous work



•Completed Tasks CT 

•Social Utility SU 

Evaluation



•If each player has chosen a strategy, and no player 
can benefit by changing strategies while the other 
players keep theirs unchanged, then the current set of 
strategy choices and the corresponding payoffs 
constitutes a Nash equilibrium – Wikipedia 

Nash Equilibrium



Competitive Algorithm



•Each agent knows the neighbor agents distances and 
the set of available tasks

•Agents calculate the equilibrium points for all 
neighbors

Competitive Algorithm



Competitive Algorithm



•Pre assigned citizens and leader 

•Citizens vote for robots to perform each task

•Leaders count vote and determine the task allocation

Cooperative Algorithm 



•Borda count is a ranked voting system where the 
preferences of voters {1,2,3,...,N} are weighted with 
decremental coefficients {N, N −1, N −2, ..., 1} 

•Plurality rule is a binary voting system where each 
voter assigns 1 to the preferred candidate and 0 to the 
rest 

Voting Methods



•Approval voting is also a binary voting system, but 
each voter assigns 1 to the N preferred candidates and 
0 to the rest 

•Cumulative voting is a rated vote system where each 
voter has P points that can distribute among the N 
preferred candidates 

Voting Methods



Cooperative Algorithm 



•When the number of tasks and the number of robots 
are large

•Search space for task allocation explodes

•Use genetic algorithms to find the Nash equilibrium 
values

Use of Genetic Algorithms



•Performance of cooperative algorithm depending on 
the tasks per leader 

•500 Simulations performed

•Tasks are {21, 42, 63, 84, 100} 

•Every leader coordinates 10 citizens

Experiment 1 – Tasks per leader



Experiment 1 - Results



•Performance of cooperative algorithm depending on 
the electoral system 

•800 simulations were performed

•All 4 methods were evaluated

Experiment 2 - Best Electoral System



Experiment 2 - Results



•Performance of algorithms depending on the size of 
scenario.

•1000 Simulations conducted 

•NR = NT = {20, 40, 60, 80, 100, 120, 140, 160, 180, 
200} 

Experiment 3 – Size of the group



Results



•Performance of cooperative algorithm depending on its 
parameters

•For 1000 simulations

•Number of connections = {2, 4, 6, 8, 10, 12, 14, 16, 18, 
20} 

Experiment 4 – Number of connections



Results



• 400 Robots and 400 tasks

• 10 neighbor connectivity

• A virtual environment in a game engine

• Mission : Map a part of the virtual environment

Application for swarms



Application for swarms



Application for swarms



• Key conclusion : cooperation is better than 
competition 

• In an environment with less communication resources, 
cooperation will get most number of tasks completed.

Conclusions – In the paper



• The evaluation metrics are not enough to come at a 
conclusion.

•Specially with mixed results

•The equations, symbols are not explained. 

•The algorithms contain undefined functions.

•This can be expanded for any multi-robotic platform –
not just drones.

Conclusions – Own



•Can a robot calculate the Nash equilibrium as the 
tasks are inter related ?

•The complexities are not defined !

•Therefore, we can assure “Dear robots, you should 
cooperate!” 

•Surprised as this got accepted to IROS

Conclusions – Own


