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Abstract

The main purpose of the current research is to developments a real-time Hardware-
In-the-Loop (HIL) simulation testbed for the satellite formation flying navigation and
orbit control. The HIL simulation testbed is integrated for demonstrations and eval-
uations of navigation and orbit control algorithms. The HIL simulation testbed is
composed of Environment computer, GPS simulator, Flight computer and Visualiza-

tion computer system. GPS measurements are generated by a SPIRENT GSS56560
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multi-channel RF simulator to produce pseudorange, carrier phase measurements.
The measurement date are transferred to Satrec Intiative spaceborne GPS receiver
and exchanged by the flight computer system and subsequently processed in a nav-
igation filter to generate relative or absolute state estimates. These results are fed
into control algorithm to generate orbit controls required to maintain the formation.
These maneuvers are informed to environment computer system to build a close sim-
ulation loop. In this paper, the overall design of the HIL simulation testbed for the
satellite formation flying navigation and control is presented. Each component of the
testbed is then described. Finally, a LEO formation navigation and control simulation

is demonstrated by using virtual scenario.
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A} %4 4} (stereographic imaging), T4 7} 7 H & ol Bl (synthetic aperture radar), $F&AZ ol
< ATAEH FFEAE FHOR 3= T4 ﬁ](interferometry) T4 71 B A7 &
5l AYPHAD A2 2 2003). AeinlgYrlee &3l o] € £ Fuetld g2 25 4
271 A1 Aok v]FF L FF(NASA) ) A= MAXIM(Micro-Arcsecond Xray Image Mission),
SI1{Stellar-Imager), TPF(Terrestirial Planet Finder), SPECS(Submilillimeter Probe of the Evolution
of Cosmic Structure), Constellation-X, MMM (Magnetospheric Multiscale Mission)2} Z-& t}oFst
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PS Al d o]8 & GPS 142 =R A$E = RF(Radio Frequency) 4125 A&
PS £417]%= GPS Al B oJe{2 R E $&% RF 13 & 4 il GPS 2 Y& ¥
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oY F8%, AT W2, ¥ BAY, °c}3’4' 2o 387 22 g A= A5 I
B4 AFH Aadoz Ry AXztez 2ddd HHAH AFAEE GPS AlEH o)A A2
2] GPS 9B H ol AFE R TCP/IP(Transmlssmn Control Protocol /Internet Protocol) | o] E] &

A FAE o] &3 ST vPAo] AFE A2 22 RE Aol vt Ao gE UDP(User
Datagram Protocol) Hlo]E] S 4 Hl2lo 7 AL dlol mddla)d HulAHY 87 22L& 39
0.5Hz 712 2L A& FEE A gk v gAo] AFE Ajad oz Re HE i Aojg2
QFE(Radial) 3, 788t 3k(Along-track), 32 X }3F(Cross-track)oll thdt £ = WH3F oz A
el Hlof A= A7) Woll A AEDAd dis] AT 714 YR o2 dbF] o] H& otk Ao J
Aol gt AR E A3 AFE A|l2d 22 TCP/IP B4l waloz dlo|glE AEste A te=w
AolH L gl AFALY LAY ARE A28 et o] $Hth &7 ZAFH Ala"F} 7 Al2E"
Arelg) HlolBl B4 Z2 WL C/CH# T2 Ad= drt
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27 3. SPIRENTARS] GSS6560 thEad st=9o] GPS RFAJE & 0] E1 9} SimGEN ufkta £ Z E g o],

2.2 GPS A|Z&|0fM AfAH
FEHF AN GPS 4T 22 RE $E5+= GPS RFAIZE Al JHet: 7|5 & B2 ohe
Alxdelt), 23 32 =9 Spirent CommunicationAl7} 7R23F GSS6560 T2 dt=4) o] RF
AlEH ol R, RF A58 47329 &8 22 1YW SinGEN &z e o] 245 o] AtHTH 3).
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1Spirent Communication 2007, SimGEN User Manual DGP00686AAA 2
2Spirent Communication 2007, SiImREMOTE User Manual DGP0O07T92AAA H%
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Correlator coneol ool
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ot

. Controt
Correlator Control Tiwuit

10 a it Wy

3% 4. 38 GPS $A7] g9} st=gle] BE cojo] 2 (Choi et al. 2008).

Data Communication Layer

Reference Trajectory
{Numerical Propagator or|
RINEX-like Log file)

Controt
Controller

Vector
Navigation
(Fiitering)

a8 5. wAAle A% AT YR PAE

GPS —3

HDOP(Horizontal Dilution of Precision), VDOP(Vertical Dilution of Precision), TDOP(Time Di-
lution of Precision) S 2| AbA ), w439l 47 22 YA BEY e JHE GUI B4 221
oz BUHY sl AT AN R B B 5 o, T HEL vholvel(Binary) HU=
A %ol Ak

=3 AA R 9 w5519 4 ol Bl UDP d|oEj 541 a2 o] &3] uldiAlo] AFEE AL
g} GPS 171 (F)H E dolo] o) A A 23t DSP(Digital Signal Processor) 7]¥+e] © %8 GPS
FA71E Agagch Ao sl FelhE A8 4 2T, AR 747 4B (correlator) &
Ao 42 GAE 5 Yok 12019 GPS 9148 BAlol 2T = Y& A7 & M Aet & A
< AHPTh I8 4= GPS 417] d=gloje) steglo] U2 txghEe] B8 142 Has
th GPS3I=glo} W= RF BE9 g8 K2 2AS Yt RF 25 GPS A3 & W3t
3} 7] (down-converting) %4 93} £ 7H2 34 F (Intermediate Frequency, IF) & t] A € 2151
2 throld gtk Y HES 124 C/ATE 71 8u 959 4879} 32bit 5254 D
olarz 2 AR T4 o] QItH(Choi et al. 2008).
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2% 6. AGI(Analytical Graphics Inc.)At9] STK £ZEgo]Z 0|23 2/34-9 A 23}

druejFeog YT GPS A7 2RE AFHE FARSH o8 ¢ AA 2] (pseudorange) 9
Bk 319] ¢ (carrier phase) H o] E{ & 42t AE] & AR 31 0.5Hz 712 A7 Achu] B A7
AAE Aok 3 duelFon Ry Ay 277 Ao}l A_F o] Ao ANL
th 3 Ao 7] S 2SS MATLAB 23 JE2 A on GPS 4=417], #74 A%, Azt
3} ZAFE|2Le) TCP/IP HolBl 54l Z2 3RS C/CH# A== At

25 A Zist ZHFE AlAE

AlZtet AFE A 34 AFE A2l v Ao AFH AadozRE Agn#L 3t

= F A4 A FR Alejstua de B A AF ABE UDP diojeEA oz A

% ol 19 63} 22 AGI(Analytical Graphics Inc.)AFe) STK AZ E 9ol E S5 2/33-4 fu]n)

AN o7 Azbgaict @4 A Aad A)2hsk AEE Al2de] glolsEAlL

STK & X E9 o] STK/Connect ZE ©|] Al 3= DLL(Dynamics Linker Library) 592 ¢]-8 &}
C = FAE e}’

3. StES0] Al2E BE 7 A HAE

31BHE90f AlAH B 7o

Aopul B 4e P A=A 2uF A8 HAEE 95ke) 29 79 2L seglo) A

2 BAE FASNC A AR F 2 A4 AE B4 AR A2de) AAHAE 5
3 £ PP 05Hn FA2 1 ANG ST ANSHRo, £ A4 AL FAE N A
ot 34 @712 st 2 AN A R A4 AT 245 SI8) GPS 417 2R
1Hz 5712 B20|0lEl 8 BS st} 4A7 B4 HANES A8 ote] 05H F712 AN 978

3Grabowski 111 2004, STK/Connect Visual Basic Library Quick Reference &=
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29 7. AUl Ao H HaEWE S=go] Alad 8 74,

E 1. AU A Bl 27|gez AHLE A A X (Epoch: 01-Jun-2010 00:00:00UTC, GPS Week: 493,
Tow(sec): 172800).

Elements Chief Satellite Deputy Satellite
Semi-major axis (km) 6928.1 6928.1
Eccentricity 0.001 0.001
Inclination (deg) 97.6 97.6
Ascend. node (deg) 0 o
Arg. of perigee (deg) 90 90
Mean anomaly (deg) 270 270.008
273 ATKShim ot al. 2009). FTH9) X 2H L 915 GPS 47| Z2E| B28 C/A Z=E o] 83

of A2 AR E AHEetgth A5 ol B 9] A A2 GPS 914 9] Mask angleg 55 & A g3t
DOPS} A58 Al718 2Este] AAH 6tle] GPS A4S 3 Foz ALssich A¢ v 3
HE 5} 22 4F HES 4T o] dulAdEc] thyo] EolAA He=d, A3t S &
7] ¥ 4 =& LQR(Linear Quadratic Regulator) Ao} 7]*-& /\}%5} Aol 1&g 7§35
0.5HzF712 B 9 Ae] A% Aojgh-g A4Hst A th(Park et al. 2008). 287 222 A28 7| (Low
thrust) 2k 7383tk Al B & o] 42 20103 69 1Y 0A] 0F 022 7|E 2= 3o 1A% 5 o] F
o 7o, oju GPS 949 A= FEE 200949 29 29(GPS Week: 1517)2] YUMA Ahmanac 3
HE ARS8t o] =RolA= BAE o|RFE F A4 Abole] 71 A 4 (Baseline)ol &2 A2l ol
sta] HIAE 813t 271 F 914 Alol9 Al o 1km GojA glon A B4 77k 5 d
A4 Atele] ARl AYLFo2 3kmo] AYE FAAF 1A At F A4 22 AP 2o
= ety AR, 27go g AT £ A4 2AE.4E £ 153 2ok F AL &
550km X EE 2t AAE 40l AR o) HEL 0.0012 2 FHAE, AE FAEL976°, 5
T AFEL0°, 2AH )ZL 90°, T A& 2 A=FHA) Ax e B 2H ool 270° 9}
270.008° 2} 7}A a1 9o}
32 A EEo|M HIAE

AAE AP Ao AR A ARl g Mt A el g RS HIL Al29 35S

0,
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ol F, AT A AR IP LR Z 3kmE FAA717] Aol B2 2 &5 Wslghe 9w
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