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ABSTRACT

This paper addressed a relative navigation method for autonomous rendezvous and docking of cube-satellites using single

frequency Differential GPS (DGPS) under the intermittent communication between satellites. Since the ionospheric error of

GPS measurement is variable depending on the visible satellites, a few meters error of relative navigation is occurred in the

Low-Earth Orbit (LEO) environment. Therefore, it is essential to remove the ionospheric error to perform relative navigation.

Besides, an intermittent communication period for receiving GPS measurements of the target satellite is limited for getting

information every sampling time. To solve this problem, a method combining range domain DGPS and orbit propagation

is proposed in this paper. The proposed method improves the performance of DGPS by using Hatch filter and solves an

intermittent communication problem by estimating the relative position and velocity using Hill-Clohessy-Wiltshire Equation.

Through the simulation, it is verified that the suggested algorithm provides the relative position error within RMS 0.5 m and

the relative velocity error within RMS 3 cm/s. Furthermore, it has the advantage that it is suitable for real-time implementation

using single-frequency GPS measurements and is computationally efficient.

Keywords: single frequency differential GPS, relative navigation, cube-satellite, orbit propagation

. INTRODUCTION

FE9JX(Cube-Satellite)& E 1U (10x10x10 cm®) 2] A&
A FA9 Gl B o AR 2AY AP0 EA], 1710 kgo
= 9]4 (Nano-Satellite) 0. & BE-F=c} 7|20 =53] YA} o
2], 7P st | 802 7H‘?£§' e o) wiZel|,
Hold s €8st 745 4 tefet dFE 5] S A

pul

Received Aug 29, 2020 Revised Sep 28, 2020 Accepted Oct 28, 2020
fCorresponding Author

E-mail: kee@snu.ac.kr

Tel: +82-02-880-1912 Fax: +82-02-878-0559

Hanjoon Shim https://orcid.org/0000-0003-2816-8836

0O-Jong Kim https://orcid.org/0000-0003-0752-6219

Sunkyoung Yu https://orcid.org/0000-0003-1976-7298

Changdon Kee https://orcid.org/0000-0002-8691-7068

Dong-Hyun Cho https://orcid.org/0000-0001-7113-1102

Hae-Dong Kim https://orcid.org/0000-0001-9772-0562

Copyright © The Institute of Positioning, Navigation, and Timing

T7F A8 E]o] gt} (Bouwmeester & Guo 2010, Selva & Krejci
2012). & 2719} Te FAle) FEALL B S A
chA o 2 ot St Alo] Hssh, o whe] $FF7kelA
theo] AEPLE BT 2148, HAHIY 50} 1122 B
% R4 ojofe] sato] AlE|T It (Foust et al. 2017). o]
D7 o] FELE B85 Aolixle, B9 E
7] Yol 45 AlATE 2-gate] 914 1] g A
AbEShE G Alawlo] 2 I

AHE 4o 88, HolH|gY, Foll /e 5
Slgk Aty AARIOR GPSE o] 8% 7148 v
71 5 shutoloh & el vkel o] A& 9
AR A SEIAE 24 7-8 kmo] | EH 0
7HA191/d wiske}, ghfsfiol 4 nlE eakg EAAl7= A
23} WASHE ACkEAL Teislolor Bt AHEAIE GPS
H37x1 9] AlAAHE] (Line of Sight)7} A+ A &S 5 JJro}—
Zreof uwhet [El S &7 Wslksly] ufiel, GPSE &8%
£ B9 AR A2RE FEe1] e zﬁqlz%sﬂ wh

¢

‘im o
il

IS
E{!
ofo

o
o3
£ o

ox I
o o 2y
o aQ f
o 3

]r r2

3

http://www.ipnt.orkr Print ISSN: 2288-8187 Online ISSN: 2289-0866



358 JPNT 9(4), 357-366 (2020)

X N
i Y
N X
\ Far range **RVD
a & Drift Recovery Phase
X
X Commissioning Phase

(Drift)

* LEOP(Launch and Early Orbit Phase)
** RVD{Rendezvous 8 Docking)
** |SL{Inter Satellite Link)

LEOP*
Phase

[_:> 0 Docking Phase
D =

Close range RVD

Phase Un-docking &

De-orbit Phase

Close Range Rendezvous
Phase

NS
oiic!

Relative GPS, Absolute GPS
(<100m)

P—— H Jv‘

:;;J KSLV-II

Fig. 1. Operation scenario of KARDSAT (Kim et al. 2019a).
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3. SIMULATION
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Fig. 5. Local-vertical-local-horizontal (LVLH) coordinate for orbit
propagation.

Table 1. Orbit simulation Keplerian orbit elements.

Parameters Assumption
Semimajor axis (a) 6978 ki
Eccentricity (e) 0.0143
Inclination (i) 98 deg
Longitude of ascending node (Q) 0deg
Argument of periapsis(w) 0deg
True anomaly(v) 45 deg

Table 2. Orbit simulation propagation model.
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Table 3. Case for simulation.

Case Relative distance Number of common visible GPS
1 2000 m 6
2 10m 10

Table 5. Relative position simulation results in ECEF (Case 1).

Method X(m) Y(m) Z(m) 3D RMS (m)
PD DGPS (Stand alone) 1.07 0.68 0.67 1.44
PD DGPS (Hatch filter) 0.70 0.34 0.19 0.80
Proposed method 0.25 0.23 0.19 0.39

Table 6. Relative position simulation results in ECEF (Case 2).

Model Assumption

Earth gravity EGM-96 (360x360) Method X(m) Y(m) Z(m) 3DRMS(m)
3rd-body gravity Sun, Moon PD DGPS (Stand Alone) 1.00 0701 055 1.35
Solar radiation pressure Spherical shadow model PD DGPS (Hatch filter) 0.22 0.14 0.13 0.29
Air drag Jacchia roberts atmosphere model Proposed method 0.22 0.14 0.13 0.29

Table4. Comparison of each algorithm methods.

. Hatch filter Communication
Method Algorithm smoothing constant interval time

PD DGPS (Stand Alone)  Position domain DGPS -

PD DGPS (Hatch filter) Position domain DGPS 20 10 (sec)

Proposed method Range domain DGPS 20
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Table 7. Relative velocity simulation results.

Case X (cm/s) Y (cm/s) Z(cm/s) 3D RMS (cm/s)
1 1.50 1.35 1.25 2.38
2 1.95 1.37 1.12 2.64
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Relative Velocity Eror
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Fig. 10. Relative velocity error in ECEF (Case 1).
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Fig. 11. 3D normalization of relative velocity error in ECEF (Case 1).

4. CONCLUSIONS
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Fig. 12. Relative velocity error in ECEF (Case 2).
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Fig. 13. 3D normalization of relative velocity error in ECEF (Case 2).
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