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Fig.1 The perturbation force of space debris at different
heights. Among them, GM represents the two-body
gravitation of the earth, J, or J,.. represents the main band
and tesseral harmonic terms of the aspheric gravitational
perturbation of the earth. The relevant parameters for
calculating the atmospheric drag and solar radiation

pressure perturbation are listed in Section 2.1.
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Table 1 Table of parameters related to

atmospheric resistance and solar radiation

pressure

Parameters Values

Drag coefficient 2.2

Windward effective
7.08%x1073 m? - kg™?!
surface-to-mass ratio

Effective surface-to-mass

7.08%x1073 m? . kg~!
ratio towards the Sun

Reflection coefficient 0.5
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Fig.2 The distribution of TLE objects with orbit height and orbit eccentricity
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Fig.3 The position error of the LEO space debris projected in different orders of gravitational field. The abscissa is the average

height of the orbit, and the ordinate is the order of the gravitational field, where 2xX0 means that only J5 is considered, and the

line is the dividing line of a certain position error.
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Fig.4 The position error of the projection results of MEO/HEO space debris under different orders of gravitational field. The
abscissa is the average height of the orbit, and the ordinate is the order of the gravitational field, where 2X0 means that only Ja

is considered, and the line is the dividing line of a certain position error.
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Fig.5 The orbit prediction time as a function of the order and the degree of the gravitational field. When degree or order is 0,

it represents two body gravity. When degree or order is n, it represents the gravitational field of order nxn. Molniya in the

figure represents Molniya orbit. Molniya orbit is a special orbit with large eccentricity, and the orbital period is about 12 h.
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Table 2 Keplerian elements of the four orbits at

the initial moment

Orbit  a/km e  i/° Q/° w/° M/°

LEO 7178 001 45 30 40 50

MEO 10378 001 45 30 40 50

Molniya 26600 0.74 63 30 270 50

GEO 42378 001 0 30 40 50
3.2 KA PIETIREE RSN

ARFATAHE AR B BT — R I IE TR,
LU A2 75 25 FE R ASBH T R Tl &5 R, Wi 93 80 ) A 7Y
W 2 KA TG R R ZE . KA i3 sh it &
L RAEERTE R EE AR RMN, B
AR A% B BT L S b % i 95, A
2 8] N7 2 i KT TA20%-30 %1012 i HL
KA FNIE LR — [ LIE, R ERLIE, &
$1600%%. Bl KPHTES5RE . BRI ST
AN, KA FE I SO A 2 2 7R R

42-6

BRI OL T, FRATBURFRTE 2h 850 F107 = 130, Hb
R TRE AP =10. FEXFIAEE T, 5440 kmff
KA ELNL.627x107 2 kg-m—3. AN
T4 3 40 FE R [F F107RTAp B BOAL B A 2 (1) X
5l

BB AR 10 45 R E6 TR, X B AL bR EUE
Hhy SR, X R RO RIS R AR KA IR KR #LIE,
P OFRBR, BAbFEEEFERERNK
A, AEAFEUIE 32 2 R MR mAK TH 20 B, BT LA
5 FH 20 i s PR A KRR ) B A B g B
BT FRRTE— I T (F107 = 130, Ap = 10)
IS HUE (R Z G DL, SRR X R R S
X A IIE ARy = e trer, fHFIXA AR
P 2R 1) DR DR 3k L 47 B i 22 5 KR TR AR 2
IO &, T KA B s P 1 AR 4K T S X
X, Bl —J RS b s AR R B, R —
THT T o FR) 3 2 il oK 08 (s ey B R B g ). AR — K
(R IE TR 400 koo ZE A7 B 1) 4% 1A) 4 A AT B
BETLABRFL A BIRE, T 4H0E & AR



64 4

BIFA RS 3 (RIRY R S TR B 0 2 A R S e 1 3 B

4

T-400 kb, KA FE 7 7E— K P4 Tk 45 R 152
M o= 2IFEHGA L7, BER T LUA R A B A
FTARMER. FN, X HE R & T 2
F a3 B, DR S (IR B R A T A () B e
— A LT 300 km. TPEEFUERR A R, KR

=4

B sz FRaa 38k, LA A B e HEf R R
®ZERA KRB LK 8], % T80 s KT
1200 km [ 25 (B E F, A0 B R ZE 38/ 1 m HIRGE 5
I, 71600 km, W—f35 T JLFH LA %

105k o Ap = 10, F107 = 130] |
E m Ap = 10, F107 = 130
- Ap =5, F107 = 70
 \% sumn Ap = 15, F107 = 190
e SSO or StarLink
o
g10*F
= E
c
e
=
S
>
a
102
10
200 400 600 800 1000 1200 1400 1600

1800

Perigee height/km

6 KABH Sy BT TR FEE 1) ) I 3 v 2 P AR A P 5 TS A R AR W00 R AN RV (67 B 25 (K 3 A A 10, SRR TR LR A& . 1R
LR R R AR PR B L T 25 RIS . B R 2 AR B Ar i — e A AR MBS, KBH P #11E (Sun-Synchronous Orbit,
SSO) AR HE (StarLink) A FLIE.

Fig.6 The effect of atmospheric resistence on the accuracy of orbit prediction as a function of orbital altitude. The square

scatters are the distribution of the positional deviations of different orbits in the corresponding cases, and the solid line is the

fitting of the square scatter points. The dashed and dot-dashed lines are the fittings of the results in the other two cases. The

circle scatters represent SSO and starlink satellite orbits.
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outcomes
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Fig.7 The position error caused by the analytical ephemeris of the sun and the moon is plotted against the type of orbit. From
left to right, they are sorted by orbital height, followed by low orbit, medium orbit near circular, Molniya orbit, and

geosynchronous orbit.
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The influence of solar radiation pressure on the accuracy of the four orbits
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Orbit type Height/km Deviation <1 km Deviation <100 m
300-600 15 Y Ana N N N N 30 Y Ana N N N N
LEO 600-1000 15 N Ana N N N N 20 Y Ana N N N N
1000-1500 10 N Ana N N N N 10 N Ana N N N N
1500-2000 5] N Ana N N N N 10 N Ana N N N N
2000-5000 5 N Ana N N N N 10 N Ana N N N N
Circular MEO 5000-1 x 10* 5 N Ana N N N N 5 N Ana N N N N
1x10%3.3x 10* 5] N Ana N N N N 5 N Ana Y N N N
2000-5000 15 N Ana N N N N 20 N Ana N N N N
Elliptical MEO 5000-1 x 10* 10 N Ana N N N N 20 N Ana Y N N N
1x10%-33x 10" 0 N Ana N N N N 10 N Ana Y N N N
GSO/Higher >3.3 x 10" 5] N Ana N N N N 5 N Ana Y N N N
Orbit type Height/km Deviation <10 m Deviation <1 m
300-600 65 Y Ana Y Y N N 80 Y Ana Y Y Y N
LEO 600-1000 40 Y Ana Y Y N N 55 Y Ana Y Y Y N
1000-1500 20 Y Ana Y Y N N 30 Y Ana Y Y Y N
1500-2000 15 N Ana Y Y N N 25 N Ana Y Y Y N
2000-5000 15 N Ana Y Y N N 20 N Num Y Y Y N
Circular MEO 5000-1 x 10" 10 N Ana Y N N N 10 N Num Y Y Y N
1x10%3.3 x 10* 5] N  Num Y N N N 10 N Num Y N N N
2000-5000 40 N Ana Y Y N N 55 N Num Y Y Y N
Elliptical MEO 5000-1 x 10* 40 N Num Y Y N N 55 N Num Y Y Y N
1x10%3.3 x 10" 5 N Num Y N N N 30 N Num Y Y Y N
GSO/Higher >3.3 x 10" 5] N Num Y N N N 5 N Num Y N N N
Orbit type Height/km Deviation < 0.1 m Deviation < 0.01 m
600-1000 75 Y Num Y Y Y N
LEO 1000-1500 45 Y Num Y Y Y N 45 Y Num Y Y Y N
1500-2000 30 Y Num Y Y Y N 30 Y Num Y Y Y N
2000-5000 25 N  Num Y Y Y N 25 N Num Y Y Y N
Circular MEO 5000-1 x 10* 15 N  Num Y Y Y N 15 N Num Y Y Y N
1x10%3.3 x 10* 10 N Num Y Y Y N 10 N Num Y Y Y N
2000-5000 45 N Num Y Y Y N 45 N Num Y Y Y N
Elliptical MEO 5000-1 x 10* 45 N Num Y Y Y N 45 N Num Y Y Y N
1x10%3.3x 10" 30 N Num Y Y Y N 30 N Num Y Y Y N
GSO/Higher >3.3 x 10" 5 N Num Y Y Y N 5 N Num Y Y Y Y
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Fig. 13 Suggestions on the reference dynamic models. The six subplots in the figure represent six different accuracy

requirements. Each row corresponds to an orbital altitude range, which is explained in the table on the left. In the figure, “Y”

indicates that the perturbation should be considered in the dynamic model, while “N” indicates that it does not need to be

considered. The numbers in the “Gravitational field” column indicate the order of the gravitational field that should be used.
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Reference Dynamic Models for Space Debris Orbit Prediction

HU Song-hua'?3  TANG Jing-shil?3

(1 School of Astronomy and Space Science, Nanjing University, Nanjing 210023)
(2 Key Laboratory of Modern Astronomy and Astrophysics, Ministry of Education, Nanjing 210023)
(8 Institute of Space Environment and Astrodynamics, Nanjing University, Nanjing 210023)

AsstracT In different orbit prediction scenarios, the dynamic models used are also different. For exam-
ple, the atmospheric drag is a very important perturbation force in the prediction of space debris in low
orbits, but at mid-to-high orbits, the atmospheric drag can be ignored. In order to select the most suitable
dynamic models for orbit prediction in different scenarios, this article provides a large number of orbits
for different accuracy requirements and different orbit types. By comparing the prediction results with
different dynamic models, the optimal dynamic models for various prediction scenarios are recommended.
This work can serve as references and standards for the selection of reference dynamics models for different
orbital types of space debris in orbit prediction.

Key words celestial mechanics, Earth, methods: numerical, planets and satellites: dynamical evolution
and stability
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