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Robot Graph Structure: A Representation and Computational Framework
for Intelligent Design of a Robotic Mechanism
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Tianjin 300350, China)

Abstract: Intelligence represents an inevitable trend in the innovative design of robotics. Its core comprises the utili-
zation of artificial intelligence to learn the laws governing the composition of robotic mechanisms from design data,

as well as to simulate human thought in the design process. Two fundamental prerequisites are essential for realizing
intelligent design in robotics: an effective digital representation of robotic mechanisms, which comprehensively and
accurately describes their information, thereby facilitating computer recognition and storage, and a rapid computa-
tion of the performances of these robotic mechanisms, which is also the primary objective of mechanism design. In
this study, a novel digital language—robot graph structure (R-Graph) —was introduced for the representation and
computation of robotic mechanisms and their properties. In this structure, the nodes and edges of a heterogeneous
graph were firstly used to represent the components of a robotic mechanism and their connecting relationships,

respectively. Thereafter, the node and edge feature matrices were defined, followed by the analysis of the properties
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of R-Graph. On this basis, a method for discriminating the topological isomorphism of mechanisms was proposed
based on graph similarity matching, yielding the automatic solution of the motion/force properties of the mechanisms
based on graph information transfer mechanisms. Finally, the potential applications of R-Graph in the innovative,
intelligent design of robotic mechanisms were explored. Compared with traditional topological graphs, the results
reveal that the proposed R-Graph captures motion variables and related information, as well as transforms the repre-
sentation of axis relationships from Boolean values to real number matrices, realizing unified representations in
Euclidean and non-Euclidean spaces. Further, this comprehensive information representation structure can facilitate
automatic motion/force computations, providing an institutionalized data foundation for intelligent robotic mecha-
nism design. Overall, R-Graph offers a novel theoretical foundation, as well as tools, for intelligent robotic mecha-
nism design, which can advance robotic design automation and intelligence.

Keywords: robotic mechanism representation; motion/force computation; topological graph; intelligent design
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