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Solutions for Enterprises from No Magic  
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They Trust Us 
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Why Modeling? 
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Evolution of forms of information 
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Systems Engineering 
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Model vs. Drawing 

Model         vs.        Drawing 
Reuse 

Hard Copies 

Model Repository 

Generated Document 

Document with Drawing 
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Reasoning 

Analysis 



•  Increased productivity: 
§  Improved impact analysis of requirements changes 
§  Improved interaction across a multi discipline team 
§  Reuse of existing models to support design and technology 

evolution 
§  Auto-generation of documentation 

•  Reduced Risk: 
§  Improved cost estimates 
§  Early, and on-going, requirements validation and  
§  design verification 

•  Managed complexity 

•  Preserved knowledge (The Truth is in the Models) 

 

Why Do We Model? 
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Why should you care?  

 
 
Document based approach works, but... 
 
According to some researches, statistically 55% 
highest level severity defects are made in 
Requirements Analysis and Design phases. 
 
Bombardier claims the percentage is 80% 
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MBSE Survey Results 
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Language. Method. Toolset 
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Definition of Modeling Solution 

 
   Modeling Solution is a combination of a 

modeling language(s), a methodology 
and a modeling tool that together 
provide a productive infrastructure for 
applying model-driven development in 
the context of a particular organization.  
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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 in May 2006 

•  Dedicated for modeling complex systems that may include 
hardware, software, information, personnel, procedures, and 
facilities. 

•  Supported in multiple modeling tools 

•  Interoperable 
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SysML is critical enabler for MBSE 



The Four Pillars of SysML   
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System Model as an Integration Framework 
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The modeling language 
is just the language, 

and must be combined 
with a methodology to 

be useful 
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Method/Framework 

•  This opens discussions of: 
Ø how to structure the model 
Ø what views to build 
Ø which artifacts to deliver  
Ø and in what sequence 

Every company deals with the same issue 
differently. Some use: 

Ø defense architecture frameworks: DoDAF, NAF, MODAF 

Ø MBSE methods: OOSEM, Harmony, SYSMOD, FAS; 
however, saying there is no need for an architectural 
framework just doesn’t work.  
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MBSE Grid
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System Lifecycle Management 
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Cruise Control Example 
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Engineering analysis 

•  Evaluate design alternatives 
•  Select the best set of parameters 
•  Verify system constraints 
•  Perform requirement compliance analysis 
•  Perform what-if analysis 
•  Execute SysML Testcases 
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Trade Studies 

•  Examining various design alternatives by comparison 

•  Serve as a basis to integrate with more advanced analytical tools 
and techniques in accordance with the INCOSE Model-Based 
Systems Engineering (MBSE) vision in which all the analysis is 
carried out in the context of design models. 
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E-ELT 

Budget: €1,055M 
Main mirror: 40m diameter 

Height: 80m 
Footprint: 100m 

 



E-ELT Control System 

•  The Control System (TSC) includes all hardware, software 
and communication infrastructure required to control the 
system 

•  Manages and coordinates system resources (subsystems, 
sensors, actuators, etc.)  

•  MagicDraw SysML was used to model  
E-ELT control system 

1000 mirrors. The position of the 
segments must be coordinated to 
deliver a continuous surface with 
an error below 100nm 



Complex Systems Design Challenges 

•  Geographical distribution 
•  Large amount of data 
•  Heterogeneity: different roles, domains, tasks and still 

everything needs to be integrated 
•  High technical demands 
•  Custom work processes and adapting product to them 
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Team believed that SysML and MBSE 
would contribute significantly to tackle 

these challenges 



MBSE Was Used For 

•  Define infrastructure (e.g. network) 
•  Define interfaces to sub-systems 
•  Provide a cost estimate, power consumption 
•  Define common standards based on catalogs and design 

conventions 
•  Define requirements for subsystems (e.g. data rates, data 

volume, latency) 
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MBSE Integrating and Addressing 
Multiple Aspects of the System 
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Multiple Internal Structures, Clear Interfaces 
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Electrical              Optical 



Power Budgets and Cost Estimates from 
Model-Based Equipment Catalogs 
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Product Tree             Reusable part catalogs

  

REUSABILITY 



Variants & Trade-off Analysis 
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Different system variants                Trade-offs analysis 



Results 

•  Preliminary design were delivered 
•  Demonstrated that SysML is an effective means to support SE and 

handle complexity.  
•  Provided input (One of the most influential project for standard and tool 

development):  
§  SysML RTF (SysML 1.3 were created updating interface modeling). 
§  Tool vendor (400 official requests). Affected capabilities: 

•  Standard support and usability 
•  Requirements specification and interchange 
•  Documentation generation 
•  Model repository 
•  Configuration and collaboration tools 
•  Activity and state machine simulation 
•  Validation and verification 
•  Profiling and extendibility 

•  Cookbook for MBSE with SysML with guidelines where created 
•  In 2010, INCOSE presented an award to the Telescope Modeling 

Challenge Team for Achieving the Systems Engineering Vision 2020  
•  Inflicted impact on other telescope projects. 
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Other Telescope Projects Using MBSE 

•  The Giant Magellan Telescope 
•  JPL NASA Thirty-Meter Telescope 
•  The Square Kilometer Array 
•  European Southern Observatory’s (ESO) projects: VLT, E-

ELT 
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h"p://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:06-­‐iw14-­‐mbse_workshop-­‐
applicaDon_of_mbse_at_jpl_through_the_lifecycle-­‐nichols-­‐lin-­‐final.pdf	
  

	
  



















How to Start With MBSE? 

Investment! MBSE is not silver bullet.  

So how to build a Sustainable Modeling Culture: 
1.  Think big, start small, and evolve, i.e. pilot project. 
2.  Establish a Center of Excellence, i.e. dedicated core team, 

training. 
3.  Adopt best practices (e.g. Cookbook), tools (de facto No 

Magic, Inc. products), method, and language (de facto OMG 
SysML) 
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