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Objective lens design of subminiature endoscope with image fiber bundles
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Abstract : According to the requirements of small size and large field of view(FOV) for subminia-
ture fiber soft endoscope, the fundamental design criteria was analyzed, the retrofocus objective
with a “negative-positive” form was utilized as the initial structure, and the telecentric optical
system in image space was determined for this design. Through theoretical calculation and con-
tinuous optimization with Zemax optical design software ,a designed subminiature endoscope ob-
jective lens sample was fabricated finally, with operation wavelength,focal length, FOV and rel-
ative aperture of 0. 48 pm~0. 65 pm, 0.37 mm, 90° and 1 * 4, respectively. The optical system
is composed of 4 pieces of lenses, including two single lenses and one cemented doublet. The re-
sult shows that its total length is 3. 89 mm and maximum cross sectional diameter is 0. 95 mm,
which can satisfy the initial design requirements of image telecentric structure. The modulation
transfer function (MTF) value of the lens is approximately 0. 7 at Nyquist spatial frequency of 77 1p/
mm,near the diffraction limit. Furthermore, the designed lens has the peculiarity of wide FOV,
short focal length, fine quality of imaging, reasonable structure and uniform illumination at im-
age plane. It is suitable for the subminiature fiber endoscope demand.
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Fig. 1 Image input of imaging fiber bundle
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Fig. 2 Front telecentric optical system of

imaging fiber bundle
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Fig. 3 Arrangement of imaging fiber bundle
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Fig. 4 Objective lens for fiber-optic endoscope

Bt R AT d 1 R R ORI R
OB R JE W 1 R IEES R 1 R BUK & &
BERT AL . K B A 106 i B i3 BT FI 2 RE %
AR/ G AL L SO R AL
RIS . I LG40 5035 52 A5 24 0 BUIE 7 i
Xt A E A R G 0 2% A i AR I B 1
B TR AR O OO % R S F LR
A U & 35 B 19 i A R AL

URTEL S5 BToi R E W) B0t o AR G 0 I i 4% i
PR R CMITE) il 282 DA Ol 2% 28 48 IR o i 19 2
BJ5 k. m S R W BT AE A A R A (] A R
77 lp/mmAb iy i 4 13 oK B (MTE) 5 #2308 0. 7,
LN AR

TS 0.0000 mm TS0.2650 mm
|[I'S 0.1870 mm H

0.9
0.8
0.7
0.6
=05

0.3F
0.2}
0.1}
0.0

0.00 . _40.00 . 80.00
ZS[EFR/p + mm

B 5 8 1R o &
Fig.5 Curve of MTF
Bl 6 ROt ARG MK, C AL B AR AR
KRR 7.5 pm, i BFNEVE 206 RS
() Foe KL SR BB 1 42y 0. 885 pum, £ 5 WLAR BT

oXolo

IMA: 0.000 mm IMA:0.187 mm IMA:0.265 mm

63

10.00 mm

B6 =IE
Fig. 6 Spot diagram
Bl 7 255 AR GE A R A o T o0 A 2k B A
PRADL AL B 23 51 g AR B AR M RE RS R B i ]
7ALAL95 00 A B AE T EEE T EAR N 20 pm
M A, 90040 I Rk FEE R AEK R 3 pm 1Y

2l e

DIFF. LIMIT
0.0000 mm
0.1870 mm

0.2650 mm

0.000 10.000 20.000
G PEEAR/ pm

B7 gESEPEME
Fig. 7 Curve of encircled energy

HI Zemax FAF 3 A 1S Al Al A1 O R AE
(R L 9 AR JEBE 0 A 3 20 3l AR D5 3 0 O B
ARG ER ;I Hzot 5 R G AE fih b e il GO0t 2%
Ak 3k B de KA L B KR Ky — 18, 806, T T il
JEZIGF RGN AR RE R R IR D
SEEEA W IR SR ORI AE . N BT AR O
YL WAL AN 20 28 G0 A AR 39 G 86 7 A R T I
S0 A 3 o P AR Ak BB R R AR AT R AE . DL
B o P A R SR

3 #ig
SCEALAGRAE Ry 25 4e NN B R R b
SKHEFR 7y BB B R BT AR R AL R O A Y
SERFIRT S LA e A BB 1 1 BE BEOROR E AT . i
BV S W R OGRS SR 1R
IR RO IO RS RAIE TRTE Y BOLY R
LR R /N RO AR T X 210 TEW) SR 45 1
I R OBURE 6 325 55 %) Ol 2 2R 48 i R 22 BEAT AR OE
P m TRTE B R R BOR . A SR B S
B Z B B T AT
P EE
(1] ZRE, BFHEE. KRG, F LGOLT R Y Rk
LI, ok 5414k,2005, 35(9):697-699.
LI Dongyuan, YAN Xiusheng,ZHANG Xiaoguang, et
al. The receiving lens design of image guide fiber bun-
dle[J]. Laser & Infrared,2005, 35(9):697-699.
(2] WA R, St goRm s ot [ v Ak
2, 2009, 30(1):110-113.
CHEN Yuecun, TANG Yong. Objective lens design
of fiber image-transmitting bundle[ J]. Journal of Ap-

plied Optics, 2009, 30(1):110-113.



e 422 NFOEEE 2018,39(3)  RMRA A UM OGE B8R N BB Y W) R ik T
[3] FLESME, EwHHi, BIEAL % BB GYWIEG G Raman imaging through a fiber bundle[J]. Applied

[4]

[5]

[6]

7]

[8]

HiAE R R L] hE#OE . 2013, 40(1):153-157.
KONG Depeng, WANG Lili, HE Zhengquan, et al.
Developement of the fabrication method for novel pol-
ymer imaging fiber [J]. Chinese Journal of Lasers,
2013, 40(1):153-157.

BB, £, FfkAe, &, DHMR ROCL HERR
fF g dF & L1, #k A2 & @ Hie. 2014, 33 (11):
2873-2880.

ZHU Qingde, WANG Xunsi, NIE Qiuhua, et al. Re-
search progress of infrared chalcogenide optical fiber
imaging bundles[ J]. Bulletin of the Chinese Ceramic
Society, 2014, 33(11):2873-2880.

e, ) R WL AR XU BOG AT N BB BT
(1. B F G2, 2014, 35(5) . 779-784.

TONG Jian, XIANG Yang, DONG Meng, et al. Ob-
jective design of dual-waveband endoscope with image
fiber bundles[J]. Journal of Applied Optics, 2014, 35
(5):779-784.

YAN Xingtao, YANG Jianfeng, XUE Bin, et al. De-
sign of the objective lens for endoscope with imaging
fiber bundle [J]. Infrared and Laser Engineering,
2013, 42(2) .:423-4217.

LYU J, XUE B, LI T, et al. Optical system design
of subminiature endoscope with imaging fiber bundle
[C]// International symposium on optoelectronic
technology and application. New York: International
Society for Optics and Photonics, 2016.
DORONINAAMITONOVA L V, FEDOTOV 1V,

FEDOTOV A B, et al. High-resolution wide-field

[9]

[10]

(11]

[12]

[13]

Physics Letters, 2013, 102(16) :337-355.

W, R FRE . BRI R 4R B 1R SR M R IG
Mot e F 244k . 2011, 40(2) :186-189.

CUI Yuan,ZHOU Dechun, YU Fengxia, et al. Matc-
hing design of optical fiber image bundle by acid-leac-
hing technique[J]. Acta Photonica Sinica, 2011, 40
(2):186-189.

TRBLR . OEEE AR R R ERAE T ). e S 45
RH R HHE AR . 1997(5) :22-23.

XU Mingquan. Characterization of transmission
property of optical fiber image bundle[ J]. Optical Fi-
ber & Electric Cable & Their Applications, 1997
(5):22-23.

BRI EM. B TR RERITI] KAEH
TRZZEM AR, 2015(2) :18-20.

GU Junda.,XIANG Yang. Optical system design of e-
lectronic endoscope[J]. Journal of Changchun Uni-
versity of Science and Technology: Natural Science E-
dition, 2015(2) :18-20.

ARIEAR , WRAE L. CRDGZEIMI. b AU ol Al
¥, 2008.

YU Daoyin, TAN Hengying. Engineering optics[ M.
Beijing : China Machine Press. 2008.

WA, T A B S AR I B R OE AR
M 5 g A4k . 2015(8) :1210-1215.

CAO Diansheng. Distortion measurement and correc-
tion method of wide-angle lens[ J]. Journal of Elec-
tronic Measurement and Instrumentation, 2015 (8):

1210-1215.



