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What's an Airport Digital Twin (ARP-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

Sponsored by www.AirportDigital Twin.org AAAE Operations & Technology Symposium 2023
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Airport ARP-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
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Holistic ARP-DT Stakeholders .
Airport Owner-Side -----—----- > oifierent

Planning & Environmental
Engineering & Construction
Operations & Security
Facilities Maintenance

IT Systems & Infrastructure

Leasing & Cdncessibn_s (Revenues)

Finance & Procurement

¥y ¥y 1H ¥ ¥+ ¥ ¥+ ¥+

Legal & Administration

Planning-Design-Construction

Sponsored by www.AirportDigital Twin.org AAAE Operations & Technology Symposium 2023



DT
Foundation

“Skeleton”

correlates DT
components
together

vVid common
denominator

key

Planning-Design-Construction

fo achieving DT
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DT 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




DT Top Use Cases

ﬁE

ll Needed @ Airports

- Terminal Resources
> Landside Arrivals
- Terminal Energy Management
> Shuttle Bus Frequency
- Terminal Cleaning
- Security Checkpoints
> PAX Health
»  Digital Content
- Safety Management System (SMS)
> APM Frequency——
: e 7 Security/Emergency
7> Concessions Situational Awareness
o Connec’ring F|IghTS/PAX Loads >  Predictive Maintenance
> Work Scheduling (e.g., O&M, CIP)

Source: AAAE Digital Twin Working Group



Path to Achieving ARP-DT

Maturity Model

- Staffing

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

Yy ¥ ¥ (¥ ¥+ ¥+ ¥

Predictive Simulation

NI
4

I_I AAAE Airport Digital Twin Maturity Model I

A | T S S B I IO BN S |
Entry Level Utopia
I_I______

Proactive centralized Business Intelligence (BI) organizational function
Self motivated individual 8 (BI) org

division staff conducting
analysis

Division designated

Staffing dedicated analyst

Some machine learning
automation reducing
needed staff levels

Full machine learning
automation

Understaffed Adequately staffed

Mostly mapped with
some workflow
automation

Completely mapped with
some workflow
automation

Business
Processes

Few mapped with some
workflow automation

Completely mapped with
full workflow automation

Mostly centralized data | Centralized & integrated
hub/warehouse data warehouse

Full accessibility &

Mostly aligned data _
alignment

. Combination of siloed
Siloed .
and centralized

Build alignment of
Developing centralized | organizational measures

Metrics &
Analytics

Calibrate alignment of
metrics to improve
performance

Developing division
metrics for key priorities

Fully aligned enterprise

Measuring available data
8 with on-demand metrics

universal metrics into employee work

tasks

No automated data
sharing flow (i.e., manual | Manual and automated | Manual and automated
batch loading, not real data sharing flow data sharing flow
time via API)

Priority external and all
internal data flows

automated All data feeds automated

. All data feeds automated
with self reported

External partners data is Automated PAX validated (no self reporting)
partially manual (e.g., demographics, POS,
airlines, concessions, | concessions data, airline

etc.) activity overlay

Some loT device data Some internal airport
flow within proprietary | systems with automated

disparate systems data sharing

Source: AAAE Digital Twin Working Group



15t ARP-DT Challenge

Limitations of spatial analytics with fraditional
Business Intelligence (Bl) analytics platforms

Power Bl and Tableau are limited to only 2 spatial layers;
Need many more such as:

Floor Plan Levels
Aircraft Gates
Tenants & Concessions
Sensors & Alarms
Doors

Resources

Work Orders
Projects

Etc.

Sponsored by www.AirportDigital Twin.org AAAE Operations & Technology Symposium 2023
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Limited Spatial Bl via Ta

X . - X Month, Day, Year of Actual
Currently Active Gates For - 6:00:01 /

June 29, 2023 - Concessions Map

Arrival Or Departure

[

Report Date Parameter
[ . -

Actual Time Pericd
< || 6:00:00AM ~ || » Highlight Concept Name
o

) f— 9 Concept Type color
CHARLOTTE DOUGLAS _ - 3 oo

Concourse D
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Spatial Bl Analytics e < e

XSPATIAL $
Leading Software Options

> PowerBl with Embedded Esri Maps

+++
+ableau
Power Bl

> Tableau with Embedded Esri Maps

- Esri ArcGlS:

- Dashboards
> Insights

> Web Applications
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Rooms at CLT Operations Das...

: . Tenant: Description: Concourse: Expire:
X-Spatial _“lg{‘k:‘."“

Leases to Expire

This Quarter:

= 21

Next Quarter: 53

Total Room Area:

230,554.4 ft?

1/4 Year

Map Legend Area by Tenant and Room Description
FloorPlan
Lease Exparation Timeline .
o
D
]
w
[
Rooms 3
 P————
o
: ] wy
<Null> g
[+
e o & l._l
. Air Canadsa ; =E.—.- --
R
B cr sradies  JetBlue
— : T on
B Common Use ey S
S — [——————3 ]
I 2021 rE Vs Jul _3:: Now Lastyuposte: 8 minute 55‘5
-~
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Esri Insights Example

E2 CLT- One Day Passenger and Airline Analytics

S pat\a ana |‘j5|8 r and Airline Analytics

Buffer/ Drive Times

«
.
€
S
5
€
“
s
L
o

Lt el

Find Nearest
Airbus A321

K-Means Clusters
Airbus A321 i$ >

Airbus A321
LECTLEIREN 800 Passenger

.
700 (winglets) o

Passenger

Density Calculate Density
Boeing 737- Ratio
800 Passenger i

Sponsored by www.AirportDigital Twin.
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2"d ARP-DT Challenge

Merging dynamic
INformartion from across
airport campus

onto single
HpOgeH OI’ ”mOp”
for analytical correlation

e —

e

Sponsored by www.AirportDigital Twin.org
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Issues

Inspections

Work orders
Passenger counts
Processing fimes
Sensor feeds
Video analyfics

etc.
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2"d ARP-DT Challenge

Merging various dynamic
INformartion from across
the airport campus

- — — — —
2 ’ W 2x2 View X % First Floor X |
i Discovered Recorders -

D 4 g Recorders .

4 [ VideoEdge

g Lab3U-4

T+ fustra 610
e litustra Flex

@ SpeedDome Ultra
JidecEdgeds

i workstations

| Device List X [ Sites x | Call ups X | @ Clips X | _
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Real-Time Sensors Overlay

tips

| Chariotte Douglas Interational A W |

[ (AdminOnly] CLT v
[Level 01 v
[ Default Facility Map v
[ Terminal v
=
Building "j
[ Main v
Floor 8 £

[Ficor2-cLT_TERMOc0202 v

[ Checkpoint Status v

/airports.x-spatial.com/U

LS| @ RQE R P

Layers PN

Floor Features
® [ %y building_room_area
[k @ Doors
# [V]¥gy Floorplan_STD
D (R E building_moving_side
® [ s %y space
Safety
L @3y Security Checkpoint
K Closed
. Less Than 4 min
[[] Between 4-10 min
] Between 10-20 min
. More than 20 min
/\ Unknown
Ok Fire Alarm
[k § bg_fire_extinguishers
#® [ Building Equipment
® [JE Cadastre
®[JE Grids
®H [JE Aeral

« — ) |
red by www.AirportDigital Twin.org

Concourse D
Concourse E
Terminal Area

»
Powered by m |

2468|CLT

2469|CLT

»
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Real-Time Spatial Analytics

Min Checkpoint Wait Time for all Checkpoints

Security Checkpoint Wait Time Status

BUILDING_SPACE_AREA: 3140

Average Checkpoint Wait Time for all Checkpoints

30

Max Checkpoint Wait Time for all Checkpoints

Sponsored by www.AirportDigital Twin.org AAAE Operations & Technology Symposium 2023



Machine Vision & Video Analytics [IEESS $

4 I

Alrcraft
Turn-
Around
Processing

.

e ————————
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Machine Vision & Video Analytics $

o I / 08|r . 1022 19: 05 00:903
-

i~ o 0 L b
AT I R !
L h
N " ‘A f
| 1 f e \
."‘ _ APy T l/
| IIAI 7 ¥/ /
& 4 /
] /
I ’ ®

Passenger
Counting

small baggage: O
medium baggage: O
passengers: 1

N
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Machine Vision & Video Analytics [IEESS $

4 iy Y
Defection model: 02336s
.01 -
Tracker: 0.0443s |
w«j i —
glocity: 0.000s
structure -
A /

Ramp
Safety
Hazard
Detection

Sponsored by www.AirportDigital Twin.org
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Machine Vision & Video Analytics $

IntellAct’s video analytics middleware with APlused for aircraft
gate turn-around, passenger counts, and safety applications

IMPROVE AIRPORT ON TIME PERFORMANCE (OTP) BY 5%

Reduce departure delaysby 10% (YoY) KPI Visualization

Decrease bagsloadingtime by 15% Live Dash-boarding

Performance
STAFF INDIVIDUAL Anomaly Detection

MEASURES

Load 10 bags per minute

Sponsored by www.AirportDigital Twin.org AAAE Operations & Technology Symposium 2023
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Digital Twin Transformation Platform CEPIO>

Your Work, Simplified.®

loT Devices Dashboards
W Field Data Spreadsheets
GIS A _ Reports
:
~ | Projects Maps
ﬁ Funds Photos
i Budgets Documents
Data Sources Data Transformation Data Fusion Outputs
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Merging Information

¥

lcons & Colors

Tool Tips

P ro Ce d U r e C h e C k I i STS T e . - S Wk Orders By Svic Goup - o . [— h —
- §4 Export Exce

Workflows

Form Templates

List/Table-Views

Worst-Case Scenario Ou

Aircraft may extremely

User Configurable

Severity

Map Views

Remote: P
Likelihood % s ther

e a8

R + v+ ¥

Reports & PDFs |

Explanation

Dashboards

<
[ I < I

<
< I 4

sri Community Maps Contributors, State fF rida, Maxar,
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Merging Information

> Speech to Text
Photo-Video-Audio Capture
Record Documents
Association Links

Sticky Note Reminders

e —

Google speech to text for capturing discrepancy
descriptions without typing while performing inspections

lify i3
pogveréd by (LP_/E)
Your Work, Simphfied®

Collaboration Comments

e-Mail & Text Communication

Calendar Scheduling

+ + St

Change Tracking

Embedded

Research this particular sign light failure history

4 \ = |

Sponsored by www.AirportDigital Twin.org
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SimplifydEs <«
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L

0 &% 2 o ©

L}
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A

Home

Map

Dashboard

Service Requests v

Incident Reports

A Safety Hazards

Other
Inspections
Work Orders
Projects

Assets

Contacts Directory
Setup

Trainings
Documents
Administration
Reports Designer

User Reports

\Simplify i3

simplifyi3.com powered by CEPIC :
ey

2 Hi Good Mornl§
Felipe Bergano

- SMS @ Foxa = |

Aircraft Damage | Service Requests - Aircraft Damage - Details

Details Attac

Organization ‘ Location Description

Operations Near taxiway by the T hangars

Service Request ID Postal Address

AIRCRFT-DMG-000001 Boca Raton Airport, 3700 Airport Rd, Boca Raton, FL, 33431, USA

Service Request Name Shift Latitude Longitude

Aircraft Damage - 12/14/2022 - 04:40 PM O Moming O Evening @ Overnight 26.37887 -801077

Initiated By

Felipe Bergano v

O/, A A @R PO x

Date / Time of Incident Date / Time Reported

12/14/2022 1:49 PM n 12/14/202212:30 AM

Incident Reported By

Tenant

Location of Incident Airfield Location

Airfield v O Runway
® Taxiway

O other
BRAA Notified Via BRAA Stoff Notified

Notification Not Needed W Robert Pratt

Priority Status

@ Ml ,I, New

Aircraft Issue

During transit there was wheel domage and aircraft collapsed

Aircraft Damage

Wheels, underneath cockpit

CEPIC D copyrignt © 2022 by EPIC Engineering & Consulting Group, LLE. All Rights Reserved

ard | APL: vi0.3.0] Client: v9.0.1.0 [20230103 318 AM

AAAE Operations & Technology Symposium 2023



implify i3

I simplifyi3.com Sowered by 'PIC
#A Home Incident Reports | Service Requests - Incident Reports | \ 4 t*"‘ —HIK 2™
@ Dashboard >
W Map > Status 1+ @
Auto Fit o ) Select Template v @ SelectView | David-view X Vv X Q Columns W
Actions ServiceRequestiD = Service Request Name = |1 Priority © | Date/Timeofincide = | UpdatedOn = [T Status @ Hazard Type = | Incident Reported By =

A Incident Reports

¥ Priority: Critical - 1 item
A Safety Hazards
¥ Status: New - litem

(®) (@) (o)

Other

AIRCRFT-DMG-000014 Aircraft Damage - 03/17/2023 - 09:03 AM 01- Paved Areas

8 Inspections > o :
¥ | Priority: High - 1item

B  WorkOrders 2 ¥ Status: New - Sitems
B Projects > @ (@) |'_j AIRCRFT-DMG-000017 Aircraft Damage - 03/21/2023 - 0616 AM 03/21/202312:00 PM 03 - Safety Areas App
£ Assets > @ (@) faJ AIRCRFT-DMG-000012 Aircraft Damage - 03/17/2023 - 04:43 AM 03/17/2023 04:47 AM 01- Paved Areas App
B Contacts Directory > (®)(@)(B) | BRKNG-THFT-000004 Break-In/Theft - 03/15/2023 - 0515 PM 03/15/2023 03- Safety Areas
B security Badges N @ (@) [E] DSBLD-ACRFT-000003 Disabled Aircraft - 03/15/2023 - 06:08 PM 03/30/202312:00 PM 1- NAVAIDs Admin
@ (@) (a) ALERT2-000005 Alert 2 - 03/15/2023 - 07:06 AM 03/15/202312:00 PM 03/16/2023 - NAVAIDs Anand
®s  Setup > ==
w | Priority: Low - 4 items
& Trainings >
w| Status: Closed - 2 items
B Documents > — — — — e :
Z) (=) @ (m) (o) WLDLF-STRK-000003 Wildlife Strike - 03/13/2023 - 0114 PM Low 03/13/202312:00 PM Alfredo Mercado
E SAsHGtan 3 ; () (@) (@) | ARCRFT-DMG-000009 Aircraft Damage - 03/16/2023 - 04:05 PM Low 03/10/202312:00 PM 03/16/2023 02- Unpaved Areas Craig Nyarumbu
Reports Designer | Status: Completed - 3 items
Sl = = ki i
(2] (=) @ (1) (a) GNRL-INCDNT-000001 General Incident - 01/27/2023 - 02:42 PM Low 01/27/2023 01:26 PM 01/30/2023 Completed S Robert Pratt
— =/ — = And Materials (Fueling

("

Analysis Reports

Items per page

Operations)

10of 2 pages (63 items)

( Copyright © 2023 by EPIC Engineering & Consuiting Group, LLC. All Rights

Sponsored by www Al rportDigitlaI':f\'/vin.org
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implify i3

simplifyi3.com .
. plify powered by PIC
4 Simplify i3 - TR G Sepptiect
- < b ,} v
= DIV
Graph o X a
PN - -~ -
Work Orders By Work Order Type Work Orders By Priority Work Orders By Status
Sunshine Hill
Select graph type Pie v Select graph type Column v Select graph type Column v
@ Dashboard
211124
2 250 200
& Contracts
200 185
. 2 J
@ Projects o n 150
§ 150 %
& Assets - S &
] ] 100
: 5 0 5
A Service Requests w = =
B Work Orders 50 4
4 8 g > 2 8
(1 Maps 0 . . T 0
Prigrity Mot Set High Low Medium Status Mot Set Active Approved Completed Requested
& Contacts Priority N Status
$ Funds
il Inspections
i’ t’ l"
= 2 Work Orders By Category Work Orders By Service Group Work Orders By Assignee
= Reports
& Setup Select graph type Doughnut v Select graph type Line v Select graph type Bar v
140 -
"
120 Rennie Blanco 12
w100 82 4
- 78 8
Is} 80 2 Patrick Criner
oy
R 2
= z 78
*® 40 Canielle Keirsey )
17
20 - 5 11 1
1 1
a T T T T T ] Ascianee Not Se 5
Service Group Mot Set 200 Division 300 Division 400 Division Assignes Not Set t T T T T 8 1
100 Division Maintenance o 20 40 &0 80 100
Service Group # Work Orders

AAAE Operations & Technology Symposium 2023
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i3
P d)
powered by (&g

Simpified®

Hi, Good Afternoon

Map View

i3 . _. / RPORT © Hannahoakiand H

Dashboard > GlobalMap | Map - Global Map (8

Map
i Global Map S5
{588
e O
Service Requests > o i3 Data Layers
T -
W i = Y &= ! Work Orders
8 Inspections > e : ' Ny ; o Sk : —— - P o, ! AWAYamatolR. &oCorrective Action
: e : . STITD g . — ’ . — Blrreventive Maintenance
B WorkOrders > % - : e LRt - iy BEEE: { Wildlife Strike  omig @ safety Hazard Mitigation
=
@ Projects 2 & Location of Other ® Projects
' :I;S = Incident & Aimort Project
139,83
B contacts Directory > A Airfield Location Runway QSafety Mitigation Project
B  sccurity Badges 2 ¢ Bs ' 8 \ e 81 P Bird/Other Wildlife  Unk Service Requests
13 - 7 " \ Species Aircraft Damage
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implify i3

simplifyi3.com Aowered by

Simplifyd&» «

#A Home SMS | ServiceRequests « SMS - Associations

@ Dashboard >
Details Attachments Associations Comments Communications Procedures

M Map >
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A Safety Hazards
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= P 9 Select columns = Actions +6
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& WorkOrders > C3 (g ‘(§| | E\ Projects Safety Mitigation Project 13 Admin 04/04/2023
o Projects > @ {Q | @ | @\ Service Requests wildlife Harassment Hannah Oakland 02/09/2023 03/27/2023 13 Admin
o E @ ( g | @ (@) Inspections Facility Inspection (Daily) Shekhar Deshmukh 03/24/2023 03/30/2023 Shekhar Deshmukh
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B Documents >
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3'Y ARP-DT Challenge

Limited labor resources to maintain updatead
digital twin spatial “skeleton”
(i.e., floor plans and basemaps)

iIncluding locations
of objects, assets,
sensors, CCTV, etc.

e —

Budget Constraints
Data Flow Issues

Dynamic Priorities

N

S Y Y

Lag Time
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LIDAR Vision via Vehicle & Trimble. Applanix
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LIDAR Vision via Vehicle & Trimble. Applanix

Inside The Vehicle Software Included
Inertial Navigation System

Data Acqusition Software (DAS) Realtime Alert Software (RTA)
In Vehicle In Vehicle FOD Interface

GPS/GNSS

\ = - Laser Crack Measurement System
= O With FOD Detection Upgrade
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LIDAR Vision via Vehicle & Trimble. Applanix
o LA | ] @

> ®

- )
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LIDAR Vision via Robots & Trimble. Applanix
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LIDAR Vision via Cart &Trimble. Applanix YX:SPATIAL
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3 X-Spatial - Google Chrome

@ x-spatial.solv3d.com/#hash=8b3d9e80&minimap=18&fov=908&8cam=13208x=1418648

leaders in airport information management
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Data Export

Print Sc

Jump to Location

Management

ieacers In airport Information management
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2021-08- 10| NADS83/ Nonh Carollna (ﬁUS)

_ Old Older New
mmmmm clunhg Ex
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»

red by www.AirportDigital Twin.org

Remote Desktop Connection »

AAAE Operations & Technology Symposium 2023



leaders In arport information maragement
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In-door Imagery Draped over
LIDAR Intfegrated with GIS
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Machine Vision Feature Extraction »>sraTiAL

Leveraging LIDAR Draped Imagery from Across Terminal $

@'SOLVBD for Feature Extraction (e.g., Badge Reader)

via Arfificial Intelligence (Al) Machine Vision
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Machine Vision Feature Exiraction >xsprPATIAL

¥2SOLV3D i P !
rue Positive
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Machine Vision Feature Exitraction >

[] Show data download links Q, Filter tags (regular expressions supported)

Ignore outliers in chart scaling
fast_rcnn
Tooltip sorting method: default

cls_accuracy false_negative
tag: fast_rcnn/cls_accuracy tag: fast_renn/false_negative

Machine
: Vision
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A s=@ a Curves
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Smoothing
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5
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Auto-Extracted Badge Readers with X-Y-Z Coordinates
via Arfificial Intelligence (Al) Machine Vision

¥2SOLV3D
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CAD to GIS Automation Tools X-SPATIAL
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Floorplan GIS Polygon Automation >XSPATIAL
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Command: DwgRmNumber
ol £RROR : Missing Text style(s) for display of schedule.
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Command :
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4™ ARP-DT Challenge

Consolidating CAD-GIS-BIM
INnto single source of truth

> Redundant spatfial models

> Separate / duplicate
CAD, GIS, & BIM versions
to be synchronized

e

»—Which version is more up-to-date
becomes illusive
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Spatial DBMS Interoperability X-SPATIAL kb

x-Spatial Apps Web & Mobile

.

User Interfaces “"Glue” between

AuToCAD NI 2 AUTODESK

AEGIS Revit / Tekla | ‘
ArcGlIS Pro

Auto-Export of « ArcGilS Portal / Online
S’rondordlzed . . . . ) ArcGIS Dashboards
CAD-GIS Files « Maximo / Infor / Cityworks

(e.g., NCS, ANSI)

Seamless Export of Geodatabase « Simplify i3
Supporting 39 Party Products & Apps o
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BIM Exported Record Drawings XSPATIAL
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5™ ARP-DT Challenge

Processing Incoming datasets from
Architectural - Engineering - Construction (AEC)
project deliverables to update digital twin

- Establishing Contractual Standards
> Compliance Audits

»  Enforcement

> Converting
Non-Compliant Data

Sponsored by www.AirportDigital Twin.org
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BIM Standards

CONSULTING

Building Information Modeling (BIM) Contract Language
Design Phase

% www.pdbmconsulting.com
= info@pdbmconsulting.com
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Miami-Dade Aviation Department
BIM Standards Manual

Developed by:

ANTB

HNTB Corporation www.pdbmconsulting.com
The HNTB Companies

PDBM

PROJECT LIFE CYCLE BIM SERVICES

info@pdbmconsulting.com

November 2022
v2

CONSULTING

fing Information Modeling (BIM) Contract Language
Construction Phase

bmconsulting.com
pdbmconsulting.com

AAAE Operations & Technology Symposium 2023


file:///C:/Users/joqui/PDBM Consulting/PRESENTATIONS - Documents/PERU/PROINVERSION/Referencia/MDAD - BIM Contract Language - Design.pdf
file:///C:/Users/joqui/PDBM Consulting/PRESENTATIONS - Documents/PERU/PROINVERSION/Referencia/MDAD - BIM Contract Language - Construction.pdf
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Extract > Transform > Load (ETL) via FME
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Spatial Data Support No Code Scalability Flexibility Customer Services

Unrivalled support for Massive time saving for Scalable architecture A solution for every Top-rated customer
spatial data with hundreds organizations with makes it easy to manage budget, operating support, comprehensive
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Feature Manipulation Engine FME-:

Extracting Revit Data by Safe Seftware:
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Feature Manipulation Engine FME - B

Validating Revit Files using Metadata by Safe Seftware
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Integrating Best of Breed Technologies
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