H476 H 5 a4 HR Vol.47 No.5
202545 H Infrared Technology May 2025

(R%bigit)
KHRERE B F R it

qET Es 12 GLEE2, B 3!
(1 KBTS Jr TR, S KB 130022: 2. KEETAS LBk, /% il 528437

WE: VTENFAMERHNERTEX, $4FAERAAFELBEERE. REREEEEM, K
XET —ZERTRKEEEESR, HEEXST 90mm, HYFEEEN 33, &k, EHRTHRK
MITHXEEAF RGN ER L, REATH S REEEAGWAERERLTMRALEN, 5
Eikit, BETAAEERTATHAKEEEES, w5 FERHAR. £REKH: £ 50lp/mm = |4
WEA, XAERE XL ITH K EERE B4, 293 MTF (Modulation Transfer Function) ##3€ 7 0.4,
NiZEBEHNERNZRBRERERTT 00, N24E, GRHE; AFZAHEKH 483 mm, EE
H1292g, MHEHITAHRNER, LFRKELT 242%, EERET 35.7%, EAEHEA B8
2. BREFREE.

KRR B4 KHERE; t¥ikit; Fxkm

hEHES: TH74 MRS A XEHS: 1001-8891(2025)05-0546-07

Design of Optical System for Long-distance Eyepieces
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Abstract: In view of the problems of the short pupil distance and poor imaging quality of traditional eyepiece
systems, an aspheric long interpupillary eyepiece with an interpupillary distance of 90 mm and a relative lens
distance of 3.3 is designed to adapt military sighting devices for combat needs. First, based on a refractive
eyepiece optical system composed of a spherical surface, an aspheric design is introduced to further improve
the imaging quality of the eyepiece system and simplify the system structure, and a refractive long
interpupillary eyepiece containing an aspheric surface is obtained, which consists of five lenses. The results
show that at a spatial frequency of 50 Ip/mm, the Modulation Transfer Function (MTF) of the entire field of
view exceeds 0.4 for long interpupillary eyepieces with an aspheric design. The tolerances and imaging quality
of the eyepiece were analyzed; the tolerances are reasonable, and the image quality is excellent. The total
length of the optical system is 48.3 mm and the weight is 129.2 g, whereby the length was shortened by 24.2%
and the weight reduced by 35.7% compared with a traditional refractive eyepiece. Therefore, being lightweight,
it has the characteristics of a compact structure, and exhibits a high image quality.
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Table 1 Research on eyeglasses by foreign manufacturers

Foreign manufacturers Viewing Exit pupil
angle/® distance/mm
American optics
. 43-53.4 21
corporation
Olympus 47.4-56 20-25
Zeiss 50 15
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Table 2 Technical parameters of the eyepiece

Parameters Technical requirements
Operating band/nm 450-670

Focal length/mm 27

Field of view/(9 24

Pupil diameter/mm 5

Working distance/mm >6
Interpupillary distance/mm >90
Distortion/(%) <10

MTF >0.2@50 Ip/mm
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Fig.1 Position of the main surface of a general eyepiece
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Fig.2 Position of the deviation of the main surface of the eyepiece
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Fig.3 Initial structure of long exit pupil eyepiece optical system
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Fig.4 Structure of refractive long pupil distance eyepiece system
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Fig.5 MTF curves of refractive long exit pupil distance eyepiece
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Table 3 Comparison of different optical system structures

Number of

az a4 as as
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Fig.6 Structure of aspherical refractive long exit pupil distance

eyepiece
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Table 4 Material performance parameters of aspheric long exit
pupil eyepiece system

Lens Material TCE p/(g/lcmd) Vd Nad
L1 H-FK95N 14.4 3.52 94.5 1.43
L2 H-ZLAF92 6.9 5.02 28.3 2.0
L3 H-ZPK5 124 4.29 68.3 1.59
L4 H-ZF52 8.8 351 23.7 1.84
L5 D-ZPK5 12.3 4.29 68.2 1.59
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Fig.8 Field curvature and distortion of aspherical refractive long

exit pupil distance eyepiece
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Table 5 Optical system tolerances

Surface tolerances

Element tolerances

Index tolerances

Parameter Tolerances Parameter Tolerances Parameter Tolerances
Fringes 3 Decenter(X,Y) 0.03 Index 0.001
Thickness/mm 0.03 Tilt(X,Y) 0.02° Abbe% 1
Decenter(X,Y) 0.03 - -
Tilt(X,Y) 0.02© - -
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Table 6 Monte Carlo analysis results

Probability MTF at 50 Ip/mm
>90% 0.45615132
>80% 0.46526847
>50% 0.48006013
>20% 0.48612584
>10% 0.48940156
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Fig.9 Eyepiece optical system ray tracing diagram
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Fig.10 Illuminance analysis plot of the eyepiece optical system
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Fig.11 Simulated image of object observed by eyepiece system

4 ZEig

BTG BRI BB R A, KA H
M RE B Bedk AT it Wi R A T AEER T AT
it AR T —FEERN 27 mm. WA AN 24°,
HifE H AN S mm. HEEE SN 90 mm A Hif#EER H
BiRG. WIS RERY: ZEKEEEHSERSH S A
BEAR, HFAEN483mm, EEHN1292g, X
teegi T B8, HEEKAE T 24.1%, EEW
BT 35.7%; (EZEHE 501Ip/mm &b, %A% MTF
BT 04, RTHRARERM 0.2, WAREHITE 7.26%
AN, BgE R N T WHNZREM AT,
XZRGHAT T 100 IRE K RE 70, ST 251
HRL, W WTHEDR, BRRSE RN TR/, K B
A 375

S

[1] ZEEE, skgith. KRR ZE A A S: B 8L [9]. Se s I8, 2015,
42(10): 33-36.

LI Yuyao, ZHANG Wanyi. Design of eyepiece of military sight with long
interpupillary distance[J]. Optoelectronic Engineering, 2015, 42(10): 33-
36.

[2] Rall6P. Investigtion of the correctibility of oculars with long exit pupil
distance in the initial design phase [J]. Optik (S0030-4026), 1980, 57(3):
45-52.

[3] Koizumi N, Watanabe N. Wide- field eyepiece: US, US6069750[P].
[2023-09-10]. DOI:US5638213 A.

[4] Omura Y. Wide- angle eyepiece lens with large eye relief: US,
US6104542[P]. [2023-09-10]. 2000.

[5] FEAv, g, XUk, & SO ZE W B SRt J]. #st
5415, 2017, 47(10): 1295-1298.

WANG Xi, PENG Qingging, LIU Lin, et al. Design of high magnification
military sightpiece[J]. Laser& Infrared, 2017, 47(10): 1295-1298.

551



F47E FHSH
202545 H

a4 HR
Infrared Technology

Vol.47 No.5
May 2025

(6]

(7]

(8l

[0

552

W, K mERES TR & BB R A it [J]. LMK, 2019,
41(9): 806-809.

YANG Liangliang. Design of long-growth interpupillary refraction hybrid
eyepiece system[J]. Infrared Technology, 2019, 41(9): 806-809.

HHI, s, 0, % BAAMKHBEEE B SR L]. kBT
AR, 2020, 40(2): 129-133.

XIA Yincong, YANG Liangliang, LI Jing, et al. Design of light and small
interpupillary eyepieces[J]. Optoelectronic Technology, 2020, 40(2): 129-
133.

KIRER, PMIE, HXUK, . HARRTEE B R R IO R ik
I Bt 5 s FSE#ER, 2022, 59(17): 1722001.

ZHU Yizhen, LI Shunyao, ZHUO Shuangmu, et al. Design of optical
system of target recognition close-range vehicle lens[J]. Progress in Laser
and Optoelectronics, 2022, 59(17): 1722001.

VR, i, 2R, & R i PR 7 A0 A o 0 0 Y B
I Bt 5B TSR, 2021, 58(19): 1922003

XU Benyou, ZHONG Yuan, LI Zhen, et al. Design of telecentric optical

[10]

[11]

[12]

path of military long-distance sniper rifle scope[J]. Laser &
Optoelectronics Progress, 2021, 58(19): 1922003.

BANME, PRAE. KRR M R E BT 0). f@E B A, 2018,
34(1): 50-51, 53.

HUANG Youping, CHEN Dongying. Design of wide-angle microscopic
eyepiece with long interpupillary distance[J]. Fujian Computer, 2018,
34(1): 50-51, 53.

FKE, XU, GO, 5. KSR EERLL R 8O R 4k
tH[J]. BLAYEE, 2023, 44(3): 636-642.

ZHANG Yong, LIU Weiping, MA Sasa, et al. Design of optical system
for head-mounted eyepieces with large field of view and low
illumination[J]. Journal of Applied Optics, 2023, 44(3): 636-642.

B, skgtte, TRELE, 45, K H MR TE 2540 DU ok 2 R 26 (M B v i
FL[I]. FFF4R, 2020, 40(18): 1822001.

TIAN Qijie, ZHANG Jianhua, ZHANG Huanhuan, et al. Design study of

four-mirror optical antenna with long pupil distance axis[J]. Acta Optica

Sinica, 2020, 40(18): 1822001,



