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BACKGROUND & PURPOSE
The objective of this incubator project is to demonstrate the application of Deep Learning Neural Networks (DLNN) to identify emergent 
behavior from components with hybrid moded/continuous behavior that plays out over time. The increasing development and fielding of 
systems-of-systems composed of tightly coupled subsystems and components, including the introduction of AI components using Machine 
Learning (ML), presents a challenge in validating that their emergent behavior does not cause one or more components to migrate, over time, 
into a hazardous operating state. The Fast-Time Emergent Scenario Simulation (FTESS) concept currently identifies the potential for hazardous 
events in the digital-twin simulation before these occur in the real world, but this approach exhibits limitations. The result is an increased need 
for testing and evaluation to prevent mishaps and solidify trust in the new technology. 

Led by Principal Investigator Dr. Lance Sherry (George Mason University) the research carried out by the team addresses the Department of 
Defense (DoD) Acquisitions need to ensure that the design/testing and operational maintenance of fielded systems-of-systems composed of 
tightly coupled components meets system-of-systems requirements with regard to the Target Level of Safety (TLS) and the risk of hazardous 
outcomes. In addition to performance considerations, the research also addresses the existing budget and schedule constraints that can limit 
the quality and quantity of testing that can currently be conducted.

RESULTS
The work of this project suggests that DLNNs could supplement Model-based System Engineering (MBSE)/Digital-Twins to increase the 
operational state-space coverage for System Validation Testing. DLNNs were able to represent accurately the time-dependent behavior for which 
they were trained/tested. The DLNNs were also able to “learn” and predict emergent behavior for behaviors not included in the training/testing 
data. This property is important for System Component Interaction Accident (SCIA) in which all the possible interaction trajectories are not 
known a priori. Although testing for “hidden” data performance was ~70%, this is better than the current standard of “0%”. 

NEXT STEPS
Future work is proposed with the end goal of implementing the Digital-Twin Look-Up for an operationally fielded system of interacting 
components, which requires three threads of further research:

1.  Develop a better understanding of how to configure the neural networks (i.e., hidden layers) and refine the hyper-parameters for DLNNs 
for the hybrid behavior.

2.  Expand the scope to increasingly complex behavioral systems and document the types of systems for which it does and does not work 
(and why).

3. Develop a How-To-Manual with examples so others can deploy the methodology.
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DISCLAIMER

Copyright©2022 Stevens Institute of Technology. All rights reserved.  

The Acquisition Innovation Research Center is a multi-university partnership led and managed by the Stevens Institute of Technology and sponsored by the U.S. 
Department of Defense (DoD) through the Systems Engineering Research Center (SERC)—a DoD University-Affiliated Research Center (UARC).  

This material is based upon work supported, in whole or in part, by the U.S. Department of Defense through the Office of the Under Secretary of Defense for Acquisition and 
Sustainment (OUSD(A&S)) and the Office of the Under Secretary of Defense for Research and Engineering (OUSD(R&E)) under Contract HQ0034-19-D-0003, TO#0309.  

The views, findings, conclusions, and recommendations expressed in this material are solely those of the authors and do not necessarily reflect the views or positions of the 
United States Government (including the DoD and any government personnel) George Mason University or the Stevens Institute of Technology.  

No Warranty.  

This Material is furnished on an “as-is” basis. George Mason University and the Stevens Institute of Technology make no warranties of any kind—either expressed or 
implied—as to any matter, including (but not limited to) warranty of fitness for purpose or merchantability, exclusivity, or results obtained from use of the material.  

George Mason University and the Stevens Institute of Technology do not make any warranty of any kind with respect to freedom from patent, trademark, or  
copyright infringement.  
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