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Development of Planetary Ephemeris Generation Program for Satellite

Kwang-Hyun Lee', Dong-Hyun Cho” and Hae-Dong Kim’

University of Science and Technology'’, Korea Aerospace Research Institute™

ABSTRACT

The satellites in orbit use a sun reference vector from solar model based the ephemeris. To
get the ephemeris, we use DE-Series, an ephemeris developed by the Jet Propulsion Laboratory
(JPL), or the reference vector generation formula proposed by Vallado. The DE-Series provides
the numerical coefficients of Chebyshev polynomials, which have the advantage of high
precision, but there is a computational burden on the satellite. The Vallado’s method has low
accuracy, although the sun vector can be easily obtained through the sun vector generation
equation. In this paper, we have developed a program to provide the Chebyshev polynomial
coefficients to obtain the sun position coordinates in the inertial coordinate system. The
proposed method can improve the accuracy compared to the conventional method and can be
used for high - performance, high - precision nano satellite missions.
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2.1 Sun Sensor
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Table 1. Sun sensor properties
Sun Sensor Coarse Fine
A
ceuracy 0.1-5 0.005-0.1
(deg)
Mass(g) 0.01-2 0.01-2
Power(mW) 0-3 0-3
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Fig. 1. Configuration of Sun Sensor [6]
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2.2 Attitude Determination Using Sun Sensor
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3.1 Previous Planetary Ephemeris
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Vallado's method accuracy
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Fig. 3. Vallado's method Accuracy compared
to DE-430
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Fig. 4. Sun direction approximation methods
and theirs error relative to SPICE [9]

Table 2. Sun direction approximation methods

i Angular error
Method Computatlon g
time Mean [deg] | Max [deg]
Vallado 1 0.23 0.24
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IV. Planetary Ephemeris Generation
Program
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StartTime
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Fig. 11.

Ephemeris Generation Code Generator
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x = cos (el )*cos (az)*mag (10)
y=cos(el)*sin(az)*mag (11)
z=sin(el)*mag (12)

4] Success — =

Operation completed!

- Order: 24
- Mean Total Aungular Error : 0.0011896(deq)
- Max Total Aungular Error : 0.0040141(deg)

=]
=l

Fig. 12. Execution report

#include "SUNPQOS.h"

double EpochMID = 2.458119500000000e +06;
double EndMJD = 2.458484500000000e +06;
double Sampling = 4.166666666666666e-02;

/f Epoch Time is 01 Jan 2018 0
/f End Time is 01 Jan 2019 00:0
// Sampling time

double b_az[25] = {1.003857778773564e+02,1.777899222652925e+02,3.97410273110
double b_el[25] = {-6.682808398171272e+00,-2.409341091859469¢+00,-2.251298069
double b_mag[25] = {9.950426673634546e-01,4.469892978601172e-04,-1.628112216:

void Position_SUN(double SunVec[3], double ElapseTime)

{
double Time = EpochMID + ElapseTime;
double Sun_az = CHEBYSHEV_Poly(b_az, EpochMJD, EndMJD-Sampling, Time)*DTR;
double Sun_el = CHEBYSHEV_Paly(b_el, EpachMJD, EndMJD-Sampling, Time)*DTR;
double Sun_mag = CHEBYSHEV_Poly(b_mag, EpochMID, EndMID-Sampling, Time);

SunVec[0] = cos(Sun_el)*cos(Sun_az)*Sun_mag*AU;
SunVec[1] = cos(Sun_el*sin(Sun_az)*Sun_mag*AU;
SunVec[2] = sin(Sun_el)*Sun_mag*AU;

Fig. 13. Result of Code Generation
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