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• Established in 1992 as a center for multi-disciplinary design and                                   
optimization, systems engineering, and technology assessments 

• Mission is to be educational leader in advanced systems architecting,                          
engineering, design, integration and operations, decision making,                                    
digital engineering, data and visual analytics

• Has extensive research capabilities, resources, and state-of-the-art facilities
• Performs research for government agencies and industry organizations around the 

globe
• Widely recognized for graduate education and research in systems engineering and 

vehicle design
• 1,150 degrees conferred to ASDL students since 1997​

– 250 PhDs​
– 900 MS degrees

ASDL At-A-Glance
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ASDL in Georgia Tech Organization

• Georgia Tech is divided into a set of  Academic Units 
and the Georgia Tech Research Institute (GTRI)

• There are 6 colleges within Georgia Tech, with each 
having a number of individual schools

• ASDL plays the role of system integrator campus-
wide
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ASDL Organizational Structure
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Georgia Tech is home to 11 academic Interdisciplinary Research Institutes (IRIs) responsible for
bringing together a mix of researchers – spanning colleges, departments, and individual labs – around a
single core research area. IRIs also connect a large portfolio of basic and applied research programs,
support world-class research facilities and laboratories, engage Georgia Tech students, and collaborate
with government and industry research partners.

GT Interdisciplinary Research Institutes

Parker H. Petit Institute 
for Bioengineering & 

Bioscience

Institute of Data 
Engineering and 

Science
Institute for 

Electronics and 
Nanotechnology

Brook Byers Institute 
for Sustainable 

Systems

Strategic 
Energy 
Institute

Institute for 
Information 
Security and 

Privacy Manufacturing 
Institute

Institute for 
Materials

Institute for 
People and 
Technology

Renewable 
Bioproducts

Institute

Institute for 
Robotics and 

Intelligent 
Machines
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• In a broad sense, the basic aim of current and future research at ASDL is to be an
educational leader in advanced systems architecting, engineering, design, 
integration and operations, decision making, digital engineering, data and visual 
analytics

• ASDL aims to accomplish this by fulfilling several roles: 
– Develop the next generation of highly qualified engineers for academia, industry, and government  

– Develop cutting edge multi-disciplinary, physics-based methods suitable for the design of all types of 
complex systems and systems of systems

– Provide independent and credible assessment capabilities using integrated, quantifiable 
methodologies to government, and industry

– Recent research focuses on combining ASDL’s signature methods with advances in computing to enable 
large-scale virtual experimentation for complex systems design

The ASDL Vision
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Facilities

ONR DURIP Facilities for Virtual Experimentation

Collaborative Visualization 
Environment (CoVE) –
2004/2010/2018

Collaborative Design 
Environment (CoDE) –
2009/2021

Adaptive Design, 
Prototyping, and Testing 
(ADePT) Facility - 2013

Design, Build, Fly 
Laboratory
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• Georgia Tech has an Institute-Wide focus on HPC
– New CODA building with state-of-the-art datacenter
– Georgia Tech’s Phoenix Cluster is ranked #277 in the 

November 2020 Top 500 list
• 31,104 Intel Cascade Lake compute cores
• 1.8 petaflops
• Contains Nvidia RTX6000 and V100 GPUs

• CUI and ITAR computing (Firebird Cluster)
– GT’s Firebird cluster is NIST 800-171 compliant

• Georgia Tech provides this capability to faculty at a 
subsidized rate

– CPU and GPUs available on a per-hour cost basis
– Similar model to Amazon’s Elastic Compute Cloud (EC2)

Georgia Tech High Performance Computing
8
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• Sponsored Research 
• Centers of Excellence, Strategic Alliances, Fellowships
• Grand Challenges
• Professional Master’s in Applied Systems Engineering

Modes of Engagement with Industry
9
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• Sponsored Research 
• Centers of Excellence, Strategic Alliances, Fellowships
• Grand Challenges
• Professional Master’s in Applied Systems Engineering

Modes of Engagement with Industry
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Our Sponsors – Worldwide Support
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http://www.saabgroup.com/
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• Sponsored Research 
• Centers of Excellence, Strategic Alliances, 

Fellowships
• Grand Challenges
• Professional Master’s in Applied Systems Engineering

Modes of Engagement with Industry
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Strategic Alliances

Center of Excellence for 
Simulation and Digital Twin

Boeing Strategic Partnership for 21st 
Century Aerospace Manufacturing

FAA Center of Excellence for 
Alternative Jet Fuels & Environment 

FAA Partnership to Enhance 
General Aviation Safety, 

Accessibility, and Sustainability

Supported by Advanced 
Configurations, Civil 
Aviation Research, and 
Propulsion & Energy 
Divisions

Supported by 
Advanced Methods 
Division

Supported by Digital Engineering DivisionSupported by Advanced Configurations, Advanced 
Methods, and Digital Engineering Divisions

Supported by Defense & Space and Civil 
Aviation Research Divisions

Supported by Digital Engineering and Advanced 
Configurations Divisions

Supported by Defense & Space and Digital 
Engineering Divisions

Strategic University Partners

Centers of Excellence

Pratt & Whitney Center of 
Excellence in Aeropropulsion

Supported by Propulsion & 
Energy and Defense & Space 
Divisions

Center of Excellence for MBSE 
Enabled Overall Aircraft Design 
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• Sponsored Research 
• Centers of Excellence, Strategic Alliances, Fellowships
• Grand Challenges
• Professional Master’s in Applied Systems Engineering

Modes of Engagement with Industry
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• Open-ended, relevant, realistic research problems

• Part of the ASDL core academic and research methods training

• Exercised over two entire academic semesters (Fall & Spring)

• Requires a very deep understanding of the problem, underlying theory and 
assumptions

• Requires practical implementation of advanced methods beyond traditional 
senior design problems 

• Represent a significant contribution to the field

ASDL Grand Challenges
15
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• Emphasize story telling—every story must have a beginning, middle and end
• Make the story interesting and clear
• Formulate the problem clearly:

– What is the problem to be addressed?
– What motivates interest? 
– Why is it hard? Why is it important?
– How is it done today, by whom, and what is wrong with it?

• How do you propose to address it?
• What’s the new idea here, and why can we succeed now but not before?
• What recent breakthroughs now make this possible?
• What is your plan and technical approach?
• What are the biggest challenges and why?
• Formulate the Grand Challenge as a decision support problem
• Create an interactive parametric M&S environment to support decision making

General Guidelines for Grand Challenges
16
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2020-2021 System of Systems Grand Challenges

Aerotropolis: A Digital 
Twin Enabled Smart 
Airport City Concept

AFFECT: Aircraft Future 
Fleet Emissions and 

Composition Tool

AFLOAT: Amphibious Fleet 
Layout Optimization and 

Acquisition Tool

AIM-BOT: Artificially 
Intelligent Management & 
Battle Optimization Tool

CESIUM: CONOPS Evaluations 
with Scenario Integration for 

Urban Air Mobility

DELITE: Digital-Twin 
EnabLed VIrtual

Testing Environment

FATION: Fleet Acquisition 
and Technology Infusion 
Optimization for NATO

IMHOTEP: Integrated Modeling 
Hypersonic Operational 

Technology Evaluated Policy

JEDI: Joint Environment 
for Design and 

Innovation
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2020-2021 System of Systems Grand Challenges

PANIC: Passenger AviatioN
Impacted by Covid

Polar BEAR: Polar Battlespace 
Environment and Advanced 

Reconnaissance

SAFER: Solutions for 
Avoiding Risk of InFection in 

Enclosed EnviRonments

SNARL: Selecting Novel 
Assets using 

Reinforcement Learning

SoSA HD: A System-of-
Systems Approach to 
Human Displacement

TEMPLE: TEchnology MaPping
using ModeL Based System 

Engineering Techniques

TIPS: Turbulence 
Incident Prediction for 

Safety Analysis

WESCAN: WEather Satellite 
Constellation Analysis for Next-

generation
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2020-2021 Vehicle Design Grand Challenges

AETHER: Atmospheric 
Entry Tool for VeHicular

Extraterrestrial Rendezvous

A-STARC: Advanced STOL 
Aircraft for Regional 

Connectivity

CETRA: CErtification of 
TRansport Aircraft

CHASE: Commercial 
Hydrogen Aircraft 

Sizing Environment

DEAL: Digital Enterprise 
Across Lifecycle

DEPARTT: Development of 
Electric Propulsion Architectures 

for Remote Tactical Transport

FRAMES-V: Framework 
for Aircraft Simulation 

and Validation

HYPERsense: Refurbishable
Hypersonic Reconnaissance 

Vehicle

19
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2020-2021 Vehicle Design Grand Challenges

ISLAND: Intercepting 
Shoulder-Launched Armament 

for Neutralizing Drones

LEGO: Lagrange Point 
Exploitation for 

Galactic Observations

MARVIN: Model-Based 
AppRoach for an In-Space 

Vehicle DesIgn ENvironment

MER-CONGA: MBSE Enabled 
Risk Reduction for Certification 

of Novel General Aviation

NOMADS: NOnlinear
Modeling for Aerodynamics 

with Data FuSion

QSTTOL: Quiet Supersonic 
Transport for Take-Off & 

Landing

VOLT: Viability of 
ELectrified Turboprop

WOMBAAT: Wire Obstacle 
Mitigation by Active 

Actuation and Targeting
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• Sponsored Research 
• Centers of Excellence, Strategic Alliances, Fellowships
• Grand Challenges
• Professional Master’s in Applied Systems 

Engineering (PMASE)

Modes of Engagement with Industry
21
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PMASE – Program Overview

Program focuses on the development of “systems thinking”

Curriculum highlights the integrative nature of SE

Courses and labs provide knowledge and tools that will benefit your 
day-to-day job

Capstone project allows you to apply what you have learned to a 
real-world problem

Program provides a foundation for SE Professional certification 
through International Council on Systems Engineering

PMASE is a formal Georgia Tech degree, not just a certificate program

22
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The Future of Engineering Simulation
23
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The Future of Engineering Simulation – Key Components

[1] https://www.mimeo.com/wp-content/uploads/2020/09/welcome-to-industry-4-0-supporting-the-internet-of-things-with-print.jpg
[2] https://imageio.forbes.com/specials-images/imageserve/5f9fa9e815da35da1356a28b/The-5-Biggest-Cloud-Computing-Trends-In-2021/960x0.jpg?fit=bounds&format=jpg&width=960

von-Mises Stress Error

Single-Fidelity Predic�on Error:

Mul�-Fidelity Predic�on Error:

Multi-fidelity ROM https://www.aiaa.org/advocacy/Policy
-Papers/Institute-Position-Papers
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Digital Engineering: Multiple Avenues for Collaboration

https://ae.gatech.edu/news/2018/11/boeing-georgia-tech-collaboration-still-strong-after-10-yearshttps://ae.gatech.edu/news/2021/10/siemens-invests-georgia-tech-launches-center-excellence-simulation-and-digital-twin

Centers of Excellence Sponsored Research

DEAL: Digital Enterprise 
Across Lifecycle

SAFER: Solutions for Avoiding 
Risk of InFection in Enclosed 
EnviRonments

NOMADS: NOnlinear
Modeling for Aerodynamics 
with Data FuSion

Aerotropolis: A Digital Twin 
Enabled Smart Airport City 
Concept

DELITE: Digital-Twin EnabLed
VIrtual Testing Environment

Involvement in Professional 
Societies & Working Groups

https://www.aiaa.org/advocacy/Policy
-Papers/Institute-Position-Papers

https://www.assessinitiative.com/d
ownload/3434/

Grand Challenges
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Towards Digital Twin Realizations
26

For complex engineering systems For socio cyber-physical systems

Digital Twin-enabled 
Virtual Testing 
Environment

Digital Twin of the Georgia Tech Campus

Digital Twin of Campus Building
Digital Enterprise 

Across the Lifecycle
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Towards Digital Twin Realizations

27

27

Digital Enterprise 
Across the Lifecycle

O. Kargin, A. Barnes, D. Onur, O.J. Pinon-Fischer, M.G. Balchanos, D.N Mavris, M. Hughes, J. LaJeunesse, A. Karl and J. Matlik, “Digital Enterprise Across the Lifecycle”, 2021 AIAA SciTech Aerospace Sciences Meeting, January 2021 

Motivation
• Increase in products’ complexity and level 

of integration lead to significant 
challenges in all phases of the product 
lifecycle

• Coupling between disciplines presents 
compatibility and collaboration challenges 
that must be addressed throughout the 
development of a product

Goal: Address current limitations of PLM 
with the concept of digital enterprise

Objective: Formulate, develop and 
implement a digital enterprise across the 
lifecycle of a system of interest
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Towards Digital Twin Realizations
28

Digital Twin of the Georgia Tech Campus

• D. N. Mavris, M. Balchanos, WJ Sung, and O. J. Pinon, A Data Mining and Visual Analytics Perspective on Sustainability-Oriented Infrastructure Planning, Lecture Notes in Computer Science, Vol. 9714, pp.330-341, Ying Tan and Yuhui Shi (Eds), Springer, doi: 10.1007/978-3-319-40973-3_33, 2016
• D. N. Mavris, M. G., Balchanos, WJ. Sung and O. J. Pinon, Towards a big Data-Enabled Virtual Experimentation Framework for Sustainability-Oriented Large-Scale Infrastructure Planning, International Conference on Adaptive Modeling and Simulation (ADMOS 2017), Verbania, Italy, 26-28 June, 2017



NAFEMS.org/Americas Academia & Industry Collaboration: Preparing Students for Careers in Engineering Simulation                                            NAFEMS.org/Academia-Industry

Towards Digital Twin Realizations
29

User can navigate through time/campus 
location and observe past energy performance 
trends for any building of interest 

Interactive, visual-analytics based campus data browser, supporting real-
time situational awareness, campus-level energy usage monitoring and 

model-based energy usage predictions, based on real time data streams
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Towards Digital Twin Realizations
30

Real-time measurements and historic data queried from repositories 
maintained by campus facilities, and is sourced from sensor 
measurements and meter readings installed across campus buildings
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Towards Digital Twin Realizations
31

Comprehensive prediction capability for campus-wide energy usage that includes varying energy 
demand, accounts for total campus cooling load fluctuations, and utilizes weather forecast data
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• Academia & Industry Collaboration is critical to

– Bridge the knowledge and capability gaps

– Foster lifelong learning, teach our students to be resilient, flexible and 
responsible, and help them develop their leadership skills while giving 
them the opportunity to be creative

– Reduce the time it takes to transition a newly-hired engineer into a 
productive actor of any engineering team and processes. 

32

Closing Remarks
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