‘@ ﬁ‘\' t % B SCOPUS, S3EH T
- - PO, RO

Journal of Applied Optics

—FkS PR A RERIT

ek Mk Bte & e THRA ARmA AR

Design of endoscopic optical system with 2k resolution

HE Xuzhou, LIN Feng, XIE Zhongxin, CHEN Wei, WANG Kangsheng, LIN Liyu, LIN Junjie

SIHASC:

fTEST, PRI, R, 45, —Fi2k R N BB G2E R AT B HDE2%, 2024, 45(2): 276-281. DOL: 10.5768/JA0202445.0201001

HE Xuzhou, LIN Feng, XIE Zhongxin, et al. Design of endoscopic optical system with 2k resolution[J]. Journal of Applied Optics, 2024, 45(2): 276-281. DOI:
10.5768/JA0202445.0201001

TELR WL View online: https://doi.org/10.5768/JA0202445.0201001

T RO HA S R

Articles you may be interested in

90° BhIm F BT DI BB
Optical design of endoscope telecentric measuring instrument with 90°  visual angle

M. 2017, 38(6): 890-895  https://doi.org/10.5768/JA0201738.0601006

B BR N BB YIS T

Objective lens design of subminiature endoscope with image fiber bundles

I Y632, 2018, 39(3): 418-422  https://doi.org/10.5768/JA0201839.0305003

AP R BRARYLOE¥ R G MR B

Design and application of optical system for high—resolution micro space—borne camera

NI 2020, 41(2): 235241 https://doi.org/10.5768/JA0202041.0201001

AR R A6 R RGBT

Design of aerospace optical imaging system with high-resolution and ultra—low distortion

R 2019, 40(3): 363-368  https://doi.org/10.5768/JA0201940.0301001

RAPRRAES AR R R ST

Design of optical imaging system with high resolution, long—focus, wide angle and low distortion

R, 2017, 38(5): 725-731  https://doi.org/10.5768/JA0201738.0501008

CCDMZE AN BN PERBM R G B

Dynamic resolution detection system design of CCD aerial camera

I3 FIE2. 2018, 39(5): 683-686  https://doi.org/10.5768/JA0201839.0503001

PSEE (EFAVIN

Jo
S
an
e
¥
,E?t
=
il
E


http://www.yygx.net/
http://www.yygx.net/
http://www.yygx.net/cn/article/doi/10.5768/JAO202445.0201001
http://www.yygx.net/cn/article/doi/10.5768/JAO201738.0601006
http://www.yygx.net/cn/article/doi/10.5768/JAO201839.0305003
http://www.yygx.net/cn/article/doi/10.5768/JAO202041.0201001
http://www.yygx.net/cn/article/doi/10.5768/JAO201940.0301001
http://www.yygx.net/cn/article/doi/10.5768/JAO201738.0501008
http://www.yygx.net/cn/article/doi/10.5768/JAO201839.0503001

55 45 4% 5 2 ) B Ot % Vol. 45 No. 2
2024 4 3 H Journal of Applied Optics Mar. 2024

X E 455 :1002-2082 (2024) 02-0276-06

2K AP BER NS BOL A R S
Jé

fTraf, 4 % e d, TR R, TR A, AR HT, R A
(RERIBIE A i 515 8 TR b, BE¥OCHRRE SE AR YT E LG E,
BT HARE SRR, M fmM 350007)

B B HELFHAUABRIAREFAELE ANTEATARENHRUAFABEZEIEZRSG, E
ARSI ETARERBRO BT AR BLETLN, AREAFREORIBERATEXET S, B
MTHERSEAGEE L TWA2E T RBEA, ZLEA T Zemax X+ T —Z 50 FA 35 2k 8
NABRAFAA, ERAREREREEA, BIRZHEGMTILE, FRE—FFa) P ormig
b R 5 2 B ag H ok A, N IE B /24 0.6 mm, % K 4 388.7 mm, AL A A £37.5°,
M ¥E H 26 mm B 7 4 PR A 32 Ip/mm, B A5 HEA A 1T/ ¢/(°). F I TARK IR £, AT

NESWIETH, KT AL HB R ERERAER,
K EEE, k3t MHL L Zemax; A 2 9E A
o [E 5 25 TN202 XEKFRERE: A DOL: 10.5768/TJA0202445.0201001

Design of endoscopic optical system with 2k resolution

HE Xuzhou, LIN Feng, XIE Zhongxin, CHEN Wei, WANG Kangsheng, LIN Liyu, LIN Junjie
(Fujian Provincial Key Laboratory of Photonics Technology, Key Laboratory of Optoelectronic Science and
Technology for Medicine (Ministry of Education), College of Photonic and Electronic Engineering,
Fujian Normal University, Fuzhou 350007, China)

Abstract: With the development of optical technology and modern medicine, the public acceptance of
endoscope-based minimally invasive surgery is increasing. Doctors diagnose by observing the images of
diseased tissues obtained from endoscopes, so the imaging quality of endoscopic optical systems is crucial.
Most of the endoscopes currently on the market have clear images, but the details are not sharp enough. An
endoscopic optical system with 2k resolution based on Zemax was designed to achieve better final image
quality. By increasing the relative aperture of the objective lens, providing a new relay rigid lens optical system
and matching adapter optical system, the entrance pupil diameter is 0.6 mm, the total length is 388.7 mm, the
field of view is £37.5°, the objective resolution is 32 Ip/mm at an objective distance of 26 mm, and the
objective angular resolution is 17/ ¢/(°). After considering the processing and assembly errors, the results of the
tolerance analysis meet the actual use requirements.

Key words: optical design; endoscope; Zemax; angular resolution
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Fig.1 Ideal optical model for simplified anti-telescopic

objective structure

F 1ol R KL M oG iR
KW FLHAE A A RTALAY A RO R
A== (3)

o
HITZH 9 570385 B 2H 6l A6 2k & VR, i
DR/ INH A G L X T 2H 1E 38 B H B 3 R ok R B T
AMHEHM . WEREES - BENEE N, R
P G AR B N SR 22 56 4 A B 2N =X nT A5 A 2H £
B A A AR A
’ By d
fl:“’"‘g:m (4)
VIS VIR
38 o iz 37 IR ) A 4+ 1R Ak ) ARG S AR B m]
VI, B4 0 0005 B 40K R 50 09 B Rk 37 £
R T AR, A5 BE by K ARG )G 28 Bk, (154
BEHARKEIEE . WREemiE AKX T
SR B DS 4 RO B R,
_ K _Fd
2 (1-A)f
_ Fd
d+(A-1)f
DAL i, T DX S5 7 B8 A 5 485 ) P T i 2L 4 )
FTiE AL, WL BE 4 e AR EEAE . e AL K
FARAT o FR T S ) B 4 4 B SR R AL A XL
BRF MBI ARG WX LR, B G 47 2K
HE Z 1R AR, X2 FEELE R &SRR 2=
K, R THRLIE m B AR 22, AR SCR 3 806 HE B 1 I
o, RIS S A H, g5 e k. &L
JIr ik, AR i TS 48 2 BT S AR DL A O e A Bl
e, EEMY RV R A5 NE 2 s o
EAL BTt 8, 78 56 25 BT B Zemax

F
(5)

2

H 5] AFEMER EFFL, TOTR, RAID LU BR #6245
FAERE . B B M E AR SEL, 51 ABAERL
TTHI. MNGT. MNET. DIVI [} 5& ¥ 85 5 B i K,
7 5 HL AR 5 R B LA — 8 Y DL SRR B —
FE IR AN RO 22T, AMA TR E 5] A COVA,
RECI, DIVI & & ¥R 5 LI 6 R G4 e — & i
FEl N AT AL, 3 B 0 15 2 3 A TE B IEAS A2

T D

2 MIRARLE

Fig. 2 Initial structure diagram of objective lens
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Fig. 3 Initial structure diagram of relay system
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Fig.4 2D structure diagram of final designed objective

module
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Fig. 5 2D structure diagram of final designed relay system
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Fig. 6 2D structure diagram of final designed endoscopic

system
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Table 2 Results of Monte Carlo tolerance analysis
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