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•  Model Based Systems Engineering 
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Systems Engineering 

Systems engineering is an interdisciplinary field of 
engineering that focuses on how to design and 
manage complex engineering systems over their 
life cycles. 
        Wikipedia 
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MBSE Definition 
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“Model-Based Engineering (MBE): An approach to engineering 
that uses models as an integral part of the technical baseline that 
includes the requirements, analysis, design, implementation, and 
verification of a capability, system, and/or product throughout the 
acquisition life cycle.” 
 
Final Report, Model-Based Engineering Subcommittee, NDIA, Feb. 2011 

“Model-based systems engineering (MBSE) is the formalized 
application of modeling to support system requirements, design, 
analysis, verification and validation activities beginning in the 
conceptual design phase and continuing throughout development 
and later life cycle phases.” 
 

INCOSE SE Vision 2020 (INCOSE-TP-2004-004-02, Sep 2007) 



MBSE motivation 

SE problems 
•  Complexity is growing faster than ability to manage it 
•  Knowledge is lost between projects and phases 
•  Difficult to assess completeness and consistency of information spread 

across documents 
•  System design emerges from pieces, not system architecture 
 
MBSE should help to 

•  Enhance system design integrity 
•  Improve communication  
•  Increase productivity and quality while reducing risks 
•  More rigorous requirements traceability 
•  Make system design computer-readable 
•  Integrate analytical models 
•  Generate consistent documentation 
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Is modeling new? 

•  Models have been used as part of document-based systems engineering 
approach for many years 

•  The use of models has been limited to support specific types of analysis or 
selected aspects of system design  

•  The individual models have not been integrated into a model of the overall 
system 

What is new ? 
§  the availability of formal modeling languages which can describe systems 
§  engineering standards and tools which enable integration of a system 

model with existing discipline models. 
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SysML – Systems Modeling Language 

•  OMG Systems Modeling Language (SysML) is a graphical modeling language for 
specification, analysis and design, verification and validation of systems. 

•  Developed by OMG and INCOSE 

•  Adopted by OMG in May 2006 

•  Implemented as a UML profile  

•  Supports XMI   
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UML 2 SysML 

Not required 
by SysML 

UML reused by 
SysML 
(UML4SysML) 

SysML’s 
extensions 
to UML 
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SysML – a key MBSE enabler 

•  SysML enables MBSE 

•  MBSE typically uses SysML as a standard visual modeling language and lingua 
franca, but is not limited to it 

•  SysML is not intended and not capable to replace current investment in modeling 
in the other engineering disciplines.  

•  It is intended that SysML-based models be the framework for interoperating with 
these discipline models, thus enabling integrated model-centric engineering 

•  SysML is methodology and tool independent 
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Cameo Systems Modeler 

  

 



SysML in Cameo Systems Modeler 

§  The most standard compliant SysML implementation 
on the market: 
§  Implementation of the latest SysML 1.4 spec  
§  Implementation of all 9 SysML diagrams 
§  Background validation of all SysML constraints 
§  Most standard compliant UML/SysML XMI file 
§  Requirements interchange, engineering analysis and more 
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System Model 
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A system model is an 
interconnected set of 
model elements that 
represent key system 
aspects including 
structure, behavior, 
requirements, and 
parametrics. 

1. Structure 2. Behavior 

3. Requirements 4. Parametrics 

allocate 

satisfy 

value  
binding 

Verify  



System Model as an Integration Framework 
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Cameo MBSE Ecosystem 



Data Import 
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Documents to models 

§  Cameo Inter-op & Cameo Workbench: 
§  Excel, Visio, Powerpoint 

§  Excel import/export options 
§  CSV import plugin 
§  NEW Excel import plugin 
§  DataHub, Paramagic, Matlab, Model Center 
§  Excel report templates 
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UML-based model migration 

§  XMI (XML Metadata Interchange) 
§  Best results at OMG MIWG 
§  Eclipse XMI is supported too 
§  Diagrams not included 
§  OMG DI (Diagrams Interchange) standard is coming 

§  Full model & diagrams import: 
§  IBM System Architect & IBM Rational Rose 
§  IBM Rhapsody 
§  Sparx Enterprise Architect 
§  Vitech CORE® (4.0 to 6.0 Versions Supported) 
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Scalability & performance 

•  Geographically distributed Teamwork Server 
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Teamwork Server Overview 
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Open project 

Open project and  
lock components for editing 1 

2 
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are editable 

Can’t lock the 
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locked by Client A 
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B 

C 

Open Project 3 



Teamwork Server Overview (2) 
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Receive the updated 
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C 
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Teamwork Server Benefits 

•  Global project repository 
§  Projects 
§  Users 
§  Permissions 

•  Collaboration inside a project 
§  Locking/unlocking model elements 
§  Seeing who has locked which elements 
§  Submitting changes 

•  Change management 
§  Versioning 
§  Branching 
§  Comparing 
§  Merging 
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Coming soon 

•  New generation Teamwork Server (CEDW) 
•  Distributed and infinitely scalable database 
•  Element level versioning, partial loading 
•  EMF based – multiple tools support 
•  Web access for review and querying 
 

•  Collaborative model review environment 
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Requirements management 

§  Cameo Requirements Modeler plugin 
§  Included into SysML plugin and Cameo Systems Modeler 
§  Manages SysML Requirements 
§  Diagrams, Tables, Matrices, Relation maps, reports 
§  Traceability and Impact analysis 
§  ReqIF import 

§  Cameo DataHub 
§  Seamless two-way DOORS integration 

§  CSV & Excel import 
§  OSLC is coming soon 
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ReqIF import and update 

•  Requirements Interchange Format (ReqIF) 
•  ReqIF is a normative (OMG) XML-based data format 
•  DOORS, Integrity, Polarion, TeamCenter… 



Cameo DataHub 
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Requirements in CSM 
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Impact analysis 

•  Identification of the scope and impact of a change 
 



Coverage analysis 



Compliance analysis 
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System Lifecycle Management (SLIM) 
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SLIM (2) 
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Model Center 
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Model Center (2) 
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Model Center (3) 
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Model Center: MBSE Analyzer 
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Model Center: MBSE Analyzer 
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Cameo Simulation Toolkit 

+ 
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Cameo Simulation Toolkit 
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Cameo Simulation Toolkit 

•  Model execution framework and infrastructure: 
§  Model debugging and animation environment 
§  Pluggable engines, languages and evaluators 
§  User Interface prototyping support 
§  Model driven configs and test cases 

•  The standard based model execution of: 
§  Activities (OMG fUML standard) 
§  Composite structures 
§  Statemachines (W3C SCXML standard) 
§  Actions/scripts (JSR223 standard)  
§  Parametrics (OMG SysML standard) 
§  Sequence diagrams (OMG UML Testing Profile) 
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Integration of analytical models 
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Cameo Simulation Toolkit 

© 2013 No Magic, Inc. Exclusively for No Magic Use 43 

Math engines 
•  Matlab/Simulink 
•  Mathematica 
•  Maple 
•  Open Modelica 

•  Scipting 
•  Javascript 
•  Python 
•  Groovy 
•  Ruby 



Engineering analysis 

•  Evaluate design alternatives 
•  Select the best set of parameters 
•  Verify system constraints 
•  Perform requirement compliance analysis 
•  Perform what-if analysis 
•  Execute SysML and UTP Testcases 
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Constraints verification 
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Model-based testing 
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Testing reports 
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MagicDraw Reports 

•  You can generate an HTML, Microsoft Office, Open 
Office, XML or any other simple text report from the 
model data 

 

49 

MagicDraw 
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Generator 



Web Publisher 
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Web Portal 
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Model reviews 

Content creators 
- modelers 

Model 
reviewers 

Model readers/
users 

Provide content 

Provide feedback 



Model-based document generator 

•  Based on SysML 1.4 Views & Viewpoints 
•  Available as technology preview 
•  Predefined viewpoint methods 
•  Smart packages for queries 
•  DocBook XML  
•  Preview window 
•  HTML and PDF output 
•  API for custom methods 

Also available from JPL and ESO 



Model-based document generator 



Model-based document generator 



Cameo Systems Modeler 18.0 


