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Abstract

This research aims to develop an dynamic eye phantom to simulate a realis-
tic ophthalmic surgical environment and evaluate the performance of ophthalmic
surgical robots. The phantom system consists of three primary components: a
scleral phantom, a biomimetic eyeball mechanism and a three-axis parallel moving
platform. The scleral phantom is made of PDMS material, exhibiting elastic char-
acteristics similar to human sclera. It employs a three-degree-of-freedom rotational
mechanism coupled with torsion springs to mimic physiological rotational move-
ments of the eyeball induced by surgical instruments. Encoders record rotational
angles to quantify surgical performance. The moving platform adopts a tripod par-
allel mechanism driven by linear motors, providing two rotational degrees of freedom
and one translational degree of freedom, simulating the physiological movements of
the eyeball during surgery. By employing spectral analysis (SA), which improves

the learned data-driven inversion, the platform effectively tracks physiological mo-
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tion trajectories. Experimental results demonstrate the feasibility of applying this

control method to the phantom’ s moving platform. Meanwhile, the scleral phantom

and biomimetic eyeball mechanism successfully replicate the physical characteristics

of ocular tissues and possess data recording capabilities.

Keywords: Eye phantom, Tripod mechanism, Iterative learning control, Spectral

analysis
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