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Fig. 2 Photon ranging system. (a) Schematic of photon ranging system; (b) experimental diagram of photon ranging system
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Fig. 3 Experimental results of photon ranging of extended flat
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Fig. 4 Laser pulse echo and photon echo probability distribution of extend targets. (a)(b) Extended flat; (c¢)(d) extended
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a4 o B BURHA o B9 ORL TR H B
(19 P Bk o [l 35z Jok A2 B . U {FD R ARG, AR T Q
S SO O K [ i BRI S S0P 25 5 R - T

L 1 RO B 1 5 A 0534 o
R 5 4 e K BRI BR 10
AW Tl — SRR LT BB A

0401016-4



FA48E 5 4 H1/2021 £ 2 A/HRERHE

i 55 1] 3 A 58 R K 95 A BRI G R L R T
TR A% BT I 6] B AF TE Ot T 2RI AE TR O TR
P4 TR B A R AR K A 9 O Bk e ] 3
ok B G L 51 9 MR 3R A A R Ol 1 [ g
O AR Tr ZE WO . BT R Bk A AR Bk H
B 7 P T H AR B ' 5 [ 5 B3 23 A1 RS de K, HL
V= PN o R i & SULICIE % e s} b
A B 1B RE 3R 23 A A7 A BER B BT T AS L R

AT ZE TN
3.2 FRBFNNERESN

R BERR AN (R R H b 9 2 25 Xl 1 I R Y
SN, B0 O B AR A AR B 0 6 B, - 1 L K T
AIEBR I = Fh 9 & B AR R PR RS RS IR 22 QK S PR
PIN A HR I ) 2 5 455 BB B A 25 i 41, B
B K o O [ 9B 4 T3 DAy L2 M ) e 220 a5 [l 8
I M 3R 3 B4 5T T X 87 000 B 4 221 A

0.05 = 0.05 - 0.05 -
=== photon detection (a) === photon detection (b) (©)
== direct detection == direct detection === direct detection
0 0 / f.
] ! 0
£ £ £
¢ -0.05 ¢ -0.05 ¢
5] 5] 5]
-0.05
-0.10 -0.10 o
= /4
-0, -0. ~0.10
0-15 0 20 40 60 0-15 0 20 40 60 0 20 40 60
al(®) al(®) /(%)

5 B MEERERIRE . (O ; (b IR ; ()JEBRm
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Abstract

Objective

Photon ranging exhibits the advantages of high sensitivity and long-distance detection. Compared with

laser ranging in the linear mode, the photon detection exhibits the first photon bias effect owing to the dead-time of

the single-photon detector, which results in greater distortion of the probability distribution of photon echo. This

distortion is closely related to the intensity and distribution of the laser echo. There is a close relationship between
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the target shape and posture and the probability distribution of photon echo. As a result, the range errors in photon
ranging caused by the target shape and posture cannot be ignored. Most researchers have focused on analyzing the
modulation effect of target characteristics on the laser pulse echo. However, there is a lack of research on the range
errors of extended targets in the photon-detection mode. Therefore, we discuss the relationship between the target
shape and inclination and photon ranging for three typical extended targets.

Methods Based on the Poisson probability response model and the traditional laser radar equation, the probability
distribution model for the photon detection of an extended target is established herein. Combining this with the
coordinate-rotation transformation formula, the general probability distribution equation mixed with spatial and
temporal distribution at different inclinations is derived for the three typical extended targets: a plane, a sphere, and
an aspheric. Experimental results reveal that the probability distribution of this photon echo is consistent with the
numerical results. We then simulate and analyze the differences in the photon echo probability distribution and laser
pulse echo characteristics of the three typical extended targets. Finally, the variation between the range errors in
photon detection and the types and inclinations of the extended targets is discussed theoretically.

Results and Discussions Compared with the laser pulse echo, the probability distribution of the photon echo
moves forward as the inclination increases, and the variance decreases. At the same time, the pulse width of the
laser echo modulated by the extended plane is wider than those of the extended spherical and aspherical surfaces.
Furthermore, the probability distribution of the photon echo of the extended plane moves forward the most. The
photon ranging error of the extended targets exponentially increases with the increase in inclination. The average
number of echo photons is 3.9, the laser spot radius of the target is 0.2 m, and when the inclination is less than 20°,
the difference in the photon ranging errors between the three extended targets is less than 1.23 mm. As a result, the
range errors in the photon detection caused by different extended target types could be ignored. In addition, when
the inclination is greater than 20°, the photon ranging accuracy of the extended plane is most affected by the
inclination, whereas that of the aspheric surface is the least affected. When the target inclination is 70°, the photon
ranging errors for the extended plane and spherical and aspheric surfaces are 12.5 c¢m, 10. 6 cm, and 8.9 cm,
respectively.

Conclusions Based on the center-of-mass detection method, the range errors in the direct detection vary slightly
with the inclination of the extended targets, which is negligible compared with those in photon ranging. The range
errors in photon detection increase as the inclination of the target increases. The photon-ranging errors for the
extension plane are most affected by the inclination. If the inclination was smaller, the photon ranging of the
extended target would be almost independent of the shapes of the extended targets. These conclusions provide a
theoretical basis for the photon ranging performance and error analysis and provide a reliable information support for
range-error correction and performance improvement. Furthermore, the posture information of the extended target
can be acquired by combining the equation of photon echo probability distribution with the measurement results of the
photon echo.
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