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Design of optical system for disposable epidural endoscope

LI Yuyao"’, PANG Chunying', YANG Yu', SUN Xiaoling'
(1. School of Life Science and Technology, Changchun University of Science and Technology, Changchun 130022,
China; 2. Zhongshan Institute of Changchun University of Science and Technology, Zhongshan 528437, China)

Abstract: In order to obtain wide-field and clear image of the epidural space, the disposable epidural space
endoscopic optical system was designed using Q-type aspherical surface. The operating band was visible light,
the field of view was 90°, the F-number was 4, and the receiver was a 1/18 inch CMOS sensor. The system
was composed of three plastic lenses and one cover glass, and the third lens adopted Q-type aspherical surface.
Therefore, the structure was simple, compact and low cost. The image quality evaluation results show that the
modulation transfer function of each field of view is greater than 0.27 at the Nyquist frequency of 200 lp/mm,
which is close to the diffraction limit. The root-mean-square radius of each field is less than the pixel size of
2.5 pm, and all are within the Airy spot range. The maximum residual distortion is less than 20%, which meets
the requirement of high image quality. Finally, the ghost image of the system was analyzed and evaded. It is
shown that the energy of the spot formed by the pupil ghost image is diffused, which has little influence on the
uniformity of image illuminance. The spot size of the focal ghost image is much larger than the spot diagram of

the main image, which has little impact on the imaging quality and meets the imaging requirements.
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Table 1 Design parameters of optical system for epidural

endoscope

Parameters

Specification

Number of pixel
Pixel size/um
Panel size/mm

Wavelength/nm

F#
Field of view/(°)
System length/mm
Distortion/%

Relative illuminance/%

328%250
2.5%2.5
0.82%0.625
Visible(486.1~656.3)
4.0
90
<1.6
<20(at 1.0 Field)
>60(at 1.0 Field)
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Fig. 1 Structural type of epidural endoscope
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Table 2 Aspherical coefficients

Coefficients S¢ S5
a 0.860 159 0.744 007
a —0.136 558 0.263 194
a, 0.043 941 —0.074 506
a3 —0.011 143 0.015 127
ay —2.148 213x10°° -8.066 591x10™*

as ~7.474 335x10™* -8.922 627x10™*
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Fig. 3 MTF curves of disposable epidural endoscope optical

system
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