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ABSTRACT

The upper- limb exoskeleton robot used in the field of rehabilitation training help patients with
impaired upper limb function complete functional and daily activities. Therefore, a STM32-
based upper-limb exoskeleton robot bionic motion control system which can sense patients’
movement intentions is studied. The intention of the movement decide the bionic movement
type of the exoskeleton. The control system can provide certain technical support for the
rehabilitation training of the stroke patients. The main contents of this paper include the
following aspects: 1) Analysis of the bionic motion mechanism of the upper-limb exoskeleton
robot. By analyzing the anatomy of the upper limbs and the mechanism of the upper limb
movement of the human body and comparing it with the mechanical structure of the
exoskeleton robot, the motion properties and range of motion of the joints of the exoskeleton
robot are determined, and the exoskeleton robot is analyzed by D-H method for calculating
the joint displacement required to complete the bionic movement; 2) The overall design of the
upper-limb exoskeleton robot control system. According to the requirements of the robot
control system in terms of trigger signal, means of communication, safety, the overall design
of the control system is completed, which mainly contains upper-limb motion pattern
recognition and the exoskeleton bionic motion. Among the control system, pattern recognition
works as a trigger for the upper-limb exoskeleton; 3) the patient's motion intention
identification. With regard to the sSEMG signals generated while human upper-limb moving,
Pytorch was used to establish a convolutional neural network to identify different upper-limb
movements. The convolutional neural network was trained and tested. The test result shows
that the classification accuracy of the convolutional neural network is 98.15%, which means
the method offered can effectively identify the movements. 4) Design of the bionic motion
control system of the upper-limb exoskeleton robot. Firstly, according to the requirements, the
selection and connection of the control system components (stepping motor, stepping motor
driver, reducer, power supply, etc.) are completed. Secondly, code is written for the control
system which has three main parts: motion intent recognition module, the motion instruction
transmission module and the upper-limb exoskeleton bionic motion module. Finally, the
integration of software and hardware was carried out. 5) Upper-limb exoskeleton bionic
motion control experiment. According to the software and hardware design of the control
system, a STM32 based upper-limb exoskeleton robot bionic motion experimental platform
was established. The experiment of offline recognition of patient's motion intention and the
exoskeleton movement is carried out. The experimental results show that the control system
has a recognition accuracy rate of 99.07 % and can repeat 16 times of one kind of bionic
motion action without loss of synchronization.
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