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ASDL At-A-Glance

« 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
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ASDL in Georgia Tech Organization
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ASDL Organizational Structure

Research Management Director Operations Management

Neil Weston, Chief Engineer St Tanya Ard-Smith, Business Operations Manager
Megan Scheidt, Research Portfolio Manager Dimitri Adrienne Durham, Academic Affairs Manager
Angela Steltzer, Project Initiation Manager Mavris Christina Phillips, Finance Manager
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GT Interdisciplinary Research Institutes

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.
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The ASDL Vision

* |n 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

Aerospace Systems
Design Laboratory
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Facilities
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Georgia Tech High Performance Computing

« 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)

Aerospace Systems
Design Laboratory
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Modes of Engagement with Industry

» Sponsored Research

» Centers of Excellence, Strategic Alliances, Fellowships
* Grand Challenges

* Professional Master’s in Applied Systems Engineering

Aerospace Systems
Design Laboratory
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Modes of Engagement with Industry

« Sponsored Research
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Our Sponsors — Worldwide Support
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Modes of Engagement with Industry

* Centers of Excellence, Strategic Alliances,
Fellowships
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Strategic Alliances

Centers of Excellence

Supported by Advanced A/ \ |
Configurations, Civil \ 4 —
Aviation Research, and w A -w
Propulsion & Energy

Divisions

A'=_||_|=N I

FAA Center of Excellence for
Alternative Jet Fuels & Environment

AIRBUS

Center of Excellence for MBSE
Enabled Overall Aircraft Design

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

Strategic University Partners

/ Supported by
PEGASAS /. Advanced Methods
i Division
FAA Partnership to Enhance
General Aviation Safety,
Accessibility, and Sustainability

SIEMENS

Center of Excellence for
Simulation and Digital Twin

Supported by Digital Engineering Division

Sandia
National
Laboratories

Supported by Defense & Space and Civil
Aviation Research Divisions

Academia & Industry Collaboration: Preparing Students for Careers in Engineering Simulation

kG

Supported by Propulsion &
Energy and Defense & Space
Divisions

Pratt & Whitney Center of
Excellence in Aeropropulsion

BOLEING

Boeing Strategic Partnership for 21st
Century Aerospace Manufacturing

Supported by Digital Engineering and Advanced
Configurations Divisions

A4

LOCKHEED MARTIW

Supported by Defense & Space and Digital
Engineering Divisions
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Modes of Engagement with Industry

* Grand Challenges
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ASDL Grand Challenges

* 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

Aerospace Systems
Design Laboratory
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General Guidelines for Grand Challenges

« 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

Aerospace Systems
Design Laboratory
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2020-2021 System of Systems Grand Challenges
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2020-2021 System of Systems Grand Challenges
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2020-2021 Vehicle Design Grand Challenges

AETHER

Atmospheric Entry Tool for veHicular

A-STARC

Advanced STOL Aircraft for Regional Connectivity
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2020-2021 Vehicle Design Grand Challenges
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ISLAND: Intercepting
Shoulder-Launched Armament
for Neutralizing Drones
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Modes of Engagement with Industry

* Professional Master’s in Applied Systems
Engineering (PMASE)

Aerospace Systems
Design Laboratory
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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

Aerospace Systems
Design Laboratory

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



23

The Future of Engineering Simulation

Interactive Control for

Every Detail of ‘Virtual Adaptive Simulation
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Highly Interactive ‘Control Panel’ Visual Analytics extended to
for ‘Virtual Experiments’ 3D Rendering
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The Future of Engineering Simulation — Key Components

Sensor/Data Fusion
Beyond interpolation of single
data source, multiple source-
driven synthesis for consistent
and robust interpretation and
prediction

* Aerodynamic Pressure Fusion
¢ Process Analysis for Smart Manufacturing
* Dynamic Inference for Building Energy Demand

Physics-Informed
Deep Learning

By leveraging automatic
differentiation and minimizing

residual error, first-order physics

can enhance Deep Learning in

data-scarce engineering domain

+ Solving PDEs without computational grid

» Associating missing data with physics

ﬂ Data-Driven
‘ Decision Making

Explainable Al/ML

By remapping complex

Meta Machine

Learning

Automated model selection,
tuning, and training for any
. given dataset

* Hyper-parameter tuning by Bayesian
Optimization

+ Computational cost reduction by
distributed queuing and training

Geometric Deep Learning

GDL can greatly extend the
current capability of Deep
Learning for unstructured data
forms

* Inference for CFD Mesh Data
* Sensor Fusion from a Graph

Application of deep functions into low-dimensional

reinforcement learning for
- challenging real-world problems

¢ Contextual, Real-Time Command Recommendation
for Complex Engineering Software

* Non-Parametric Aerodynamic Shape Optimization

* Teaching Machine by Human Demonstration

Regression

applications

Single-Fidelity Prediction Error:

von-Mises Stress Error

Multi-fidelity ROM

Internet of Thins

space, enhance readability of
inference by Al/ML models

* Hybridization between ML and Symbolic

* Al/ML applications in safety-critical

Virtual
Representation

Optimal Desig)
Parameters

lest Data

Transfer of
data/information

Physical
Realization

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

Flight Records &
Operation Data

Production
Records

In-Flight Improved Operation
Measurements | Settings & Optimal

Process
Monitoring

Optimal Data Maintenance Schedule
Process
Parameters
Support &
Production Services

Physical Asset

Aerospace Systems
Design Laboratory
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Digital Engineering: Multiple Avenues for Collaboration

Centers of Excellence

Siemens Invests in Georgia Tech, Launches Center of
Excellence for Simulation and Dlgltal Twin

@ ocToser 11, 201

Fischer, i Barry Powell, Dave

for Simulat

n and Digital Twin. With
1 undergraduate and graduate students to utilize data- and model

capabilities to optimize complex infrastrusture systems.

‘The §1.8 million investment from

Siemens in Georgia Tech's Aerospace Systems Design Laboratory (ASDL) will
 upon the role of digital engineering for
mment funded activities, two annual student

Grand Challenge projests and four PhD fellows| tered around the use of simulation capabiliies. The Center
of Excellence will be led by Regents Prc \SDL, and by a managing board made up
several Siemens leaders representative of the company's Research, Smart Infrastructure, and Digital Industries
Sof

he iniiative will include spansored resea

units

“Building upon our decades-long relationst
ing of the challenges we
Maillard, Head of Siemens Technology US. “We pride ourselves on our involvement with higher education
ur Mmaster research agreement with Georgia Tech underscores our joint commitment to

Tech, ourinvestment is a step towards having a greater

e to face tomerrow wtilizing digital

Virginie

instituticns an

innovation while simuitanzaus! oW

preparing the warkforce of Dimitri Mavris

: said
inthis area. In partnership with Siemens, we wil
of simulation and digital tw

‘enter of Excellence that Siemens
d his eenter willal
the development and applic

s 10 further our rese:

ween the airport structure and the surrounding eity to make best

“The four PhD fell
collaboration thraugh Al investigating a dynamic

g teshnolagies for en
methodologies for digital twin validation and calibs

Virginie Maillard meeting with ASDL

nts dring the ickoff avent

Georgia

s one of the lead univ

femens’ newly developed regional tem program. Atianta will be one of the four

Sponsored Research

Boeing-Georgia Tech Collaboration Still Strong After 10+
Years

@ NOVEMBER 29, 2018

For more than 10 years, the Georgia Tech and Boeing Strategic Technical Universities (STU'S) have been training
the next generation of technical leaders through a callaboration that develops transformative design and
manufacturing technologies as a part of its curriculum. At their annual program review, Nov. 8 and 9, leaders from
Tech and Boeing agreed that there's still plenty to do

“Ultimately, this relationship brings together our need to conduct cutting edge research and our need to develop
highly skilled engineers for the future; said Larry Schneider, a 1985 graduate of Georgia Techs Daniel
Guggenheim School of Aerospace Engineering and Boeing’s vice president for Commercial Airplanes.

“In that regard, we are very happy to work with the AE School, because the students are so advanced, he said

Boeing leaders gathered at Georgia Tech's Fuller E. Callaway, Jr. Manufacturing Institute (GTMI) to review the
progress made by the teams of Georgia Tech student researchers wha have been working with Boeing engineers
en more than a dozen projects over the past year. Overseeing the two-day meeting were GTMI associate director,
Shreyes N. Melkote and Boeing associate Technical Fellow Howard Appelman. Joining them were faculty from
Georgia Tech's College of Computing, the Institute for Robotics and Intelligent Machines (IRIM), and the schools of Aeraspace, Mechanical, Material

Shreyes Melkote and

Larry Schneider

Science, and Industrial Systems engineering

The projects range in complexity and goals, but are generally focused on developing next generation manufacturing technologies including design,
automatien, materials and systems integration.

Olivia Pinon Fischer, a research faculty in the Daniel Guggenheim School, said her team's project, *Future Factory Manufacturing and Supporting
Applications for Equipment and Process Heaith Manitoring” has been working on the development of digital twins - virtual representations of physical
assets that integrate data-driven and physics-based models to help assess machine health and optimize operations throughout the factory.

“While our approach this year was implemented on a machine here at Georgia Tech, we hope to be able ta transition this capability to Boeing machines in
the near future,” she said

“Meanwhile, our students are getting the experience of working on a problem that is very relevant to this industry right now. And they are getting the
experience of explaining their work not only to subject matter experts, but to executives as well”

Spread out across the 11 years in which the SUP program has been in existence, the scenario that Fischer describes has had a major impact on the

ecasystems, alongside the Bay Area, Greater Basion and the Industrial Midwest te increase engagement betreen Siemens Technolagy ai s ar

research institutes in amore focused manner.

cing more than 160 veterans, Atlanta is a pivotal hub for Siemens USA, The company is helping the Atlanta region innavate

With over 2,000 emplayees,

hitps jatech

o of many Georgia Tech students. All told, the SUP program estimates it has involved 75 doctoral students, 40 master's students, 46
undergrads, six post-does, and four research engineers. It has generated more than 180 papers and presentations, 14 faculty and student awards, and 10
invention disclosures.

Academia & Indu

Grand Challenges

Aerotropolls: A Digital Twin v
Enabled Smart Airport City

Concept

DEAL: Digital Enterprise
Across Lifecycle

NOMADS

Nonlinear Modelling for
Aerodynamics with Data FuSion

NOMADS: NOnlinear
Modeling for Aerodynamics
with Data FuSion

DELITE: Digital-Twin EnabLed
Virtual Testing Environment

: SIEMENS

SAFER: Solutions for Avoiding
Risk of InFection in Enclosed
EnviRonments

Involvement in Professional
Societies & Working Groups

AeAVAIAIAIAV Align Theme Strategic Insight 2020
suarey NAFEMS
AVAVAYA' VAY
AVAVAVAN

SHAPING THE FUTURE OF AEROSPACE

Acknowledgements

e s ety v i

digital twin-

CONSORTI

ASSESS
DIGITAL TWIN SUMMIT

POWERED BY ASME

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

GAIAA AlA:

DIGITAL TWIN:
DEFINITION & VALUE

https://www.aiaa.org/advocacy/Policy
-Papers/Institute-Position-Papers
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Towards Digital Twin Realizations

For complex engineering systems For socio cyber-physical systems

Digital Twin of the Georgia Tech Campus

+ Planning / Construction
* Renovation / Maintenance
Digital Twin for System of Systems consists

A Real World Digital Twin of
System of Systems

the System of Systems

+ Sustainability/ Optimization
+ Event Analysis / EVAC

of mutually interacting multiple layers

Geographic
Information \ayer

Interactive
Visualization

Traffic & Mobiity
Layer

Energy Layer (Campus
HVAC System)

- ER

- Areas of Interest = Metadata

Analytics Modeling &

i b Energy Layer (Electrical
Simulation

* Lands/Roads « BIM/Occupancy -« statistics Grid System)
« Buildings « Space Usage « Machine Learning  * Physics-Based Tools
* Infra. Networks * Resources - Predictive Analytics * System Dynamics »

* Services * Discrete Event Simulation Security Layer

+ Sensor Measurements « Agent Based Modeling
* Weather
= Consumptions (Energy / Water) City Service
\ayer

* Communication/ Social Media

Digital Twin of Campus Building

Digital Enterprise
Across the Lifecycle

5 Descriptiva
k3 “What happened”
& === “What is happening?”
. ] VlrtqalJ\sgriet‘{‘ :
g i U "‘M‘ i \’1 d[if
o = T e
Optimal Design
Parameters

Improved Operation,
Utilization and Comfort
Settings & Optimal
Maintenance Schedule

Diagnostics
“Why did it happen?”
Predictive
“What is likely to
happen?”
Prescriptive
“How to act in

Aerospace Systems
Design Laboratory

NAFEMS.org/Academia-

Transfer of
data/information

(IX3
% é Rgrerer
Ron

® —©

“As Designed” “As Built”

DIGITAL TWIN
ANALYTICAL& REASONING CAPABILITIES

Physical
Realization

NAFEMS.org/Ameri i Collaboration: Preparing Students for Careers in Engineering Simulati
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Towards Digital Twin Realizations

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 = | e o
Digital Enterprise development of a product
Across the Lifecycle o N Cmciirosh

Goal: Address current limitations of PLM

([ ) - 1 c q

P with the concept of digital enterprise

[
Objective: Formulate, develop and “ b
iImplement a digital enterprise across the _,.,,‘
lifecycle of a system of interest —

Aerospace Systems

O. Kargin, A. Barnes, D. Onur, O.J. Pinon-Fischer, M.G. Balchanos, D.N Mavris, M. Hughes, J. Laleunesse, A. Karl and J. Matlik, “Digital Enterprise Across the Lifecycle”, 2021 AIAA SciTech Aerospace Sciences Meeting, January 2021 DeSIgI‘I Laboratory
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Towards Digital Twin Realizations

Plannin .
Present & Near Future ‘ Mid-Term Future Long-Term Future
Situational Awareness Operations Optimization ‘ Technology Integration Studies Strategic Planning
Digital Twin of the G ia Tech Cam
Explore Benchi Detect Faults Forecast Explore Alt. Ig I a I n o e eo rg Ia ec a p us
the Data Performance egradation BAU Loads Operations
« Planning / Construction
* Renovation / Maintenance \
« Sustainability / Optimization Digital Twin for System of Systems consists
A Real World Digital Twin of « Event Analysis / EVAC of mutually interacting multiple layers

W
W

the System of Systems

System of Systems

/e

Decision Support

Oftcampus
renewsbles

Geographic
PlantEfficency Information \ayer
Interactive

Visualization

On campus renewables

Green bullding nitiatves

Traffic & Mobiliy
Layer

Ultimate
Goals Intelligently monitored campus  Self-optimizing, resilient campus

Energy Layer (Campus
HVAC System)

Analytics Modeling &

Simulation

* Areas of Interest + Metadata Energy layer (Electrical

« Lands/Roads - BIM/Occupancy « statistics Grid System)

« Buildings « Space Usage « Machine Learning  * Physics-Based Tools

« Infra. Networks « Resources + Predictive Analytics * System Dynamics .
ASDL started with access to: ...cleaned, normalized, and mapped to drive: ...soon to be supplemented with « Services + Discrete Event Simulation Security Layer

. = Sensor Measurements * Agent Based Modeling
Meso-scale: ZQ,QOO streams # Macro-scale Situational Awareness - Micro-scale fiata streams i A iy senee
Data from 150+ buildings & 2 plants «  Campus-level visualizations +  ~10k end points per building - Communication/ Social Media £ : Layer
. . . A « Traffic/ Parking

Archived every 15 min for >7 years «  Baselining for detecting degradation * Internal temp, air quality \ + Crime/ Safety J
*  Energy & water metering »  Modeling to project future scenarios ¢ HVAC hardware states

* People counters on newer entryways

¢ |oT sensors from maker spaces
* Mobile device locations,
anonymized

FORES 'GHT

Creating this digital version of campus required that ASDL:

Map & verify data sources Normalize data by weather and campus schedule

Tap into data streams and databases Interpret data with help from GT Facilities Management engineers
Clean erroneous data

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 - I y
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 Deslgn La boratory

NAFEMS.org/Academia-Indus
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Towards Digital Twin Realizations

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

FORESIGHT || o, (O EEE]

0o G o g (PSYChER =y Cor et

1045 Citn Blulichng (Pepehol e | Cootrg Tols

User can navigate through time/campus
location and observe past energy performance

trends for any building of interest Aerospace Systems

Design Laboratory
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Towards Digital Twin Realizations

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

Bidgn (| Num || Ages || «diee [JISSECEY IflaxJ

FORESIGHT

Dok o Bk [Py =y

45 Cion Blukding (F

Buslding Info
e
Cleas AN
Sanaor List

= o R

Samch fanon

Aerospace Systems
Design Laboratory
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Towards Digital Twin Realizations

o g ee——— Y o [ cvc [EEEE
0 iR ERRDRRRE
[19.89] 058 Civil Engine

FORES!GHT [siiis

[16.91] 166 Clough Un¢ NG

ayatem
e Interactive Campus Data Browser
with Predictive Analytics [16.71] 111 Mason Budl
Dark 3 t
KW KV)

A
34,4131 36,5702

Campus Statistics

Temperature & Humidity

Wet Bulb Temperature

Electricity -
GPM GPMGSF Cooling Load (Tenth East System)

T(Supply,F)

Cooling Vil )
;
2 Cooling Load (Tenth West System)

-

r-hwm

Physics-based Modeling &

S i m u I ati O n . : Individual Chiller Power (Tenth)

+ Total Chiiler Power (Tenth)

Select from List  Set1
Set2 Q&N Setd  Sets
Key Facts Plots

Clear Al

Sensor List

I Search Sensors

|
1A\

Load Project

resentation £

Save Project

Data-Driven Models s o @ | 1N

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

Aerospace Systems
Design Laboratory

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

« 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.

Aerospace Systems
Design Laboratory
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