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Laser three-dimensional detection for space dim targets based on
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Abstract: Optical detection of space target is the premise for debris collision avoidance, early warning and active re-
moval, which is considered as the basis to safety protection of spacecraft and sustainable development of outer space ac-
tivities. And lidar can achieve all-day detection and is an important supplement to passive optical payloads. This paper
used detection system based on single photon detector, which had the time and position record function for the arrival
signal, to measure the time-position three-dimension information of the target crossing the field-of-view of the detection
system. And the twice Hough transforms were applied to determine the trajectory of the target at low SNR. The experi-
ment results showed that the moved targets could be detected at the condition of SNR<2, and the trajectory could be de-
termined accurately under the condition of bright background and target. This work hopes to provide reference for high

sensitive detection of the dim fast target.
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Fig. 2 Three dimensional data during a period of time (Time and position acquisition of the recorded photons)
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firoR B2 T SNR<2 i H bR I, A8 4% 48 )5 ¥ 38
HEORIEMER R T 5,

(2) 243 B AR A

BRI XS 34N LAAS [] 3 B 32 30 1 H ARt A T30 448
I [ 4 F I A, B — e W R 12 2 R =



XX 3] X REJEL A5 2 23 ]I 58 F bR O TIROL = HEER IS AR 7

K10 %5 —¥X Hough 28 #e (ZH25 ] )

BT A B AR (X-Y SFE)

HERE B B (X, Y) 23 6] 1 PRS0 , ol AR ECR
=2, B = H AR (U A ECE R H AR Y
B, i T AN MR A7, A SO i i B H
P JEE R 5 BRI A R M 7 2 0, B PRI A5
TCVE BT B R B o R 2 H bR

F1 AREXEINEET BRI

Table 1 Target Detection at different relative velocity

Yt WRE 5 BOL T 808, A SCRy B ARSR A
Shy W P BRI A B T ECR AT . 113
S 1R Hough A8 4, 4R [ {H 2EK , 15 2 BE L H A5
U, W& 14 fies , AT RUE SRR A E AR P AR X
FIWr . & 15 K5 2 R Hough AZ e , 1) FH A5 B SC B (5
BB B S AR BUEAE S, B 16 s o 4540
FUIEl 14 AT 16, ] LAE MY AR 5 H Ao B2 X34
A DL T L A 23 05 8 AT USRI H AR B0 46
KGEE o 22 HFRERIMAS I rh i) = A B ARz 87 1) i
I AT N IOt oal VI SR AN (B 7 St S s
— ARSI AR , T B A N A

K12 $oE23 X-Y i EaY s asEd
Fig. 12 Original data projecting onto X-Y plane

5 l%\ g:Fll:

SCEEWESE T 23 (8] 55 H AR 506 7 HOE = 4ER
IMEA W T — 2 BOETHOC = 4R3I 2R 40
P AT HOG T RN &R 1Y 134 3l B AR )25 TRl E
SRR RS I, AT T H AR RIS O T 4Eit
OyAT2E S TR R L H ARG o 7R B H ARk

Fs BirasngE( /s)  REMIE(s) BT Bt T8  REENH ER B ST
FRAFRIL
1 0.5 9 1104 16 Yes 3.3
2 0.6 7 1061 15 Yes 2.4
3 0.7 6 885 9 Yes 1.6
4 0.8 5 954 15 Yes 4.0
5 0.9 5 1765 10 Yes 2.2
6 1 5 1024 6 Yes 1.4




X LT 4 5 2 R W Tt

XX 4

-10 0 10 20 30 40

K13 25—IK Hough A8
Fig. 13 First time Hough transform

K14 el H br
Fig. 14 Suspicious Targets

K15 %5 YK Hough Z-

Fig. 15 Second time Hough transform

Brrp, SEEL AR MR L/INT 2 09 BARBILEAS I , 5 15 5t
T3 130 SR A E R T S AL IR SRR R U

B 16 =4 Hix

Fig. 16 Targets were determined

RN 75 i ELAT AL, IR, 72X 22 F AR R 4T i 5
WEFE %007 AT B T3 T F AR B0 AR I A A
ARSI E AR R AR RENE N 10em LA T 25 (8] 55 H
i LA K AR BHUAEDE IR A5 PF T A9 2 1 B v 2R AR PR
AR R

S Sk

[1] https : //lwww. esa. int/Safety_Security/Space_Debris/
Space_debris_by_the_numbers, (2025).

[2] “SBSS I PAEM TR, RZEHR,10 (2010).

(3] XUE, AR, fali, TR . 58 [ R 323 (] W R Gt ik
S00H7, MURH TR, 35(4), 60-64 (2019)

[4] A Scott, J Hackett, K Man. “On—Orbit Results for Cana-
da’s Sapphire Optical Payload” , Conference: Advanced
Maui Optical and Space Surveillance Technologies Confer-
enceAt: Maui(2013).

[5] Robert Leitch, Tan Hemphill. “Sapphire: A Small Satellite
System for the Surveillance of Space”, 24" Annual AIAA/
USU Conference on Small Staellites (2013 ).

(6] “ME—5 " K= B G TEPLL A W https:// wap.cnki.
net/touch/web/Journal/Article/SDIR202302002.html, 2023.

[ 7] Matthew Mecgill, Thorsten Markus, V. Stanley Scott, and
Thomas Neumann. “The Multiple Altimeter Beam Experi-
mental Lidar (MABEL) : An Airborne Simulator for the 1C-
ESat—-2 Mission” , Journal of Atmospheric and Oceanic
Technology, Vol. 30, No. 2, 345 - 352 (2013).

[8] David B. Lindell, Matthew O’ Toole, Gordon Weitzstein.
“Towards Transient Imaging at Interactive Rates with Sin-
gle—Photon Detectors”, 978—1-5386-2526 (2018).

[9] Aongus McCarthy, Gregor G. Taylor, Jorge Garcia—Armen-
ta, Boris Korzh, Dmitry V. Morozov, Andrew D. Beyer,
Ryan M. Briggs, Jason P. Allmaras, Bruce Bumble, Marco
Colangelo, Di Zhu, Karl K. Berggren, Matthew D. Shaw,
Robert H. Hadfield, and Gerald S. Buller. “High—resolu-
tion long—distance depth imaging LiDAR with ultra—low

timing jitter superconducting nanowire single—photon detec-



XX 18] LSRR A 23 (W] 55 AR BOL TR0 = 4RI EOR

tors”, Optica Vol. 12, No. 2, 168-1177(2025).

[10] Rachael Tobinl, Abderrahim Halimi, Aongus McCarthy,
Philip J. Soan, and Gerald S. Buller. “Robust real-time
3D imaging of moving scenes through atmospheric obscur-
ant using single—photon LiDAR”. Scientifc Reports,
90587-8 (2021.

[11] Peng-Yu Jing, Zheng—Ping Li, Wen—Long Ye, Yu Hong
Chen Dai, Xin Huang, Shui—-Qing Xi, Jie Lu, Da-Jian
Cui, Yuan Cao, Fei-Hu Xu, and Jian-Wei Pan. “Long
range 3D imaging through atmospheric obscurants using
array—based single—photon LiDAR” , Optics Express,
Vol. 31, No. 10, 10605-16055 (2023).

[12] Zheng—Ping Li, Jun-Tian Ye, Xin Huang, Peng-Yu Ji-
ang, Yuan Cao, Yu Hong, Chao Yu, Jun Zhang, Qiang
Zhang, Cheng-Zhi Peng, Feihu Xu, and Jian-Wei Pan.
“Single—photon imaging over 200 km” , Optica, Vol. 8,

No. 3,344-349 (2021).

[13] Zhaohui Li, E Wu, Chengkai Pang, Bingcheng Du, Yu-
liang Tao, Huan Peng, Heping Zeng and Guang Wu,
“Multi-beam single—photon counting three—dimensional
imaging Lidar” , Optics Express 25, 10189-10195
(2017).

[14] 5RDUR, BUOBTT, skai i, SRS, PASHE . “ Bt 7
JEH AP, T EBOE, 49 (19), 1910003-1~18
(2022).

[15] Mike Gruntman. “Passive optical detection of submillime-
ter and millimeter size space debris in low Earth orbit”.
Acta Astronautica, 105, 156-170(2014).

[16] Li Yanjiel, Jin Guang, Zhong Xing. “Modeling and Simu-
lation of visible Light Scattering Properties of Spatial Ob-
ject Using STK”. Chinese Journal of Space Science, 33
(2): 188-193(2013.



