
lA F/IAA-93-D.1.117 

hOSITIONING Of EA R TH ltOBILF.S 	MINI-Sa 1 1.LLI ris 

F. Benne.. B Boucher de la Rupelle. 	Ocamette 
Centre ',limoal ii 1 holt, S1r411.11e, 

Tou104, 1 ronco 

The French Space Agencv CNES es carrstng out clames of lhe p. 	mine of mobiles usas 

lhe help of mint-sateldes The IAOS project moendo m proside lhe pomnon ol mine li 

terminals 0,,e, Europe, Noeth AtneriCa anil Assa. 
As a firo phase, a Mini-satellite S801 lias beim launched, eith Topes hoseidon. in Acesas 
1992. The orbit of Lhe satellite is circular ai 1300 hm altitude. cith an Snelination of 664 
deg. This satellite is dedlcated of the ¡ening of the electronic concitem schtch could be on 
board TAOS. 
Furthermore. Mis satellite makes some localuation measurements They can Ooppler os 

Range, aad lhe terminal is situated is lhe Tendesse hation. 
Those measurements are precessed I» the use of a Kalman sorfware. F1LON, deseloped b. ■ 
lhe SpaCe Nlachematics do. ifion of Cs:ES. In lhas software. lhe State •••eCtOr lIas Vil tO 29 

componenn, and cach parameter can be solsed for ar considered lhe spacecraft model of 

motion is an analytical modal tating moo account the harmonic coefficients 12 to 16 lhe 
Inicial conditIons for the spacecraft is poen by tSr navigarion mam, and are computei 
indepeadently (com lhe SAOT measuremenes The tonospheric COMCOon is oito modelized 

The localization process is mede in different stens' 
The first ore is os lhe inehaliestion prooess. Cara lhe feris couple of 

measurements. thre software computes lhe lua .111IlletriC positions whIch saltei),  'how 

measuremenu. 
In lhe seoncd step, surtiria from Mose eco points. lhe Doppler and Range ee 

pocesssed, to sive two final posittons. 
in the final step. the 2 soluttoas are esaluated. b> compardoon of alie residuais. ii 

order to determine the good ~ice 
This paper .111 prezem lhe methode used machies with lhe results obtained on different 

ares. Those results have been processed. In oestes to determine lhe sensibilds of lhe aCCUr5.:‘ 

With mpect to lhe frequency and number of lhe measurernents. relatise position of 
terminal cath lhe ground %rads of lhe ~lite. and eccuracy of tbis °Mit aself 
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Time landmark ia the apare activitiel of lhe National Institute for Space Research (IMPE). Brasil, is 

February 9, 1993. This correspondo to the launch date of the lesa eanh rutin. spin stabilized Data 

Collecting Satellite (SCD1). the first one designed, manufactured and opereta ri orbit by IN P E. 

This paper gives an osersiem of lhe contrai operation activities and main difficulties found during 

lhe Launch and Early .Orbit Phane (LEOP) aí the SCDI. Initielly, a brief description is given about 

lhe INPE Cround Contrai System devekped for controlling the SCD1 and succeeding satellites. 

Afterwerds the SCD1 setellite is described and lhe prelaunch ectivities are overviewed. Then. 1. EOP 

operations are described with more details. As it wkt be sten lhe reais problema which "vete deak 

with by tire INPE satélite operetion tearn occurred exclusively doe to lhe Ground Control System 

shortcomings. The procedures adopted to overcome them, which lisura lhe complete success ar 

LEOP operai rons. are presented and disculied. Relevant entes concerning lhe esecution of lhe 

satellite in.orbit acceptance tests are alio commented. 
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Abstract  

Small Satellite Missions are raising a growing interest among lhe user 
community as their pmential benefits in termo of cosi and schodule are 

becoming more and more evident. 
Ou the othcr banal, for tire craditional missions , lhe ever-increasing science and 
performance requirements lead to conesponding increases ia performance. 
complexity novehy and high cosi of Ground Segment and Operations. 
Tire goal of Mis study is to increase tire ESOCs understanding os alie Ground 
Segment aspersa for Small Satellite Missiona ia identifying amas of pmential 
optimisation with a view to achieve acceptablc senos between Space segment 
and Ground segmcnt costs. 
lhe sudy approach is composed of 3 mais tuges firstly traditional missions 
are evaluated (HIPPARCOS,ERS I,SPOT,FIISPASAT) is ander to highlight 
the maio cosi drivcrs for each kindot mission . lhe analysis of Mese mtssion 
cost elements and cost drivers are uscd as a reference for alie derivation and 
evaluation of time Ground Segment modets and Operations concepts developed 
for Small Model Missions which are independendy defined . In a second step . 
from Lhe selected Smalt Modet Missiona (CUBE/SOLID, Altimetry and SSCIT) 
, Ground Segrnent are designed for each kind of mission (Science.Eanh 
Observation and Telecomms). 
Finally, trade-offs of proposed options are perforrned in tcrms of covis w.r.1 
risks anda demiled cosi evaluation is achieved 041 lhe preferred baseline . 
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Untll recently lhe involvernent of European Univereittea in satellite 

herdware boa been domlnated by apare scientista baned In phyeice and 

arstronomy departments. Ao lhe size, cose and, timescale of science 

payksads and observatories Piam increased, it Imo become more and more 

difficult for students, both undergraduate and postgradunte, to be involved 

fully in ali aapeets ot Lhe project- lhe emergenee of cheap, short 

timescale access Co apare 1Getaway Special., Ariane ASAI% hes aliowed Lhe 

quinta cheap satellite to re-emerge. These opportunitlea base been taken 

up by a dIfferent user group, lhe engineering schools, and lhe objectives 

are very different Co those of time espace acientista. Significontly, Lhe 

engineering atudent spacecraft does provido simple but useful SPIce 

aclence opportunitien, and optam tire doar to apare for dedicated arpoo., of 

non-student &meteu., vulto caem brins experience and continulty to the 

project- This paper viii describe these naw perspectives on building ane 

haing amai' satellitee, using European U niversity amen satellites es 

exemples. 
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