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Fig.1 Distributed detection range analysis method
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Tab.1 Main factors affecting the zoning principle

Zoning principle main influencing factors
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Fig.4 MTF curve of infrared optical system
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Fig.6 Variation of detection distance with image surface irradiance

X 3 ) - 25 4 B (5 HE M 004234, BRI — JE i X
IR IR L2, EAE RV B s X 3 A 4 TR
A7 e T X

x10°®
1.0

0.8
0.6
0.4
0.2

Image irradiance/W-mm™

o

P 7 293.15 K I HI0 A £ - TR1 4 R 23 DX I3 [
Fig.7 Regional distribution map of detector focal plane irradiance at

293.15K

PR SR TR A 293.15 K 1943 [X 38 4 18 i
i S A RG0S SRR AL S HORAE, AR AR
RS A (10) Hh, 1538 TAEREEAE 293.15 K B 434
AARM PR, 408l 8 flrzn . i T A AP A [m] DX 3 |
F10) 8 H B 5 AR T 4 00 0 7 45 IX B8 45 R
Al o 7E (5,1) DX IR D0 BE 25 45 (B K, 7E (1,2) XL
{14 PR B 5 A8 e /D, LS 1L 7 v o R A X

e TR T, R [ B 0 5 51034 4557

20220417-5



s Gk A2

%34 www.irla.cn % 52 A
x2 RNBETFEARXIFERE AL
Tab.2 Proportion of irradiance in different regions of the detector focal plane
Operating temperature/K 233.15 243.15 253.15 263.15 273.15 283.15 293.15 303.15 313.15
(1,1) 0.0873 0.0673 0.0745 0.0998 0.1079 0.0853 0.0539 0.0432 0.0372
(1,2) 0.0346 0.0186 0.0212 0.0280 0.0543 0.0434 0.1226 0.1054 0.0900
(1,3) 0.0674 0.0476 0.0494 0.0430 0.0452 0.0320 0.0264 0.0448 0.0159
(1,4) 0.0149 0.0228 0.0463 0.0314 0.0401 0.0416 0.0357 0.1273 0.0995
2,1) 0.0734 0.1502 0.0562 0.0353 0.0323 0.0888 0.0612 0.0605 0.0312
(2,2) 0.3846 0.2475 0.2854 0.2743 0.1802 0.1374 0.1051 0.0230 0.0470
(2,3) 0.0004 0.0195 0.0263 0.0382 0.0356 0.0917 0.0755 0.0684 0.0859
(2,4) 0.0530 0.1354 0.0371 0.0256 0.0352 0.0444 0.0362 0.0615 0.0364
3,1 0.0534 0.0340 0.0445 0.038 1 0.0284 0.0260 0.0607 0.0444 0.0407
(3,2) 0.0053 0.0118 0.0226 0.0164 0.0365 0.0347 0.0360 0.0423 0.0376
(3,3) 0.0369 0.0778 0.0967 0.1215 0.1081 0.0880 0.0768 0.0499 0.0473
(3.,4) 0.0207 0.0145 0.0343 0.0253 0.0246 0.0187 0.0113 0.0185 0.026 6
4,1) 0.0005 0.0070 0.0239 0.0231 0.0452 0.0614 0.064 8 0.0812 0.1189
4,2) 0.0609 0.0610 0.0623 0.0338 0.0257 0.0224 0.0348 0.0292 0.0268
4,3) 0.0507 0.0309 0.0472 0.0324 0.0442 0.0354 0.0278 0.0312 0.0473
4.4) 0.0018 0.0194 0.0207 0.0243 0.0256 0.0344 0.0338 0.0291 0.0464
5,1 0.0007 0.0008 0.0070 0.0051 0.0102 0.0078 0.0100 0.0157 0.0434
(5,2) 0.0029 0.0015 0.0026 0.0423 0.0497 0.0443 0.0476 0.0523 0.0467
(5,3) 0.0465 0.0296 0.0364 0.0298 0.0363 0.0329 0.0531 0.0477 0.0492
5,4) 0.0042 0.0029 0.0054 0.0322 0.0346 0.0294 0.0268 0.0246 0.0260
TET ) 260 SR 5 A 7 XA B, G045 LR B R A
“ AR B AR, O SRR K B0
_ 3 Mel A 4 AN [ B S 5 2 A 1 A S X A [ X
3 2 S A 52 MU TR HEA TSR, A 4% 2 1 5 B 0 R
2
£ 4 R SR A TR e 145 5, 1R 3 R
0 SA b R X R 2 R A 3. B 5. B

Pl 8 293.15 K 43 A XM B 25
Fig.8 Distributed detection distance at 293.15 K
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Tab.3 Statistical results of the influence weight of each component's own thermal radiation on different region

Lensl Lens2 Lens3 Lens4 Lens5 Lens6 Lens7 Tube2 Tube3 Tube4
surface surface surface surface surface surface surface surface surface surface
(1,0 0.0109 0.4563 0.5829 0.2884 0.2153 0.4592 0.3810 2.8478 0.0188 3.7397
(1,2) 0.0798 0.9770 0.0415 3.8861 0.7863 0.1520 0.9954 0.9895 1.078 1 0.0143
(1,3) 0.0630 0.0507 0.3153 0.3776 0.0710 1.1261 2.5766 0.0587 42337 0.1275
(1,4) 1.1484 0.0005 0.7566 0.7554 1.4393 1.5327 3.2829 0.0010 0.0004 0.0829
2,1) 0.4740 0.0060 5.6941 0.5965 0.5211 0.0018 0.6339 0.1194 0.0024 0.9508
(2,2) 5.8813 0.0063 0.0059 0.5306 0.5377 0.9215 0.6269 0.0474 0.1718 0.2708
(2,3) 0.0631 2.2268 3.9299 0.3563 0.5734 0.0595 1.5599 0.0389 0.0077 0.1845
2,4) 0.0278 0.0664 0.0072 2.2697 3.9957 0.0052 1.8296 0.0466 0.7069 0.0447
3,1) 0.0111 0.0000 2.1920 0.5886 1.696 6 0.0011 0.6582 3.1848 0.0007 0.6668
(3,2) 0.0274 0.0024 0.8975 0.9569 1.0695 0.6771 3.5116 0.0000 1.8523 0.0054
(3,3) 0.0396 0.1057 0.8885 0.0481 0.6657 41218 0.3969 0.3068 0.0089 24179
(3,4) 0.0470 0.0112 0.1566 3.0758 0.4770 2.9292 1.5795 0.6474 0.0504 0.0259
4,1) 1.3208 0.0000 0.3538 2.2130 2.4022 0.9429 1.4545 0.0008 0.0011 0.3109
4,2) 0.0055 0.0055 0.0167 1.0900 1.6308 0.0025 3.4895 0.0000 2.2563 0.5032
4,3) 0.0355 0.0974 0.0658 2.8746 3.4224 0.0394 1.0559 1.3683 0.0005 0.0402
(4,4) 0.0869 0.1025 4.1475 0.1444 1.3028 0.5009 2.1155 0.0000 0.3436 0.2559
5,1) 0.5844 0.0504 0.1219 1.8478 1.8203 0.2928 3.768 1 0.0000 0.3663 0.1481
(5,2) 0.5876 0.0001 0.0421 0.8498 1.3815 0.5515 2.9160 0.0000 2.6658 0.0056
(5,3) 0.0105 0.0002 2.2807 0.7391 1.7332 0.0764 0.5562 3.0692 0.3640 0.1705
(5,4) 0.0839 0.2977 2.8863 0.3245 0.3405 0.0060 42691 0.7484 0.0058 0.0377
I
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Fig.9 Main influence surfaces corresponding to different regions
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Fig.10 Comparison of detection distances in each area before and after

low temperature treatment of lens7
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Fig.11 Comparison of detection distances of each area before and after

low temperature treatment of lens3
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Analysis of distributed detection range changes caused by infrared
system self-thermal radiation
Li Baoku'?, Liu Le'?, Xu Wei', Zeng Wenbin', Hu Haifei', Yan Feng', Cai Sheng'’

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:

Objective Detection range is an important evaluation index of infrared system application. Stray radiation is the
main factor limiting the detection distance of infrared system, and the irradiance generated by it shows uneven
distribution on the focal plane. Currently, the focal plane of the detector is regarded as a whole or the central
region is extracted, and the influence factors such as self-thermal radiation and background radiation are
calculated on average. The detection distance is obtained by inputting target parameters, and the overall influence
of self-thermal radiation on the focal plane is considered in the cold optical design of the system. When the target
imaging is in different focal plane regions, the detection range calculated by the above method is not accurate
enough, and the pertinence is not strong in cold optical design. To solve the above problems, a detection range
calculation formula including the system noise term is established, and a distributed detection distance analysis
method is proposed, which is verified by a transmitted infrared optical system.

Methods Based on the self-thermal radiation and the classical detection range theory, this paper deduces the
calculation formula of the detection range of the infrared system including the system noise term, and proposes an
analysis method of the distributed detection range. Taking the transmitted optical system as an example, the
sensitivity analysis of the influencing factors is carried out. By sub-regional data processing on the detector focal
plane, the main influence surfaces corresponding to the detection range are obtained. On this basis, the change of
the detection range before and after the low temperature treatment of the main affected surface (cooling from
293.15 K to 173.15 K) was analyzed (Fig.10, 11).

Results and Discussions Based on the theory of self-thermal radiation and classical detection range theory, a
calculation model of detection ability including its own thermal radiation noise is given, and a direct theoretical
calculation relationship is established for the influence of the self-thermal radiation on detection ability. When the
target imaging is in different focal plane regions, the detection range obtained through traditional calculation is
not accurate enough and the pertinence is not strong in cold optical design, and the distributed detection range
analysis method is proposed (Fig.1). Under the condition of only considering its self-thermal radiation, a simple
partitioning principle is discussed (Fig.2). Taking the transmitted optical system as an example, the main
influence surfaces in each area of the focal plane are obtained (Fig.9) through the statistical results of the
influence weights of each component's own thermal radiation in different areas (Tab.3). The detection distance of
the corresponding main influence region is significantly improved (Fig.10, 11), providing a new idea for the
calculation of target detection range.

Conclusions Based on the theory of self-thermal radiation and classical detection range theory, the detection
range formula directly related to the noise item of infrared optical machine system is obtained, the analysis
method of distributed detection distance is proposed, and the principle of focal plane partitioning under the

influence of self-heat radiation is given, and a transmitted infrared optical system is analyzed with this method.
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Under the premise that only the influence of self-thermal radiation is considered and the target is an ideal point
target, the variation trend of detection distance along with the irradiance of image plane is given. Then, the focal
plane of detector is divided into regions to obtain the irradiance ratio of different regions. Through the radiation
amount generated by the surface light source of different components in different focal plane areas, the influence
weight of each component self-thermal radiation in different areas was calculated, and the main influence surface
of each area was obtained. On this basis, lens 7 and lens 3 were respectively treated with low temperature (293.15 K
cooling to 173.15 K), and the maximum increase of detection distance in the main affected areas was 17.03% and
43.32%, with obvious improvement. It can be seen through the example verification that the proposed distributed
detection range analysis method can be used as the basis for the calculation of distributed detection range and the
design of cold optical index of infrared system after determining the corresponding partition principle according

to the analysis environment and analysis conditions.

Key words: infrared detection system;  self-thermal radiation;  detection range; = main influence surface;

distributed change
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