
Efficient Redistribution of Heterogeneous Swarm Robots for Building Security 

In a community of heterogeneous swarm robots, each robot has 

their own unique capabilities. Given these different capabilities, 

they need to adapt to specific needs of the desired task. Quantifying 

the capabilities would increase the efficiency in the redistribution. 

Find an optimal policy to redistribute heterogeneous swarm 

robots based on their capabilities. 
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The case we are proposing considers two species (UAVs and UGVs) of 

robots, with 5 robots in each species, to monitor a building based on the 

windows and doors present.

Given knowledge of the initial robot distribution and each species’ traits,  

We can minimize the objective error function, 𝐸, and use it to obtain the 

optimal rate matrix for the distribution of capabilities and the optimal 

convergence time. The error function is given as,

𝐸 = ത𝑌 − 𝑌(𝑡), where ത𝑌 is the desired distribution of robot capabilities and 

𝑌 𝑡 is the distribution of capabilities with respect to time. 𝑌 𝑡 is given as, 

Y 𝑡 = 𝑋 𝑡 ∙ 𝑄

𝑞 = ቊ
𝑈𝐺𝑉 3 𝑐𝑎𝑚𝑒𝑟𝑎𝑠 1 𝐿𝑖𝑑𝑎𝑟 2 𝐼𝑛𝑓𝑟𝑎𝑟𝑒𝑑

𝑈𝐴𝑉 1 𝐶𝑎𝑚𝑒𝑟𝑎

ത𝑌 =

3 𝑐𝑎𝑚𝑒𝑟𝑎𝑠 2 𝑐𝑎𝑚𝑒𝑟𝑎𝑠
1 𝐿𝑖𝑑𝑎𝑟 −

2 𝐼𝑛𝑓𝑟𝑎𝑟𝑒𝑑 2 𝑐𝑎𝑚𝑒𝑟𝑎𝑠
1 𝑐𝑎𝑚𝑒𝑟𝑎 −
1 𝐿𝑖𝑑𝑎𝑟 1 𝑐𝑎𝑚𝑒𝑟𝑎


