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ABSTRACT

In an effort to mitigate the risks associated gititellite close approaches in the geostationaty setkllite
operators began to come together in early 2008tabésh a prototype GEO data center. That protopievided a
framework for operators to share orbital data figirtfleets to be used to perform conjunction asialgnd provide
automated notifications of close approaches vicSBERATES-GEO service. That service was extendéd ®
operations in mid-2009 and, as of early 2010, tlgbype was supporting 20 operators from overzeda@ountries
by automatically screening 300 satellites for clapproaches twice each day.

In April 2010, the prototype data center operatgdhie Center for Space Standards & Innovation (C8@k a key
reason AGI was selected by the Space Data AssotigBDA) to develop the SDA’s new Space Data Center
(SDC). This paper will address how the SDC will asgervice-oriented architecture (SOA) to suppdsital
operations by increasing the efficiency of analysimitigate the risk of conjunctions and radiajinency
interference, thereby enhancing overall safetyigit.

1. INTRODUCTION

By now, we all have seen the statistics: Sincebfggnning of 2007, the number of objects in thelipudatellite
catalog has grown from 10,136 objects in Earthtdadhi 6,068 today—an increase of almost 60 pericgjnist over
three years. Eighty percent of these new objeetshar result of just two events: the January 200in€3e test of an
anti-satellite weapon against FengYun 1C (2,944abjon orbit) and the February 2009 collisionrifilm 33 and
Cosmos 2251 (1,786 objects on orbit). As of todiegs than 4 percent of the total 4,912 pieces tal@ged debris
objects have decayed from orbit and many will reniaiorbit for decades or centuries to come, ongadi
continuing hazard for space operations.

In fact, the debris from these two events haveadlyeonsiderably complicated operations for séetiperators in
low-Earth orbit—operating constellations such asltidium, Orbcomm, and Globalstar communicatioesuorks
and many Earth resources satellites. For Iridiuth@rbcomm alone, these debris now account fortbéifo-
thirds of all predicted close approaches, or cartjons, within 5 km of their satellites—or more thdouble the
number from before 2007—as seen in Table 1. Oblyiptise space operations community needs to waykttrer
now to reduce the likelihood of similar events hamipg again.

Table 1. Operational Iridium and Orbcomm Conjunctions

Fengyun 1C Iridium 33 Cosmos 2251 All Percentage of
Debris Debris Debris All
Operational 321 193 754 1,907 66%
Iridium
ClperaiEre] 85 80 79 437 56%
Orbcomm

Results from SOCRATES-LEO run of 2010 September 5 at 1200 UTC.

The good news is that the international communréty already been working together since early 20G®are
orbital data with the goal of mitigating the riskamditional on-orbit collisions. In order to undtnd the benefits
of this collaboration and see how to improve ifeefveness, we will need to first understand thetations of
today’s space surveillance systems for helpingstddaconjunctions and how data sharing can overceonee of
those limitations.



2. BACKGROUND

The debris statistics provided above were derivechfthe public data released from the US SpaceeSlance
Network (SSN) catalog. That network is a collectidrdedicated, collateral, and contributing radaa aptical
sensors designed and built in the 1960s, 1970s198@s for an entirely different purpose than saii
avoidance—to track Soviet satellites and deteddriting ballistic missiles. To perform these missjaghs radars of
the SSN were designed to be capable of trackingotdjlO cm or larger in low-Earth orbit (LEO; ooits,000 km)
while the optical sensors (telescopes) are caphitacking objects 1 meter or larger in geostatigrorbit (GEO;
around 36,000 km).

With these capabilities, the SSN currently tracksrd@2,000 objects [1]. Only 16,000 of these olsjeee in the
public catalog, however, and available to satetifferators for screening close approaches with sag¢eéllites. The
remaining 6,000 objects are kept in a separatdéocpleecause they need additional work to refing thdits and
define their origin [2]. And NASA currently estingst more than 500,000 objects in Earth orbit 1-10ncm
diameter—each more than capable of disabling dlisata a hypervelocity impact—few of which can tracked
by the SSN [3].

To further complicate the problem, the SSN was ifipalty designed to use noncooperative trackingatiis,
tracking each space object without any type ofvaatboperation from the object itself. In ordeptovide tracking
on as many objects as possible, the SSN obvioasigat rely on cooperative tracking from debrisaieBites
whose operators may not wish to cooperate. Nonaatipe tracking works reasonably well for debrigeaits, but
presents significant limitations when tracking @iemal spacecraft, since this method must detetipaocess
maneuvers after the fact—resulting in delays invigliog updated orbits. And detecting maneuvers &0G
satellites can be even more challenging since sug®und-based optical systems are not capaldayehight, all-
weather operations—potentially delaying the actjoisiof observations immediately following a maneuwnder
such conditions, satellite orbit estimates can adgyrresulting in the SSN being unable to assonmte
observations with the correct satellite (cross-tagjgor even ‘losing’ the satellite. As a resultea the objects that
can be tracked by the SSN may not be tracked aetyienough to provide satellite operators confideim their
conjunction predictions.

Given the current state of affairs, it would sedat there is little that satellite operators cartalprotect their
satellites. Yet, we will see that a more thorougliew of existing complementary capabilities suggésat parts of
the problem can be addressed through collabordtesing up more capable resources to focus opdltécularly
challenging aspects of providing improved spaagasibnal awareness (SSA).

3. METHODOLOGY

As with any complex problem, the solution to thisdem will not be simple. There are many facetsrtproving
SSA which provide opportunities to quickly leverageésting capabilities to move toward immediatelgigating
the risk of on-orbit collisions. A judicious appitaof starting with the most immediate opportusitiehile
identifying potential ways to address other shartcms, should achieve the most expedient results.

We can begin by turning one of the primary limias of the current SSN into an advantage by reglitiat while
each maneuvering satellite can be difficult tokrasing noncooperative tracking, that each of tlsadellites is
operational—which means that there is an operagpansible for maintaining its orbit. Satellite cggers must
maintain accurate orbits for their satellites idarto be able to plan state-of-health contactssapgort anomaly
resolution, thermal and power management, attimdmtenance, periodic orbit adjustments, and enggrelatory
compliance. In most cases, today’s satellite opesatse active ranging or onboard GPS to provib@sowhich
have been shown to be an order of magnitude kbi@rnoncooperative tracking can produce and wéisure the
proper identification (correlation) of the obseigast [4]. And, of course, the satellite operatoows when
maneuvers are planned to be conducted and whpb#tenaneuver nominal orbit should be.

In fact, this realization was the basis for es#dtilig the current prototype data center, operayatid Center for
Space Standards & Innovation (CSSI) on behalfsofniémbers. The data center supports 20 satel@eatgs from
a dozen countries, as seen in Table 2. CSSI| scB&neaf their satellites—in both LEO and GEO—which
represents over one-quarter of all operationallgatein Earth orbit. These conjunction screeniags



automatically performed twice each day, using thst brbital data available, and take a combined tifrjust over
17 minutes on a standard desktop computer to peodiech operator provides their own orbital datachdiding
planned maneuvers—to CSSI for these conjunctiogsassents.

CSSI ensures that all operator data is corredlystiormed to standard orbital data formats for sgbent use.
Correctly understanding the wide variety of datarfats, coordinate systems, and time systems isadrib accurate
conjunction analysis. Converting that data to staddiata products that operators can directly ingés their
systems exercises the process of ensuring thaixtteange of vital orbital data can be handlednmetsensitive
situations. And regular validation of the operatphemeris products helps assure consistent dalitycral
promotes best practices in orbit determinationnepkes. When this data is combined with SSN datado-
member satellites and debris, it provides the bestall SSA for screening close approaches availaiulay.

Table 2. Current Prototype Data Center Participants

Operator HQ Satellites Operator HQ Satellites
Intelsat Luxembourg 65 GEO Optus Australia 4 GEO
Inmarsat UK 11 GEO Indovision Indonesia| 2 GEO
EchoStar us 8GeO | SYFeret | japan 5 GEOt
SES Luxembourg 44 GEO Telkom Indonesia 0 GEOf
NOAA us 5 GEO Iridium us 74 LEO
Star One Brazil 6 GEO Orbcomm us 17 LEO
Telesat Canada 23 GEO, 1 LEO GeoEye us 2 LEO
EUMETSAT Germany 4 GEO DigitalGlobe us 3 LEO
1Al Israel 2 GEO Ca”;‘g'ean”;pa Canada 2 LEO
Paradigm UK 7 GEO GISTDA Thailand 1LEO
Total: 186 GEO, 100 LEO

tAdditional satellites being worked

Operators are able to specify threshold conditamm$ values to be used in providing automated wgmfa.g., any
object coming within 25 km of any of their satefi). Operators have full access to the conjunet@atysis in an
access-controlled online system, which includesthéal data used for the conjunction assessmeatthat they
can quickly and reliably perform additional anaty& determine whether they wish to perform a siolh
avoidance maneuver and what the most efficient onarewvould be, based upon their mission requirement

Inmarsat, Intelsat and SES have now moved forwafdrimalize the successes of the prototype dateercen
concept—establishing the Space Data Association(BidA) in late 2009 [5]. SDA is dedicated to safel
responsible satellite operations, including thesengion of collisions in space and improving sétell
communications. SDA provides the legal basis agdmizational resources to make the prototype daitec fully
operational.

To that end, SDA selected Analytical Graphics, [#¢31) after a competitive RFP process to develog aperate
the new Space Data Center (SDC) [6]. The SDC isdhellite industry’s first global operator-led wetk for
sharing high-accuracy operational data to improxeyal space situational awareness and satellieadipns. SDC
reached initial operational capability on 2010 Rifyand will achieve fully operational capability@1 of 2011.

4. CONCLUSIONS

Not only does the Space Data Center provide impt@®A for satellite operators and support moreiefiit
decision making, it could be used by the Joint 8f@perations Center (JSpOC) at Vandenberg AFB podue
their SSA, too. Instead of having to dedicate aolditl resources to closely tracking and recoveniagmeuvering
satellites, the JISpOC could simply use the SSNetifywthe operator-reported orbits from the SDCiquically,



freeing up SSN resources for tracking noncoopegaibjects. If problems were detected during veatfan of
certain satellite orbits, the JISpOC would simplyfack to the standard noncooperative trackingapgh.

Of course, to encourage maximum participation kgl operators in such a data sharing arrangéniemUS
must be willing to reciprocate by sharing the tzastilable orbital data they have on as many obggsossible.
That means US data policy should be changed toosufhe release of high-accuracy orbital data—ie lvith the
new US national space policy [7]. Given that ovemp@rcent of the 22,000 objects currently trackgthe SSN are
dead satellites or debris and less than 1 percerderational US Department of Defense or inteficg satellites,
why wouldn’t the US want to share this data if #ant helping to avoid a repeat of the Iridium 3Bision with
Cosmos 2251—a dead Russian communications séefiliaring this data with the satellite operatorsld/also
allow the operators to perform their own conjunetizreenings, reducing the need for the JISpOGkéoda that
task for them and helping to raise the bar for afmerbest practices.

Having more accurate orbital data would signifitantduce the number of false alarms, which cutyamtdermine
operator confidence in conjunction assessmentsarder of magnitude improvement in accuracy redtceshreat
volume by a factor of 1,000 and makes the collisieoidance problem far more manageable.

Even if there were a problem with releasing théreritigh-accuracy catalog to the public, allowihtpibe used by
the SDC for screening close approaches—and ordgsaig orbital data to satellite operators foriittlial
conjunction events involving their satellites—wougld a long way toward reducing the risk of anottwlision in
orbit.

4.1. Need for Additional Collaboration

The establishment of the SDC in such a short perfdiine is a great step forward in developing@bgl network

of satellite operators working together to redueerisk of on-orbit collisions. But much work remgito be done to
bring in other satellite operators into the systéfier all, the more operators that participatsuch a system, the
more benefit will be seen by all.

Bringing in high-accuracy data from the SSN woukbée a big step forward—particularly for LEO ogtons—
in providing better SSA for the large amounts dfital debris there. But the space surveillance osgts/of other
major space players—most notably Europe, RussthCdaina—would further enhance SSA. And there i®piidl
to bring in research networks—such as the IntevnatiScientific Observing Network—which are usiregyw
capable systems to study the orbital debris pojpulain order to perform their research to detestlfto-track
objects, they must also maintain catalogs of odipects—all data which could be used by satellgerators to
avoid conjunctions.

Of course, NASA and European Space Agency (ESAliesishowing very large numbers of objects smétian
can be currently tracked by current space surveilasystems point out the need the need for evea capable
sensors and more effective correlation technigoiesatch observations with objects. Here againrmatigonal
collaboration could help ensure funding and a rbglabal view of the near-Earth space environment.

Finally, there is a continuing need to establistndards for safer space operations. Current irtierrsd standards
which allow dead spacecraft to remain in Earthtddyiup to 25 years are simply too lax. Iridium®8s destroyed
by Cosmos 2251, which is believed to have ceasetatipns two years after being launched in 1998,then
drifted for another 14 years before the collisi®bviously, we need to be much better stewardseftace
environment.

4.2. Moving Forward

Clearly, there are plenty of challenges to provgdimproved SSA and safer space operations. The gewad is that
the international community is already working hrdnove forward on improving things today. Pap#tion in
the SDC by satellite operators worldwide—togethih wational and research space surveillance nésaewould
continue to improve things tomorrow.
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