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Review of reconfiguration methods for
modular self-reconfiguring robots

LUO Hang, ZHAO Sikai, ZHAO Ning, ZHAO Jie, JIANG Zainan, ZHU Yanhe”
(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; With the growing demand for robotic operation in unstructured environments, fixed-configuration robots are increasingly limited in
adaptability, fault tolerance, and task versatility. Modular self-reconfigurable robots, composed of standardized homogeneous or heterogeneous
modules, can reorganize their topology to achieve morphological and functional reconfiguration. Since existing studies are commonly classified by
geometric configuration or connection topology and therefore do not fully reflect the essential differences in reconfiguration mechanisms, this paper
reviewed modular robots from the perspective of reconfiguration principles. They were categorized into four groups: non-self-reconfigurable, mobile
self-reconfigurable, pose-transformation-based ( translation/rotation) self-reconfigurable, and joint-motion-based self-reconfigurable systems. The
mechanical principles, representative prototypes, control characteristics, and application scenarios of each category were systematically
summarized, and their respective advantages and limitations in compactness, mobility, control complexity, energy efficiency, and environmental
adaptability were compared. This review provides a reference for configuration design, strategy selection, and application optimization of future
modular self-reconfigurable robots.

Keywords: modular robot; self-reconfiguration; reconfiguration strategy; connection mechanism; topological structure
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Fig. 1 Taxonomy of modular robot reconfiguration methods
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Tab.1 Parameters of typical non-self-reconfigurable

modular robots
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Fig.2 Schematic diagram of Foambot"’
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Tab.2 Modular robotic machine parameters for

mobile self-reconfiguration
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Tab.3 Parameters of typical translation/rotation

self-reconfiguring robots
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Tab.4 Parameters of typical joint-actuated

self-reconfiguring robots
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(a) UBot #4717 G I&l

(a) Schematic diagram of UBot configuration

(b) UBot A[a]#4 54524y 4]

(b) Picture of UBot in various configurations

K10  UBot 7&K
Fig. 10  Schematic diagram of UBot"
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Tab.5 Performance comparison of modular robots with

different reconfiguration methods
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