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Optical system design of night vision goggles with large field of
view and low illumination

ZHANG Yong', LIU Weiping’, MA Sasa'’, LI Zhiwei', ZHOU Bin*
(1. Unit 32181 of PLA, Xi'an 710032, China; 2. Xi'an Institute of Applied Optics, Xi'an 710065, China; 3. School of
Artificial Intelligence, Hebei University of Technology, Tianjin 300131, China; 4. Zhengzhou University of Science
and Technology, Zhengzhou 450064, China)

Abstract: Low-illumination night vision equipment based on complementary metal-oxide-semiconductor
(CMOS) devices has good concealment and lower cost than infrared thermal imaging equipment. It is an
important means to expand human visual perception under low illumination conditions and widely used in
military and civil fields. In order to meet the requirements of equipment maintenance and support under low
illumination condition at night, an optical system of night vision goggle with large field of view and low
illumination was designed. By selecting the appropriate optical glass material, it had a good spectral response
in both visible and near infrared bands. The designed eyepiece with large relative aperture had a field of view
angle of 74.46°, focal length of 46 mm, F number of 1.2, distortion less than —7.14%, total length of the system
less than 80 mm and lens weight less than 100 g. Under the spectral range of 486 nm~950 nm, the eyepiece can
meet the maintenance, training and scene observation without lighting at night, which provides a new technical
means for the development of optical module of low-illumination night vision head-mounted system.

Key words: optical system; night vision headwear; eyepiece design; large relative aperture
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Fig.1 Diagram of night vision head-mounted system
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Table 1 Design parameters of objective optical system

S8 MM/0)  ElE/mm PR JERK/mm o URARE
B 7446 375 12 487950 |

Al PR I R 28 A WA (liquid crystal
display, LCD) .75 Bt . #iF 5& ¥/ (liquid crystal on
silicon, LCoS) /R BEFAIA LA VG M (orgnic light-
emitting diode, OLED) /R 5 . LCD J# £ #R i [/ s
50, (AR B A% . AHRIR R 73 Bl 17,
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9 14 Ip/mm. H ¥ LS029B3SX02 fY 7.366 cm LCD
VAT 5 B 2K 2 27 NMBER, XN Y &S [ AR AR 2 O
13 Ip/mm. A b AR H BR 43 3% 1 F1 LCD i %5 6] 45
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2 BRVBEEHIHE
SLECR R B BOGS RG] 43k AL SR 5 A
(pupil-forming) 1 [ fL A% 15 45 #4 (non-pupil form-
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Table 2 Design requirements of eyepiece optical system
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Fig.2 Optical path diagram of initial structure
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Fig. 3 Final optical path diagram and model section
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Table 3 Material parameters of optical system lens
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Fig. 4 MTF curves
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Table S Spot diagram of optical system
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e R P BPEE R (gem”)
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#BH2  H-LAK3 1.747 50.95 4.08
#BH3  H-LAK3 1.747 50.95 4.08
B4 H-Q50 1.581 40.89 2.60

®4 AFEHRESY
Table 4 Optical system aspheric parameters
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Table 6 Monte Carlo analysis results
SRR MTF
>90% 0.3478
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>20% 0.5023
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