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Digitalization Changes Everything

• Digitalization is changing our daily lives as well as existing business models from product-centric development and 
manufacturing to creating opportunities for extended value throughout the lifecycle. This increases pressure on product 
development but opens up new business opportunities at the same time. Successful companies are seizing the 
opportunities offered by digitalization to increase their competitiveness in the digital world.

• According to c-suite execs, digital disruption will wipe out 40 percent of Fortune 500 firms in the next 10 years.
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Digital is the main reason just over half of the companies on the Fortune 500 have disappeared since 2000. 
Pierre Nanterm, 
CEO, Accenture CPS Lab
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“You can see the computer age everywhere 
but in the productivity statistics.”
Robert Solow. A Nobel Laureate. 
We'd Better Watch Out. 
The New York Times. July 12, 1987

When IT Started to Generate Return? 
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Demand Patterns for Energy Generation and for Cars
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NASA Intelligent Synthesis Environment (ISE) Goals (2000)

• The NASA Office of Aerospace Technology (OAT) Enterprise is focused on long-term, high-risk, high-payoff endeavors 
in its mission to maintain U.S. preeminence in aerospace research and technology. In support of this mission, a major 
OAT goal is to pioneer technology innovation in order to enable a revolution in aerospace systems. The Space 
Science, Earth Science, and Human Exploration and Development of Space Enterprises each have similar technology 
innovation goals. ISE contributes to all of these Agency Enterprise strategic goals.

• The strategic goal of the ISE Program is to develop the capability for personnel at dispersed geographic locations to 
work together in an immersive virtual environment, using computer simulations to model the complete life-cycle of a 
product/mission before commitments are made to produce physical products. This goal directly supports the 
objectives of OAT’s technology innovation goal, as well as other Enterprise technology goals. The stated objectives of 
OAT’s goal to “Pioneer technology innovation by enabling a revolution in aerospace systems” are:

• Develop advanced engineering tools, processes, and culture to enable rapid, high-confidence, and cost-efficient 
design of revolutionary systems

• Develop revolutionary technologies and technology solutions to enable fundamentally new aerospace system 
capabilities and missions.
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Source: Braun, R.D.; et al.: “NASA Intelligent Synthesis Environment Program Plan.” NASA Langley Research Center, September 27, 2000.
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ISE Efforts Results – 2017
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Software categories

 General Public Release — For codes with a broad release and no nondisclosure or export control restrictions
 Open Source Release — For collaborative efforts in which programmers improve upon codes originally 

developed by NASA and share the changes
 U.S. Release Only — For codes available to U.S. persons only, with no further transfer of the software allowed 

without the prior written approval of NASA
 U.S. and Foreign Release — For codes that are available to U.S. persons and (under special circumstances) 

persons outside of the U.S.
 U.S. Government Purpose Release — For codes that are to be used on behalf of the U.S. government

 Project Release — For use under a contract, grant, or agreement
 Interagency Release — For use by U.S. government agencies
 NASA Release — For use only by NASA personnel and contractors

Source: https://ti.arc.nasa.gov/
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Orbital ATK and Siemens PLM
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Class #11

CPS Lab www.plmworld.org/d/do/3173

http://www.plmworld.org/d/do/3173


SLS design is largely based on ARES

ARES SLS

Initial development took 25 modelers with over a 100 DE’s 5 modelers worked on this design with input from 15 DE’s

Initial development took over 100 weeks (12,500 workweeks) This released concept was delivered in 6 weeks (120 workweeks)

Initial release was full size and wind tunnel capable This release is full size and wind tunnel capable

ARES SLS

ATK pD Example: ARES vs. SLS (Knowledge Capture & Reuse)
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ATK pD Example: ATK Long-Term Energy Storage System
NASA Constellation Program

9 CPS Lab https://www.nasa.gov/pdf/315856main_ATK_Uzhinsky.pdf

https://www.nasa.gov/pdf/315856main_ATK_Uzhinsky.pdf


Recognition of the Work Done
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The Laboratory of Cyber-Physical Systems (CPS)

Complex
NI + LabView

Laboratory class Lab hardware tool-kit Lab software package

Scanning laser 
vibrometer

3D-scanner

Complex
DataPhysics
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Skoltech Cyber Physical Systems (CPS) Lab Research Field

Production Monitoring

Predictive 

maintenance

Conceptual model

System configuration 

analysis 

Systems model
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Digital Twin Prototype (DTP)

Digital Twin Reference (DTR)

Digital Twin Instance (DTI)
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High-Altitude Platforms for Wireless Communications*)–
High Altitude Pseudo-Satellite (HAPS)

*)Source: Tim Tozer, David 
Grace. High-Altitude 
Platforms for Wireless 
Communications.
Article in Electronics 
&Communications 
Engineering Journal · July 
2001
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The Selected Set of the HAPS Requirements
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The HAPS’ 1D AmeSim Model
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3

The HAPS’ Modeling/Optimization Process Flow
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Investigation Topic: What is the preferred configuration?

4-engine HAPS

2-engine HAPS

Steady flight parameters are 
the same.
What about take-off?
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Air Dynamics AmeSim Submodel
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Same engine 
program

Same pitch 
angle program

Differences in 
altitude

Differences in 
ground speed

Simulation Results for 2- and 4-engine HAPS

Take-off speed

Take-off time
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4-engine HAPS 2-engine HAPS

HAPS Takeoff: 3D Animation
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The Selected Version of HAPS Prototype
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Very Low Earth Orbiting (VLEO) Satellites
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Very Low Earth Orbiting Satellite - Cameo Model

CPS Lab



24

VLEO Satellite Mission Design Modeling
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Evaluation of Busek’s VLEO Concept
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The Skoltech’s Extremely Low Earth Orbiting Satellite 
(ELEOS) - Preliminary Concept in Consideration
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Evaluation of the Proposed ELEOS Concept
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Range of Feasible ELEOS System Options
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Conclusions
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• Skoltech Cyber Physical Systems Lab offers to product developers a comprehensive set of 
software systems and tools, including SysML (Cameo), System Synthesis, Amesim, pSeven, 
Optimus, NX CAD/CAE/CAM, Simcenter 3D,  Ansys, and some other systems, that are 
integrated via Siemens Teamcenter creating our System Design Environment. 

• Fully integrated dynamic 1D models, developed for HAPS and ELEOS, supported selection 
of optimal subsystems’ parameters and of the system architectures for given operating 
conditions.

• System 1D functional models and structural/functional 3D models are seamlessly 
integrated, providing the cornerstone of the presented approach and opportunity for 
close-loop simulations and evaluation of the selected concepts.

• The created System Design Environment supports development and comprehensive 
evaluation of complex products’ concepts, implementing across the board the Digital Twin 
methodology, dramatically enhancing quality and efficiency of Product Development 
processes.
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Thank you for 

your attention
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