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ABSTRACT

This paper focuses on SSA’s prototype Space
Surveillance ard Trading (SST) DataProcessng Chain
(DPC), providing an overview of the main tasks to be
exeauted namely: Correlation, Orbit Detamination,
Orbit armd Covarance Matiix Propagation, ard
Observation Planning Request Gereration.

The DPC will be depgoyed on a Common SSA
Integation Framework (COSIF) ard is based on a
Sewice Oriented Architecture (SOA). This paper is
focused on the architecture of the system. An overview
of the capalilities d the operatar HMI is alsoprovided

1 INTRODUCTIONTO THE DPC

The evertual Data Centre of the SST segmert can be
expeded to be composed of several functionalities
coordinated in order to fulfil an overall objedive:
Gereration and maintenarce of a caalogue of Earth
orbiting objeds, and the utili zation of such a catalogue
to diminish the risk posed by space delris to both
groundinfrastricture and operational satellites

The SSA DC-ll adivity, in the frame of SSA
Preparatary Program, aims to develop some elements of
a Pilot DataCentre for SSA. Among theseelemerts are
the design, dewvelopment ard dedoyment of the SST
DPC, the Sersor Planning System (SPS) ard the Sersor
Simulator (SSIM). The DPC is limited to SST
processng chain whereas SPS ard SIM addresshath
the SST ard Nea Earth Objed (NEO) segmerts.

The DPC receives observations coming from the SSM
(in the future, from the red Sersors) as well as orbital
information of objeds coming from third party
providers (mainly operatars but also for initialization of
the caalogue with TLE datg. Observational data can
originate from radar ard/or optical groundbased
sersors as well as optical space-based sersors. This
input datais correlated with the objedsin the caalogue.
The correlation processis basedon the comparison of
expeded observations for an objed (according to the
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DPC’s knowledge of planned observations) or the
compairison of orbit fegures.

Orbit detemination adivities are twofold: initial orbit
detemination for new objects (those not previousy
caalogued) ard routine orbit detemination dewvoted to
merge the orbital information of former obsenvations
with the incoming data. Orbit armd Covarance
Numerical propagation allows the exeaution of the
formerly mertioned adivities, ard the computation of
the accuragy ewvolution. In agreement with the currert
definition of the SST requiremerts, the caalogue is
maintained in such a way asto adieve the appropriate
acuracy of the orbits (ak.a. accuracy ervelope)
necessary for adequaterisk evaluation. For that purpose,
the DPC requests Observation Planning adivities to the
SPS for those objeds whose orbits need accuracy
improvemert.

2 DPC DESCRIPTION

The DPC provides the capahblity to gererate and
maintain a catalogue of Earth orbiting objeds. The use
of the DPC for the processng of observation or third
party datarequiresthe (almost) sequential use of several
SOA sewices. Fig.1l provides an overview of the
sequerce of adivities performed by the DPC when
exeauting a Processng request Theseadivities are as
follows:

e Ingestion of data with validity checing and
persistert storage deperling on the entered data
type: Observational or Orbit data.

e Correlation of the entered data with the
objeas/orbits alrealy in the catalogue.

If the entered datais related to observations, thenthe
orbit detemination (OD) activities are exeauted
Afterthat, the observation databaseis updatedwith a
qualification of the processd observales. In cases
where the entered information is related to third
party data, then the orbit detemination process is
not required
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Figure 1. S Data Processng Diagram, from[2]

o After observation processng with OD adivities or
after procesdng third party data, the last update of
the objea orbit is cheded agninst the accuracy
envelope limits (which are defined at configuration
level). In the event these limits are violated the
gereration of observation planning requeg will be

triggered

The caalogue updatetak is related to the gereration
of the ephemeris data (time-tagged state vedor and
covarance), the update of the caalogue data
including the computation of expeded observations
to come for anobjed, and the storing of former data
into the archive.

Human intervertion (through a dedcated HMI) is
foreseenat several steps of this process when the DPC
is run in manual mode. The evers that will require
human intervention is defined at the configuration level.

In addition to the purely cataloguing process the DPC
will alsoprovide sewvicesfor dataextradion which are
indeperdert of those devoted to the processng of inpu
data.Dataretiieval is relatel to the extradion of orbital
datafrom the databasesor any other stored information
asobservational data, along with the associated quality
information in temms of residuals after fitting process
everts, etc. The query for such data extradion can be
mack diredly against the databaseshrougha dedcated
sedion in the HMI.

For the case of extrading orbital information in the form
of ephemeris files, the propagation service is needed
intemally for generating the required output.

2.1 DPC within the Common SSA Integration

Framewor k

The future European SSA system will be a complex
system of systems aiming at promoting interoperakility
ard rewse of existing as®ts. To this erd, it was dedded
to experiment with a SOA approach in the DC-II
adivity of the SSA preparatary programme.

SOA is a set of design principles used during the phases
of system development and integration in computing.
SOA-based systems are charaderised by the
composition of loosely coupled services that are made
available as m@rt of a Sewice Inventory [1].

As part of the SSA Preparatay Programme, a Common
SSA Integation Framework (COSIF) is beng
developed COSIF emsures a homogeneaus SOA
approach for SSA by introdwcing a software platform
ard aset of design and development guidelines.

In addition to those sewices diredly relatal to
caaloguing adivities, the DPC’s dedoyment in COSIF
allows the rewse of the SSA Gereric Sewvicesaswell as
the Space Wedher Sewices which are also made
available via COSIF.

2.2 Main DPC Services

The DPC will expase anumber of services(see[2], [3]
for the complete desciption):

e SSI Data Processng Sewice, which is the main
interface of the SSI' Data Processng Busines

Process



e Sersor Observation Data Sewice, which allows the
ingestion of Observation Datain the DPC

e Manmade Space Objed Catalgue Sewice, which
performs the ingesion of Third-Party data and
hardles any operation onthe DPC Catalague.

e Correlation Sewice, which idertifies a given Objed
in the Catalgyue associated to the entered datain the
form of Observations from sersors or Orbital Data
provided by third parties

e Catalgue Quality Monitoring Sewice, which
monitors the aacuracy of the orbital information in
the catalogue and gererates observation planning
requestsfor objeds which do not fulfil the defined
accuracy criteria.

¢ Orhit Sewice, which performs the propagation of the
Orbit ard Covariance matiix. This is a service
frequertly used by other sewices, as most of the
other adions require such propagation adivities.

e Orbit Detemination Sewice, which performs all the
adivities relatadl to Initial and Routine Orbit
Detemination.

o Initial Orbit Detamination refers to the adivity
neesary to cdculate an orbit from the first
observations of anobjed.

o Routine Orbit Detemination is related to the
update of the orbital information, formeny
computed, when additional observations of the
same objeds are procesed

e Data Procesdng Chain Monitoring Sewice, which
providesthe following cgpalilities:

o Allowing the retrieval of status (runring, not
runring) information about each of the DPC
comporents.

o Allowingthe Stat/Stop of the DPC from scratch.

e Planning Request Listerer Service, which provides
an interface for submitting asynchronous resppnses
from the SPS to the DPC. This service is invoked by
the SPS in order to notify the DPC when the
obserwvation planning request is expeded to occur
ard, eventually, whether or not the observation has
been succesdully exeauted

The main services,amongthose listed above are further
detailed in the following sedion along with some
information on the data flow approach and the
as®ciated algorithms.

2.2.1 Correlation

The Correlation process|[4] is basedon the comparison
of expeded observations for an objea [8] or the
comparison of orbit feaures. The sequerce of adivities
performed by the DPC when exeauting a correlation
would be the following:

In case the entered datais a set of observations, an
agemla of expeded observations for every objed is
exraded and compared with the entered
information. This agerda is based on the pre-
computed expeded position in sky of the objeds to
be checked against the entered observations.

Selection of the bestcandidate objeds among those
reportedin the agenda.

In case at leastone candidateis idertified where the
asociated residial is below an operator-defined
value (at configuration level), the best candidate is
thenseleded on the basisof the lower residual and a
correlation is foundard reported

In case no candidatesare seleded or the candidates
are as®ciated to large residials, then initial orbit
detemination adivities are exeauted to generate a
first orbit asociated to the entered observations.

This initial orbit is then computed and compared
with the orbit datain the catalogue to look for an
evertual correlation.

If atleastone candidateis reported, thenthe ‘newly-
computed” or the new and caalogued orbits are
propagated (normally the stored orbit is propagated
up to the date of the new orbit due to the lower
as®ciated covariance erors) for comparison of the
two state vedors. The as®ciated covariance
matrices are also propagated. The correspndng
predcted error is used for considering two orbits
correlated or not.

If the comparison of orbits reports a successul
correlation, then the process is finished ard the
observations are correlated with the objed in the
catalogue.

The former three steps are also followed for entered
third party data.

If correlation is not possble, the orbit detemination
adivities with all non-correlated observations are
exeautedto seach for pasdble idertific ation.

If this orbit detemination process is successul, a
new objed is enteredin the databaseand so natified.
If the orbit detemination is not successul, the
observation is treged as a new non-correlatal
observation ard so natified.
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Figure 2. Correlation Diagram, from[4]

2.2.2 Orbit Determination

The sequerce of adivities performed by the DPC when
exeaiting an Orbit Detegmination would be differert
deperding on the type of entered data [5]. In case
observations are ertered, two main orbit deteemination
adivity types can be exeautect

e |nitial Orbit Detamination Activities, which are
basedon a short set of observations related to a
unique trad. In this case, the most suitable initial
orbit detemination processis exeauted to obtain the
initial estmate of the orbit and its associated
covariance matrix.

Sewral algorithms for the initial orbit detemination
process are availade. The most suitable ore is
seleded depeming on the type of ohservations
(radar or optical) and the length of the observational
arc [9].

e Routine Orbit Determination Activities, which are
basedon the last entered set of observations ard a
number of previous observations as®ciated to the
same objed. Using both the new observations ard
those retieved from the datalase, the filtering
process(OD) is exeauted

o During the OD process residuals of this OD
process are evaluated and observations are
rejeded if those residuals are larger than a pre-
configured value. Whenever observations are
rejeded, the filtering processis re-iterateduntil a
successul OD is obtained

In case all observations are rejeded, the operatar
is natified.

2.2.3 Orbit and Covariance Matrix

Propagation

This service is one of the main comporents of the DPC
asit is required by other upper level adivities [6]. The
sequerce of adivities performed by the DPC when
exeauting an Orbit and Covariance Propagation are the
following (up to the final propagation time):

e Setup of the corespndng dynamic model. The
forces considered in the propagation in addition to
Earth spherical gravitational field are:

o Atmospheric drag basedon the NRLMSISE -00
model. This model requires solar and magnetic
indexes that are be provided by SSA’s Space
Weaher services H]

o Sdar radation pressire

o Third body gravitational perturbations (Sun
Moon ard other planets)

o Gravity from the Earth: EGM96

o Sdid tides

e Propagation of the statevedor at several steps.

e Computation of the transition matrix of the state
vedor and estimated coefficients (drag ard SRP
parameters). This trarsition matrix provides the
derivatives of the estmated variables at a time
instance with resped to the other esimated variables
ataformerinstarce

e Propagation of the covariance matrix by means of
the computedtrarsition matrix.
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Figure 3. Orbit Determination Diagram, from [ 5]

2.24 Chedk Validity Period

The sequerce of adivities performed by the DPC when
exeauting a Chedk Validity Period [7] are the following:

e Propagpte the state vedor amd the covarance
information for the last estimated dataset during the
validity period (this validity period is to be defined
by the operatar during a configuration step)

e Ched the accuracy of the propagatedorbit along the
validity period against the predefined limit (defined
during a configuration step, where the limits may
vary with the orbit type).

o If theacacuragy limit isviolated:

o The time of violation is computed by
interpolating in the projedion of covariance data
along the relevant axis

o The obsewvation request type is definedby means
of alook-uptabde (pre-computed at design level).
This look-up table relates the duration of the
requestedtrading as a function of orbit type and
requiredaccuracy improvement

o Finally, the actual observation planning reques
is generated ard the DPC operatar is natified.
The operatar may confirm or rejed the proposed
request

e The previous stepis alsofollowed for some objeds
idertified as deseving forced observations on a
routine basis. For such cases, the computation of
violation time is not required

e |f the accuragy limit is not violated the processis
finished

2.3 DPC Modes

Two possble operation modes are availade for the
DPC; an Automatic and a Manual mode.

In the automatic mode, the DPC allows the ingestion of
orbital and third party data, the correlation, the orbit
detemination, the update of the caalogue ard the
requestof required observation planning adivities with
only minimum human intervention. Information on each
step dedsion will be provided to the operatar through
logs althoughno operatar interadion is needed

The Manual Mode is intended to provide the operatar
with information on the individual steps exeauted along
the data processng chain and request higher
confirmation for the dedsion steps. When the system is
runring in manual mode, the operatar will be requested
to confirm the dedsions suggested by the DPC
software. This mode is intended primarily for operator
training and dataanalysis.

3 DPCHMI

The HMI is composed of several views integratedwith
the DPC framework. The HMI provides:

e A login perspedive, which mareges auhertication
ard seaurity issuesbasedon the generic SOA related
services and a Help Perspedive.

¢ A configuration perspedive to marege the system in
regards to parametess driving the algorithms behind
the DPC services (maximum accepted resiclals in
observations, maximum correlation resiclals for
obed candidate seledion, orbit-wise aacuracy
ervelope,..), the HMI and logging issles, the
seledion of the operation mode, the configuration in
regards to time span and time step for defaut
ephemeridesfiles, etc.
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Monitoring and control perspedive, for starting and
stopping the DPC, ard monitoring the status of
comporents ard proceses

¢ Visudlisation Data perspedive for providing currert

SST caalogue status, accessto the catalogue query
functions, amd access to the Orbit Visualization
functionality

The HMI cdls systematicdly the DPC Monitoring
Sewice for retrieving information on the resairce
availahlity and the currert status of the adivities being
exeaited by the DPC.
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