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Low-light-level night vision helmet imaging system
design and development
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Abstract: Design of a helmet-mounted low-light-level night vision imaging lens is studied in this
paper. This imaging lens has focal length of 23 mm, field of view of 40°, F-number of 0.9. With
working wavelength range of 400 -1 000 nm, the optical distortion of this lens for the full field of
view is less than 2%. With the spatial frequency of 53 Ip/mm, the modulation transfer function for
the full field of view is greater than 0.3. and the total length of the optical system is less than
40 mm. A CMOS image sensor with pixel size of 9.5 um is used. The prototype of the helmet-
mounted low-light-level night vision imaging system is completed and lens performance is
evaluated. The research results show that the design has the advantages of large aperture, high
resolution, low cost and minimal distortion. The research results can provide low-cost and high-

performance low-light-level imaging solutions for military individual night vision devices, police
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investigation equipment and other application scenarios.

Keywords: low-light-level night vision; imaging lens; aspheric optical element; optical design
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Fig. 1 Low-light-level night vision system structure

JA% S Sk R ORI 2R G0 1 T L2
I P9 SO RS Sk 1 F B AE 1.2~1.4 2
), A SCEETF ST I O RO B Sk FBORT ik
0.9, F/N, 70k 5L 30 0 R i e AL

t] A

e~ _— |
1= /\\ \ AR

Ft

7\ <=
1\ _— -

L

-

!

e, XTERAIEROCIREE TN, RS
FLREZHPDELL, BERTHER AW SE A
WL, BV R A 250 T W RE P2 2 4B
PR m R4 o AN, Bk U HE RS
FROEDIMEG, FEGBUN, MXHUARBOR, 709
i o ORIk A RO RGBT TE
HAERE L.

1 XFEREFIKIT

1.1 &iHEfR

FER] WYG/BROERMET, AR Bt A I
R, ORISR, IS AR, BT
B BEAEHIAEE T B BERE sk im, ifEZD
AN SRR Ay PERE ST BRI BRI AT
BT G2 Ah, TR B BT 4L AR 5
RSP AERA TAE, ARSCESE TR B R 400 ~
1000 nm HICERMR G E 4 RS, WiTHRbran
21 PR,

F1 BgELEIHER

Tab.1 Design specifications of imaging lens

, i MTF
I W PR
i Wi (53 Ip/mm)

22mm 40° 0.9 <2% >0.3
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400~1000 nm 9.5 um
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Tab. 2 Optical material selection
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Fig. 2 Preliminary structure
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Fig.3 Diagram of optimized imaging lens configuration
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Fig. 5 Diagram of spot array of the imaging lens
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Fig. 6 Field curve and distortion diagram
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Fig. 7 Simulation on lens stray light
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Tab.3 Lens element tolerances

HKH A SR A
TTHI +0.02 mm +0.003 mm
TEDY 0.01 mm 0.005 mm
TSDY 0.0l mm 0.003 mm
TETX 0.05° 0.05°
TSTX 0.05° 0.05°
TIRR +0.3 +0.3
TFRN +3 +3

TABB +0.5% +0.5%
TIND £0.0003 £0.0003
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Fig. 12 Lens stray light coefficient test diagram
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