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Simulation and experimental study on trajectory tracking of the
assistive standing-up robot
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Engineering, Harbin Institute of Technology, Harbin 150001, China; 2. Laboratory of Robotics, Faculty of Elec-

trical Engineering, University of Ljubljana, Ljubliana 1000, Slovenia)

Abstract; Objective To establish a new trajectory tracking algorithm combined with trapezoidal velocity, so as to
realize the trajectory control of the assistive standing-up robot and help subjects complete the standing-up train-
ing. Methods Forces of the assistive standing-up robot acting on subjects were analyzed by deducing the force
and moment balance equations. According to the interpolation points of the target curve, trapezoidal velocity and
current position points of the end-effector, the trajectory tracking algorithm of the assistive standing-up robot was
developed, and a simulation platform was built up by Simulink/Stateflow software. Based on the established Xpc
target and host computer, assistive standing-up robot and 3D motion analysis system, trajectory tracking of the
straight line, curves in different shapes, standing-up curve of the subjects were tested. Parameters that affected
the velocity and accuracy of trajectory tracking as well as the differences in trapezoidal velocity and standing-up
velocity were discovered. Results Accurate positon control of the assistive standing-up robot was achieved by
trajectory tracking algorithm. The standing-up trajectory curve and trapezoidal velocity could meet the requirement
of standing-up velocity for the subjects and fulfill their requirements for different curve shapes and velocities. Con-
clusions The assistive standing-up robot using trajectory tracking algorithm combined with trapezoidal velocity
can accurately track the target curves without limitation of curve shapes, and help the standing-up training for
subjects. The established simulation and test platform in consideration of different subjects’ standing-up trajectory
curve, velocity and accelaraion will assist standing-up more effectively.
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Fig.1 Picture of the assistive standing-up robot
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Fig.2 Force and moment diagram of the assistive standing-up ro-

bot acting on subject
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Fig.3 Calculation results of the trapezoidal velocity
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Fig.4 Simplified structure of the assistive standing-up robot
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Fig.5 Block diagram of the trajectory tracking algorithm
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Fig.6 Trajectory tracking of the assistive standing-up robot
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Fig.7 Control block diagram of the assistive standing-up robot
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Fig.10 Trajectory tracking of the standing-up curve
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Fig. 11 Setups for trajectory tracking test of the assistive standing-

up robot
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Fig.14 Test result of trajectory tracking and velocity by assistive standing-up robot
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