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Cable fault diagnosis and isolation method for cable-driven
manipulators based on physics-informed embedding
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(1. Department of Automation, North China Electric Power University, Baoding 071003, China; 2. Baoding
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Abstract: This study presents a fault diagnosis and isolation framework for cable wear in cable-driven manipulators, aiming to improve
the system reliability and safety during operation. During the fault diagnosis phase, by integrating the mapping relationship between
manipulator joint angles and cable tension, a cable tension model is created to accurately predict tension changes under various working
conditions. Based on this, a physics-informed fault diagnosis network is developed. By leveraging the dynamic features of tension signals
and joint angle data and optimizing with a multi-objective loss function, accurate fault diagnosis of faulty cables is achieved. In the fault
isolation phase, this research designs a fiber Bragg grating sensor based on a synchronous compensation method to stably and precisely
collect joint movement information and introduces a three-driven cable synchronous compensation strategy. This strategy sequentially
performs multiple equidistant synchronous contraction operations on the three driving cables of each joint, thereby reducing the impact of
dynamic errors on isolation accuracy. The optical fiber sensor is used to collect the dynamic responses of the manipulator’s pitch and yaw
angles, and two-dimensional feature maps are generated using the Gram Angle Difference Field algorithm. An ensemble classification
model is then constructed to achieve precise isolation of manipulator cable damage. Experimental results show that the proposed method
achieves a fault diagnosis accuracy of 98. 48% in the cable fault diagnosis experiments and a fault isolation accuracy of 94. 89% in the

cable fault isolation experiments. The approach demonstrates significant advantages in cable tension prediction, fault diagnosis, and
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localization, providing robust support for the safe operation of cable-driven manipulators.

Keywords : fault diagnosis; fault isolation; cable-driven manipulator; physics-informed network; fiber Bragg grating sensor
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Fig. 1  Overall framework
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Fig.2 Kinematics modeling
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Fig. 6 Cable-driven robotic arm rope state experimental platform
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Fig.9  Confusion matrix for single-joint cable state classification
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Table 3 Performance comparison of 5-fold

cross-validation for each foundation model
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(Y fE=bRERE) W3/ %
RF 0.918 20.032 5 92.57
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Fig. 13 Pseudo-images of different coding methods
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