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Abstract

In this paper, a new type of robotic arm structure assisted by neuroendoscopic surgery is designed,
aiming to be applied in neurosurgery. This configuration is attached to the neuroendoscope and
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works in concert with the endoscope, consisting of multiple modules in series and connected by
hinges. Compared with the traditional continuous manipulator structure, the new configuration sig-
nificantly reduces the volume at the cost of some degrees of freedom, and is more suitable for intra-
cranial small space surgery. Its design allows multiple joints to participate in the bending, so that
the overall configuration can achieve a bending of approximately constant curvature, thereby sim-
plifying the motion control process. Based on the new configuration, the kinematic model of the ro-
botic arm was established, and the simulation movement experiment was carried out in Matlab soft-
ware. The experimental results show that the robotic arm has a wide range of motion, less dead
Angle, and shows good working performance.
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Figure 1. Structure diagram of the manipulator, (a) The structure of the mechanical arm during
contraction; (b) Equivalent simplified diagram of adjacent joints
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Figure 2. Schematic representation of adjacent joint status, (a) Schematic representation of the initial state of the
adjacent join; (b) The structure of the mechanical arm at work; (c) Schematic diagram of adjacent joint bending
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Figure 3. Schematic diagram of the coordinate system of each joint of the robotic arm
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Figure 4. Simulation diagram of the manipulator
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Table 2. Any given 10 sets of joint angles
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Figure 5. Position error diagrams of theoretical and simulation results
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Figure 6. Angle error diagram of inverse kinematics solution
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Figure 7. Cloud and projection of the manipulator workspace, (a) Cloud image of the workspace of the robotic arm; (b)
XOY plane projection; (c) XOZ plane projection; (d) YOZ plane projection
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Figure 9. Displacement change curves of each joint, (a) Joint Angle 1 displacement; (b) Joint Angle 2 displace-
ment; (c) Joint Angle 3 displacement; (d) Joint Angle 4 displacement; (e) Joint Angle 5 displacement
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Figure 10. Curve of velocity variation of each joint, (a) Joint Angle 1 angular velocity; (b) Joint Angle 2 angular velocity; (c)
Joint Angle 3 angular velocity; (d) Joint Angle 4 angular velocity; (e) Joint Angle 5 angular velocity
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Figure 11. Angular acceleration curves of each joint, (a) Joint Angle 1 angular acceleration; (b) Joint Angle 2 angular accel-
eration; (c) Joint Angle 3 angular acceleration; (d) Joint Angle 4 angular acceleration; (e) Joint Angle 5 angular acceleration
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