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Space-Based Space Surveillance with the Space-Based Visible
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Space surveillance is the activity of keeping a current catalog of information on manufactured, Earth-bound
resident space objects. Some necessary functions to perform this task are search and detection, acquisition and
tracking, tasking and scheduling, and data reduction and processing. The Midcourse Space Experiment satellite,
launched 24 April 1996, carries the Space-Based Visible sensor packagedesigned for conducting space surveillance
from a space platform.Other contributionsto this issue discuss Space-Based Visible operations,data reduction, and
accuracy. The Space-Based Visible provides high-accuracy angle measurements (right ascension and declination).
Based on these data, space-based space surveillance catalog maintenance can be demonstrated. To this end, orbits
are calculated based on ground-based data, space-based data, and various combinations of these data. From
these results a number of surveillance functions can be demonstrated, for example, compatibility and fusion of
space-based and ground-based metric (position) data. When an independent, high-accuracy orbit is available,
an assessment of the orbit accuracy is made. In other cases, differences between the orbits are computed. In
addition, access to the complete geosynchronous belt and catalog maintenance for geosynchronous satellites will
be demonstrated. Effectiveness of space-based space surveillance data is assessed.

Introduction

O PTICAL space surveillance from the ground started with the
launch of Sputnik I in 1957.1 The Massachusetts Institute of

Technology(MIT) LincolnLaboratoryhasbeen involvedin the � eld
from the very beginning, with radar tracking from Lincoln’s Mill-
stone Hill in Westford, Massachusetts.2 It is a mature discipline.
Since then, both optical- and radar-tracking techniqueshave devel-
oped and matured. An elaborate data analysis system, with con-
ventions, procedures, communications, and practices, has evolved
over the years. The system has expanded from low-altitude surveil-
lance, tracking satellites that range in altitude from a few hundred
to several thousand kilometers, to deep space surveillance, tracking
objectsfar beyondthe36,000-kmaltitudegeosynchronousbelt.Cur-
rently, the resident space object (RSO) catalog contains more than
8000 objects,consistingof active and inactive satellites,rocketbod-
ies, anddebris,with an activesubsetof over 800objects.Capabilities
exist today to measure positions of low-Earth-orbit (LEO) objects
with sizesas small as a few tensof centimeters,andgeosynchronous-
orbit objectswith sizeson the orderof a meter.The deepspaceradars
at MillstoneHill and on the Kwajalein atoll in the Paci� c Ocean are
able to track geosynchronous satellites with an accuracy of a few
meters. These results clearly indicate the considerableprogress that
has been made in past 40 years. We are on the verge, however, of
the next major technologicalchange in space surveillance, namely,
space-based space surveillance.

In 1987, the Midcourse Space Experiment (MSX) was initiated.
The MSX had a number of objectives supported by a suite of opti-
cal sensors3 ranging from the ultraviolet (280 nm) to the long-wave
infrared (LWIR) (26 l m). The breadth of the program is illustrated
by the eight principal investigator teams representingdifferentphe-
nomenologies,objectives,and disciplines.Space surveillanceis one
of these disciplines. The intervening 10 years has been devoted to
building, launching, and operating the MSX satellite. This paper is
intended to discuss the space surveillanceresults available after ap-
proximatelytwo yearsof operation.Althoughthe space surveillance
experiments make use of the full complement of MSX sensors, the
primary sensor for space surveillance is the Space-Based Visible
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(SBV) built at MIT Lincoln Laboratory,4 which will be the focus of
this discussion.

The 10 years between a program’s inception and its producing
results is not unusual, before the days of faster, better, cheaper, and
the goals and objectives of these experiments have been described
a number of times in these years. After two years of operation, data
collectionand analysis are fully underway.However, it is important
to note that these results are built on the outstanding work by the
designers and integrators of the spacecraft at the Johns Hopkins
AppliedPhysicsLaboratory(APL)5 and theSBV payloadat Lincoln
Laboratory. They, in turn, built on the unique vision that led to
technologydevelopmentof the focal planearraysused,6 the onboard
signal processor,7 and many other subsystems that make up the
instrumentnow being used so successfully.These results truly usher
in the next phase of space surveillance.There are uniquechallenges,
great opportunities, and exciting results in store in this new era of
space-based space surveillance.

Space Surveillance Issues
Space surveillancecan be described in a number of ways. Such a

descriptionought to include a broad de� nition; identi� cation of the
objectives,possibly including success criteria; a list of the elements
of space surveillance and their relationship, perhaps a functional
description of these elements; and of course a list of requirements.
Beginningearly in the MSX program, each investigatorteam devel-
oped documentation that addressed some of these issues. This doc-
umentation was consolidated and continues to be revised, updated,
and expanded. The MSX system-derived requirements document
(SRD) laid out the basic program requirements. The SRD included
quantitative speci� cations for instrument performance and virtual
experiments. The MSX science modeling requirements document
(SMRD) reviewed the basic scienti� c objectives and addressed de-
tails of the necessary measurements. The SMRD is the most useful
documentfor describingthe visionof spacesurveillancerepresented
by the MSX experiments. However, these documents address im-
plementation issues regarding MSX surveillance experiments, but
do not give a full description of space surveillance. Flowing from
these documents were actual experiment plans that the satellite op-
erators could use to develop command packages for satellite opera-
tions.Each commandsequencewas known as a data collectionevent
(DCE). Unique among the MSX investigators, the surveillance in-
vestigatorswere locatedat the SBV processing,operations,and con-
trol center (SPOCC) at Lincoln Laboratory, one of the two centers
generating the MSX command sequences and controlling the satel-
lite during every surveillance DCE. Because the space surveillance
objectives are described in Ref. 3, the SRD, the SMRD, and Ref. 8,
the following is con� ned to a few remarks.
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We de� ne space surveillance as the task of keeping a current
catalog of information on manufactured, Earth-bound, RSOs, to
support military and civilian needs.

The following descriptors for space surveillance are from U.S.
Space Command as they have the nationalresponsibilityfor the U.S.
spacesurveillanceeffort.Therefore,we frame the space surveillance
missions as 1) new launch processing, 2) catalog maintenance, 3)
catalog augmentation, 4) mission and payload assessment, and 5)
treaty monitoring.

To accomplishthesemissions,the space surveillancesystemmust
be able to perform,among others, the following functions:1) search
anddetection,2) acquisition,3) tracking,4) data processing,5) task-
ing and scheduling, and 6) integration with the space surveillance
network (SSN). At a minimum, we need to have the technology,
communications infrastructure, data processing and analysis, and
proceduresto perform these functions.We will describe the present
MSX/SBV capability.

Implementation
To implement a space surveillance system, we need to identify

critical issues. The characteristicsof space surveillance begin with
short timelines. This means that there is limited usefulness of old
data. One needs to know the space order of battle today, not last
week. For reacquisition of uncorrelated targets (UCTs), rapid re-
sponse is necessarybecauseof the limitedpredictionaccuracybased
on discovery observations. In addition, rapid initiation of tracking
is necessary to respond to launch and satellitemaneuvers.The wide
range of target size, target geometry, and relativevelocity places re-
quirements on the sensor, network, communications, and data pro-
cessing system. Targets of interest range in size from centimeter
debris to hectometer payloads. RSOs exist in LEO, to deep space
(DS), geosynchronous(GEO), and beyond.The angular velocity of
the targets relative to the SBV ranges from approximately0 to more
than 2400 arc-s/s. Finally, the SSN is made up of many different
sensors with different operational characteristics and capabilities.
With the exceptionof three ground-basedelectro-opticaldeep space
surveillancesystem (GEODSS) camera sites and three PAVEPAWS
radarsites,noneof the surveillancesensors is the same. This leads to
complexissuesof tasking,scheduling,and mergingdata.A new sen-
sor system, in this case space based, should both supplement and
complement the existing capability to make use of strengths and
ameliorate weaknesses. Only do things from space that are better
done there.

The early objective for the MSX/SBV to demonstrate space-
based space surveillance was, of course, to show what could be
accomplished from a space-based asset. However, this was per-
formed in the context of existing realities. There are some current
issues with the existing SSN. Where appropriate, these issues were
addressed in constructing the MSX/SBV experiments. For exam-
ple, the gap time between tracks for the current SSN is signi� -
cantly longer than present requirementsstate. The MSX/SBV could
not address this due to the communications architecture.However,
the present tracking-resourceshortfall could be mitigated with the
MSX/SBV. The shortfall is especially acute in DS, which is where
the MSX/SBV is particularly powerful. The MSX/SBV has access
to all space. Its complete coverageof the geosynchronousbelt, cou-
pled with the wide � eld of view, would allow it to provide data on
all GEO satellites with multiple observations in each look. The cur-
rent network also has a coverage hole in the Eastern Hemisphere,
which can be � lled with the MSX/SBV. The detection sensitivityof
MSX/SBV allows for the tracking of some debris, for which there
were two experiment plans, and small satellites. In addition, the use
of specular phenomena, due to the long specular season enjoyed by
SBV, allowed for the tracking of satellites currently not tracked, as
well as the gathering of signature data on the physical properties of
satellites. Finally, many of the current SSN sites are on foreign ter-
ritory. This process of maintaining these sites can be operationally
complex and, at times, politically sensitive. A space-based asset
provides complete geographical coverage while operated and con-
trolled from the continentalUnited States.With these issuesin mind,
MSX/SBV has alleviatedor greatlymitigateda number of problems
facing the SSN today.

Technology Demonstrations
There has been a lot of planning for space-based space surveil-

lance with a visible-band optical sensor. Flowing from these con-
siderations, the SBV was based on technologies available in 1988
when the MSX/SBV project was initiated. It is fair to say that the
system on orbit today has been a success and a tribute to the vision
of those planners.

The SBV characteristicscan be summarizedas follows. The SBV
is a staring sensor. The principal mode of operation is to point in
space,siderealtracking,such thatbackgroundstarsare pointsources
in the focal plane and the target RSO is streaking. Of course, the
SBV can also be operated in ephemeris track, where the pointing
follows the target and the stars streak. Both types of data have been
taken.9 The SBV uses a wideband, charge-couple device (CCD)
array (3000–9000 A), with a quantum ef� ciency for each device
of about 28%. This performance is in comparison with the S20
ebsicon-tube technology currently used in the GEODSS cameras,
which has a quantum ef� ciency of about 7%. The telescope has a
15-cm aperture, and an off-axis reimaging design to maximize out
of � eld-of-viewrejection.This allows for trackingwithin 100 km of
the earthlimb.The camera consists of four (420 £ 420 pixels) three-
side abuttable CCD arrays. This results in a 1.4 £ 6.4 deg total � eld
of view (FOV), although only one CCD array can be used at a time.
Each pixel is 60 l rad on a side (12.1 arc-s). Success in subdividing
the pixel signaturedata by a factor of 3 and the boresightstar-match
determination by a factor of 15 has been demonstrated. Nominal
integration time is 0.4 or 1.6 s. There is also a 1.0-s integration time
used when data are stored on the tape recorderonboard the MSX. A
criticaltechnologyfor space-basedspacesurveillanceis theonboard
signal processor (SP). The SP processes multiple frames of data to
extract the target streak and star positions, rejecting background
clutter and single proton events. For example, a 16-frame frameset
consists of 5.6 £ 106 B. The SP will produce a report containing
star and streak signaturesof 3.2 £ 103 B, a reduction in the required
data downlink capacity by a factor of as much as 2000:1. In addi-
tion, there is a programmable computer, the experiment controller
(EC), for running the SBV. The on-orbit detection sensitivityof the
SBV is somewhat better than expected, allowing for the tracking
of a geosynchronoustarget (range =36,000 km) with q A =0.5 m2

(cross-sectionalarea A scaled by the satellite’s re� ectivity q ). This
is equivalent to a 2-cm sphere at 1000-km range. Finally, there are
two modes of recording data. The � rst, shared with other sensors
on MSX, is the 25-Mbps tape recorder. This is used for the prime
science data for the MSX satellite. Data are stored on the tape and
downlinked at a later time to the single ground station at APL, in
which equipped to receive the data. This mode of data acquisition
often results in a delay of several days in downlinking data to the
ground, with further delays following as the data are processed and
distributed through APL. By collecting data in the so-called signal
processedmode, SBV is able to download images through the U.S.
Air Force (USAF) 1-Mbps space ground link system (SGLS). In
this mode, the SBV images that are generated on the focal plane
are processed in SBV’s onboard SP. These data are stored in the
electronic RAM of the SP or the EC and downloaded during one
of the nearly 50 opportunitieseach day to downlink to a SGLS sta-
tion. Once downloaded, the data are electronically transmitted to
Lincoln Laboratory/SPOCC for analysis. This architecture results
in data availability within hours of the event and in timelines that
are consistent with performing space surveillance functions.

An observation is the result of several steps. Full-frame images,
which are processed by the SP, produce a streak signature and
a collection of star detections. For each detected streak, a swath
(5 pixels wide) of the pixels associatedwith the streak is saved and
downlinked.For each detected star, a 7 £ 7 pixel array is saved and
downlinked. On the ground, star centroids are calculated in pixel
coordinates. These stars are then matched to a star catalog, and the
astrometric positions are used to obtain the sensor boresight point-
ing.Usually,approximately30 starsaredetected,ofwhich10–20are
matched to the catalog. For routine work, “The Astrographic Cata-
logueofReferenceStars (ACRS)”10 is used.The ACRS hasapproxi-
mately 320,000stars, and when more stars are needed, for example,
when studying optical distortion the “Guide Star Catalogue”11 is
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used. The star centroids are matched to the star catalog with an rms
accuracy better than 1 arc-s (Ref. 12), subdividing the pixel by a
factor of about 15. The statistical estimate of the boresight pointing
is a fraction of that, due to the number of stars matched. However,
given that the ACRS catalog has systematic errors at the 0.2-arc-s
level, SBV-boresight determination is limited by the errors in the
star catalog. The second part of the process is to take the streak
endpoints and determine the pixel coordinates of the satellite. For
this purpose, a swath of pixels (5 pixelswide) centeredon the streak
is saved and downlinked. The streak signature is processed on the
ground. For example, SBV tracking of GPS satellites gives an esti-
mate of the sensor metric accuracy. The accuracy of the GPS orbit,
determined using laser-ranging and radar data, is decimeters, and
the orbit error is negligible in computing the residuals. We see the
rms residuals of approximately 4 arc-s, our metric accuracy goal,
again subdividing the pixel by a factor of 3. Note that the GEODSS
accuracy requirement was 10 arc-s. The last part of the process
is knowledge of the MSX platform position or ephemeris. To ob-
tain the ephemeris requires careful analysis of SGLS ranging data.
This modeling was made more challenging by the cryogen venting
from the LWIR dewar cooler, which provided a signi� cant thrust-
ing. The goal of a 15-m orbit has been achieved. These all provide
the principal technologydemonstrationswith SBV. The SP and data
reduction,9 metric calibration,13,14 and platformephemeris15 are de-
scribed more thoroughly elsewhere in this issue.

Functional Demonstrations
The MSX/SBV is an experimental platform, with eight principal

investigatorteams. For the � rst year of operation,satellite resources
were distributedamong these teams, based on priorities established
by the MSX programof� ce through the mission planning team. The
satellite operations were scheduled by DCE. The baseline mission
had approximately four DCEs each day. The surveillance principal
investigator team allocation for is given Table 1 for data collection
from launch through January 1997. In an attempt to make best use
of the allocated DCEs, the surveillance team establisheda method-
ology of combining a number of experiment objectives into each
DCE. Nevertheless, this amounts to about two DCEs each week.

The data collected, therefore, allowed demonstration of what a
space-based sensor can provide. It is possible to give examples of
all of the functions mentioned and to show some aspects of catalog
maintenance.

Tasking
The tasking test experiment emphasized DS satellites. A set of

satellites were chosen as high priority, mostly geosynchronousand
calibration satellites, and the remaining opportunitieswere selected
from the USAF 1st Command and Control Squadron (1CACS)
in Cheyenne Mountain near Colorado Springs, Colorado, which
has responsibility for tasking the SSN. The optimizing scheduler16

attempts to make an observing schedule that respects the space-
craft operating constraints, for example, spacecraft slew rates and
avoidance of the sun, taking into account the RSO observability.

Table 1 Surveillance DCEs

Result Number Percentage

Successful 108 89
Failed or canceled 14 11
Total 122 100

Table 2 Catalog maintenance with SBV

SSN + SBV SBV only Difference in Arc
rms, No. of SBV rms, No. of SBV semimajor No. SBV length,

Satellite m deg observations m deg observations axis, m passes day

LAGEOS II 3.48 32 1.87 31 6 3 28
Glonass 0.9 22 1.3 23 56 4 37
Glonass 0.8 28 0.8 28 11 4 25
Molniya 1.4 41 0.9 41 24 6 28
Ekran 1.2 20 0.7 20 30 4 97

This is a static scheduler that preplans every DCE from beginning
to end.

The � rst example of a tasking event is given in Fig. 1, which
shows the data obtained for the active geosynchronous payload,
Eutelsat II (21803). During mission planning, the spacecraft is
pointed such that the tasked object falls near the center of the fo-
cal plane, as is seen in the image. This frameset leads to another
important point. In this wide-� eld camera, one often � nds other
satellites. Here we have the serendipitous observation of another
active geosynchronouspayload, the Italian Italsat.

A second example (Fig. 2) is an observation of the geosyn-
chronousbelt. In this case we see a group of satellites in one frame-
set, and the SBV detected all objects at once.

Catalog maintenance, of course, results in updating orbital ele-
ment sets for catalog objects. Table 2 gives the results for a variety
of satellites. The results are given for an orbit based on merging
both the SSN and SBV data and again for an orbit based only on
the SBV data. For the various cases, there was typically a factor
of 10 more SSN observations than SBV observations. In both the
SSN + SBV orbits and the SBV-only orbits, the rms residualsof the
SBV data and the number of SBV observations that were accepted
in the � tting process are tabulated. The SBV data are consistent
with the SSN data and can be used with SSN data to obtain op-
timal orbits. Radar data from Millstone and Advanced Research
Projects Agency Long Range Tracking and Instrumentation Radar

Fig. 1 Routine tasking with SBV.

Fig. 2 Geosynchronous belt tracking.
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Table 3 Catalog IOD capability

24-h
Nominal orbit SBV IOD orbit prediction

Satellite a, km e l, deg a, km e l , deg error, deg

LAGEOS II 12,159.2 0.01366 52.68 12,162.0 0.0142 52.66 0.84
Molniya 26,554.5 0.7124 65.03 26,554.4 0.7126 65.00 0.05
FEO rocket body 42,205.6 0.0022 0.579 42,121.8 0.0030 0.564 1.09

(ALTAIR) can be combined successfullywith SBV data, and space-
based data have been successfully fused with ground-basedoptical
data as well. In some cases the GEODSS data does not � t, and
we believe that the GEODSS data have signi� cant biases; this is
consistent with the calibration results obtained at Millstone Hill.
Furthermore, the differencebetween the SSN + SBV orbits and the
SBV-onlyorbits is at most about55m in semimajor axis.This shows
the power of high-� delity orbital mechanicsmodels combined with
high-accuracy (unbiased) data. At geosynchronous ranges, 1 s of
arc (5 l rad) amounts to 180 m. Therefore, the agreement for these
cases is much better than the intrinsic accuracy of the SBV data.

Catalog Augmentation
Catalog augmentation occurs when measurements that did not

correlate with the RSO catalog, an uncorrelated target or UCT, are
used to obtain an initial element set that leads to reobserving the
object at a later time. With a series of observations, over several
days, a reliable orbit is then established that can be used for reac-
quisition and catalog maintenance. The key step in this process is
determining an orbit of suf� cient accuracy to be used for reacqui-
sition, also known as initial orbit determination (IOD). IOD based
only on angular measurements is notoriously dif� cult. The meth-
ods used today are derived from two methods, one developed by
Gauss and augmented by Gibbs, the Gauss–Gibbs method, and a
second attributed to Laplace (see Ref. 17). These IOD methods are
notoriously dependent on data geometry and noise. They are also
suboptimal in that they use only three of the observed points, gener-
ally chosen to obtain the longest time interval between the � rst and
last. Therefore, the IOD process is done in two steps: the IOD is
performed, followed by an iterated differential correction (includ-
ing 3-sigma data screening) using all available data. This leads to
an optimal estimate of the orbit based on the available data.

To investigatewhat can be done with catalog augmentation,short
arcs of SBV data, on the order of several hours, have been selected.
Each one was processed to obtain 1) the initial orbit (using the
Gauss–Gibbs method), 2) the differential correction, and 3) an es-
timate of the prediction error of this corrected orbit 24 h later. The
revisit time was chosen as 24 h because this is reasonable for SBV
as a sensorcontributingto the SSN. Of course, the element set could
potentially be handed off to another sensor for an earlier attempt at
acquisition. Table 3 gives the satellite identi� cation, the semimajor
axis, eccentricity and inclination for the nominal orbit and for the
IOD orbit, and the prediction error after 24 h. In these three cases,
namely, that of a geosynchronous,a semisynchronous, and a LEO
object, the SBV data could be used to reacquire UCTs within 24 h.

Clusters
Clusters present a unique challenge to the space surveillancesys-

tem. Many of the members of clustersare activepayloadsand, there-
fore, of high interest.Being active, they are maneuverable,and orbit
maintenanceis correspondinglymore dif� cult. There are at least 25
clusters of satellites in the geosynchronousbelt. The primary dif� -
culty is correctlyassociatingan observationwith an RSO. Mistaken
association, or correlation, of satellite observations on satellites in
clusters is a continuingproblem in maintaining the DS catalog.The
three sources of error in this process are 1) the observationerror, 2)
the element set error, and 3) the orbit model error. Of course, the
system feeds on itself. If an observation is incorrectly associated,
then the orbit resulting from combining it with the existingdata will
be degraded. Use of this degraded orbit will cause further incor-
rect associations,and so on. On the other hand, correctly associated
high-accuracymetric observations,combined with good orbit mod-

Fig. 3 Geosynchronous cluster tracking.

els, will give improved orbital elements and increase the ability to
associate observations correctly. Then, if an orbit maneuver takes
place, as it oftendoes in the geosynchronousbelt, one can determine
the maneuvered object with greater con� dence and concentrate on
tracking it.

To illustrate the use of SBV for maintaining the orbits of clusters,
measurements of a cluster are shown in Fig. 3. This cluster consists
of � ve direct broadcast and mobile telecommunications satellites
located at 259±E longitude. For legal reasons, each satellite must
remain in a 0.1± box that makes it necessary to use surveillance
sensors with high resolution and suf� cient metric accuracy to sep-
arate the objects. It is clear from Fig. 3 that SBV is able to support
cluster discrimination.By the using of tracking data from the SSN
and the SBV, these orbits are well determined. Continued observa-
tion by SBV of this cluster, coupled with analysis tools for clusters,
will likely allow for maintenance of all objects in this cluster. With
these capabilities, it is anticipated that SBV can be used to asso-
ciate correctly the observations and to maintain the orbits of the
geosynchronousclusters.

Routine Space Surveillance
It has been shown that the MSX/SBV can make accurate met-

ric observations and that these observations can be used to deter-
mine precise orbits, both by itself and when combined with SSN
data. Also, SBV data can be used to obtain useful initial orbits to
support catalog augmentation, as well as to maintain the orbits of
cataloged objects. In addition, it is suf� ciently powerful to be used
for maintaining the orbits of each object in a cluster. With these
technologydemonstrations, the remaining issue is the ability to op-
erate the sensor for extendedperiods to provide a continuous� ow of
data. Though beyond the scope of this discussion, DCEs of greater
complexity and duration have been run successfully as part of an
advanced concept technology demonstration (ACTD).18 A number
of important results have been obtained. It has been demonstrated
that there is suf� cient power, communications, and onboard data
storage to support at least 8 h of continuousoperationsper day, and
it is likely that the vehicle could support up to 16 h per day. The
principallimitation is excessiveheatingof portionsof the spacecraft
from the sun. It has also been shown that the data collected during
long duration events are of the same high quality as those obtained
from shorter data collections.

Implications for Future Space Surveillance
Space-based space surveillance is here. It has been demonstrated

that space surveillance from a space-based platform is possible. It
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is also clear that the current issues raised can be addressed with
sensors such as SBV. As earlier mentioned, the SBV has recently
been established as a contributing sensor within the SSN through
an ACTD. As part of this effort, the SPOCC respondsdaily to satel-
lite tasking from the 1CACS in the Cheyenne Mountain, supplying
observations on approximately 200 distinct DS objects every day.
Whereas discussionof this topic is beyond the scope of this text, the
reader is referred to Ref. 18 for more details.

Conclusions
The SBV sensorhasachievedits primaryobjectiveof successfully

conductingboth a technical and functional demonstrationof space-
basedspacesurveillance.The sensorhas demonstratedtheoperation
of a wide range of technologies,includingstaring focal planes, high
off-axis rejectionoptics, and on-orbitsignalprocessing.In addition,
it has been shown that it is not only possible,but highly effective, to
operatea space-basedspace surveillancesensorformaintenanceand
augmentationof the residentspaceobjectcatalogand formonitoring
of the geosynchronous belt. It is now clear, from actual on-orbit
data, that a space-based sensor with a wide FOV and high metric
accuracy is able to make a signi� cant contribution to the � eld of
space suveillance.
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