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Abstract: To address the challenges of limited dexterity in traditional transnasal surgery and inadequate in-
traoperative guidance, a flexible transnasal surgical robot with fiber-optic navigation is developed. The de-
sign features a flexible manipulator with spherical hinges and pin-slot configuration for enhanced dexterity
and resistance to torsional disturbances. The robot's forward and inverse kinematics are modeled using geo-
metric analysis and the D-H parameter method. Embedded with two fiber-optic sensors at 90° intervals in

each manipulator, a data-driven posture calibration using binocular vision and extreme learning avoids er-
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rors from traditional offline calibration and mitigates error accumulation in differential geometry posture es-

timation. This enhances high-precision perception of the robot's shape and position. Experiments demon-

strate the manipulator’s bending angle can reach 105°, with a load capacity of 0. 9 N at 80°. Using fiber-op-

tic navigation, maximum position prediction errors are 0. 920 mm in free environments and 1. 635 mm

with obstacles, confirming the robot’s effectiveness and feasibility.

Key words: fiber-optic navigation; flexible surgical robot; extreme learning machine; position tracking
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Fig.1 Transnasal flexible surgical robot system
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Tab.1 Design parameters of spherical hinge unit

Parameter Description Value
D, Outer diameter of the spherical hinge unit 4.00 mm
D, Center distance of the drive wire channels 3. 08 mm
D, Diameter of the ball of the spherical hinge unit 1.7 mm
d Diameter of the internal channel 0.90 mm
h, Distance between adjacent spherical hinge units 2.1 mm
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Fig. 3 In-situ calibration method based on binocular vision
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periment
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