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Digital robot-aided surgery system based on biomechanical
information

WANG Mo-nan, AN Xian-jun( Robotics Institute, Harbin University of Science and Technology, Harbin
150080, China)

Abstract; Objective = To establish a set of digital robot-aided surgery system to represent the real surgery
process, and realize robot control and force feedback in virtual environment by digital human tissue simulation
combined with outer force feedback instrument. Methods The digital robot aided-surgery system design includes
human tissue biomechanical modeling, biomechanical model calculation, force feedback instrument design, con-
trol algorithm, digital robot-aided surgery system based on biomechanical information. Results After local area
network was successfully connected between haptic device control system and virtual environment, the system
completed closed-loop information transfer process. Conclusions The robot-aided surgery system can realize
the master-slave control, visual feedback and force feedback in virtual environment, which will contribute to the
development of digital surgery simulation technology and gain advantages in the aspects of improving surgery suc-
cess rate and training new doctors.
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Fig.1 Schematic of force analysis during leg traction
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Tab.1 Material properties and element types of bones in the finite

element model
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Tab.2 Material properties and element types of muscles in the fi-

nite element model
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Fig.2 Nonlinear stress-strain response of soft tissues
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Tab.3 Coefficients of the hyperelastic material model used for the

encapsulated soft tissue
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Fig.5 Parallel haptic device
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Fig.6 Layers of the control system
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Fig.7 Structure diagram of the control arithmetic
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Fig.8 Construction of the virtual surgery system
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Fig.9 Interface of the virtual surgery system
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