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Design of ultra-fine endoscope optical system
XIANG Zheng, XIANG Yang, YUAN Xiaohan, JIANG Bowen, BAI Ning, YU Lu
(Changchun University of Science and Technology, Changchun 130022, China)

Abstract: The light aperture of the ultra-fine endoscope is fine, at presents most of the ultra-fine endoscopes in
the image transmission system use image transmission fiber, which is expensive, and the image transmission
has defects such as moire. An ultra-fine endoscope was designed in this paper. The image transmission system
consists of a number of different short rod lens with a diameter of 0.8 mm and a length of less than 6 mm. The
working length of the endoscope is 121 mm, the full field of view is 80°, the radial angle is 0°, and it works in
the visible light band. The lens used in the entire endoscopic optical system is a spherical mirror, the
modulation transfer function (MTF) of image resolution is greater than 0.1 at 113.5 Ip-mm™', which has a
higher resolution than the endoscope with the same diameter image transmission fiber (082F1000-7.0), the
diffraction limit could be reached, the depth of field covers the full working range, and all kinds of aberrations
are optimized. After the prototype assembly test, the image is clear and the resolution could reach the design
index. By using rod lens instead of image transmission fiber, this design provides a feasible solution to solve
the problem of moire pattern and high cost when using image transmission fiber for ultra-fine endoscope.

Key words: optical design; ultra-fine endoscope; image transmission system
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Fig. | Schematic diagram of endoscopic imaging system
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Table 1 Design parameter index table

E i Bt
e E A/ mm 0.8
F <30
TAEBHK/am 486-656
/) 80
I /(%) <30
TAERKE /mm =110
&7 7%/ (lpmm ™) =90.8
{475 /mm 0.52
CCDf4 = /mm =12

CCDAM %/ (Ip-mm ™) =394
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R I 53 1 FH PN 80 B 1) 400 5 e i e R
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U U
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Fig. 3 [Initial structure of objective
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Fig. 4 Traditional Hopkins rod-shaped lens structure diagram
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Fig. 5 [Initial structure diagram of rod-shaped lens group
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Fig. 6 Initial structure of eyepiece
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Fig. 8 Rod-shaped lens spacer ring diagram
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Fig. 9 Rod-shaped lens group structure diagram
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Fig. 10 Eyepiece structure diagram

e AR S R HEAT Ak . T AXCL,LONA
BRES AL (% 22, 3812 FCGS, FCGT #1E %
k37, 38 COMA FEAIL 486 nm 1 < 19 £ 2%, 8
it DIMX BRI AS . Fe R4 SR an 2 i .



. 962 o]

EEESE R

®2 EHRRITER
Table 2 Design result index table

i Eison Bt R
He# H AR /mm 0.8 0.8
F <30 28.4
TAEBK/am 486~656 486~656
xRl G 80 80
I FA/(°) <30 0
TAEK B /mm =110 121
%75 53 ¥#2/(lprmm ™) =90.8 113.5
&5 /mm 0.52 0.52
CCDf4 & /mm =12 1.21
CCDAy##3%/(Ipmm ™) =394 48.71
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Fig. 11 Optical system structure diagram
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Fig. 12 Optical modulation function curve
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Fig. 13 Spot diagram of full field of view
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Fig. 14 Curve and distortion diagram of visible band field
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Fig. 15 Full field relative illuminance
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Table 3 Depth of field simulation table

TAEME B /mm S PER/lp-mm !
0.6 46.8
1 48.5
2 48.7
3 48.7
4 48.7
6 48.7
8 48.7
10 48.7
12 48.6
16 48.6
20 48.6
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Fig. 16 Resolution test chart
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