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Collective robotic construction (CRC) is an emerging automation approach that employs 

multiple machines to assemble large-scale structures, often relying on small robots with 

limited payloads. Such systems are typically developed through a co-design process that 

jointly evaluates the material, building, and robotic systems responsible for assembly. On 

the material side, research in CRC has focused on systems where active robots assemble 

passive materials. This has led to the development of expensive and less fault-tolerant 

CRC systems, undermining CRC’s intended advantages of simplicity, affordability, and 

robustness. To address this limitation, this paper expands the co-design process in CRC 

to include the design of the assembled material using programmable materials—shape-

changing materials that transition between predefined states. This study explores the 

feasibility of programmable materials for geometry aggregation, alignment, connection 

locking, structural stabilization, and robotic manipulation to reduce reliance on the 

robotic system. To test this approach, a CRC system combining a Hoberman sphere-

inspired building material with a bespoke robot is introduced. By shifting from passive to 

active materials, this research highlights the benefits of embedding system intelligence 

within materials to enhance assembly efficiency and reduce robotic complexity. 

Keywords: Collective Robotic Construction, Construction Automation, Programmable 

Materials, Discrete Assembly, Agent-Based Modeling and Simulation (ABMS), Co-design.

Volume 2 – Confluence – eCAADe 43 | 129



130 | eCAADe 43 – Volume 2 – Confluence



Volume 2 – Confluence – eCAADe 43 | 131



• 

• 

• 

132 | eCAADe 43 – Volume 2 – Confluence



Volume 2 – Confluence – eCAADe 43 | 133



134 | eCAADe 43 – Volume 2 – Confluence



Volume 2 – Confluence – eCAADe 43 | 135



136 | eCAADe 43 – Volume 2 – Confluence



Volume 2 – Confluence – eCAADe 43 | 137

https://doi.org/10.1038/s44172-022-00034-3
https://doi.org/10.1038/s44172-022-00034-3


138 | eCAADe 43 – Volume 2 – Confluence

https://doi.org/10.1093/jcde/qwae028
https://doi.org/10.1002/advs.202201524

