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Design of Electronic Endoscope Optical System
Based on Microlens Array
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School of Optoelectronic Engineering, Changchun University of Science and Technology,
Changchun , Jilin 130022, China

Abstract In order to meet the needs of miniaturization and large field-of-view (FOV) of endoscopes in modern
medical field, by using the retrofocus optical structure as initial structure, a high definition electronic endoscope
objective optical system with 5X5 microlens array in the visible spectrum designed by Zemax software is presented.
The optical system has a FOV of 110°, a focal length of 1.55 mm, F number of 4.2, a maxium clear aperture of
3.15 mm and a total length of system of 7.99 mm. The optical system is composed of 6 pieces of lens, which are
divided into the front lens group and the rear lens group. The front lens group includes one lens with two-array
surfaces. The rear lens group includes one double cemented lens. The modulation transfer function value of the
whole system is 0.36 at the spatial frequency of 120 Ip/mm, which is approaching to the diffraction limit, and meets
the use of medical treatment. The design results show that the microlens array has obvious advantages in increasing
the field of view of the endoscopic optical system without changing the aperture, and has a wide application prospect
in medical treatment.
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Table 1 Main design parameters of the electronic

endoscope objective system

Parameter Specification

Wavelengths /nm 486, 588, 656

Effective focal length /mm 1.55
F number 4.2
Field of view /(°) 110
MTF /(p*mm ') =>30% @120
Working distance /mm 20
Maximal clear aperture size /mm <3.2
Overall length /mm <8
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Fig. 3 Initial system. (a) Initial layout of electronic endoscope;

(b) MTF curves of initial system
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(a) Overall structure; (b) partial enlarged structure

T RGeS g A, &g/ T 0.05 mm,
T AEEEE RGO, HINTE 0.2 mm LI RD
A R R IR A . BRI ZAh  REAEN B
A AT S5 I R AE (42,5 %6) 5 pit T W28 XoF )30 140 335 Wi
IR, R SR IR, AT DLE i s 22
UG AL 38 75 125 0647 12 TE , BT LI F KWL 1 & G2 ok
Pl o W A2 R EAR L AF G R ESR . R RASR AR R
ZEEWME 2 iR, ZH P KN 0.588 pm,

2 WTNEIBOLY RE A%

Table 2 Residual aberrations of the electronic

endoscope optical system

Aberration Value /mm
Spherical aberration 1.2x107*°
Coma 7.2X107"
Astigmatism 3.5X10°°
Field curvature 2.56X10°°
Axial chromatic aberration —1.9x107"
Lateral chromatic aberration —1.8X10°*
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Fig. 5

Imaging performance of the electronic endoscope optical system. (a) MTF curves;

(b) spot diagram; (c) field curvature and distortion
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