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ABSTRACT 
 
Critical  components  of  a  spacecraft,  like  attitude  control  and  power
generation, are usually modeled and simulated early in a project in order to
identify and mitigate technological risks. 
Detailed spacecraft simulators are also used for operators training, mission
planning and contingency analysis.  These simulators are often developed
late in the project to ensure fidelity to actual system implementation.  
With the generalization of model-based system engineering (MBSE), whole
system models  are  now developed from project  start  to  support  system
analysis and design and to constitute the project engineering database, but
these models are not executable (i.e. behavior and performance cannot be
directly simulated from the model). 
Models are developed using graphical modeling languages, like SysML, and
CAE tools, which already support simulation of some parts of the model, like
state  machines,  but  most  of  the  analysis  is  presently  based on  thought
experiments. Then the model is translated into hardware and software. And
design testing only begins after the subsystem breadboards have been built.
Evolutionary  executable  models  (simulators  and  emulators)  for  system,
subsystems and components can be incrementally developed to allow early
functional  and  performance  testing  of  the  design  and  to  leverage
architectural trade-off decisions. Simulators are used to mimic behavior and
interfaces  of  every  system  model  block  at  each  level  of  system
decomposition. 
Advancing  the  modeling  and  simulation  effort  in  the  schedule  helps  to
mitigate  technical  and  programmatic  risks  facilitating  (besides  the  usual
benefits): 

• Optimization of system design using virtual prototypes 
• Early identification and solution of problems 
• Integration and tests planning and execution 
• Early consideration of operation needs 
• Predictability of the development process 

The  cost  of  developing  this  evolutionary  executable  model  is  similar  to
developing a system simulator at the end of the project. If this simulator is
part of the deliverables it pays to build it incrementally during the project
lifecycle. Cost can be further reduced if model components libraries are built
based  on  standards  like  Simulation  Models  Portability  (SMP)  and  reused
across projects. 


