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Table 1 Computer configuration and compilation

settings

Test Environment Configuration

CPU Intel (R)Core (TM)i7-8565U
CPU Clock Speed 1.80 GHz

Integrated Devel t
fiegrated Leveloprien Visual Studio 2019

Environment
Compiler LLVM-clang-cl
Solution Configuration Release
Optimization Level 02
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Table 2 Parameters setting for the error analysis

test of the inclination function expansion

Parameters Values
L 50
l 2-50
Io/° 0.01, 1-179, 179.99
AI/° 0.1, 0.01, 0.001
Expansion Order 1,2
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Fig.1 Contour diagram for maximum error of 2nd-order expansion of the inclination function and 1lst-order expansion of the

partial derivative
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expansion of the inclination function
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Table 3 Parameters setting for test of calculation

accuracy of analytical orbit prediction

Parameters Values
Initial Epoch (MJD) 59000
Propagate Length/d 3
Propagate Stepsize/s 1800
L 4, 10, 20, 30, 40, 50
Earth Reference Radius/km 6378.137

300-2000 (46);

Height/km
3000-40000 (14)
Eccentricity 0.001
Io/° 0.01, 5, 10, ---, 90
Ascending Node/° 50
Argument of Perigee/° 50
Mean Anomaly/° 50

IR T R RO e B R, g
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500km: 2nd-order expansion
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Fig.3 The ephemeris deviations of analytical orbit prediction for 500 km altitude orbit that have different initial inclination

with inclination function calculated by 2nd-order expansions
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36000km: 2nd-order expansion
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Fig.4 The ephemeris deviations of analytical orbit prediction for 36000 km altitude orbit that have different initial inclination

with inclination function calculated by 2nd-order expansions
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RMS of ephemeris deviations
L=50: 2nd-order expansion
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Fig.5 The ephemeris deviations of analytical orbit prediction for Low Earth Orbit at different altitude with inclination function

calculated by 2nd-order expansions
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L=50: 2nd-order expansion
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Fig.6 The ephemeris deviations of analytical orbit prediction for Medium-High Earth Orbit at different altitude with

inclination function calculated by 2nd-order expansions
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Table 4 Parameters setting for test of calculation

speed of analytical orbit prediction

Parameters Values
Initial Epoch (MJD) 59000
Propagate Length/ d 3
Propagate Stepsize/s 1800

L 4, 10, 20, 30, 40, 50
Semi-major Axis/km 7000
Eccentricity 0.001
Io/° 1-90
Ascending Node/° 50
Argument of Perigee/° 50
Mean Anomaly/° 50

x5 FERANEGETEGA BT D HETRFER X L

Table 5 The comparison of run times of analytical orbit predictions with inclination function calculated
by different methods

Modified Gooding’s  Gridding Gooding’s 1st-order 2nd-order Time Consumption
Method/s Method/s Expansion/s  Expansion/s Reduction Ratio
4 1.501 1.593 1.176 1.174 —6% 22% 22%
10 7.5 7.183 5.584 5.592 4% 26% 25%
20 47.041 42.042 30.319 29.675 11% 36% 37%
30 151.762 132.276 88.268 89.483 13% 42% 41%
40 359.814 315.556 197.973 196.378 12% 45% 45%
50 719.97 622.329 370.176 371.64 14% 49% 48%
5 4 T 2R B 40 40 B b (0 T AT 4, it T

A FEF B Gooding i A5 T 151 A R BT
HART, M ERE — A KR 5, 7E1H550
B LA PN PRI A BR 0, AR T IR AR 1, A3 A
W% Gooding A FERS 46 T 23.8%.
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Expansion of Inclination Functions and Its Application in
Analytical Orbit Prediction

ZHENG Feng-chun!?? TANG Jing-shil:2:3
(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 Aerospace Dynamics, Nanjing University, Nanjing 210023)

AsstracT Tesseral perturbation is a major part in analytical orbit propagation, which involves a sig-
nificant amount of calculations of inclination functions and their partial derivatives. Recursion formula is
widely applied for accuracy and efficiency purposes. Based on the modified Gooding’s method proposed in
the literature, an optimized program is proved to reduce 24% of calculation time for all inclination func-
tions up to degree/order 50 (L < 50). Furthermore, considering that the mean inclination varies slightly
in orbit prediction for 1-3 days, the functions are expanded as Taylor series, which speeds up calculations
significantly, and the time consumed during orbit prediction is reduced by 48% while the tesseral pertur-
bation is calculated up to degree/order 50. Moreover, with expansion of inclination functions up to the
second order, the predicted ephemerides deviate slightly from those calculated using full recursion for-
mula. For a 500 km low Earth satellite, propagating its orbits for 3 days using modified Gooding’s method
and second-order Taylor expansion respectively to calculate the inclination functions within degree/order
50, the ephemeris deviation RMS (Root Mean Square) is less than 1 mm and decreases as the altitude
increases.

Key words celestial mechanics: inclination function, modified Gooding’s recursion, Taylor expansion,
analytical orbit prediction
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