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A real-time inverse kinematics solution for hyper-redundant snake-

like robots based on deep residual network
SUN Guorui' ;WU Zhen* s TANG Tengfei*
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Maritime Department, Zhejiang Institute of Communications, Hangzhou 311112, China)

Abstract: To address the challenges of multiple solutions, strong nonlinearity, and insufficient real-
time performance in the inverse kinematics (IK) of hyper-redundant snake-like robots operating in complex
and constrained environments, this paper proposed an IK solving method based on a deep residual network
(ResNet) and designed a ResNet-based deep residual multi-layer perceptron (Res-MLP) model. A three-
stage network architecture consisting of "encoder-deep residual body-decoder" was employed, and residual
connection mechanisms were utilized to alleviate the gradient vanishing phenomenon in deep networks.
Building on this, a composite loss function was constructed by integrating the forward kinematics

reprojection error with a minimum norm regularization term, and a self-supervised closed-loop training
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process was designed to ensure the physical rationality of the solution. Taking a 12-degree-of-freedom
hyper-redundant snake-like robot as the research object, progressive simulation experiments consisting of
single-point IK solving and trajectory tracking in deep-cavity constrained environments were conducted and
compared with the classical Jacobian pseudo-inverse method. The results indicate that the average time for
a single-point IK solution using the Res-MLP model was only 1. 87 ms, which is 1/3 of that required by
the Jacobian pseudo-inverse method. In trajectory tracking tasks, the overall efficiency was improved
nearly 2 times, and the generated configurations were smoother and more compact, effectively adapting to
operations in narrow environments, While ensuring high-precision positioning, this method significantly
enhances computational efficiency, providing an efficient solution for the real-time motion control of hyper-
redundant snake-like robots in scenarios such as aero-engine flaw inspection and nuclear power pipeline
detection.
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