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Abstract

Since they are medical devices and demand a high level of safety, the safety of lower limb rehabil-
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itation exoskeleton robots is of major interest. In this study, we propose a control system with an
STM32 high-performance chip as the main control module for a safety testing system for lower
limb rehabilitation exoskeleton robots. To determine whether the joint motion parameters of the
wearable lower limb exoskeleton rehabilitation robot are within the safe range and to assess the
smoothness of the motion, the system uses the built-in AD converter on the STM32 to collect sens-
ing information such as angle, pressure, and displacement and transmits the sensing information
via USART to the host computer. The control system also recognizes the spasticity protection ca-
pabilities. The control system also recognizes the exoskeleton’s ability to defend against spasticity
through the control solenoid valve and the ability to interact with forces through PWM frequency
modulation. A serial port is used by the PyQt5-based system higher computer to connect to the
main control board. Experiments demonstrate that the testing method can precisely identify the
wearable lower limb exoskeleton’s safety performance in real time.
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Table 1. Safety-related information and test indicators
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Figure 1. The framework for security tested control
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Figure 2. The structure of the safety test platform
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Figure 3. Distribution of sensors on the test platform
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Figure 4. Diagram of a multiplexed analog switch
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Figure 5. Diagram of the stepper motor drive circuit
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Figure 6. The microcontroller’s and its supporting circuits’ block diagram
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Figure 7. Software system flow chart
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Figure 10. Diagram showing the upper unit’s results
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