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Fig. 1 Extended target coordinate system for photon ranging
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Table 1 Parameters of target model

Model Model size /(mm X mm X mm)
F18 16.49X4,65X11.55
F22 19.62X4.5X14.3
F35 15.73X3.96 X10. 83
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Fig. 2 Three kinds of targets and their respective photon echoes in the attitude angle range from 0° to 90°. (a) Three kinds
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interval; (b) attitude influence level distribution function
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Fig. 7 Attitude influence level of skewness difference. (a) Photon echo skewness difference at any attitude angle
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Table 2 Influence level analysis of photon echo attitude

Attitude influence level F18 F22 F35
Mean 0. 3482 0. 3949 0.2783
P:VZTVZ‘;O‘T;‘O Median 0. 3254 0.4198 0.2708
Standard deviation 0.1792 0.1750 0. 1409
Mean 0.1823 0. 2010 0. 0930
Kurtosis Median 0.1824 0.2128 0.0962
Standard deviation 0.0749 0.0711 0.0309
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Attitude influence level F18 F22 F35
Mean 0.1438 0.1374 0.0661
Skewness Median 0. 1442 0.1395 0.0702
Standard deviation 0.0546 0. 0506 0.0222
Mean 0.1959 0.1602 0.0821
Second moment Median 0. 2159 0. 1846 0.0832
Standard deviation 0.2159 0. 1846 0.0832
Mean 0.3951 0.3139 0.1763
Third moment Median 0.4210 0. 3609 0. 1807
Standard deviation 0.1792 0. 1415 0.0673
Mean 0.4853 0. 4151 0.2314
Fourth moment Median 0.5173 0. 4621 0.2369
Standard deviation 0. 2166 0.1561 0. 0865

PR =M S AR SR E 9 iR, B H 9 (a)
B“1” MCFERSG.“27 0 HEs J-15 Al SU-35

4.3 SLISISIER o #
AT B UE B A AR Y ] AR L AN IR B T R

TR T HOHOR T 3k B 52 50, XF AR B i £
PR, IR 2 | A B 52 5 Bl ARAS T A H bR AR
RO T R A, Sk 8 T B )
BB LB CTOF ) % IO 15 354 F A 3 77
0, Bk w3 K o 1550 nm, SEE B Y E UL K H

M1 72 4 EEBEARL . B R 9(b) L (o) AT L, AN BEAK
5= YR 2B RO S TR A LY T 4R TP R AT 1
B L f 2 DXy, HL AN YRR AR TG VA T b B, T HL i
RS A X B IS K N [ VR Abii U AN
AR

x

B9 STk F HARBEE, () S PIZ R (b)J-15 B9 =48 5 = A2 K s (0) SU-35 1 = 4 5 = i & #

Fig. 9 Experimental equipment and target models. (a) Experimental field photo; (b) three-dimensional point cloud

image of J-15; (c) three-dimensional point cloud image of SU-35
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Fig. 10 Attitude influence level of echo difference of experimental targets. (a) Attitude influence level distribution function

of echo waveform difference; (b) attitude influence level distribution function of central moment difference;

(c¢) attitude influence level distribution function of kurtosis difference; (d) attitude influence level distribution

function of skewness difference
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Abstract

Objective Photon detection technology is an effective method for studying far-away small moving targets, and
photon echoes are considerably affected by the attitude change of the target in motion. Because the target motion
influences echo parameters such as delay, broadening and energy attenuation, they reflect the change in echo
waveforms. Therefore, in addition to acquiring the target postural information such as speed, direction, distance and
height difference, the acquisition of the laser incidence angle and target attitude angle is crucial for air target
detection. Therefore, by collecting and analysing the photon echo at multiple attitude angles of the target, we can
compare different echo characteristics of different targets caused by changes in situations.

Methods To describe the attitude sensitivity of the photon detection echo of an airborne target during a change in
its attitude, the attitude influence level of photon echoes is defined based on the Hellinger distance and Canberra
distance theory, which can be used as a quantitative analysis tool that affects the photon detection and identification
performance of different targets. Based on the simulation of the photon echo waveform difference degree of three air
targets in a certain range of attitude change, the law and difference between targets are analysed and two aircraft

models are used for experimental verification.

Results and Discussions  Figure 5 shows the horizontal distribution function curve of pose effect based on
waveform difference, which shows that the influence of attitude angle change on the photon echo waveform of F22 is
high, and the effect of attitude angle change the photon echo waveform of F18 or F35 is low. This suggests that the
attitude sensitivity of both targets is low, but the attitude sensitivity of F18 is overall higher than that of F35. The
kurtosis and skewness of [F35 are slightly affected by changes in the attitude (less than 0.1 and 0.15, respectively).

0910001-9
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Moreover, the echo difference degree within the full attitude angle interval is somewhat symmetric at ~ 180°
(Figs.7 and 8), reaching a minimum value at approximately 90°, 180° and 270°. The influence level induced by the
kurtosis and skewness is lower than that induced by F18 and F22, which is easily distinguishable. The horizontal
distribution of the attitude influence for F18 and F22 is similar, and their distribution curves are crossed; however,
the peak value of kurtosis and skewness difference of F18 is larger than that of F22. Furthermore, the horizontal
distribution function of the attitude influence for F18 shows a nearly linear distribution. In the comparison of the
influence levels of the target photon detection echo attitude reflected by the echo center moment, it is still the F22
echo waveform that is most affected by the difference in center distance, followed by F18 and F35, respectively.
Consistent with the horizontal distribution characteristics of the attitude sensitivity of the echo waveform. The
experimental results show that for both targets with a similar appearance (Fig. 10), although the overall trend of the
attitude influence level distribution of the echo waveform difference degree is similar, the waveform difference
degree of SU-35 does not exceed 0.5 and ranges from 0.45 to 0.5, and the waveform difference of J-15 ranges from
0.51t00.6 [Fig. 11(a)]. Targets are distinguishable based on considerable differences in the horizontal distribution
of the attitude influence between both kurtosis and skewness difference degrees [ Figs. 11(c) and (d)]. The target
echo divergence of SU-35 is relatively small (less than 0.5), whereas that of J-15 is relatively large (more than
0.5). The experimental results agree well with the simulation results, thereby proving the feasibility of
discriminating targets based on the influence level of the photon echo attitude.

Conclusions The echo complexity of different air targets at different angles is determined by the influence of the
photon detection mechanism and the diversity of the target structure and material. Using the photon detection echo
theory, this study proposed the concept of photon echo posture affect levels to describe the photon echo of target
attitude sensitivity. This method was verified using the modelling and simulation data, quantitative research on the
susceptibility of three typical air moving target attitudes, comparison between their characteristics and differences,
and experiments. The results show that the obvious difference in the influence level of the photon echo attitude of
similar and dissimilar air targets can be used to distinguish the target, providing a new method and data support for
target recognition with high theoretical and application values. The other angle range and specific application
conditions of the theory for characterising air target movements need to be further discussed.

Key words remote sensing; photon detection; moving target; echo characteristics; attitude influence level
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