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ABSTRACT

The paper presetts the resuts of a GSTPprojed led by
GMV for ESA/ESOC to define and experimentally
aralyse orbit detemination techniques for the
caaloguing of objeds in Highly Eccentric Orbits
(HEO), such as the Gedcstationary Trarsfer Orbits
(GTO) and Molniya-type orbits, using a combination, or
fusion, of observations aayuired by ground-basedradars
ard optical telescpes. An experimental tradking
campaign was scheduled and performed to test the
evaluated concepts.

Additionally, the needs of a future tradking network in
terms of topology and sersors charaderistics for the
coverage of the popuation of HEO object were asessed
ard formulated

It is shown that acceptable orbit detemination results
for objeds on ecceantric orbits can only be expeded
when a longer arc of the orbit is covered with
observations. As areallt, the orbit detemination of such
objeds would highly berefit from the combination of
observations from optical telescopes and radars.

1 OVERVIEW OF THE STUDY
The study encanpasses he following topics:

1. The aralysis of the different suitable orbit
detemination techiques ard algorithms for initial and
final orbit detemination. (8 2)

2. The amalysis of the charaderistics of later used
sersors for the implementation of tradking campaigns.
(83

3. The seledion of exemplay HEO and MEO (for
verification) objeds, which are suitable for tradking
during the planned campaign. (8 4)

4. The arelysis of the observations to assssthe quality
of the dataard the subsequent orbit detemination of the
objeds using both initiall and satistical orbit
detemination. Finally, the comparison of the egimated
orbit with extemal sources (aacurate operational orbit
and TLE data)was carried out. (§ 5)
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5. The aralysis of trade-off with the space surveillance
ard tracking system architecture in temrms of observation
strateg/, network topology and sensor requirements. (8
6)

2 ORBIT DETERMINATION TECHNIQUES

Orbit detemination is one of the key elemerts of the
space surveillance operations. The estmation of the
orbital stateof the different space objeds being tracked
ard the propagation of its ewolution are one of the
primary taks to be performedto maintain a catalogue of
spae objeds ard, consequently, provide other space
surveillance sewices such as the aralysis ard
asesment of conjunction everis, aralysis of orbit
decay and predction of re-ertry etc.

Orbit detemination accuracy mainly deperds on the
tracking dataaccuracgy, its dersity and frequency, on the
orbit detemination methoddogies and propagation
methods. The constraintsin our particular study are:

e Optical sersors angular accuracy

e Radarsersorsrarge and argular accuracy

e Optical ard radar sersors availablity and share in
order to make the most of the berefits of the two
different sensors

e Observation strateg: minimise rewvsit time,
maximise length of pas®s,obtain pas®sin diverse
regons of the orbits.

e Predse orbit propagation models including solar
ard lunar perturbation, air drag solar radation
pressire and geqootertial of 15x15 (30x30
recommended)

¢ Measuemens reonstruction pattens including
applied corredions such as for tropospheric ard
ionospheric refradion.

e Robuwst orbit detemination approaches and
algorithms. Possbility to estimate the initial state
vedor nea availabe tradking to avoid propagation
errors leadng to nonconvergerce, possbility to
estimatethe initial statevedor nea apogeeto avoid
strong dynamics nea perigee that provoke non
convergence, posshility to use long erough



estimation arcs to a better charaderisation of the
long orbital period HEO orbits and possbility to
setup  proper weighting according  to
expededknown measurement noise level.

3 ANALYSISOF SENSORS

Radar and optical systems are both used for space
surveillance  Newertheless their performance ard
application areais quite differert. On one hand, optical
telescpes can observe objeds at large distarce if the
conditions are well suited and the angular velocities are
low, but their biggestdrawbad is that their operation
strondy depenis on good weaher conditions at the
observing station and suitable illu mination during night-
time. On the other hard, radars are abe to tradk objeds
with bigger angular velocities, they are in principle
availade roundthe clock and have no restricton w.r.t.
the weaher. However, their sersitivity is inversely
depemart to the fourth power of the distarce it is not
suitable to use radar to tradk objeds at positions higher
thanlower-MEO regon.

The fusion of measurements from optical telescgesand
radar is suppaed to give highly accetalde orbit
detemination resuts since the advartage of both
systems can be exploited while the disadvantages can
largely be suppres&d

3.1 Optical Telescope: OGS

The instruments requirements for satellite observations
are very spedfic. Then satellite observations from
groundwith optical sensors could be dore today just by
afew instrumentsin the world.

The Optical Ground Statian (OGS) is equipped with a
1-meter optical telescqe of 0.7° FOV and it is located
in the Teide observatay (Spain) at an altitude of 2395
metess above sea level. Its main charaderistics are
shown in Tab 1. This sensor is fully qualified to perform
the required astrometric measuremerts from the upper
MEO to GEO ard the more eccentric orbits. The OGS
has already been used for space objeds optical
surveillance ard tradking.

Table 1: Characterigics of OGS

(low limits) km)

Tracking object Withou restrictions

(high limits)

Data autput Astrametric parameters (RA, DEC,

Epoch and Magnitude) and orbital
parameters

Field of view 425" x42.5°

Accuracy of epoch <5ms

Tracking acaracy Sidereal tracking better than 2”/h
and pointing Dbetter than 107
anywhere at sky

Typica exposuetime | 2-7 seconds

Readou duration 7 seonds

Sensitivity Up to magnitude 21 at 2 seconds of
exposue

Spatial Scde 1.44arcs/px at 2x2 binning

Tracking object 1/3 MEO orbit intervd (>13000

Condtions on the Canary Islands for astranomical
obserwvations are very good Moreover, the altitude of
the observatay allows a great amourt of clea skies
along the yea, with 75% of observation time availabe
in goodwedaher.

Figure 1: OGS Teide observaory (left) English maunt
and 1mtelescee (right)

3.2 Radar: TIRA

TIRA is one of the largest and most powerful radar
systems for space observation in the world. Since TIRA
is a reseach platform to suppat the developmert of
radar systems ard tedhniques to deted, tradk, and
aralyse space objeds, the sensor typically is working
non-continuows. Quag-operational taks are performed
ondemard.

Figure 2: TIRAradar system

Fig 2 shows the 34 m paralolic artenna protected by a
rigid 49m-diameter radome. This Cassegain-fea
artema is mourted on a pedestalthat allows pointing
velocities d 24%sin azmuth and 6%sin elevation.

TIRA contains a L-bard tradking radar ard a Ku-band
imaging radar. However, only the L-band subsystem is
of interestin this study becawse it is the one usedfor the
detedion ard tradking of space objeds. The L-bard's
amplitude monopuse system operates at a centre
frequercy of 1333MHz, with 250kHz bardwidth
(utili zed), ard with a pulse length of up to 2 ms. The
TLE suppated tradking process is initiated when the
objed of interest pas®s the initially fixed radar beam




within a predefined range ard time window. The
tracking dired resuts are the measurements of range,
Doppler, azmuthal and elevation deviation.

4 SELECTION OF OBJECTS

Onre experimertal observation campaign using one
telescpe (OGS)ard one radar (TIRA) is includedin the
frame of this projed. In order to obtain the maximal
information of this observation campaign, it isimportart
to elaloratean observation planning taking into account
not only the charaderistics of the objeds to be traded,
but alsothe limitations and charaderistics of the sensors
to be used

HEO (main goal of the project) anrd MEO objeds (for
verification) have been chosen by analysing their
visibilities from the availabe sensors ard following the
next observation strateg:

e Overapping observation oppatunities from the
different sensors

Longobservation oppatunities

Good observation conditions

Spread observation oppatunities

Predse orbits availability to asess the accuracy of
the obtained orbit detemination.

e Bigradarcrosssedions

Cardidate objeds were chosen for every popuation
group, and finally the objeds tracked were: XMM and
Molniya 3-40in HEO and GPS BIIR-3 in MEO.

5 EXPERIMENTAL TRACKING
CAMPAIGN

Taking into consideration all the issues exposed
regarding sermsors used and objeds seleded the
campaign plan was scheduled.

5.1 Preparation of observation plan

Due to availahility and budgetary issues, the observation
planning took placeonly during June 2011, spedfically
from 4" to 6™ Jure from OGS and on the 6™ June from
TIRA. Moreover, available optical observation duration
was limited to 2 observation units (OU; 15 minutes
each) per objed during the 2 first nights and 4 OU
during the last OGS ohservation night, while 4 tracing
hous were available for TIRA

Radar traking are intended to be dore, whenever
possble, as close as possble to the perigee because it
enalles to tradk the objed with higher accuracy.
Mearwhile, optical observations are interded to be
dore, wherever posdble, far from the perigeein order
to awid high relative anguar velocities that makes
objed tracing from the telesope very difficult, or even
impossble.

5.2  Analysis of the obtained measurements

Traking of the seleded objeds has been dore
according to the elalorated schedile ard the obtained
measurements are shown in Fig. 3 (optical data)ard in
Fig. 4 (radar data) Both sersors have shown their
cgpalhilities to track multiple space objeds in parallel.
The observation campaign was considered succes<ul.

Optical measurements (right ascesion and dedination)
have been compared to refererce orbits (predse orbits
for XMM and GPS BIIR-03, ard propagated TLE for
Molniya 3-40) to find the off sets per pass at around 4
milli degrees in right ascension ard 1 millidegee in
dedination. Before orbit detemination measuremerts
were correded for that apparert bias Larger residuals
between reference orbits and acquired observations have
been foundin right ascension in high elevation pas®s.

Range measurements aayuired by TIRA are shown in
Fig. 4. Operating at the cutting edge of sensitivity, one
can observe disruptions in some follow-up tracking
cases for XMM ard GPS. Potertial emors have been
idertified for tradks #4 and #6 of XMM asloss of the
track due to tracing perturbations caused by very week
radar echoes. A tradk distradion was observed in the
seoond part of tradk #3 of GPS. The reason wasancther
objed in the bean moving in close vicinity to the objed
of intered.

A big off set (around 275km) hasbeen foundfor XM M.
GPS traking showed no bias and the sigma of these
residuals was similar to the one obtained during the
XMM contingency campaign [1]. Finally, Molniya

tracking showedabias d ca 20km.
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Figure 3: Observedright ascension anddedination of
the OGSmeasurements
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Figure 4. Observedrangesof TIRA meauremants

5.3 Initial orbit determination using the
obtained measurements

The process of objed orbital state initialisation is
patticularly complex in cases where only anguar
observations from passive devices are availade. GMV
had developed PREOD, software that edimatesa range
from 3 optical tradklet (or 4 depering on the chosen
algorithm) using three differert algorithms: Gauss
Gooding ard Baker-Jamby [3]. In order to assesgshe
accuracy of the obtained orbit, the estimatedrargesare
compared to ranges simulated (withou noise) from
refeence orbits. In most of the cases, where the
algorithm has reached a solution, thesediffererces are
of the order of 100 km. Then it is considered that these
resuts canna be used to start the processof predse
orbit detemination because the big differences between
the computed state vedors and those correspndng to
the reference orbit, causes that the obtained
measurements do not fit at all. This fad must be taken
into account in the definition of a sensor network
architecture, because some extra tradking after a first
detedion, which would provide more information for
detemining the initial orbit, will be needed

5.4 Final Orbit Determination

Orbit detemination has been dore with NAPEOS
(Navigation Padkage for Earth Orhiting Satelites) that
is a well-known operational ESA software used
extersively along Europe for Flight Dynamics and Orbit
Determination,  spedfically NAPEOSBAHN, a
software that detemines predse orbits from the
observations and a-priori information. It performs a
Batch Orbit Detemination, all measurements are
incorporated simultanecusly ard a one-shat solution is
obtaired after an iterative algorithm over the whole
dataset is performed by a Leat Squares fitting
algorithm.

The apriori orbits used to initialize the process are
different in each case; operational orbit provided by the
Flight Dynamics Tean at ESOC for XMM, TLE
propagatedorbit for Molniya3-40 ard IGS predse orbit
for GPS BIIR-3. The referernce epoch, in which the state
vedor is detemined, is fixed to be close to the first
measurement. The detemined orbit is propagated badk
ard forward from the referernce epoch during 14 days
using a propagation model that contains gegpotertial
(up to 30 degees), Sun and Moon as third bodes and
solar radation perturbation.

Reallts of orbit detemination obtained for Molniya 3-
40 and GPS BlI R-03 are shown next [1]

Right ascension and dedination noise sigma are both
fixed to 1 millidegee As these measuremerts are
obtained from differential astiometry, datais not needed
to be correded for paralladic refradion. Weights for
radar tracking were set to equivalents of 200 metess in
rarge, 250 milli degrees in azmuth ard 90 millidegees
in eleweation.

A filtering criterion is also definedin order to eliminate
the outliers of the orbit detemination procedure.
Wheress all the astrometric measurements are
considered, not all the radar observations have been
takeninto account because they may drift considerally
from the refererce orbit.

As the reference orbit used for Molniya is not a predse
one but a propagated TLE, the differerces are nat only
caused by errors in the orbit detemination procedure,
but dso by the nature of the TLE orbit by itself, asit can
be seen when reallts for both objeds are compared

Tabh 2 shows the obtained residuals in the orbit
detemination procedure for the 3 differert scenarios
taken into consideration (optical-only, radaronly,
optical ard radar fusion).

Table 2: Residuals from the orbit determiation using
acquireddata separately or together (data fusion). T
stands for TIRA and O for OGS Upper resilts of each
cdl correspndto Molniya 3-40 and lower resilts to

GPSBIIR-03
TO rfmj amdeg] | e[mdeg] | a[mdeg] | §[mdeg]
X 0.148 | 0.145
0.597 0.446
X 178912 | 235.943 | 84.913
280.712 | 362169 | 92.729
XX | 188616 0.278 0.269
158.001 0.750 0.445
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Figure 5: Comparison between determired orbit considering just optical measurements andthe refererce orbit (TLE)
along 14 days.Molniya 3-40resluts are on the left and GPSBII R-03 resuts on the right.
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Figure 6: Comparison between determired orbit considering just radar meauremants andthe refererce orbit (TLE)
along 14 days.Molniya 3-40reslts are on the left and GPSBII R-03 resuts on the right.
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Figure 7: Comparison between determired orbit considering both optical andradar measuremants andthe refererce
orbit (TLE) along 14 days Molniya 3-40resllts are on the left and GPS Bl R-03 restts ontheright.

The detemined orbits (propagated badk ard forward
from the refererce epoch during 14 days) have been
compared to the referernce one; differences are shown in
Fig. 5 to Fig. 7 where the time intervals of the
observation campaigns are highlighted aspink boxes

Although measurements are from differert nature, the
compairison between the two first figuresshowsthat it is
possble to conclude not only that the number of
measurements is  important  (number of radar
measurements is significartly bigger than optical ones)



but also the frequency of these obsewvations (optical
measurements were acjuired during 3 conseautive night
wheress radar tracking was performedduring 4 hous).

Optical observations usually give good information
about crosstrack, whereas radar tracking, mainly
ranging, gives reliable information in the in-plane
comporent. It is possble to seethat Fig. 7 (bath optical
ard radar tracking) has the same behaviour than Fig. 5
(only optical observations) but improving the in-plane
comporent due to the information added by the radar
measurements.

It shoud be mentioned that considering the nature of
ohservations (red, not simulated), and that they have not
been prefiltered before being inserted in NAPEOS
BAHN, it can be conclude that the NAPEOS-BAHN
software is robust enoughto detemine orbits from radar
observation that represes a red-wold scenario.
Furthemmore, taking the compatrison figures & reference,
it could be statedthat NAPEOS-BAHN does not only
detemines an orbit but this orbit is accurate erough
around the epoch when the observations were taken
The aaccuracy of the obtained orbits mainly depemls on
the obsewvation strateqy followed The growing
differences along time could be caused by the used
propagation model in the process or ewven by the
propagation model of the TLEs that have been taken as
refererce orbits.

6 SSA ARCHITECTURE

6.1 Observation conceptsfor catalogue build-
up and maintenance for HEO

There are two key parametes to desgn space
surveillance architecture: the percentage of objeds
trackedfor caaloguing purposesand the accuracy of the
orbits of theseobjeds. The requiremerts on the orbit
detemination performarces are spedfied by ESA in a
SRD document [4]. However, as HEO popuation
shoud not be the driver for the desigh of the
requiremerts, becawse they are a minority popuation,
there is currertly no spedal accuracy requirement for a
trarsient popuation passng through GEO, MEO, or
LEO. We asumed a general popuation requirements
derivedfor LEO objeds, which shall be catalogued with
an accuracy of 200meters (TBC) and 2km (TBC) for
MEO/GEO objeds after 48 hous of the objed
detedion.

The simulated scenarios consider a worldwide network
of telesc@es,correspndng to the currently considered
baselire for the future European SSA system, and a
radar that could be locaed in a European site asFig. 8
shows.

An aralysis of the accuracy achieved in the orbit
detemination after one observation pass is performed
The aim of this arelysis is to as&ss whether the satellite

will be reacquired again during the next observation
oppatunity taking into consideration the field of view
of telescees. Furthemore, once the objed is deteded
more observations/tracking are needed to have more
information available in order to deteminate a more
predse orbit that will make the caalogue mainterance
possble.

Figure 8: Radar in blue andtelescge network in red
From left toright: Marquises Hands, Tererife, radar,
Cyprus and New Norcia (Perth)

If the objed is deteted by atelescge,a minimum a 15
minute pass is required to reacquire the objed again
(assre to find the objed inside the FOV of the
telescpe during the next observation oppatunity).
Taking in mind the propcsed GEO survey strategies [5],
where the FOV changes every 15 semnds, the deteded
objed must be tracked from a telescee locaed in the
same site within 15 minute immedately after the objed
is deteded

In tems of caalogue mainterarce, if the objed is
observed just with telescges during their apogees it is
possble to fulfil the accuracy requirements provided by
the SRD, but only in the apogee regons (GEO/MEO
criteria). However, the fad of adding just one radar
tradking in the perigee (or close to this orbit regon)
contributes significantly to the accuracy of the
detemined orbit, making the caalogue maintenarnce
during the whole orbit pasdble in some of the simulated
scenarios.

6.2 Required characteristics of optical
sensors for HEO observation

The main limitations to follow up the objeds of the
refererce popuation are the FOV ard the maximum
tradking spedl of the telesc@e. The instrument shoud
be equippedwith agrea FOV which enalte detedion of
3 conseautive images in the same inettial space,
including the time required to do two realings of the
CCD and also two estaltishments to the original
position. Considering the FOV dimensions of the
proposed optical sensors (2.5° ard the interval of time
to getatriple detedion (15 s per picture), the maximum
arguar velocity thatit canbe admittedwould be around
300”’/s. Unfortunately, a large distribution of objects
would be limited by FOV since the objeds exceed
300°’/s near its perigee, leaving asice ill umination
congtraints.



On the other hard, the instrument shoud be equipped
with a mourt capable of offering accurate tracking of
the inertial space with an eror less than 0.5 pixels
within the maximum time of exposure and with the
sensor moving between 0 and 60”/s. Considering this
limitation in the design of the sersor, we can estallish
75”/s as the maximum relative velocity of the
instrument (sky moves to 15”/s due to the Earth
rotation). This speed can be considered like the
limitation to tradk the objeds of the reference
popuation.

The sersor requirements are eroughto deted¢ an objed
around 20th magnitude during the nights with the beg
observation’s conditions, and around 17th magnitude in
worst conditions, considering the maximum time of
exposure in both cases (2 sends). Howewer, if this
magnitude is sufficiently bright, the exposure time
would be reduced

6.3 Required characteristics of radar sensors
for HEO observation

In principle, radar can be used to dete¢ and trad all
relevart objeds on ecceitric orbits with an accuracy
required by the customer. However, this demands to the
set-up of an adequate radar sersor with well-defined
charaderistics.

Depending on environmental restrictions one may not
be abe to increasse the energy transmitted within a
single-pulse  withou limits. Moreover intemational
regulations lead to a set of radar bards which may be
usedfor the forese@ purpose, only.

The application of highly elaborated pulse processng
techiquesis for most of the systems in operation the
only way to sail roundthe above mertioned constraints
withou a need for major hardware modifications.
However, existing systems may also be optimized ard
upgaded with regard to HEO obsevations. New
systems shall carefully be placed to take both, regonal
advartages and restrictins into accourt.

In consequence one hasto statethat one is not abde to
derive optimal sersor charaderistics without prior
knowledge of the sensor(s) locaion and redrictions to
be consideredin thatplace

Although there are open issues regarding the radar
design in tems of operational demands, it is concluded
that the tracking radar shodd be used as a follow-up
system with initial pointing information coming from an
optical site.

6.4 SSA Architecture performance
simulations

The reference popuation chosen for this study consist
on the objeds of the US SSN caalogue (epoch
14/10/2011am.) whose eccantricity waslarger than 0.5.

The 1285 remaining objeds (out of initially 14680
comprise mainly Molniya, GTO ard sciertific objeds.

The baselire telescee architecture is composed by 4
idertical 2.5°¢2.5°FOV telesc@esper site shown in Fig.
8. The survey strategy used in these simulations is the
one propcsed in the PDAOSSS [5], which was
deweloped for GEO objeds, HEO objeds will be
observed as a by-product of these surveillance taks.
Moreover, these ssmulations have been dore withou
considering weaher restricton or ary other possble
unavailahlity.

The proposed architecture also contains a surveillance
radar that is developed for LEO regon as propcsed in
[6]. The maximum detedion range hasbeen considered
to be 2000km. Locaion for this radar hasnot yet been
defined, then for this analysis it has been considered to
be locaedin Spain.

Soasto consider that an object is deteded, inclusion in
the caalogue, one minimum pass of 15 sewmnds
(duration fixed by the GEO surveillance strategy) and a
maximum revisit time of 1 day are neasary.
Moreover, in order to maintain the objed in the
caalogue, ancther extra pas of 15 seconds with a
maximum revisit time of 48 hous is required
Newertheless these are simple assimptions because the
tracking required immedatey after detedion is not
considered ard every observable objed can be tradked
ard erters the caalogue instartly, so the obtained
resuts are guite optimistic.

As Fig. 9 shows, using the PDAOSSS network
configuration and survey strategy/ developed for GEO
popuation (O_S), it is posdble to deted 2/3 of the HEO
refererce popuation as a by-product of surveillarnce
taslks after 4 obsewvation weeks. When the LEO
surveillance radar is added to the simulation (OR_S),
the percentage of detedced HEO objeds grows up to
75%.

% HEO objeds

os OR S

O_S+O.T OR StOR T

=% deteded ®™ %catalogued

Figure 9: HEO objects @taloguing performances using
different scerarios. O_Sstands for optical survellance,
OR_Sstands for optical andradar surveillance,
O_S+O_T standsfor optical survellanceandtracking
andOR_S+OR_T standsfor optical and radar
surveillanceandtracking



A dedcated HEO surveillarce strategy shoud be
dewvelopedin order to close the surveillance gapfoundin
these scenarios (more than 20% of objeds are not
deteded during one month). Moreover, the fad that the
HEO objeds are deteded as by-prodwct of other
popuation surveillance strateges could entail data
processng problems.

Now, one tradking sensor to eech site is added to the
scenalio in  order to improve the cdaloguing
mainterance performances. These survey and tradking
scenalios achieve caaloguing performarces higher than
90% of the deteded objeds. However, a tradking radar
locaed in Spain does nat give notable berefits to the
catalogue mainterance Newertheles, the addition of
tradking radars provides accuracy enhancements in the
whale orbit and mainly in the perigeeareg regon where
cdlision probahblity is higher due to the large LEO
popuation. Taking in mind that most of the eccentric
orbit perigees take place in the southem hemisphere,
radars shoud be locatedin thisregon.

Thesescenarios, that consider only HEO popuation, are
already very demanding in terms of telesces loads.
Moreover, red-world system will face additional
obstacles, such as considering the rest of objeds
popuation or weaher outage, prioritized tasks,
schedlling, etc, Taking all this into consideration, it is
posdble to conclude that more tradking sensors are
required

7 CONCLUSIONS

The preseted study stated with a preliminary
theaeticd study regarding issues such as orbit
detemination techniques and charaderistics of existing
sersors suitable to observe HEO objeds. Gattering all
theseinformation, an limited experimental observation
campaign has been performed The aim of this
campaign wasnot only to prove the evaluatedconcepts,
but also to extrad conclusions that have enalted the
derivation of the main charaderistics/requirements that
the SSA architecture may fulfil in order to cover HEO
popuation.

Taking into consideration the objedives ard the
resairces of the experimental observation campaign, it
can be considered successul asdatafor the 3 seleded
objeds was obtained from the OGS telescpe ard the
TIRA, both obsewving in parallel. Moreover, the quality
of this data was good erough to detemine the orbits
using NAPEOS-BAHN, software that has been proven
to be suitable for this concept.

Optical detedion requires an immedate tracking in
order to assure the object’s reacquisition at least during
the next apogee Trading by radar or optical means as
follow-up after optical detedion seams to be one of the
most suitable approaches to erhance the detedion of
HEO objeds.

Taking optical observations during apogees make
possble to fulfil the accuracy requirements for
caalogue maintenarnce provided by the SSA SRD, but
only in the apogee regon. However, adding one radar
tracking in the perigee contributes significantly to the
accuracy of the detemined orbit, making the catalogue
mainterance during the whole orbit possble.

Detecting HEO as by-produwcts of other popuation
surveys (eg. GEO) doesn’t only cause surveillance gaps
in HEO popuation, but also could ertail dataprocessng
problems. Consequently, comprehensive surveillance
strateges for eccantric orbits are needed Space-based
surveillance strategies cailld be one passble approach.

It is not posdble to caalogue all the deteded objeds by
using only ore single tradking telescope per site.
Moreover, high telescope loads resut from the
simulation. Therebre, additional tracking telescpesare
negdedin each site.

This study demonstratesthat fusion of optical ard radar
data erharces the accuracy of the detemined orbit for
HEO objeds. Then, it is importart to take advartage of
this benefit for a SSA architecture concept.
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