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Abstract: Based on the high running speed and poor forecast accuracy of space debris, the key technol-
ogy for space debris laser ranging with high repetition rate was discussed, and the laser with high rep-
etition rate and high beam quality was employed to improve the laser output power density. The con-
cept of echo index was proposed and the observation target database of space debris was established.
Then reference values f the forecast distance were corrected by fitting the data originated from the op-
tical position deviation information, thus improving the success rate. The feasibility and effectiveness
of such method were verified on the 60 cm laser ranging system in Changchun Railway Station. During
the experimental observation period of 26 days, 466 circles of data for 233 different space debris tar-
gets have been obtained. The data statistic shows that the radar cross section (RCS) is 0. 9 m*~26. 1
m? when the observation distance from the target is 400 km~1 800 km, with a ranging precision of
approximately 1 m. Such space debris laser ranging system with high repetition rate can not only help

obtain effective observation data, but can also improve the observation success rate. In addition, the

Wi H R :2016-05-28;1&1T H#H :2016-06-13.
HEETH : FXARBAEEA R CBASELII0 H (No. Ul431121) ; FS [ AR 3 4 75 4F 34 % B H (No. 11303063)



176 e KE TR

5 24 &

observation data can be used for orbit measurement and orbit determination of non-cooperative space

target, precise cataloging and other scientific application researches.
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Tab.1 Parameters of high repetition rate laser
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Fig. 1  Schematic diagram of optical path of laser

transmission
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Fig. 2 Variations of space target range and return

index with station elevation respectively
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Tab. 2 Specifications of large field optical telescope
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Fig. 3 Schematic of optical close-loop tracking
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Fig.5 Screenshot during space debris data identifi-

cation
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Tab. 3 Part of space debris observation data
75 NI 5K B / min HEr 5 [l 5w 5K 15 RMS/cm FEES /km RCS/m’
1 01:48 28059 1713 119.3 878-1112 6.2
2 03:13 11267 926 104. 4 674~1082 4.4
3 01:09 39027 561 88.7 547~884 1.4
4 03:06 16409 311 84.2 1038~1316 5
5 01:05 25281 338 109.7 682~1031 1.4
6 01:27 6061 487 102. 4 783~1041 4.7
7 01:05 2621 440 132.3 592~1761 1.3
8 01:07 28059 851 130. 4 926~1197 6.2
9 02.01 17291 831 86 965~1196 4.7
10 02:17 16615 1050 118.1 837~1398 7
11 01.:06 15495 266 104 825~1050 3.6
12 03:49 33410 949 109. 2 677~1190 4.5
13 01:01 39493 226 100. 2 560~897 7.6
14 01:37 17567 927 71.2 692~1179 4.5
15 01:02 5118 1077 67.5 664~897 6.8
X415 10 466 1B S AT 4 T4 0T U ! s00]
/D RCS 58] 0.9 m?, FEEFIE S5 m* £ 1 6004 .
F1 s WL BE B o 400~1 800 kn o 2L Y T B 4% i 2 1 400 R ;-':{"-'fi
J1m. B 6EFAWM HE RCS 9545, g100] v cvetorsd mhapes
5 IR N o J IR S SR AN ¥ "“:0-“7"
7 AT W R VLI B 1 5 4k 210007 STl RRACE OIS
2800 sy g rﬁ;F;r“" Vel
.2 .o. 4"4" “ ., v *
600] T NS A
30+ ) PR A .
4004 * .
251 ’ 200+—— : : : : .
0 100 200 300 400 500
204 Pass
Sisf e <L 7 L B s S 4%
4 104 *e . e s . ’.;.' Fig. 7 Statistics of range for each pass
.{' e it
i et o /".%‘ R , ,
54 ',, .....wqmv-f"."v WY L 500 Time Bias of Passes(Average is 89.730 3)
& . -
0- -~ . * AO0F G
0 50 100 150 200 250 300
L 100
Bl 6 WL RCS M4 H45 § 0 ]
Fig. 6 Statistics of RCS for each pass F=-100 N 1
2000 e ]
A (0 B ) 4 25 7 100 ms (9 ELER 22, 3 o0 S 3 T S S S S S——
00 50 100 150 200 250 300 350 400 450 500

o R ] i 22 A RE R B AL T — 20 fE . K8

L T K5 49 235 2R 1) s [ g 2 45 2R

Pass

P8 LI K540 I ] i 22 52 1T 45

Fig. 8 Statistics of time bias of passes



R T 5 45 AR Ui o T A0 s [ R 7 YOG I B R 181

55 10 ]
4 % B

A F BRI T K& i 1 R 2 A
OGN R AR, FEAE 60 em BOGINEE R & 75 %)
TAMMIAE, AR 466 BB BB 7E 400~
1 800 km,RCS 3k 0. 9~26. 1 m?, Il F ks FE 29 Ky
I mAEAT . T HF—25 B s R R 0 I R 1
I T 300 AR T 00 00 K 4 O i s ) A5 e 0 N
B g 5 UL I AR 2 SR . BRSO

SE

(1] ARse4, #0048, 25 A A W B AR R )], = e & F
H#H AR 2006 HFD . 5-8.

QI X F, ZHENG J. Research on space debris ob-
servation technology [J]. Space Electronic Technol-
ogys 2006(Suppl. ): 5-8. (in Chinese)

(2] #aE, &0 LM T E K683 KX AR

)] AR BRI TA2,2009,26(2):101-
106.
GONG Z ZH, LI M. The collision of US-Russian
satellites in space and its effect on space activities
[J]. Spacecraft Environment Engineering, 2009,
26(2): 101-106. (in Chinese)

(3] Tk, @mat, vool, 5. 25 ) i 1 3o I iR 2R U
AEJ1 3 BT [J/OL]. R3CHF 5 5 A, 2016, http://
www. cnki. net/kems/detail/53. 1189. P. 20160315.
1453. 006. html.

YU H H, GAO P Q, SHENG M, et al.. Detection
Capability Analysis of Space Debris Laser Ranging
[J/OL].
2016, http://www. cnki. net/kems/detail/53.
1189. P. 20160315. 1453. 006. html. (in Chinese)
[4] GREENE B. GAO Y. MOORE C. Chris Moore.

Astronomical Research & Technology.,

Laser tracking of space debris[CJ. 13th Interna-
tional Laser Ranging Workshop, Washington, D.
C, USA, 2002: 198-202.

[5] KIRCHNER G, KOIDL F. Laser ranging to space
debris from graz laser station [J]. Vermessung and
Geoin formation, 2015: 151-155.

[6] ZHANG ZH P, YANG F M, ZHANG H F, et
al.. The use of laser ranging to measure space deb-
ris[J]. Research in Astronomy and Astrophysics,
2012, 12(2). 212-218.

WL S 6] H AR B 07 B A5 B JT R AR S
WRZ T BT T . B B I E LB T . PR
()R 7 G o B B 5 5 B PR F 5 4 R S AL R
LI K 4 0 10 o T Bl 55 45 5 R I B AR 1)
FE o WA AR5 B0 05 R 7 L B o A R 0 RO . A
[E] PRI AIF 5T A o )T ) B 52 g =[] e A 2
i RCHE A S s 1R RE RGBT IR R
KA WEFE AL A o J2 R U I B s AR S L
R BB QAR Ty R R R R R R RO
e,

(7] K&, iRk, X400k, & XU I 455 10 &5 B) o

BOGINHE 56 BF 58 (1], 40 9h 5 #ok T 42,2016, 45
(1):1-7.
ZHANG ZH P, ZHANG H F, DENG H R, etal..
Experiment of laser ranging to space debris by using
two receiving telescopes [J]. Infrared and Laser
Engineering, 2016, 45(1): 1-7. (in Chinese)

(8] Zi&s&, &, £ALE, 5. 23 A A OG0 HE Y

RIBFFE]]. 42 5k 5 8k 6 T 42,2015, 44 (11) : 3324-
3329.
LIYQ, LIRW, LIZH L, etal.. Application re-
search on space debris laser ranging[J]. Infrared
and Laser Engineering, 2015, 44(11) . 3324-3329.
(in Chinese)

(9] R&EHF.F, X &M F. ETREZFRBOLS
12 [B) 1 OGN BE K R LT . = i a7 B R 5
& ,2014,14(1) 1 1-5.

ZHANG ZH P, TANG K, WU ZH B, etal.. La-
ser measurement to space debris based on high repe-
tition rate laser and its application[J]. Space Debris
Research and Application, 2014, 14(1): 1-5. (in
Chinese)
[10] A7t 2%. WOGG o BT & 97 4 Sl & 7 i B 58 [ D .
1R - FE BB HOR K2 . 2012,
HE Y X. Study of Ewvaluating and Measuring
Laser Beam Quality [D]. Hunan: National Univer-
sity of Defense Technology. 2012. (in Chinese)

[11] R & .RE&HE, o4 K, . TG H )5

WA G S AT [T ). ) 2 A 5, 2006, 31(3)
28-29.

WU ZH B, ZHANG ZH P, YANG F M, et al.. The
statistics analysis of satellite laser ranging echo detec-
tion success probability[ ] ]. Science o [ Surveying and

Mapping, 2006,31(3):28-29. (in Chinese)



182

ples

T TR

5 24 &

[12]

[13]

[14]

F L BEA) L SER R TR BRI R A T S T
WERBOLME RGBT Ly wE T4,
2016,24(2) :260-266.

LI M, XUE L, HUANG CH, et al.. Estimation
of detection range for space debris laser ranging
system based on efficient echo probability [ ] ].
Opt. Precision Eng. s 2016, 24 (2):28-29.
Chinese)

A 4 B PIAT AR B ORT BEATAG [T ). R 38 42,
2009,18(3) :8-13.

YANG W L. Accuracy evaluation of two line ele-
ment[J]. Spacecraft Engineering, 2009, 18(3):
8-13. (in Chinese)

EEERAY A F.F.JT TLE B94%5 8] H Fnf

(in

EER N

REM (1984 —), &, H K F AL
£, TR, 2008 A TR B HLT R R 3R
Rt 2E 0, 2012 4FF o [ B 24 B 5T
A e RS B2 A - 2, Bk b R A
BelE R 3 E KA NG TR W sk T
A, 32 B SO I B 4 R K g 77 T
IS . E-mail: songql@ cho. ac. cn

[1

]

EFUE R[], w22 A 5 R F 4R, 2009,26(4)
269-275.

WANG R P, ZHANG J ZH, ZHENG Y, et al..
Space objects collision prediction based on TLE
[J1. Journal of Geomatics Science and Technolo-
gys 2009, 26(4):269-275. (in Chinese)

AT KRB KRGS, F. BEZRTEBOGIE
o — R SR R LT R B A SR BB R
XL & F9].2008,29(1) :67-73.

QIN S, ZHANG ZH P, ZHANG HF, etal.. A
method of real time return detection index satellite
laser ranging at high repetition rate[J]. Annalsof
Shanghai Observatory Academia Sinica, 2008, 29
(1):67-73. (in Chinese)





