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An operations preparation ecosystem Eesa

EGOS-CC’s OPEN preparation environment and the related applications
for managing the tailoring data of the next generation of monitoring and
control systems used at ESA

Y
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Common Ground Segment Monitoring and Control Eesa

The current generation of heterogeneous control systems used at the European Space
Operation Centre (ESOC) for Mission Operations and Ground Station Monitoring and Control
are facing obsolescence

ESOC is implementing a project (EGOS-CC) with the aim of replacing the current ESA Ground
Segment Monitoring and Control systems by a new Monitoring and control infrastructure

Approach |
e Building uy/the European Ground System - Common Core (EGS-CC), an ESA-led
European initiative developing a common European Monitoring & Control infrastructure

» Ambitious objectives — aiming for a generic system, tailorable to support multiple use cases
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High-level Introduction

Europe@n/épace Operation Centre (ESOC)
/Monitoring and Control of Spacecraft and Ground Stations

ESTRACK
ESA's tracking station network
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High-level Introduction

Europe@népace Operation Centre (ESOC)
;/Monitoring and Control of Spacecraft and Ground Stations

ESTRACK
ESA's tracking station network
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High-level Introduction

Europe@népace Operation Centre (ESOC)

/o/

/Monitoring and Control of Spacecraft and Ground Stations

ESTRACK
ESA's tracking station network
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High-level Introduction

Europe@n/épace Operation Centre (ESOC)
//Monitoring and Control of Spacecraft and Ground Stations

— __— =
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ESTRACK
ESA's tracking station network
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High-level Introduction

Europea/n/épace Operation Centre (ESOC)
»~ Monitoring and Control of Spacecraft and Ground Stations

¥ FORE ESA NIETWﬂR:x | AUGMENTED NETWORK
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5 Esrange 5| New Naorcia (Desp Space) - 5 Dongara EST RAC K
6 Hartebeesthoek 6| SantaMaria | 0 . q
7 Malindi 7 | Malarglie (Deep Space) ESA S traCklng Statlon network
8 Kerguelen \ |
9 Usuda

10 Masuda 5 | T f ’
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High-level Introduction Eesa

Monitoring and Control Systems
* Mission Control System (MCS)
» Ground Station Monitoring and Control (GSMC)

Mission Control System (MCS) Ground Station Monitoring and Control (GSMC)
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High-level Introduction Eesa

EGOS-CC — ESA/ESOC project for the adoption of EGS-CC
EGS-CC - European Ground System - Common Core

£ : | Ra
/_ EGS-CC==
S e

Mission Control System (MCS-CC) Ground Station Monitoring and Control (GSMC-CC)
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EGOS-CC High-level Architecture Eesa

5 . ﬂ

‘:3 Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) P

Specific Mission Control System

- Mission Specific Extensions Tailoring Specific Ground Station Configuration

Generic Mission Control System Generic Ground Stations and Network

OPEN Adapter OPEN M&C Systems Adapters
for Extension for Missions for BrEnEaEn for Stations

Missions Components for Missions Stations Components for Stations

Generic Ground Segment Infrastructure

Generic Ground Segment Infrastructure

Preparation
Environment
Ancillary
Applications
Preparation
Environment
Ancillary
Applications

EGS-CC Kernel REETENEE EGS-CC Kernel

Implementation

Platform Baseline (3¢ Party Software Products) Platform Baseline (3 Party Software Products)
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EGOS-CC High-level Architecture Eesa

” Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) rﬁl

Platform Baseline (3¢ Party Software Products) Platform Baseline (3 Party Software Products)
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EGOS-CC High-level Architecture Eesa

7

#» Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) ﬁ‘

Generic Ground Segment Infrastructure

Preparation
Preparation

= =
gz gz
c w c w
oo oo
=2 =2
L L

Ancillary
Applications
Ancillary
Applications

EGS-CC Kernel Reference

. EGS-CC Kernel
Implementation
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EGOS-CC High-level Architecture Eesa

@ Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) ﬂl

EGS-CC=:= EGS-(C=:=

e ——

e———

EGS-CC Reference EGS-CC Kernel

Kernel

Implementation
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EGOS-CC High-level Architecture Eesa

7

#» Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) ﬁ‘

Generic Ground Segment Infrastructure

Preparation
Preparation

= =
gz gz
c w c w
oo oo
=2 =2
L L

Ancillary
Applications
Ancillary
Applications

EGS-CC Kernel Reference

. EGS-CC Kernel
Implementation
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EGOS-CC High-level Architecture Eesa

* .

"”3 Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) ﬂl

Generic Mission Control System Generic Ground Stations and Network
OPEN Adapter OPEN e S Adapters

for Extension for Missions for SsiEmsicmn for Stations
Missions Components for Missions Stations Components for Stations

© 202% by European Space Agency.Publishedby The Aerospace Corporation with permission 16

- I ™ 4+ Rl =M E= Il == =M= I == 4 + 32 [ —] || European Space Agency



EGOS-CC High-level Architecture

Eesa

y

. o
_"@% Mission Control System (MCS)

Generic Mission Control System

Adapter
for Missions

OPEN

_ fqr Extension
Missions Components for Missions

In this layer, e.g.

» User Interface Extensions (UIF)

» On-board Software Management (OBS)
File based Operations (FBO)

Telemetry File Ingestion (TFI)

« Ground Station M&C Adapter

© 202% by European Space Agency.Publishedby The Aerospace Corporation with permission

Ground Station Monitoring and Control (GSMC) ﬂ!

Generic Ground Stations and Network
M&C Systems

OPEN

for Extension
Stations Components for Stations

Adapters
for Stations

Flight Dynamics Adapter

Alert System REALS Adapter

Command Request Management (CR)
Long Term Archive Management (LTA)
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EGOS-CC High-level Architecture Eesa

* .

"”3 Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) ﬂl

Generic Mission Control System Generic Ground Stations and Network
OPEN Adapter OPEN e S Adapters

for Extension for Missions for SsiEmsicmn for Stations
Missions Components for Missions Stations Components for Stations
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EGOS-CC High-level Architecture

Eesa

"4 Mission Control System (MCS)

Specific Mission Control System

Tailoring

Specific Ground Station

Configuration

Ground Station Monitoring and Control (GSMC) ﬂ!

Mission Specific Extensions
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EGOS-CC High-level Architecture Eesa

Nﬁ’* Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) : A

“Tailoring Data” covers all operator defined data consumed by the ground data M&C systems

such as

* Monitoring and Control models of the controlled system

* User configurations, ...
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EGOS-CC High-level Architecture Eesa

‘»”3 Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) @

OPEN
for
Stations

OPEN
for
Missions
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Tailoring Data Management for EGS-CC Eesa

. o . . . . D
Nﬁ’* Mission Control System (MCS) Ground Station Monitoring and Control (GSMC) A

OPEN
for
Stations

OPEN
for
Missions

c e c e

S 3~ S 3~
T EZ BEZ
s E & S E&
Soa Soa
.‘:o .‘:O
S ==
ST, o i

New components for the Management of the Tailoring Data
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Tailoring Data Management for EGS-CC Eesa

OPEN
for
Missions

OPEN
for
Stations

Preparation

Environment
(OPEN)

New components for the Management of the Tailoring Data
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Tailoring Data Management for EGS-CC

Missions Ground Stations
Tailoring Data Tailoring Data

Preparation
Environment for
Missions

7

Yy

New components for the Management of the Tailoring Data

OPEN-S
Preparation
Environment for
Ground Stations
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High-level Simplified Overview

Missions Ground Stations

Tailoring Data

Preparation

Environment for

Missions
/. - - _

—

Tailoring Data

A
\

OPEN-S
Preparation
Environment for
Ground Stations

T

/ / EGS-CC==

/ EGS-CC===
Mission Control System (MCS-CC) Ground Station Monitoring and Control (GSMC-CC)
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Tailoring Data Management for EGS-CC Eesa

EUROPEAN
- ‘GROUND SYSTEMS
COMMON CORE

Preparation Environments for EGS-CC Based Runtime
Management of EGS-CC Tailoring Data Monitoring and Control Systems

* Provision of streamlined, consistent, unified preparation environments to manage operations data required
to tailor/operate the ground data systems

rds EGS-CC systems, models and data

* Provides harmonised and coherent solution for the preparation of all monitoring and control tailoring data
at ESOC
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. OPEN Preparation Environment Framework Eesa

« OPEN Framework is the foundation of software applications and services which are provided to
end users, such as AIT engineers, operators and simulation teams.

Main features M‘ . specific
- Software framework (generic functionalities which can be selectively changed or expended) ,
~ "+ Model based (Automated generation of generic editors based on the model) >

» Basic and generic user functions supporting the dedicated preparation environments . generic

Version Control, Access control (Distributed using Simplified Tasks System)

Consistency checking (+ preparation/debugging of tailoring model checks)

Generic instance editors (User customizable *Form editors™) and multi' instances editors (“Table editors™)
Import and Export in EGC-CC native data exchange format
Export to EGOS-CC M&C Systems (us : "

al OPEN metadata)
| for framework services and CDM data

parison - Custom EMF Compare Ul)
Visualisation of Tailoring Model (nhavigate the EGS-CC CDM: 0bject types, type hierarchies and properties)
Dedicated editors for Expressions, Groovy scripts, EAPL procedures, EUD User Defined Displays (Matrix, ANDs, etc..)

© 2021 by European Space Agency.Published by The Aerospace Corporation with permission 27
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Eesa

Specific Functionalities
Preparation

M Environment

/ for Missions

, OPEN-M includes EGS-CC tailoring data
editors and browsers to support the needs
of the Mission Control Teams at ESOC

« Main Functionalities
« All functionalities of the OPEN framework

+
« Dedicated configuration for Mission Control Teams
e Dedicated user documentation

* Import of SCOS-2000 MIB format (conversion from
SCOS-2000 to EGS-CC Tailoring Model)

 Exporttolegacy systems in MIB format (sub-set only)

© 202¥'by European Space Agency.Published by The Aerospace Corporation with permission

OPEN-S
Preparation
Environment for
Ground Stations

OPEN-S includes EGS-CC tailoring data editors
and browsers to support the needs of the
Ground Stations Tailoring Team at ESOC

Main Functionalities
All functionalities of the OPEN framework

+

Dedicated configuration for Ground Stations Teams
Station Tailoring Language Procedure Editor
Dedicated user documentation

Import of Ground Stations MIB format (conversion to
EGS-CC Tailoring Model and Ground Stations Extensions)

28
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Specific Functionalities
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e Example View : Monitoring Control Model Eesa

Environment
for Missions

5. Local Explarer | @3 MCM 52 | [22] Model Types

type filter text

, [ Mission_Definition

4 & Mission 4 @ AODCS
=i 4 % Synthetic Parameter
» B Route Type
B o . %, NACSY00L

B Service Access Peint

B Event Type = - % MNACSY003

" & reiveDeriion . = APME_HGA
g ;per:i;isclDpnafal:::a?:;::;ucnonsisten:yCheckneﬁnmon - @ APME_MGA
?Atocsjnthetlzparametav 4 = BELA
> %, NACSY001 e .
8, NACSYO3 a = Interpolation
> B APME_HGA
frivres . @ CAF_CBLPO0O1TM_DT3,12
% & wmapoion . @ CAF_CBLP0002TM_DT3,12

& Popepboctivrdicn . @ CAF_CBLPO003TM_DT312
& Orcaroomwomis . @ CAF_CBLPO004TM_DT312

CAF_CBLPO00STM_DT312

CAF_CBLPONOSTM DT,12 & CAF_CBLPOOOSTM_DT3,12

CAF_CBLPOOOTTM_DT3,12

-tprybroctiypkion @ CAF_CBLPO0O6TM_DT3,12
-Pinpnscodiopdins @ CAF_CBLPO0OTTM_DT3,12
§-Pipimpromingdiod PN I08TM_DT3,12
b . CCA_CBLP0002TC_DT3,12 g

angs Enamesation il J09TM_DT3,12

numeration

% Engincering Premeter \ ; n0TM_DT312

- % Synthetic Parameter

it Chck Defmtion 3 > : 11T _DT3.0

© Engineering Argument Definition , . R BP: base plate

. .. Activity \ RTL: receiver telescope DU].TC_DTB,].E

> > ZBLO030S ’ RBU: receiver baffle unit
+ ZBLO0306 X TBU: transmitter baffle unit DU?—TC_DTarlz
+ ZBL00602 4 SPU: straylight protection unit
% ZBLO060S § BEX: beam expander
% ZBLO060Y LHB: laser head box
LEU: laser electronix unit
ELU: electronics unit
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- Example Editor : Automation Procedure esa

Ground Stations
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- ™ 4

. Example View : Model Visualisation

Tl Subtype Hierarchy 2

Subtypes of Dataltem

4 O EngineeringDataltern
» (0 SystemElement
4 O SystemElementAspect
B MoeniteringControlElementAspect
= Activity
4 B CheckfndConditionAspect
B MonitoringGroup
4 || CheckDefinition
» /] DeltaCheckDefinition
» [ StatusConsistencyCheckDefinition
4 V] ValidityConditionDefinition
/| ExpressionCheckDefinition
v| ExpectedValueCheckDefinition
v| ExternalCheckDefinition
| LimitCheckDefinition
RouteType
Event
Parameter
o, CompoundParameter
AggregateParameter
= MatrixParameter
4 %, EngineeringParameter
#, SyntheticParameter
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s TypeHierarchy 2

Chosen element:
a O Dataltemn
4 O EngineeringDataltern
a O SystemElementAspect
a4 B MonitoringControlElementAspect
4 B MonitoringControlCommonAspect
4 @ CalibrationBase
4 @ Calibration
a @ Law

& Interpolation

]
@] Documentation &2

Documentation for Type Interpolation

Features:

T Dataltem.uniqueldentifier

T EngineeringDataltem.name

&% EngineeringDataltern.aliases

&3 EngineeringDataltern.descriptions

=+ SystemElementAspect.baseElement

T MoniteringControlElementAspect.hasPredictedValue
T Calibration.calDirection

5* Calibration.cutputDataType

=+ Calibration.inputEngineeringUnit

= Calibration.cutputEngineeringUnit

$* Calibration.inputDataType

= Calibration.inputDisplayFormat

=+ Calibration.outputDisplayFormat

=+ Law.boundaryData[0, 1] : BoundaryData
1= Interpolation.x

15 Interpolation.y

Interpolation describes a calibration by a list of interpolation peints, (Xi;Yi) with same i rank.
conversion values between or even out of the given ranges are calculated by inter- or extrapolation.

= (Class Features

This section lists all the direct features (not the inherited ones) of the selected classifier

+ Interpolation.x[1..*] : Float
+ Interpolation.y[1..*] : Float
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Expansion of the applications and further extensions Eesa

« The family is expanding further through new applications and extensions

e e.g. OPEN-D supports the management of the EGOS-CC system configuration files
/ ~ consistently with the tailoring model

~« Foundation for an OPEN Multi-missions/Multi-systems Management
 OPEN-M Flight Control & Automation Procedures Management
« OPEN-M Timelines Management

‘ OPEN-S
« OPEN-M CCSDS MO services importer M e . Environment for
| for Missions Ground Stations
e OPEN-M Extension ,
for SIMUL _NG D Configuration

. Preparation
: Environment
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Perspectives of the OPEN environments Eesa

» Integration with Model Based Engineering Hub, Digital Ground Segment Engineering and
Business Intelligence Platforms

;/Improved operations efficiency of the ground segment (both missions and ground stations)
~« Continuous Integration of operations preparation artefacts
» Support of automated validation of mission operation artefacts

 Enable coherent and innovative multi-mission ’/_
integrated cloud based approach / ‘//_
urther operators tools | /

S e e /

e Integration wit
and platfor

OPEN Environments
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OPEN to proprietary extensions Eesa

« OPEN is technologically designed to be an extensible platform federating various extensions
which can originate from several sources in terms of funding and organisation

'+ The licensing scheme adopted for the OPEN framework and OPEN-M are designed for
~ collaborative development under the ESA Community Software License

» Proprietary extensions are intended as part of the OPEN-based applications

7
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https://open.space-codev.org

e Www.space-codev.org is a collaboration platform
of the European Space community

* Supported by the European Space Agency

 Provides a collaborative software
development environment

* Projects available under the
ESA Community Software License

« OPEN and OPEN-M Community Projects
» Software Source code
 Technical Documentation

» Software Development Platform (Gitlab)

© 202¥'by European Space Agency.Published by The Aerospace Corporation with permission
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http://www.space-codev.org/

Take away Eesa

The European Space Agency has developed an harmonised digital ecosystem of Ground
and Space Monitoring and Control Preparation applications

o ESA's tracking station network (ESTRACK) monitoring and control systems
o ESA’s mission control systems
» Relevant for the Assembly, Integration and Test (AIT) and satellite simulator M&C areas

« The OPEN ecosystem is expanding with new extensions and applications

 The European Space Agency fosters an OPEN community of users and contributors sharing
the benefits generated by the common software applications

« The OPEN preparation environments are intended to evolve towards multi-missions cloud
based solutions and data hubs increasing cohesion to further areas such as MBSE and
Business Intelligence

40
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Thanks for your attention!

Software, documentation and tutorials available at https://open.space-codev.org

Related presentations at GSAW 2021:
& A truly generic platform for control systems
& From Mission-Centric towards Infrastructure-Centric Processes and Services

We would like to acknowledge the excellent work of all the OPEN project team members

Ground System Architectures Workshop - GSAW 2021
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