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Objective §

Enable Airport Owners

<

Achieve & Sustain Digital Twin

L ————
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$ Definition:
“Digital-Twin”
(DT)

Virtual
Representation
as Digital Counterpart
of Physical Object,
Facility, System,
and/or Process

To improve:
Planning & Development
Operations & Maintenance
Safety & Security
Level of Service
Costs & Revenues
S (G
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> Present
»  Past
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$ <= DT

Includes:

> Appedarance

~» Infernals

~»  Processes
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Pre-DT
Airports

Mostly Stand-Alone Systems
with Few Integrated

Some Spatial Modeling
Few Digital Workflows
Some Analyfics

Ak 4




DT

Foundation

“Skeleton™”

correlates DT

components

together .

via common ”

denominator

Spatial Database

S —

key |

to achieving DT
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Airport DT Business Needs

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

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

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

" Need various |loTs with analytics on same “page”
via shared up-to-date airport maps/floorplans
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Examples of DT Data Fusion

P

7 ALP & Floor Plans Ticket Counters Status

- 3D LIDAR with Draped Imagery

Outdoors & INdoors Security Checkpoints Status

PAX t
Airsoace / AOA Traffic & NOTAMS Cengesie et

Aircraft Gate Turn-Around Stafus LSO IS

vV
On-Airport Roadways / Curls Alarms / Sensors / CC

I— | > _I_ | o 1_
Parking Garages / Lots Status e omplaints

¥y ¥ |[¥ ¥+ ¥

| i I Weath
People Movers Status nspections / Issues / Weather

Y AR Y % v ¥

Projects, Work ; t
¥ Elevators / Escalators Status rojects, Work Orders, Outages
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Airport DT Sample Use Cases

> Where are levels of service impacted across terminal in terms of

congestion, queue lengths, wait times, elevator/escalator outage ...

»  Which CCTV cameras cover access control alarm, smoke alarm,
iIncident...

> When & where-should work be scheduled to minimize impacts to
operations, other-projects, other work orders, etc.

>  elc...
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x-Spatial
—is Common
Denominator

Enabling Spatial
Correlation for
Airport Digital
Twin (DT)
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x-Spatial DT COTS Building Blocks

Technology Building Blocks *

Adobe Cold Fusion® (Ul)

OGC Mapguide® (GIS)

ArcGIS Portal®

ArcGIS Indoors®/GeoEvent Server®
ArcGIS GeoAnalytics Server®
AnyLogic® Simulation Software
SAP Crystal Reports®

x-Spatial COTS Products *

o Sensors & Analytics Spatial Correlation (AvGeoSense)
Concessions & Lease Management System (AviSoft®)
Aviation Business Statistics (AvStats®)

Leaseline Management Application (LMA®)
Geospatial Data Modeling System (GDMS®)

Microsoft Azure
Cloud Service®

® x-Spatial — Proprietary

Passengers

o Mobile App(s)
o Information Displays

Airport Operators

o HTML-5 Browsers
o Microsoft Office®
o Crystal Reports®

O
O
O
O

ArcGIS Portal®
ArcGIS Indoors®
ArcGIS Pro®
AutoCAD Map®

O O O O O O 0O O

Microsoft & Oracle (DBMS)

Sensors/Analytics Feeds

CCTV Cameras
LiDAR .&K\u
Wi-Fi

Bluetooth
Infrared
Ultrasonic
Microwave
Tomographic
Biometrics
RFID

etc...

O O O O O O O O O 0 O

Airport On-Premise/Cloud
Systems Interoperability

o
o
o
o
o]
o]
o]
o
o
o]

Geospatial Management System

Lease & Concessions Management System
Video Management Systems

Building Automation System

Maintenance Management System

Digital Content Management System
Document Management System

Financial Management System

Tableau Business Intelligence & Analytics
Others as Needed




x-Spatial X 3 S p q II.i q I

AviSoft®

ISRy DT-Enabling
— I_J e e Eaa il Technology

Trimble Willow Autodesk x-Spatial

' ArcGIS
UMA/LMA® GeoAnalytics GeoEvent

Server® Server® Portal® Sta C k

Video Mgm’t System (VMS) / Analytics \ PAX Flux Analytics \ Vehicle/Aircraft Analytics \
Cameras | Cameras \ Cameras \ Sensors Sensors Sensors Sensors Sensors Sensors

Trimble § ~2 AUTODESK

>

— —_—
[
Oracle Database® . m— ESRI GeoDatabase®
DDMS® -
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DT Components & Acronyms

BAS — Building Automation System
BIM — Building Information Modeling
CAD — Computer Aided Design
CMMS — Computerized Maintenance Mgm't Sys’
DBMS — Database Mgm't System

EDMS - Electronic Doc’'s Mgm’'t System

GIS — Geospatial Information System

loT — Internet of Things

LIDAR — Light Detection and Ranging

LMS — Lease Management System

¥y ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

PIMS — Project Info’ Mgm’'t System
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Holistic DT Stakeholders on o
Airport Owner-Side ---------- >

Planning & Environmental

(%)
o
Engineering & Construction &
A : <
Operations & Security o
ege j o . %’
Facilities Maintfenance o
S
)]
~

IT Systems & Infrastructure

Leasing & Concessic-)n.s EEREY)

Finance & Procurement

A" + ¥ ¥+ ¥+ ¥

Legal & Administration

Planning-Design-Construction
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Examine

x-Spatial’s

Enabling Technology
for Airport Digital Twin

Planning-Design-Construction
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Spatial DBMS

> AEC CAD Standards Export
FAA AGIS/eALP Standards Export

Assets Breakdown Structure
(l.e., features & attributes)

» Data Processing

® BIM ---> CAD Processing

® CAD -——> GIS Processing

® BIM ---> GIS Processing

® BIM --—> BAS/CMMS Processing
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Digital Twin
)

x-Spatial DBMS

x-Spatial Apps Web & Mobile

“w
»

User Interfaces

~
-

‘ AutoCAD Map

ps” g |

DBMS
x ¢

‘ ArcGIS Pro

Auto-Export of

S’rondordlzed

CAD-GIS Files
(e.g.. NCS, ANSI)

® x-Spatial — Proprietary

28088 —

Seamless Export of Geodatabase
Supporting 3@ Party Products & Apps

| Interoperability

x-Spatial is the
“Glue” between
Autodesk + esri

ArcGilIS Portal / Online
ArcGlIS Dashboards
Maximo / Infor / Cityworks
Simplify i3

etc...



Q LaX_Terminal_1.mxd - Archap
File Edit View Bookmarks
O ds <]
& MR

Table Of Contents

Insert Selection Geoprocessing  Customize

<k - | 1:1535 -

R - k@ EILIRS S

HEEB D e,

Metwork Analyst =

1 x

Mezzanine

MLE

USE
(o}
[“Boarding
[ Concessions
[ Custedial
[]Equipment
[IMaintenance
[ Miscellanecus
[ Safety
[ Security
[ 5ervice
[ Ticketing

[ Utilities - Communications
[]Utilities - Electrical
[ Utilities - Mechanical

= [ Second Level

= LAX.SECOND_LEVEL_FLOORPLARM

— <all other values>
A_CADLAYER
— A-AMMNO-NOTE
— A-AMMNO-TEXT
— A-BAGS-CONV
— A-BAGS-CRSL
— A-DOOR
— A-DOOR-OVHD
— A-DOOR-5LDG
— A-EQPM
— A-EQPM-FIDS
— A-EQPM-SECU

« i

LAX.MEZZAMNIME_FLOORPLAN

LAX.TL_MEZZANIME_TENAN
LAX.TL_MEZZANINE_ROOMS
[ <all other values>

m

= Tabie OF Contents | (@ Identify

[@e|an

.

m

» ’ » v 4
0 BC . DAE
Catalog 2 x
s R ) -y e | E
Location: ﬁTDolboxEs -
= LA LAXsde -
4] 'ﬁ LAX.Annotation_T1
=[PP LAX. Terminal 1
(=] LAX.MEZZANINE_FLOORPLAN
[ LAX.SECOND_LEVEL_FLOORPLAN
- e R 3
= {oiPlanning and Analysis... = 3 e o
= . o
B
& A d A p p Setup p P Vector Layer | Style
+ T LAX.TH View | Label Feature | Edit Set | Create | Modify | Split/Merge | Save
= p Lax T : r
! Properti i
T LA T Rt o
- E ﬁT: [Map Feature(s) |c§t,|@| =
= u
(= Laj| [Filter by Layer A
g a [General D
(=) LA  |Feature Properties - v
= LA} Featld 9010718 _ IR
= LA ACTUAL_ROOMNO <Null> o
= i3
=] LAY AREA 574.0000 &
E3 LA AS_PUBLISHED v Sl
3 LA A_CREATED_BY BEHZAD i )
i
g a A_CREATED_DATE 2012/08,/08 @20:55:06 =l ed
EI Ny A_FLOOR_ID 1862 =
= LAY A_GROUPNAME 20100001 A-08 A%
o B LAKut ALOCID LAX000CTAQ0T103080021 &
) LA} A_PROPERTYTYPE ROOM >N e
) LAY A_UPDATED_BY BEHZAD =
] Lag A_UPDATE_DATE 2012/08/08 @20:55:06 o ]
C' LAd BEYONDSECURITY 1 P
S L CLEAN_RESPONSDESC <Mull>
EI a CLEAN_RESPONSID <Null> i
= EXCLUDEDAREA 0 SOF
1 LA FLOORID 1862 -
« 1 FLOORTYPEDESCR <Mull> —
e FLOORTYPEID <Null> Lok
LOC D LAX000CTAQ0T102080021
NOTES <Mull> -
PROP_ORIGIN <Null> &
PROP_ORIGINDESC <Mull> o
RECAREA 808.0000 = A
ROOMDESCRIPTION Food and Beverage a
ROOMID 54760 2 %
ROOMNO 21 - -
ROOMREMTABLE <Null> S Bl 40 v Model  Layoutl £ Layout2 E
ROOMTYPEDESCR Concessions = L & m
2D | L 3D | Vertical Exaggeration: |t | ™ | Command /0 |View Scale 1:|1580.96| ¥ -
ROOMTYPEID 34 = = = EE lix] <] ! | !
Command: *Cance
STATUS <Null> mmm—
TOOLTIP Rm# 21 = 974sfinConcessio...
Command:

e

T e ] ] B P R R E B

MODEL

&l
1B
i)
5
T



x-Spatial Industry Unique Top 10 Features

<

1. "Single Source of Truth” Spaftial Database Management System
(DBMS) Serving Many Needs

2. No DBA Required for Spatial DBMS - User Friendly Web User

Interface with Metadata
x-Spatial

3. Rich CAD-GIS Database Structure Based on DEMS
National Standards which can be Tailored by Owner

4. Automation of GISTData Creation / Updates from AEC Deliverables
(e.g., CAD to GiIS-eonversion, asset re-numbering)

5. Data Co-Editing from AutoCAD Map, ArcGlIS Pro,
and Web Applications
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x-Spatial Industry Unique Top 10 Features

6. Preserved AutoCAD Data Characteristics for Re-Use by AEC
(e.q., line styles, colors, layers, etc.)

/. Preserved esri Data Characteristics for GIS Analysis
(e.g., Topology, Networks, etc...)

‘@esri

& esri

8. Seamless Output of Geodatabase and Web Services
Serving ESRI-based Products

9. Automated OUTPUT of Standardized Datasets
(e.g., AIA/CivirFCAD;-ANSI GIS, FAA, etc.)

10.Integrated Web Applications (e.g., Source Drawings Mgm't,
Utilities Mgm't, Pavement Mgm't, Lease Mgm't, etc.)
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System Architecture

CMMS Mobile Misc. apps.

T

Map Service Creator

Read
only

-

CFC
GeoMerge

-
=
5

Map [Creation

T

Vv
P REST Feature Services.
.

«=

Geospatial
Data
Convertor

—
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Revit (BIM) <

MSC, GDB, CFC, GDIFF & GeoMerge
are Tools are software modules
developed by x-Spatial to support
the ESRI platform.

24



Data Structure

ESRI Platform Support GDMS (Autodesk Based) Platform

~ ESRI Geodatabase SDS/FIE

Conceptual Organization

Physical Schema
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2D & 3D Applications

> Most map-based applications
used by airport owner are 2D;
easier to understand

> 3D mostly used by airport
owner for:

® Height constraints analysis
related to airspace..

* Line of site analysis for ATCT
and CCTV camera placement

¢ Subsurface utilities depth analysis

Planning-Design-Construction
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Signage & Markings:
Courtesy of LAX & x-Spatial
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Courtesy of LAX

Cenftral Terminal
Area Near Real
Time Traffic

GIS Data

-Traffic signals

-Parking structures

-Transponder readers
-Traffic count loops

-Centerline per lane

Non-Spatial
Real-Time Data

-TNC data
-Traffic count loop data
-Transponder data

-Parking occupancy
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Airport Assets Symbolized in 2D Ea=1=r-wdlV:-\=
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Los Angeles World Airports Example

¥

¥

Airport Enterprise GIS (AEGIS) system by x-Spatial
Hierarchically structured spatial database

Interior & exterior data for three facilities
> LAX

> VNY

> PMD

Project deliverables repository
Standards & specs

Enterprise Services

» Police CAD

> Facility Maintenance (Maximo)
- Lease Management (Propworks)

Current challenges
Keeping up with data updates

Dynamic / quickly changing terminal layouts
Ongoing Capital construction

By time as-built received, it's obsolete, as
tenants constantly do modifications

No true integration with Police CAD & Maximo

¥y ¥Y¥¥ ¥

INTERIOR DATA

,_).

,_).
,_).
,_).

169 buildings with floors for LAX & VNY aqirports
475 floors containing floor plans, room, lease,
and other info

Total number of rooms - 30,059

Total room square footage - 34,276,866
Existing Terminal square footage - 9,130,786

OVERALL LEASE DATA

,.).
,_)

Total number of lease spaces — 28,973
Total lease square footage - 36,357,501

EXTERIOR DATA

,.)

424,858 features of 239 types

SPATIALLY REFERENCED DOCUMENTS

.

~180,000 drawings & reports



DT spatial visualization in 2D vs 3D P

Airport Spatial Assets
Which is
more practical

Airfield (e.g., runway, taxiway, apron, areas, lights, signs, markings) for W.hiCh
applications?

FAA AGIS (Outdoors)

Airspace (e.g., surfaces, obstructions, protection area)

Cadastral (e.g., boundary, parcel, zoning, easement, land use, trade zones) Which is more
sustainable?

Environmental (e.g., HAZMAT, fauna, floraflood zones, wetland, noise)

Geospatial (i.e., airport control points, PACS/SACS, coordinate grid, contours)

Man Made Structures (e.g., building, construction area, roof, fence, gate, tower)

NAVAIDs (i.e., equipment and protection zones)

Security (e.g., areas, perimeter lines)

TAMIRONICS & x-Spatial ® Proprietary



DT spatial visualization in 2D vs 3D (cont) P

Airport Spatial Assets
Which s
more practical
Utilities (i.e., above ground & subsurface) for which

¥ applications?

Surface Transportation (e.g., bridge, road, parking, rail, tunnel, sidewalk)

Airfield Pavement Sections & Conditions (i.e., for PCl)

Project Boundaries (Historic-Current-Future) Which is more

[ 2
Lease Boundaries (outside) sustainables

Lease Boundaries (inside)

Terminal Floor Plans

Non-Terminal Floor Plans

Cameras-Sensors-Alarms

TAMIRONICS & x-Spatial ® Proprietary



DT spatial visualization in 2D vs 3D (cont) P

Airport Spatial Assets

High Priority FF&E (e.g., escalators, elevators, conveyors, displays, AEDs, etc...) Which is
more practical
for which

Indoor Utilities applications?

Lower Priority FF&E (e.g., light fixtures, furnishings, artwork, etc...)

IT/Communication Infrastructure : :
Which is more

Publications (map production) sustainable?

ALP

Exhibit-A (Property Acquisition Map)

Composite Lease Exhibit

Signage & Markings Plan (Part of Airport Certification Manual)

Security Plan

Emergency Grid / Map Book

TAMIRONICS & x-Spatial ® Proprietary



BIM and GIS

R . G TRV

YECTIV

%

u 4

ArcGlIS Pro Reads Directly Revit (.rvt) Courtesy @ esri@
& Publishes to 3D Web Scene with Attributes of ATL &




CONCO VY
T e

ArcGlIS Pro Reads Directly Revit (.rvt) Courtesy
& Publishes to 3D Web Scene with Attributes of ATL &




LiDAR with Draped Imagery

- Survey Automation Tools

> Ground Control Points (GCP)s
Enable On-Going Updates Splicing

®* Qutdoor
®* Indoor

Imagery

> GIS Integration

()
&
g
C? Draped
Od‘
o3
&
® 2D/3D Linked Views..

® 2D/3D Linked Assefts

¥

3D Measurement Tools

¥

Improved Situational Awareness

Planning-Design-Construction

TAMIRONICS & x-Spatial ® Proprietary
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v B Copy to Chipboard Clear

CCECEL LT

n Measure Preferences

Indoor Imagery Draped over LIDAR Supporting .
3D Measurements & Situational Awareness Courtesy of LAX & x-Spatial
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B & e
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Add Point(s)
D Multi-Point Mode

Paint Classification
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buildings_safety
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ogo Floorplan_STD 8
<[l building_moving_sidev
0 L By Space
= Safety
Facility 8 £ Building Features @
[J&3 Buiding Equipment
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Grids
Facility Level £ N
I B rerl
=
Sector bai - ] @
) |
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Floor a p
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-
ey T I
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= = = @ Entity Attribute - Google Chrome = O *
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' | Location CLT |
X: 1418353.075117, Y. 541715 544954 (FOOT) Created By ed
D Ad atio Feature Date Created 2021/10/13@11:08:06
Last Edited By ed
Date Last Edited 2021/10/13@11:10:35
Asset ID
Quality Level A |
DDMS Source
Comment Data collected via 360d Imagery
Concourst Disposition 02
A North N
FIRE_EXTING

Room
Building

Floor

D

Status

Type
Description
Comments
Serves
Address
StreetNum
StreetName
StreetType
City

Zipcode
CollectedBy
DateCollected
Duplicates?
RoomMNumber_0ld

0085
Concourse A North
2

Enclosed Fire Extinguisher
Data collected via 360d Imagery

Ed. M.
10/13/2021

# x-spatial.solv3d.com/#hash=8b3d9e808&minimap=18&fov=90&cam=16228x=1418574.9938y=541629.587&z

leaders in airport information management
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i X-Spatial - Google Chrome

XSPATIAL

— S :

Q
Layers ‘
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Folders ¢

' &0

i | it
Bookmarks
Data Exp
Print Screen e Yy
Jump to Location
Management

waders In airport Information management

© B conc_A_North_Ticket_Mission_7 O

= (m] X

46.5378ae=08az=178&lon=-80.947... ©Ov

ed. maghboul@x-spatial.com v @ & &

k g
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Color: l
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../../../../../[4] Research & Development/Digital Twin/Ben Gurion Digital Twin.mp4

Enterprise Asset Management §

~»  Leases & Concessions

- Building Automation

> SCADA (HVAC/Electrical)

> HVAC
> Electrical & Lighting

> People Movers

> Escalators
> Elevators
> Moving Sidewalks
¥ APMS
»  Jet Bridges
~»  Work Orders
»  Condition Assessments

TAMIRONICS & x-Spatial ® Proprietary



CLT Leaseh...

Operations Dashboard

ol

Leases To Expire

21

Description:

Concourse:

Lease Termination:

LS T RQ
Layers

= V& romts
% [J83 Concession
® [JE) Buldng Elements
® [JE Pubkc Services
= V& Fioor Pan
[0 TsasagBer
[F}— fioor Pan
m Base Map
# V) L €y Terminal Gates
= [V]@ Rooms
# [y Actual Room Numbers
# [y CLMS Room Numbers
# ] Both Room Numbers
# [ L @y Securty
3 [ Yy Tenont Locations

“Airmall Boston Inc.*
“Airpont Maders, inc’
% Buldng Chases'
‘GSA -TSA’
W ron-pubic'
Pubic’
‘Unted Ar Lines, Inc”
. US Arways, Inc.’
\\\ Vacant'
BB Room Needs to be Codes
® [ L @y Cleaning Responsibil:
# [ L: €y Buidng Asdtions
# [ Ik @y Rentadle Rooms.
% [V]E@ Fy Over Photo
= [VIED utaties
@ [] L Gy Water Mydeant
# [V Le Ty water Vaive
# [V] L @y water Lne

| Rm 121C = 84158t
Holdroom - Gates 6 3 &

| US Airways, Inc.

| CLMS# 1622131

Facility:  Logan International Airport
Company: Delta Air Lines, Inc.

Rate Schedules (11) T ]

al Information

CLMS No.

Legal Ref. No.
Agreement Type
Agreement Term
Agreement Date
Commencement Date
Board Vote Required?
Administrative Group
Administrator Name
DBE Percentage
D.B.O. Used

Chapter 917

Contract Manager
Description

Notes

L-8639
Lease

10 Years
07/01/2006
07/01/2006
Yes
ABO-Leasing
Greg Zanni
0.00

No

No
Jill Cleary
Terminal A Restated Lease

Record No. 20351 was last updated on 04/01/2015 at 05:44:02AM by Lsura

Recap |Amendment5 Options | Deposi SubLease [Spaces

i w -, SpaceProperty
Ollav L[] Type

OE¥X Billing

X Billing

Space
Function /
Use =
Holdroom

Areas 1 Holdroom | 07/01/2006
thru 11

Holdroom
Areas 13 Holdroom | 07/01/2006
thru 17

Main
Terminal, 07/01/2006

Monday, September 23, 20
FARS Customer No: 10

Current Termination Date
Federal Ref. No.
Agreement Sub Type
Agreement Status

Rent Commencement Date
Original Termination Date
Board Vote Date
Assignable

Admin Ext.

Holdover Provisions
D.B.O.

Cancelable

06/30/2016

Active
07/01/2006
06/15/2016
No

No

No

Review |Docume 39) | Notes (0)

Rent PR e
S Commencement Termination Billing Percent
Description permitteq Commencement “OMIIRS Date

07/01/2006 06/15/2016

07/01/2006 06/15/2016

07/01/2006

Schedule Type @) Rent () Support Premise Rent
) Commission - Sales ) Commission - Volume
) MAG Plus Commission Fee
O Greater of MAG and Commission Fee

=

=

Quantity

1,311.00

- Space
Billable B status
100.00| Yes

100.00| Yes

100.00| Yes

O MAG Plus Percentage of Revenue in excess of MAG
) MAG Based on Passenger Volume (% applied

Description |

Next Escalation
Factor

Period

Escalation Type |“.-{: of Actuals Vl

Date

O

| Next Escalation

| Annually

Next Escalation

Notes




Electrical Panel Management

AR RY| VR DE B & & D> [Hraskse

Hotspot Management

OSTRIBUTION SMICHIOND
AB0/TIV, 30, 40, A000K BUS, S0.000M

(6. AfTsoMn, 1§300NN G
)

Datalink ID: 11954082
1k to map feat Entity Type Name: electrical_panel_area
20 wore 4 SALOUOI S 8 ST e e |, Type Discriminator: NORMAL_PWR
‘ i L DDMS Source: 2021515
J Comment: AHCLA

Panel Name: AHCLA

Related Documents (first 20):

1 2021511_AHCLA 1. T2 Equip Assessment Report 2009-11-01 342.pdf]

Hyperlinked Drawings:
20060029A-11-E03 - Panel AHCLA (4)
20060029A-12-E04 - Panel Sch AHDB - AHCLA (3)
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X: 30.062929, Y: 14,443649 (FOOT) 1 Hotspot selected 17.86 x 15.09 (ft)




Project Information Management §
& Electronic Documentation :

> ALP Change Requests / 7460s

> Construction/O&M Logistics
Outage Coordination

Construction Photos

LIDAR Scans & Survey Data

ORAT

1 U & R

As-Builts / O&M Manuals

»  efcC...

TAMIRONICS & x-Spatial ® Proprietary



Spatial Admin DDMS Admin
Hello Ahmad Maghboul ? : o :
Logoff N e »
Home \ A ’
\ Yy
Open Map \ T
- .
Facility \
5 \ .

Los Angeles International Airport ™ \ \
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Parcel \ 3 ] ! J Xy
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Integrating Real-Time loT Sensor Feeds via APIs tP

- Internet of Things (loT) provides a common
communication medium for sharing sensor data
(given security credentials in place)

- Application Programming Interfaces (APIl)s published by
sensor system enables sensor data to be “understood”
and leveraged by other systems

> ESRI's ArcGIS GeoEvent Server facilitates processing real-
time sensor data and displaying it contextually on a map



Courtesy of LAX

Cenftral Terminal
Area Near Real
Time Traffic

GIS Data

-Traffic signals

-Parking structures

-Transponder readers
-Traffic count loops

-Centerline per lane

Non-Spatial
Real-Time Data

-TNC data
-Traffic count loop data
-Transponder data

-Parking occupancy
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Live Map

e  Our system can follow the path of
individuals over a long period of time

e Multiple sensors work together to follow
passengers over multiple touchpoints, like
check in and security

e Live maps enable airport operators a view
into their airport any time, anywhere
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Real-Time Analytics

Real-Time Analytics
e Interactive 3D maps

o Passenger demand and wait
time analytics

o Passenger arrival and
throughput counts report

o Passenger experience
segmentation

° S af e D i St a n C e G r a d e Passenger Experience Segmentation

Segment

Jun 30, 2021, 3:56:13 PM  Stephen Callender

Performance Metrics 59% of today’s Standard passengers waited less than 10 minutes
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Sep 29,2021, 2:50:26 AM  ADL User

Real-Time Check-In

Airline Check In Analytics
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e Real-time and historical analysis
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o Check in counters

o  Kiosks . ““
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o  Customer service
o  Terminal entrances Checkncuss Wat T s
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WiFi Analytics
e Minimal to no additional infrastructure required

o Existing relationships with Boingo, Aruba, Cisco,
Meraki, Ruckus and many other WiFi service and
infrastructure providers

« Some of the information that WiFi analytics
provide:

o  Dwell time

o Heatmaps

o  Curb to gate / passenger journey
o  Gate departure lead time

o Accurate visit / count trend
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Prioritized Gradual Implementation §

> Simple DT
 Up-to-date eALP & Floor Plans
- 3D LIDAR with Draped Imagery

«  Overlay Assets with Data

> Ultimate DT

- Overlay WOs, Projects, Inspections, Incidents
«  Overlay Real-time-Sensor Feeds & Analytics

. PAXFluxCurbto=Gate AN/ AN
» Vebhicle Flux (e.g., AOA, Roads, Parking, Rail ,
- Baggage & Cargo Flux

/
/
/
/
/
/
/
/
/
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/
/
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Planning-Design-Construction
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Recommended DT Phased Approach

1. Setup Project Information Management System (PIMS)
including electronic documentation

2. Setup spatial DBMS with data processing
automation tools

()
.§
g
3. Populate spatial DBMS with available data S
and metadata 009
o3
g

4.  Add sensors with real-fime data feeds and
analytics integrated to spatial DBMS via APIs

5. Setup indoor/outdoor LiIiAR spatial data update
process with GCPs; may be parallel to #3

6. Improve/add applications

Planning-Design-Construction

/. Sustain & enhance as-needed
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Keys to Sustaining Airport Digital Twin $

> Keep it Simple & Sustainable (KISS) Principle

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

> Update spatial “skeleton” with new and/or relocated
loT sensors, assets, etc...; leverage simple GIS
symbolized point features in 2D/3D

> Leverage LIDAR draped imagery with
semi-auvtomated/robotic scanning plaiforms

TAMIRONICS & x-Spatial ® Proprietary



x-Spatial Advantages for DT

<

1. Reduced Data Workload

« Eliminating Duplicate Datasets

«  Automating CAD to GIS Data Conversion
- Mobile Field Data Updates EXGIT.\pIe: .CLT : Main
Terminal Ticketing Level

2. Increased Data Reliability Floor Plan (491 rooms)

. §|ngle Source of Tru’rh B Reduce CAD to GIS

« Rich Metadata Including Data Qualities Conversion Time

« Hyperlinks to Source Drawings/Documents from 94 hrs. to 15 sec. 7

- Standardized Data

3. Flexible Data Services
« Supporting Seamlessly both Indoor and Outdoor Spatial Data
- Seamless Output to esri Geodatabase Serving 3@ Party Applications
- Seamless Output of Web Map Services for Web Application
«  Automated Output of Standardized CAD-GIS Files

® x-Spatial — Proprietary



Takeaways §

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

- DT is not replacing existing airport systems,
but rather expand their utility via DT integration

> DT requires sustainable geospatial framework

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

TAMIRONICS & x-Spatial ® Proprietary
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