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Motivation 

  Autonomous miniature robotic swarms offer numerous 

advantages, such as the agility to access constricted spaces 

that are inaccessible to large robots or remote areas that are 

dangerous to humans. Identified challenges of developing such 

systems include miniaturization, adaptability, and scalability. 

 Most of the systems for swarming are developed with a focus on 

a homogeneous robot design. From a system-of-systems level 

design, we anticipate that the robot will undergo evolution in 

terms of both designs and capabilities. 
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Main idea 

 Our design approach is centered on the development of 

individual building blocks of the integrated swarm system, 

which is modular and platform-agnostic. This enables us to 

continue designing, prototyping, and developing a range of 

robotic designs without compromising the integration process. 

 To focus the advancement of each of the identified challenges, 

we establish three different testbeds such that the evolution of 

one effort does not hinder others at the initial stage, but with 

the ultimate goal of converging towards a common platform. 

Front In
form

 Technol E
lectro

n Eng



Method 

1. Design genealogy of the testbeds and the developed solutions 

Taurus 

Orion 

O-climb O-map 
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2. System architecture of the unified testbeds, with modular 
and platform-agnostic functions 
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Major results 
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Major results (Cont’d) 

To be continued 
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Major results (Cont’d) 
Continued 
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Conclusions 
 Our work approaches the development of swarm systems from a 

system-of-systems level design, whereby we modularize the 

development of different focus functions (miniaturization, scalability, 

and adaptability) and have them developed in parallel and platform-

agnostic. This has benefited us by being able to independently add 

functions to or subtract functions from the swarm system, thus having 

a fully functioning heterogeneous swarm for testing alongside the 

development of individual building blocks. 

 The key design principles that are discovered and learned throughout 

the course of developing the mesoscale robotic swarm systems have 

been discussed, and real-world demonstration has illustrated the 

practicality and functionality of the developed technologies. 
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