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Space System Data Repository is the key 
element for Model-Based Systems Engineering 
 Struggling with the transition of model-based 

systems engineering into model-based systems 
engineering 

 Considerable progress has been made in the past 
to improve the specification and development of 
databases (modeling tools) and tool integration  

 Adoption of commonly shared elements, requires 
the coordination of the various processes, and 
stakeholder needs 
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Systems Engineering has a key role of for 
space systems development  

 Process Integration 
 Data exchange along 

customer supplier chain 
(“extended enterprise”)  

 Data sharing among 
disciplines 

 Ensure that life-cycle 
consideration 

 System level decision 
making 
 System performance 
 Trade-off 
 Design optimization 
 Design consolidation 
 Impact analysis 
 System verification 
 … 
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Today systems engineering is performed in 
the context of model-based engineering  
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Valuable progress has been made in past years 
overcoming the tool imposed boundaries  
 Shared conceptual data model is the key element 

to enable the integration of the various models 
 ECSS E-TM-10-23 and ECSS E-10-25 

 Model-driven S/W engineering has been matured 
for database and modeling tool development 

 Open source frameworks are for model-driven 
engineering are rapidly emerging  

Large-scale validation has been performed in  
 frame of ESA Virtual Spacecraft Design (VSD) 
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Emerging ECSS standards in support of MBSE 
 

E-TM-10-23 

Focuses on preliminary and detailed design  
in later life cycle phases (B, C, D, E)  

E-TM-10-25 

Focuses on conceptual design  
in early life cycle phases (0, A)  

• Developed in tandem 
• Where possible common approach and semantics 
• Where possible aligned with OMG SysML 
• Future merge to single real standard 
• E-TM-10-25A made available Oct 2010 
• E-TM-10-23A made available Nov 2011 
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 Definition of Data Model in UML 

 Analysis of project models 

E-TM-10-23 Conceptual Data Model is 
derived directly from project artefacts  

Electrical Interfaces 

Data model validation  
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The conceptual data model enables the 
application of model-driven S/W engineering 

 Conceptual Data Model for 
Space Systems Engineering 

Relational  
Data Model 

Hierarchical  
Logical Model 

Object-Oriented  
Logical Data Model  

Conceptual Model 

Technical  
Model  

Implementation 
Model  

Relational Data Model Hierarchical Data Model  Object-oriented  
Data Model 

e.g. SQL, Hibernate, … e.g. XSD, DTD e.g. Java, EMF, … 

e.g. ER, UML with dedicated Profile e.g. UML with dedicated Profile e.g. Ecore, UML with dedicated Profile 

e.g.  
- UML with dedicated Profile,  
- FBM, ORM, … 
- OWL 
- Express 
- Ecore 
- … 
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Tool integration requires a 2-step 
integration with different “model resolution”   
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ESA Virtual Spacecraft Design delivered a 
demonstrator to validate the approach  

Model-based 
Systems Engineering 

Mech/Therm 
Engineering 

Requirements 
Engineering 

GNC 
Engineering 

Software 
Engineering 

Simulator 
Engineering 

Electrical 
Engineering 

Verification 
Engineering 

AIT 
Engineering 

Payload 
Engineering 

Operational 
Engineering 

A
rc

hi
te

ct
ur

e 
&

  
Te

ch
no

lo
gy

 C
onceptual 

D
ata M

odeling 

COTS Tool 
Integration 

Model 
Management 



24th October 2012 - 11 

Various disconnected manually defined 
“views” form the system model  

Manual process to  
ensure coherence 

between views 

Budgets 

Verification Matrix 

Integration Procedure Configuration Operational Proc Requirements Operational Modes 

Electrical Interfaces 

Functional Architecture 
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Physical Configuration 

AIT Flow and Integration Procedures 

Verfication Definitions 

Functional Architecture 

Requirements Engineering 

System Topology Operational Procedures   

Conceptual data model enables common 
representation and visualization of data  

 
     
   

Operational Concept 

videos\Walkthrough.mp4 
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Operational application of conceptual data 
model requires continuous coordination 
 Conceptual data models derived from E-TM-10-23 

are used for operational implementations 
 E.g. EGS-CC, RangeDB @ Astrium 

 But further technological improvement activities 
are being performed at the same time 

 Careful coordination is required to provide stable 
baseline for operational implementations 
 Careful manage the commonly shared items 
 Care for migration  
 Provide planning to coordinate different efforts  
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The common coordination might provide a 
forum to cover the following elements 
 Align interests and constraints of stakeholder needs 

 Agree on roadmaps  
 Imposed solutions will fail to bring value (at least lead delay use) 

 Joint assessment of maturity of emerging technologies 
 Data modeling language and methodology (!)   

 Manage evolution of the conceptual data model 

 Care for sufficient set of sample data   
 “Realistic” data set with sufficient complexity 
 Validation data sets for conformance testing 

 Initiate shared / sample implementation for interfaces 
EGS-CC 
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