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Research on energy calculation method of weak and small targets based on

Rayleigh distribution

LiJi* JiaHaisa® Li Zhou?
(1.Unit 44,N0.92941 Troops of PLA, Huludao 125001;
2.Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Science, Changchun 130033, China)

Abstract: With the continuous progress of science and technology, military targets are developing towards
miniaturization, ultra-high speed and low detectability, so the detection and identification ability of targets is also put
forward higher requirements. Based on the deep analysis of point target imaging process and on the basis of energy
distribution, based on abnormal Rayleigh distribution of point target energy calculation method, the infrared radiation
characteristics and has a better precision than the experimental verification, it is concluded that the radiation intensity
measurement error can be controlled under 8%, and measuring the degree of discrete numerical smaller, can
effectively distinguish between the point target and background, proved that the calculation method It has good
engineering applicability, high measurement accuracy and wide application prospect.
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Fig.1 Ideal point target discrete process
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Fig.2 Gray level histogram of X(Y) axis of point target
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Fig.3 Probability density curve of typical Rayleigh
distribution
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Fig.4 Cumulative probability density of Rayleigh
distribution
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Tab.1 Parameter setting of infrared radiation measurement

system
SEAEATR BiE
ARG 4E 400mm
W 3. Tpum—4. S8um
BocH 640%512
BTN 15um
[AVN 14bit
ARGy I (] 1500p5\2500ps
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Fig.5 Infrared target image and Rayleigh distribution fitting in the
experiment
% 18 B bR UG T ELAE T 434 5 0B JE ) R 00 e 5
N 35km sl b, SESTHE HERRIEL N 4%4, R K
T 10 5 FE SR R T B R, DRI AT DUCKE A o 4 S 5 S A
BEREEAAE, NTE 6 Nk B AR %) 2 B
MATLAB ERERN, MWER ETLLEH, BN AH
FRAE 1500us B EI T 70°C. 90°C . 110°CHI 130°C B4 g
BN 35 S I LA ER R oA P 2 T L AR AR K FE AR X
[]7E 4000-14000 Z [, ¥ /& i LLAM AR 3 40 B AR FE W] R
MHMEZ) 1500, 2B T RIIME ) 15000 ZE5K, H 47T
ok ytis 2 s H AR BT IR .

(a)FR 4B 1] 1500ps, 70°C (o) AR 43 [A] 1500ps, 90°C

(C)B4yI1A] 1500ps, 110°C (d)AR43H1A] 1500us, 130°C
6 ANFELEE N UG AR B 43 A

Fig.6 Image gray distribution at different temperatures
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Tab.2 Comparison of measurement results of different
calculation methods

Blackbod Radiation ?ﬁg‘:;:?n
y intensity with Y
t T radiation with error Ravleigh error
/us /T intensity Binaryzation 1% distr)ilbut%on 1%
%102 %1072 =102
/(W srt) /(W sr) /(W sr)
60 3.0846 3.5106 13.81 3.1572 2.35
70 4.1615 4.5597 9.57 4.1441 -0.41
80 5.5209 5.9500 7.77 5.5857 1.17
a0 90 7.2124 7.5829 5.14 7.3901 2.46
100 9.2898 9.7716 5.19 9.3119 0.23
110 11.8104 12.3958 4.96 11.3885 -3.57
120 14.8351 15.5974 5.14 14.8336 -0.01
130 19.1106 20.5432 4.42 19.5578 0.70
60 3.0846 3.4156 10.73 3.2901 6.66
70 4.1615 4.4879 7.84 4.2319 1.69
80 5.5209 5.8564 6.08 5.5331 0.22
a0 90 7.2124 7.5955 531 7.0158 -2.72
100 9.2898 9.8316 5.83 9.3011 0.12
110 11.8104 10.5275 -10.86 11.9808 1.44
120 14.8351 15.2391 2.72 14.1766 -4.43
130 18.4276 19.2415 4.42 18.5578 0.70
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Fig.7 Comparison of inversion accuracy of different methods
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