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Abstract: It has been found that ballistic coefficient is a critical parameter in low Earth orbit(LEO) space
debris orbit determination (OD) and orbit predication (OP) while using sparse tracking data. Ballistic
coefficient of more than 2 000 space debris objects with perigee height below 850 km were estimated
using the long-archived two-line elements (TLE) data and the drag perturbation equation of the semi-
major axis of the orbit. Two applications of estimated ballistic coefficient values were discussed. In the
first experiment, ballistic coefficient of 14 LEO space debris objects with high area to mass ratio(HAMR)
were re-computed after TLEs of suspicious quality were removed through a TLE quality examination

process in which the ballistic coefficient value was used to estimate a reasonable variation of the mean
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semi-major axis. Consequently, the errors of all the re-computed ballistic coefficient values were reduced.

The newly estimated ballistic coefficient values were tested using a number of space debris objects with

external ballistic coefficient values and agreements of about 20% were achieved. In the second

experiment, ballistic coefficient of GRACE-B was used as initial value in the so-called TLE-OD/OP

method. It is confirmed that the TLE —OD/OP method results have better OP accuracy than standard

Simplified General Perturbations—4(SGP4).
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Fig.2 Inclination and perigee height distribution of 2196 debris
objects in March 2015
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Fig.3 Ballistic coefficient distribution of 2 196 space debris objects
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NORAD All-TLE Relative  Part- Relative  Data
ID € B error TLE B error usage

2225 0.06307 0.08192 -30% 0.06691 —-6% 75%
3390 0.57917 0.72440 -25% 0.51462 11% 68%
4195 0.11085 0.15060 -36% 0.12063 -9% 73%
4318 0.14249 0.16121 -13% 0.12421 13% 70%
4863 0.34212 0.51755 -51% 0.41956 -23% 73%
4916 0.30162 0.43701 -45% 0.35669 -18% 74%
5386 0.50488 0.84565 -68% 0.64648 -28% 69 %
12826 0.21574 0.31062 -44% 0.25185 -17% 74%
18465 0.11893 0.13901 -17% 0.10808 9% 70%
19581 0.0926 0.12516 -35% 0.09775 -6% 69%
21321 0.73711 1.59836 -117% 1.13896 -55% 63 %
23906 0.17464 0.24468 -40% 0.20055 -15% 75%
24223 0.15182 0.18257 -20% 0.15053 1% 77%

24941 0.18550 0.22326 -20% 0.18651 -1% 77%

U3 AN AE XK S5 8 TLE B4 9 0 R A T

1129001-4



sk TR

www.irla.cn
xeh

% 45 &

% 11 4
63%~77% 2 0], XWEWREE XFEE Bir, FHEY
30% 1Y TLE #% 25 /E (R B & i 5, 76 908 R A E 3

L]

3 HERBAEMNMZA TLE 8UiREHITHE
o i o B Rz A

23 (0] Fr A %0 3 T A G R 0 S TLE £ 4
Fl SGP4 % 15 (TLE/SGP4) 32 B, & T 42 55 25 [A] W
B BIUTE TRHORS B L % N 4 R £ 41 TLE $08 E 17
LI B A RN TR (9 J5 ¥, 8 #k ) TLE-OD/OP J5 i
ﬁﬁﬁ TLE—OD/OP J; ¥ X 3 — Ik 81 25 [8] 1% 7 #E 47

T PR A B ORI AR SR R B

S vE Ff GRACE-B DA Y TLE %41t , LA 2009 4F-
1 A1 H~2009 4E 1 A 10 H b BUE o i B, X4
AW BEN A9 TLE, A TLE 2% [ o6 Wl |, ZE 1l
J5 4 1.5h W H SGP4 53k & I 10 min 1 5 H — 4k
{ﬁﬁ,ﬁibi?ﬁf‘zﬁﬂwﬁﬁﬁ‘ B 5 1 LA, 7250
T B 2 T HEATHLE WA, BLE WU 45 S CPF S
PEAFXF e, CPF %45 8 i ILRS W 3% 3515 |, i 504 Ky
BEWT LUK BB H KR BRI,

U B E TR B B A R s R 51 ) KR FH-H
SEOMAT B 51 7 KRABE 7 K BH RO Ml BR 4 S b 3K
[E5] A0 0 ) . R A ] JGM -3 Ml Bk )
) 55 A DE200 17 &2 & Ji (CSR3.0 i ] £ A4 DL &
MISI86 K /< 4% i A% AU, i BR [ 44 381 4K 95 TERS % R
e BRI [ 5 OE R A, HAH A 0.006 557,

% 5 45 i GRACE-B T 5 (NORAD %5 27392)fii
FHI R 5 45 2] (9 BL3E B4l 12 25 . H b TLE-OD/OP
BRI F] F 2 A~ TLE #F 47 #1038 95 4 15 20 /9 45 2, TLE/
SGP4 i F % s Bt N % J5 — A~ TLE #F17 %A
RAF B85 R

— TLE/SGP4

g

& 40f ---- TLE-OD/OP

o

530

= 20

2

= 10

a o A~

£ op s e
0 5 10 15 20 25 30

Time/day

¥ 5 GRACE-B TLA 30 K Uil Bl fir # 1% 2 AL
Fig.5 Comparison of position error of orbit predication error for

30 days of the GRACE-B

£ 5 " GRACE-B T A i | TLE-OD/OP J7
2,30 KNI BUIE S A7 B R 22 /N T 5 km 5K
PLJR B 038 104 5% 22 0 i /) F R FH B4 TLE (1) 1
iR,

4 & it

it A 0 R ALY TLE B B R diE | 3 3 2 Kl g
RH 3 $5% 8 75 R % i 2 000 A?RLJ‘E%E%W&?

850 km 1) 2 [A] 4 Fr (1) 338 2R B AT Al B ixX Lt
25 [ B 3B R B G E B ﬁéAtE.éﬁ %éﬂzf
A 5 T R

(1) %3 &R B07E TLE B9 5 4 0 b i 1
S8 38 5 > 4 il Y BEL ) sh o r”ﬁﬁlé% RH0T

ﬁﬁ%ﬂ#kﬁﬂﬁﬂm%ﬂt{ﬁ,%ﬁ it TLE “F ¥
18 F) TS B S S 2 K AR R X — R
XF 14 AN KT BT H AR B S E RACE R, LR
iRt N AHARESEAGEWEE RS 5%
{8 2 18] /9 A XF 5% 22 /N T 20% , TLE %040 18 FH 2R 78
63%~TT% 2 |8] ,
(2) FIH £ 21 TLE %t 4 UF 17 #0318 6 a8 A4
Pl GRACE-B T & () K % %3 fi it CPF /= i h =
%, A 10 KN 4% TLE $30 ok £ 81018 0 I 9
e, He b L R B U 0 N TR P R L S A
BRI A 2 4 TLE % 45 ol LLfEC 5L &
GRACE-B 7t 30 K N i fig 1 22 R 47 7E Skm LA,

S %3k

[1] Bowman B R. True satellite ballistic coefficient determination

for HASDM [C]//ATIAA/AAS Astrodynamics Specialist
Conference, 2002, 1(1): 4887-4892.

[2] Sang J, Bennett J C, Smith C H. Estimation of ballistic
coefficients of low altitude debris objects from historical two
line elements[J]. Advances in Space Research, 2013, 52(1):
117-124.

[3] Sang J Z, Bennett J C, Smith C. Experimental results of
debris orbit predictions using sparse tracking data from Mt.
Stromlo[J]. Acta Astronautica, 2014, 102(1): 258—-268.

[4] Li Zhenwei, Zhang Tao. Zhang Nan, et al. High precision
orientation of faint space objects [J]. Optics and precision
Engineering, 2015, 23(9): 2627-2634. (in Chinese)

BYRAG, TV, sk, AFL WG A ] H AR e A B2 L [T].

2 K TR, 2015, 23(9): 2627-2634.

1129001-5



sk TR

% 11 www.irla.cn % 45 B
[5] Li Zhenwei, Zhang Tao, Sun Mingguo. Fast recongnition and Infrared and Laser Engineering, 2012, 41(5): 1244—-1248.

(6]

(71

(81

(91

precise orientation of space objects in star background [J].
Optics and Precision Engineering, 2015, 23(2): 589-599.
(in Chinese)

R, sk, ANUTIEL B R R A ) H bR A i )
SR EN [J]. 6% K% TR, 2015, 23(2): 589-599.

Li Dongning, Wang Chenglong, Wang Liqiu, et al. Comparison
of ground-based photometric measurement way [J]. Chinese
Optics, 2015, 8(3): 456—463. (in Chinese)

AT, B, EWRK, AL REOL B A Ty X e [T].
i E DG4, 2015, 8(3): 456-463.

Wang Weibing, Wang Tingfeng, Guo Jing. Analysis for opto-
electrical acquisition tracking and pointing control technology
on satellite[J]. Chinese Optics, 2014, 7(6): 879-888. (in Chinese)
FLAE, EHENE, 8. R AOL A R LR 4 R R
BT (31, P EDE %, 2014, 7(6): 879-888.

Zheng Yijun, Tan Rongqing, Shi Haixia. Experimental study
( I ) on impulse coupling coefficient of laser ablating
aluminum target in air ambient [J]. Infrared and Laser
Engineering, 2015, 44(1): 76—79. (in Chinese)

A, IR, AW A P O B R b i A S
AMe g (D], 55800 T, 2015, 44(1): 76-79.
Liu Chunbo, Zhao Shaobo, Han Xiang'e. Detection of space
debris of centimeters in size via

spaceborne ladar [J].

[10]

[11]

[12]

[13]

[14]

1129001-6

(in Chinese)
XA, B L S B A R A R R O Ik
M (7], 2080 5 #OE TR, 2012, 41(5): 1244-1248.
Wang Hu, Luo Jianjun. Optical system design of multi-
spectral camera for space debris [J]. Infrared and Laser
Engineering, 2014, 43(4): 1188-1193. (in Chinese)

Fg, B A A 200 i A PLOE 2 R BBt
[J1. 05 5306 T, 2014, 43(4): 1183-1193.

Hedin A E, Fleming E, Manson A H, et al. Empirical wind
model for the upper, middle and lower atmosphere [J].
Journal of Atmospheric and Terrestrial Physics, 1996, 58
(13): 1421-1447.

Jacchia L. Revised Static Models of the Thermosphere and
Exosphere  with  Empirical Profiles

Temperature [M].

Massachusetts: Smithsonian Inatitution Astrophysical
Observatory Cambridge, 1971: 80-90.
Hedin A. MSIS -86 thermospheric model [J]. Journal of
Geophysical Research: Space Physics(1978-2012), 1986, 92
(A5): 4649-4662.

Picone J M, Emmert J T, Lean J L. Thermospheric densities
derived from spacecraft orbits: Accurate processing of two-
line element sets[J]. Journal of Geophysical Research-Space

Physics, 2005, 110(A3): 1-19.



