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Abstract: In order to solve the problem of lack of unified evaluation standard and engineering closed-loop
for target operating distance calculation model of aerial remote sensing camera in different bands, the re-
search on target operating distance evaluation standard of dual band aerial remote sensing camera and engi-

neering application case analysis were carried out. Firstly, according to the characteristics of aerial remote
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sensing, the three-dimensional projection transformation relationship of the target is proposed to obtain the
equivalent observation size of the target under any observation condition. According to the different radia-
tion imaging characteristics of visible and infrared dual band point target and area target, the target operat-
ing range calculation models are established respectively. Then, combined with an engineering application
example, the results of different calculation models are analyzed and compared, and the calculation model
suitable for long-range squint imaging of aerial remote sensing camera is given. Then, the information ex-
tracted from the actual flight image of an aerial remote sensing camera is used to reasonably select the sig-
nal to noise ratio(SNR) and modulation threshold in the calculation process of target operating distance.
According to the modified threshold, the corresponding operating distance of large ships and tanks under
different detection and recognition probabilities of visible light and infrared is analyzed. The analysis re-
sults show that when the flight height of the carrier is 18 km, the atmospheric visibility is 15 km and the
visible light focal length of the aerial remote sensing camera is not less than 1. 5 m, the detection distance
of 141 km and 93 km for large ships on the sea and 105 km and 80 km for small targets such as land tanks
can be realized with 50% probability. Under the condition that the infrared focal length is not less than
1m, the detection distance of 203 km and the recognition distance of 140 km for large ships on the sea and
44 km and 37 km for small targets such as land tanks can be realized with a 50% probability. The above
simulation results are consistent with the reality, and the results of this paper can be better applied to engi-
neering practice.

Key words: aerial camera; visible and infrared; operating distance; detection and identification; SNR;

modulation; contrast
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Fig.1 Geometric projection relationship between target

3D coordinate system and observation line of sight
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Tab.1 Parameters of optical system

Parameters Visible Infrared
Wave band(pm) 0.5~0.85 3.7~4.8
Focal length(mm) 1500 1000
F-number 6 4
Pixel size(pm) 7.4 15
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Tab.2 Target type and geometry (m)
Target type Length Width Height

Large ship 320 75 60

Midsize ship 125 15 7.5
Missile launcher 15 3 3
Tank 6 3 3
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Tab.3 Comparison of calculation results of operating range of different target types by different calculation methods

Target type Large ship Midsize ship  Missile launcher Tank
Detection distance(km) 120 120 75 75
Visible SNR
Recognition distance(km) 95 95 45 45
Detection distance(km) 96 96 80 80
Visible modulation
Recognition distance(km) 73 73 55 55
Detection distance(km) 203 112 52 44
Infrared point target
Recognition distance(km ) 187 100 44 37
o 180 150
Detection distance(km) 170 165
(78) (54)
Infrared surface target
S 150 129
Recognition distance(km) 140 135

(62) (42)
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Fig. 2 Outfield images taken by an aerial remote sensing

equipment
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Tab.4 Comparison of image information extraction and simulation results based on modulation and SNR

) ) Visible mod- o
Target size (m) Imaging o ) Visible mod-  Infrared Infrared
) ) Visibility ulation ex- ) ) )
Target type Length X Width <X distance i ulation simu- SNR extrac- SNR simu-
) (km) traction re- ) 4 )
Height (km) I lation results  tion results lation results
sults
Civilian house 48X 7.85X13.5 30.9 6 0.019 943 0.016 479 9.775715  8.558 674
Window 2.6xX1.8 100 15 0.003 559 0.001 082 6.007 505  4.292 335
Car 4.6x1.85X1.68 80 15 0.003 657 0.005 076 6.230161  7.021 039
Truck 12X2.5X3.68 50 10 0.021 194 0.019 943  11.685522 9.281503
Billboard 62.5X20.7 33.4 25 0.075 748 0.068 434  20.062 828 18.146 193
Signal tower 75.4X12.6 33 25 0.039 840 0.042 051  15.078 757 15.820 237
Telegraph pole 26.7X2.7 30 7 0.020 668 0.017479  10.456 532 9.466 506
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Tab.5 SNR and modulation threshold of long-range observation with aerial remote sensing camera

Observation state and corresponding probability Visible SNR Visible modulation Infrared SNR
50% 3 0.003 3
Detection 95% 5 0.005 6
100% 8 0.01 9
50% 10 0.01 5
Recognition 95% 20 0.02 10
100% 30 0.04 15
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Fig.3 Visible and infrared detection and recognition distance and probability analysis of large ships and tanks
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