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Improved apparent distance detection model of low-level-light
night vision system

MO Yongchao', LIU Lei', QIAN Yunsheng', HU Chaolong', BAI Xiaofeng®, SHI Feng’
(1. School of Electronic Engineering and Optoelectronic Technology, Nanjing University of Science and Technology,
Nanjing 210094, China; 2. Science and Technology on Low-Light-Level Night Vision
Laboratory, Xi'an 710065, China)

Abstract: Apparent distance is an important parameter to evaluate the performance of low-level-light (LLL)
night vision imaging system. With the development of LLL night vision detection technology, the simulation
results of the classical apparent distance model show some deviations from the actual measurement data,
especially the simulation results are not ideal under the low illumination of 107 Ix, which causes great obstacles
to the practical application of the LLL night vision system. Aiming at this problem, the classical apparent
distance model was modified from three aspects: the first is considering the influence of atmospheric
transmittance on the apparent distance of LLL night vision system and modifying the atmospheric
transmittance factors in the classical apparent distance model, the second is optimizing the apparent distance
model based on noise factors of image intensifier, the third is considering the influence of human visual
transmission characteristics on the apparent distance of LLL night vision system, and the simplified human
visual system was added into the transfer function model of the system. The improved apparent distance model
was derived, and its effectiveness as well as practicability were verified by the field test data, which had certain
guiding significance for the design, evaluation and application of LLL night vision system.

Key words: low-level-light night vision system; apparent distance model; atmospheric transmittance; noise

factors; human visual model
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Fig.1 Schematic diagram of micro-channel effective flaring
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Table 3 Parameters required for calculation

Parement D/mm  f,/mm 0 e &m tls
Value 18 26 0.3 8 10813.17 0.2
Parement  H/m N, e Ey/lx 7y R'/mm
Valie D vebicer vehileroa 10 08 97
Parement  //mm r Xy/deg
Value 10 34 28

R4 BEESFNATEERE

Table 4 Modulation transfer function of image intensifier

Ay/(Iprmm ™) 2.5 7.5 15 25 30

MTF 0.86 0.65 0.42 0.22 0.15
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(4y) = exp[—(4y / 17.12)'*].,

1.0

0.8 | ® Discrete value
— Fitted value

Modulation transfer function
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Fig. 5 MTF fitting curve of image intensifier
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Table S Calculation results for parameters related to spectral distribution

Full Moonlight Stars
Background Transparent Green vegetation Transparent Green vegetation
Target Man Vehicle Man Vehicle Man Vehicle Man Vehicle
p 0.5778 0.5484 0.2404 0.211 0.5844 0.5456 0.3686 0.3298
Cy 0.749 0.8072 0.1767 0.3156 0.6932 0.8158 0.2403 0.4894
C, 0.943 0.9402 0.8732 0.858 0.626 0.6098 0.6136 0.4858
o 0.3924 0.2678 0.66 0.3645 1.3715 0.7917 2.636 1.0935
W RSB AR R, BIC (32), 98 0.5 m, HAKRTEL N 3.5 X T 440, K 4 m, ¥ 2 m,

LR B =R T R0 R 4, 19 BT,
i TR AR A B RUME, B 4 A (19) 3
AR B0 R AR A SR 4 2R

T T3 S A P M R R AR Y | A S AR
A TR R AT IR A A, O 5 R R R O R
RGPS RS BEAT HUER, 3 6 45 S A2 DOL
B 23T SRR X H AR A B AR AL 53 25

*o6 BHEXBETERFHTRCRNMT ARERD
R
Table 6 Apparent distance of LLL night vision equip-

ment to people and vehicles under clear

starlight and full moonlight conditions m
Man Vehicle
Experimental data 100.0 200.0
Original model 87.0 208.0
Modified model 92.14 205.60
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