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Research on Zero-force Control and Collision Detection for Cooperative Robots
ZHAO Binl’z, wuU Chengdongl’3, SUNRuohuail’z, JIANG Yang3, WUXingmaol’3
(1.School of Info. Sci. & Eng., Northeastern Univ., Shenyang 110819, China; 2.SIASUN Robot & Automation Co., Ltd., Shenyang 110168, China;
3.Faculty of Robot Sci. and Eng., Northeastern Univ., Shenyang 110169, China)

Abstract: In the 3C (computer, communications, and consumer electronics) industry, there are strict requirements for robots' safety, interaction,
accuracy, and flexibility. To solve the problem of compliant interactive control with cooperative robots, the zero-force control and collision detec-
tion methods are studied in this paper. Firstly, a general inverse kinematics (Newton—MP) algorithm is established to analyze the redundant co-
operative robots, in which the inverse kinematics problem is transformed into an iterative solution of the Newton—-MP method. Secondly, for the
zero-force control problem of cooperative robots, the friction force is considered to formulate a complete dynamic equation. Meanwhile, a com-
plete dynamic equation is constructed based on the acceleration cubic friction model, in which the genetic algorithm is applied to identify multi-
parameters of friction models. Furthermore, a collision detection method is proposed based on a One-class convolution neural network and an un-
collision dataset is built to achieve the detection task. The pseudo-negative Gaussian data is incorporated into the One-class convolutional neural
networks to optimize the feature space, and the binary cross-entropy loss serves as the loss function to train the network. The One-class convolu-
tional neural network-based collision detection method has the ability to compensate the dynamic influence of model uncertainty, which solves the
problem of inaccurate modeling of traditional collision detection methods. Finally, the experimental results demonstrate that the proposed New-
ton—MP method achieves desired performance, i.e., 0.000 13 mm absolute error. In addition, compared with the ideal friction model, the velocity-
fitted cubic friction model is a more preferred solution for zero force control. By analyzing the collision detection method of the external moment
observer and the One-class convolution neural network, it can be proved that the One-class convolution neural network can accurately detect the
abnormal collision of the cooperative robots in a model-free manner.

Key words: dynamics; collaborative robot; One-class CNN; friction parameter identification
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