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Design of high-precision rope swing angle visual measurement system

and its application in suspended gravity compensation system

YE Xuezhou', GAN Shuwei', ZHANG Xiaohu', HUANG Yiyong®, XIONG Dan’
(1. School of Aeronautics and Astronautics, Sun Yat-sen University, Guangzhou 100190, China;
2. Academy of Military Sciences PLA China, Beijing 150001, China)

Abstract: In manned space missions, it is necessary to build a ground-based simulated microgravity
environment for astronaut adaptive training. The suspended gravity compensation system uses ropes
to suspend trainees, balances gravity with rope tension, and simulates a microgravity environment. In
order to maintain the balance between rope tension and gravity, the direction of the rope must be the
same as the direction of gravity during the movement of the trainee. For this reason, it is necessary to
measure the small swing angle of the rope in real time and with high accuracy as the input of the rope
direction control system. This paper designs and implements a high-precision rope swing angle real-
time measurement system based on monocular pose estimation. The system consists of a smart camera
fixed to the lower end of the rope and a sign frame fixed to the driving (the upper end of the rope).
During the movement, the smart camera shoots the marker frame, extracts its cooperation logo in real
time and calculates the relative pose of the camera and the marker frame. and further calculates the
rope up and down through the pre-calibrated relationship between the marker frame and the upper end
of the rope, and the camera and the lower end of the rope. The space coordinates of the endpoints are
finally solved to obtain a high-precision rope swing angle. The experimental results show that the
system can obtain rope swing angle data with an error within 0. 05° at a measuring frequency of 20Hz.
The system has compact structure and strong autonomy, and can be popularized for small swing angle
measurement in industrial control and scientific research experiments.

Keywords : suspension type gravity compensation system; swing angle measurement; camera pose esti-

mation



