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Abstract

To address the limitations of traditional cervical traction rehabilitation methods, including poor
adaptability to individual differences, insufficient control accuracy, and difficulty in dynamic regu-
lation, this paper proposes a fuzzy PID position control scheme based on a self-developed 6-UPS
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parallel-structure cervical rehabilitation robot. This robot utilizes six electric linear actuators to
achieve multi-degree-of-freedom traction and posture adjustment, providing multi-angle and multi-
mode rehabilitation training for different cervical segments and muscle groups. First, a mathematical
model of a single electric actuator system is established, and its transfer function is derived based
on an analysis of the nonlinear coupling between the DC motor and the lead screw transmission.
Then, fuzzy logic is embedded within the PID framework to enable online self-tuning of PID param-
eters, effectively addressing uncertainties and nonlinearities caused by patient-specific physiolog-
ical differences and time-varying loads. Finally, simulations are conducted using Simulink and the
Fuzzy tool. The results demonstrate that, compared with conventional PID control, the fuzzy PID
controller significantly reduces the rise time (0.141 s) and settling time (0.236 s) while exhibiting
almost no overshoot. This improvement enhances the speed and stability of multi-degree-of-free-
dom parallel traction under complex working conditions. This study provides an effective technical
foundation for high-precision and highly adaptive control of next-generation cervical rehabilitation
robots, laying the groundwork for future multi-degree-of-freedom force-position coupling control
and clinical applications.
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Figure 1. Structural diagram of cervical spine rehabilitation robot
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Table 1. DC motor and wire parameters
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Figure 2. Fuzzy PID controller system block diagram
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