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Objective

AN

Manage
Expecitations
of Airport Owners

to Successfully
| Achieve & Sustain

Airport Digital Twin
(DT) Capabilities




Background

In 2019, researchers
at Markets & Markets
reported that

Digital Twin industry
generated $3.8 billion
USD inrevenue
around the world,
and is projected to
grow to $35.8 billion
USD by 2025
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Background

- Digital Twin tferminology along with loT interoperability
and analytics are renovating previous concepts

Digital Twin software solutions being marketed to airporfs
Airport executives hearing and asking about Digital Twin

Airport Digital-Twin implementations beginning

vy [+ ¥+ ¥

Airport Cooperative Research Program (ACRP) begun to

study Digital Twins for Airports (ACRP 03-66)
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Surveyed Impressions
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Infegration
Real-fime data

¥

3D visualization
(2D and schematics are ok 100)
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Data analytics
Dashboards

2-way flow of-dq’ro
Simulated & Predicted

loT sensors
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Source: AAAE / TRB 2022 Survey




AAAE Digital Twin Working Group gy & %

- Formed Digital Twin Working Group (DT-WG)
December 2021 (under Facilities & Technical Services Committee)

> Primary Objective: Develop Roadmap for Airport Owners

- Regular Zoom Meetings

> Monthly: AllWorking Group Members Invited for Inputs & Reviews of Airport Examples
> Weekly: SmallerSub-Working Group Developing Roadmap Content Details

> DT-WG Membership > AAAE Conference Panels
» 20 Airport Owners > 2022 Ops & Tech in San Antonio
» 40 Solution & Service Providers > 2022 NAC in Orlando

+ AAAE Airport Magazine Article (Oct/Nov)
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> Top Use Cases / Examples

> Maturity Model
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»  System Architecture
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What's an Airport Digital Twin (DT)

Digital representation of airport campus

> integrating data from disparate systems / sources
> to enablesafe, secure, and efficient airport functions

- with past, present, and predicted views

AirportDigital Twin.org Proprietary Information



What's an Airport Digital Twin

An airport owner’s Digital Twin is a virtual digital representation of the airport’s real-world assets, intermodal
transportation (e.g., aircraft, vehicles, passengers, cargo), and processes which may span the entire aerodrome
ecosystem, including but not limited to:

e Air Transportation e Other Buildings
e Ground Transportation e Infrastructure
e Terminal Buildings e Properties & Environment

An airport owner’s digital twin transforms the airport busiliess enterprise by accelerating holistic understanding,
optimal decision-making, and effective action. It uses real-time and historical data to represent the past and present
and simulate predicted futures. It is motivated by outcomes, tailored to use cases, powered by integration, built on
data, guided by domain knowledge, and implemented in IT/OT systems.'

Source:
AAAE Airport Owner's Digital Twin Working Group Roadmap

(based on Digital Twin Consortium’s Definition)




What's an Airport Digital Twin cont

An integration of airport information systems (including processes, data, and technologies)

Data (including spatial®, non-spatial, real-time, historic, forecast, and simulated)

Software (includidig configurable COTS solutions, data maintenance, and business intelligence & analytics)
Hardware (including servers, desktops, laptops, tablets, smartphones, and sensors)

Network devices (including switches, routers, and hotspots)

Cloud services (including software, data, databases, and infrastructure “as a service”)

Staff supporting non-automated data updates (such as airport configuration changes)

Governance (including policies, standards, compliance, processes, and procedures)

That may provide ﬁ@/

Visual multi-dimensional representation of the airport’s ecosystem including its airspace, surroundings,
infrastructure, facilities, assets, systems, flux (e.g., aircraft, vehicles, passengers, meeter greeters), staff
resources, workflows, etc.

Integrated display of correlated information from multiple systems/sources (aka business intelligence) in the
form of analytic graphs, tables, and maps

Temporal analysis of past, current, real-time, forecast, and/or simulated data




What's an Airport Digital Twin cont

To enable

e Efficient collectioh, access, correlation, and understanding of quality" data from multiple airport
systems/sources to support faster and more confident decisions to improve airport:

o Level of Service o Planning & Development
o Safety & Security o Costs & Revenue
o Operations & Maintenance o Compliance & Risk Management

e Autonomous operations and decision making

Source: AAAE Airport Owner’s Digital Twin Working Group Roadmap



In support of all airport management disciplines

Planning & Environmental
Engineering & Construction
Facilities & Asset Maintenance
Operations (Landside, Terminal, Airside, Security, Fire, Police)
Property Leasing & Concessions
Business Development
Public & Governmental Affairs e Board members
Information Technology & Communications Management
Finance & Procurement Staff
Legal & Administration Vendors / Consultants / Contractors / Service providers
Tenants
Passengers
Meeters & Greeters

Source: AAAE Airport Owner's Digital Twin Governing agencies (e.g., local, state, federal)
Working Group Roadmap Surrounding Community

Addressing informational needs of various airport stakeholders




What's an Airport Digital Twin cont -F‘

An airport owner’s digital twin is

e NOT asingle system, but rather an integration of systems/data,
which are assembled into a Digital Twin head-end system
NOT replacing existing airport systems, but rather expanding their utility;
some existing systems may become obsolete or consolidated as a result of a Digital Twin
NOT the Architectural-Engineering-Construction (AEC) Digital Twin used to design-build-activate new facilities;
however, the AEC’s Digital Twin data may be leveraged by the airport owner’s Digital Twin
NOT a Building Information Modeling (BIM) nor a Geospatial Information System (GIS),
although BIM and GIS are parts of a digital twin

Source: AAAE Airport Owner’s Digital Twin Working Group Roadmap



Challenges Facilitated by Digital Twin I:b

> Internet of Things (loT) with analytics have become common place
(e.g., CCTV cameras, sensors, alarms, elevators, escalators, etc.)

- Different |oT types overlayed on disparate system maps/floorplans
need to be updated more efficiently with constant airport changes

>  Need to correlate-interdependencies of various |oT types across
large and complex-airport facilities that are constantly evolving

> Need various |oTs with analyfics on same “page”
via shared up-to-date airport maps/floorplans

AirportDigital Twin.org Proprietary Information



Examples requiring Correlation
via a Digital Twin

> PAX Movements Analyfics
- Building Sensors Analytics

> CCTV Imagery Analyfics

mmmmmm

IIIust&ex\

VideoEdge45

. Device List X | @Sites % | Call ups X | i Clips X

AirportDigital Twin.org Proprietary Information
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Examples of DT Data Fusion Needs

» ALP & Floor Plans

3D LIDAR with Draped Imagery
Qutdoors & Indoors

Airspace / AOA Traffic & NOTAMS
Aircraft Gate Turn-Around Status
On-Airport Roadways / Curbs

Parking Garages / Lots Status

e H 1Y ¥+ ¥

People Movers Status

- Elevators / Escalators Status

AirportDigital Twin.org Proprietary Information

¥ RN S v . ¥

Ticket Counters Status
Security Checkpoints Status
PAX Congestion / Queues
Bathrooms Status

Alarms / Sensors / CCTV
Incidents / Complaints

Inspections / Issues / Weather

P

Projects, Work Orders, Outages...



Open System Architecture Approach

Datasets

Enterprise Data Stores
P & Reports

DT User Interfaces Enterprise Bl Middleware Application Programming Interfaces (APIl)s Systems / Applications

‘ System }

vVVvYy

Analytics P

Airport
Business
Intelligence
(Bl) Data
Warehouse

Airport
Operations

A 4

Platform

L

Manager

A

— }...\

Database
(AODB)

23D Drmee

Future via APIs

p—>]

Airport
Documentation
Database

Airport

Geospatial
Database

A

»[  Airport ERP
—» Database

7

( Data ,

Source: AAAE Digital Twin Working Group




Bl

Airport DT Components

AODB — Airport Operations Database

BAS — Building Automation System

Bl — Business Intelligence

BIM — Building Information Modeling

CAD — Computer Aided Design

CMMS - Computerized Maintenance Mgm't Sys’
DBMS — Database Mgm'tSystems
EDMS — Electronic Doc’'s Mgm'tSystem
GIS — Geospatial Information System
loT — Internet of Things——

LIDAR — Light Detection and Ranging
LMS - Lease ManagementSystem  Aauues SRR eeis A

PIMS - Project Info’ Mgm'tSystem N —
Planning-Design-Construction

h
'
|
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|
!
!
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Holistic DT Stakeholders A
Airport Owner-Side ---——-—-—--- >

Planning & Environmental

(%)
X
Engineering & Construction é()b
O
Operations & Security 060 :
- . )
Facilities Maintenance C-3§
)
V)

IT Systems & Infrastructure

Leasing & Cdncessibn_s (Revenues)

Finance & Procurement

¥y ¥y 1H ¥ ¥+ ¥ ¥+ ¥+

Legal & Administration ’ \
Planning-Design-Construction

AirportDigital Twin.org Proprietary Information



AirportDigital Twin.org Proprietary Information
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components
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DT Leverages Existing Systems Data

‘ Bl Analytics

N

CAD-GIS-BIM

AirportDigital Twin.org Proprietary Information



AAAE DT-WG Review of Airport Examples %

> AMS > MCO
> YVR > CLT
> PANYNJ > SFO

> DFW > LAS
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WILBUR Transfers

Asrivals with transfer pax X
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Hua Digital Twin Flight Information
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Passenger Processing Vv
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onveyance Monitoring
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PARENT ACCOUNT

1l Conveyance Monitoring
M ANA303 Mech Rm (PXSF)
@ ANAES14-1 D (A002VD)
@ contact Yes
@ ANAES14-2 D (AD02UM)
@ contact Yes
@ ANAES14-3 U (AOODEH)
@ contact Yes
& ANA307 Mech Rm (6WNG)
@ ANAES16-1 D (AO02VU)
@ contacT Yes
@ ANAES16-2 D (A002T8)
@ contacr Yes
@ ANAES16-3 U (ADO2WO0)
@ contacr Yes
& AS FIS (4M4D)
@ ASAES-FIS (A004C3)
@& contacT Yes
& ASA303 Mech Rm (PF7X)
@ ASAES29-1 D (A002V2)
@ contacT Yes
@ ASAES29-2 D (A0D2UX)
@ contacT Yes
@ ASAES29-3 U (AOD2UR)
@ contacT Yes
& ASA307 Mech Rm (PWUS)
@ ASAES34-1 D (A0DD2UV)
@ contact Yes
@@ ASAES34-2 D (A0D2VN)
@& contact Yes
@ ASAES34-3 U (A0D2SV)
@& contact Yes
@ BO1FIS901DD Mech Rm (SFES)
@ BO1AMSO1 (A004SL)
@& contacT Yes
@ B02A324 Elev Mach Rm (4GNG)
@ BO1AESO1 (AOO4E))
# contact No

LIST

ACCOUNT
Conveyance Monitoring

Account Summary

THRESHOLD STATUS (166)

Offline Gateways (5)

GATEWAY

& CSA307 Mech Rm (275V)

M B04A317 Custodial Closet A/B Conn (2FEF)
& D Gar LV5 Elev E4 Vestibule (5FUU)

& BNA308 Mech Rm (ZU6Q)

@ D Gar LV1 Elev E4 Vestibule (6555)

Unmapped Hardware

+” NONE

THRESHOLDS NOTIFICATIONS v CONVERSIONS ANALYTICS v DISPATCH  VERIFICATION

ABNORMAL HARDWARE

OFFLINE
19 mins
3 hours
3.3 days
3.6 days

26 days

ACCOUNT NUMBER

702.947
LANGUAGE
English
RETENTION PERIOD
1 year
A
Critical Measurements (6)
MEASUREMENT A ABNORMAL
24 mins
38 mins
3.5 days
3.5days
3.5 days
3.5 days

Offline Sensors (11)
SENSOR OFFLINE
@ CSAES32-1 D (A002VP)
@ CSAES32-2 D (AD02TU)
@ CSAES32-3 U (A002V5)
@ ESB6A26 U (AOD4EG)
@ ESB6A27 D (ADO4RN)
@ MSW #1 (A0048S)

@ W1b (AOOSYE)

CREATION DATE
2021-09-09

TIME ZONE
-06:00 CST - Chicago (+DST)

Warning Measurements

«” NONE

Low Battery Sensors

+” NONE

ADMIN v USER~  HELP
(@ Last4 hours v

P .
£ ®

Term B Stop 2
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Alternate Classification

Description
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Geometry Spatial Reference

model number

Site ID

Files
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E\ffﬁ =» NEW TERMINAL-A

T5-4
o
CHRP ™% Balancing Valve
(Manual)
&
Ty

Manual Valve [N.C.)
OPEN DURING WINTER

PRIMARY CHILLED WATER SYSTEM (PCHWP-1,2,3)

North Pier Apron Level

PCHWP-1

PCHWP-2

CHWS Temp (ETU Mater)

%4F oy
Ts-3
CHWR 312.1°F CHW Flow ([ BTU Meter) 4 35.9°F
To CHRP g 1,692 GFM PCHWP-2 gy
, 5,914,402 BTU/HR
CHWR Temp (BTU Meter) ’
545 °F 152 L ;
-~ 54.7°F :P:; —J
PCHWP | LEAD LAG CONTROI -~ ' L JEE
01%

PCHW Pump Lead Lag Selection  Auto  ~

PCHW Pump Manual Selction PCHWP -T|

PCHW Lead/Lag Schedule ()

PCHW Final Lead Pump Selection pCHWP- 2 t

PT-2

PCHWP-1 | CONTROL PCHWP-2 | CONTROL PCHWP-3 | CONTROL 84.1 psi

Command Stop

VFD Fault Alarm Normal

Run Fail Alarm Normal

Run Hours 761 hrs

Command Start
Status B Status O Status
Speed 0.0% Speed 58.2% Speed
VFD Fault Alarm  Nermal
Run Fail Alarm Normal
Run Hours 680 hrs

Outof Service  Inactive ~ |l Out of Service | Inactive ~

Command

Stop

0.0%

VFD Fault Alarm Normal
Run Fail Alarm Normal
Run Hours

Qut of Service  Inactive -

761 hrs

Humidity
44.6 %RH

@ DryBulb Temp  WetBulb Temp
- 87.2°F 70.7 °F
SYSTEM | CONTROL

Occupancy Mode

Occupied ~

Cutside Air Temperature 87.2°F

Summer [ Winter Setpuint

Summer [ Winter Mode Summer

Inactive -
Normal ~

Manual Enable CHWS
CHW System Enable

Alarm Reset

PT-1
98.1 psi

¥

r

CHWS
DPT-2

(In Plant Rm)
14.6 psi

CHWR

PORT
AUTHORITY
NY NJ

|




- | __X
= E_\F'\JJR“‘:{”"" o NEW TERMINAL—A

SYSTEM | CONTROL
Occupancy Mode
Qutside Air Temp
Summer [ Winter Setpoint [
Summer / Winter Mode
HTHWS Temp Low Limit |
HTHW Low Limit Cutoft

HX Isolation Valve Enable
PHW Pump Enable

HTHW Control Valve Enable
Lag PHW Pump Demand
Lag HX Demand

Alarm Reset

DPT-2
DP SP 0.1 psi
100psi
- |
BPV-1
99.9 %

w

L1 100.0 %

’ Unoccupiel ¥

87.0°F

50.0°F

Summer
130.0 °F
Active
Disable
Disable
Disable
Disable
Disable

| Normal v

PRIMARY HOT WATER SYSTEM

NORTH PIER PUMP ROOM

HTHWS
from HTHW
TS-1 CHRP AUX
86%F 7 182 from ”T:'DWR
756°%F =/ CHRP CHRP
HTHW BTU Meter -
0.0 gpm 0.0BTU ﬁ e
HTHWS (ETU Meter) , 743°F
00F ! .
HTHWR (BTU Meter)
Y 1n9F W
+(2/3) HTHWV-2
& 19% [

sj.

V-1
Closed

V-2
Closed

TS4
/ Lz.s °F

PHWP-1 | CONTROL

<

PHWP-2 | CONTROL

Stop | Command

' Status

0.0% |Speed

Normal | VFD Fault

Normal |Run Fail
1,643 hrs | Run Hours
Inactive v || Out of Service

I

DryBulb Temp WetBulb Temp Humidity
87.0°F 703°F 43.9 %RH

PHWP-3 | CONTROL
Stop Stop

0.0 % 0.0%
Normal Normal
Normal [ Normal

2,622 hrs 1,357 hrs

Out of Service Wtw‘e_v
HX AND PHWP | LEAD LAG CONTRO
HX Lead Lag Selection Auto v

HX Manual Selction HX - E
HX Auto Selection HX- 3

HX Lead/Lag Schedule Point ~ |Auto v
HX Lead Selected HX- 3

PHW Pump Lead Lag Auto v
PHW Pump Manual Selction ~ pHWP -i‘
PHW Pump Auto Selection PHWP-3

PHW Lead/lag Schedule Manual v
PHW Pump Lead Selected PHWP -3

PORT
AUTHORITY
NY NJ

-
PHWR

DFT-1
(In Plant Rm) DP SP
0.1 psi 12.0 psi



HE

X o NEW TERMINAL-A RTAC-01S @ DryBulb Temp WetBulb Temp Humidity
EW R Sector-19 South Pier Roof " il R
Max
EAT/H EA Fire Alarm Mode Status | BY FAS
MD-3  AFMS-3 875°F AFMS-4 MD-4 Fire Alarm Shutdown
100.0% 5,239 cfm 43 %RH 0 cfm 0.0%

Atrium Purge Mode {ASC)

-
-

Cold Smoke Purge Mode

86.9°F 100.0%
44 %RH AFMS-1 N

Py Retumn
4,872 cfm it Air
Alarm
765°F DPS-2
Su
MD-2 56%RH Normal ::'V
0.0% ' HW FPP <) =
. AFMS-5 TS1  Open :
o S We3etm 0 565°F :
0A ! ormal DPT-1
SRR 0.75 "w.c
SYSTEM | CONTROL B
Occupied Command | Occupied v\ -~ Hwv -
Manual Override Cmd ’ Inactive Vv \ HWR 0.0% " CHWV
Unoccupied Request , CHWR 874%
HVAC All Safeties Status ' po RT
, AUTHORITY
Fire Alarm Status FAN CONTROL | SF RF NY NJ
Supply SD Command Start Command Start Start |

Return SD Command

Fan Run Status

Supply SD Open Status

w
L)

Return SD Open Status

Fan Speed Signal 804 % 35.4% More Detail B Alarm Detail

Run Fail Alarm




PORT
AUTHORITY EWR OPERATIONAL DASHBOARD PA TRAFFIC
L . . .
AR LAND RAIL SEA There are no active alerts at this time. # 0 ENGINEERING
TERMINAL A TERMINAL B TERMINAL C
NOW
Congestion Level (i) N ——
k Airport
GREEN ---_--- al C
_ 21:00 01:00 07-00 11:00 14:00 17:00 21:00
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Y A e
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CLARK COUNTY
DEPARTMENT OF AVIATION
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Airport Management System Maptips

Locations ~ Search ~ Tools Help
Gate Analysis Tool

Start Time 5:30 AM ® End Time 11:00 AM ®

Gates All Gates » Depart/Arnval Both -

Submit @ S I HOLOMNG

PAD s
Total Flights: 2561(Arr: 107 Dep: 144) Flights Mapped 70 i s =\
# Flights Without Capacity: 127 y A S "S\
Passengers: Known 19560 Unknown (Estimate) 19050 \
Total Estimated Passengers: 38610
View Pie Charts
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Airlines 7:30:00 AM

American 10/19/2021
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Top Use Cases

Yy ¥ ¥ ¥ ¥ ¥ ¥

Landside Arrivals
Shuttle Bus Frequency
Security Checkpoints
Digital Content

APM Frequency——

Concessions

Connecting Flights/PAX Loads

[ R ™

¥ ¥

Needed @ Airports fb

Terminal Resources

Terminal Energy Management
Terminal Cleaning

PAX Health

Safety Management System (SMS)

Security/Emergency
Sifuational Awareness

Predictive Maintenance

Work Scheduling (e.g., O&M, CIP)



Path to Achieving Airpori Digital Twin

Maturity Model
- Staffing

Business Processes
Data Housing
Metrics & Analyfics
Data Flow -
Spatial Correlation

Systems Integration

Yy ¥ ¥ (¥ ¥+ ¥+ ¥

Predictive Simulation

AAAE Airpo

Digital

NI
4

Twin Maturity Model I

S E—— -
T — [ —

Staffing

Business
Processes

Metrics &
Analytics

Self motivated individual
division staff conducting

analysis

No automated data

sharing flow (i.e., manual

batch loading, not real
time via API)

Some loT device data
flow within proprietary
disparate systems

Utopia

Proactive centralized Business Intelligence (BI) organizational function

Division designated
dedicated analyst
Understaffed

Few mapped with some
workflow automation

Combination of siloed
and centralized

Developing division
metrics for key priorities

Manual and automated | Manual and automated
data sharing flow data sharing flow

External partners data is
partially manual (e.g.,
airlines, concessions,

etc.)

Some internal airport
systems with automated
data sharing

Some machine learning
automation reducing
needed staff levels

Full machine learning

Adequately staffed .
automation

Mostly mapped with
some workflow
automation

Completely mapped with
some workflow
automation

Completely mapped with
full workflow automation

Full accessibility &
alignment

Calibrate alignment of
metrics to improve
performance

Fully aligned enterprise
into employee work with on-demand metrics

tasks

Priority external and all
internal data flows
automated All data feeds automated
with self reported

validated

All data feeds automated
Automated PAX (no self reporting)
demographics, POS,
concessions data, airline

activity overlay

Common basemap automated web services

Source: AAAE Digital Twin Working Group



Takeaways |gls

- Alrport Owner's Digital Twin (DT) is not a single software
solution; it's an integration of data, processes, and technology

> DT is NOT replacing existing airport systems,
but rather expands their utility via integration

> DT requires sustainable geospatial framework

> Airport CIP builds and renovates assefts
physically and should also virtually via DT

AirportDigital Twin.org Proprietary Information



Biggest Challenges

- Funding resources to build & sustain if
- Organizational placement of steward

- Data update process lag time

e —

N

AirportDigital Twin.org Proprietary Information



First Steps Towards Achieving DT

Setup Airport Business Intelligence (Bl) Group

Equipped with: § r—f‘

- Enterprise analytics plaiform such as Tableau,
Microsoft Power Bl, and/or ArcGlIS Insights

(Overlaid on GIS across terminal complex and campus-wide)

- Data warehouse and middleware for processing and
integrating data from multiple sources

AirportDigital Twin.org Proprietary Information



Keys to Success / I:I}

, -
> Business use-case driven T ?N

» Enferprise analytics correlated over GIS spatial maps

~» Updated floor plans and campus basemap

(including sensor locations)

- Stewardship by Airport’s Business Inteligence (Bl) Group

AirportDigital Twin.org Proprietary Information



Keys to Sustaining Airport Digital Twin $

’ > Keep it Simple & Sustainable (KISS) Principle

» Leverage loT sensors with APIs to automate overlay of
real-time (and historical) data

leverage simple GIS symbolized point features in 2D/3D

" Leverage LIDAR draped imagery with semi-
auvtomated/robotic scanning platforms indoors and
outdoors

AirportDigital Twin.org Proprietary Information



Roadmap to Sustainable Airport Digital Twins
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