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GEOSPATIAL DATABASE MANAGEMENT SYSTEM (DBMS)

KEY TO AIRPORT DIGITAL TWIN
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®



Objective

Enable Airport Owners 

Achieve & Sustain Digital Twin
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Definition:
“Digital-Twin”

(DT)
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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 

etc…



DT
Data

Spans:
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 Future

 Present

 Past



DT
Includes:
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 Appearance

 Internals

 Processes



Pre-DT
Airports
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 Mostly Stand-Alone Systems 

with Few Integrated

 Some Spatial Modeling

 Few Digital Workflows

 Some Analytics



DT
Foundation
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“Skeleton” 

correlates DT 

components 

together 

via common 

denominator 

Spatial Database

key

to achieving DT 



Airport DT Business Needs

 Internet of Things (IoT) with analytics have become common place 

(e.g., CCTV cameras, sensors, alarms, elevators, escalators, etc.)

 Different IoT types overlayed on disparate system maps/floorplans 

need to be updated more efficiently with constant airport changes

 Need to correlate interdependencies of various IoT types across          

large and complex airport facilities that are constantly evolving 

 Need various IoTs with analytics on same “page”                                       

via shared up-to-date airport maps/floorplans 
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DT Fusion
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Examples of DT Data Fusion

 ALP & Floor Plans

 3D LiDAR with Draped Imagery 

Outdoors & Indoors

 Airspace / AOA Traffic & NOTAMS

 Aircraft Gate Turn-Around Status

 On-Airport Roadways / Curbs 

 Parking Garages / Lots Status

 People Movers Status

 Elevators / Escalators Status

 Ticket Counters Status

 Security Checkpoints Status 

 PAX Congestion / Queues

 Bathrooms Status

 Alarms / Sensors / CCTV

 Incidents / Complaints

 Inspections / Issues / Weather

 Projects, 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, 
incident… 

 When & where should work be scheduled to minimize impacts to 

operations, other projects, other work orders, etc.

 etc…
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x-Spatial                     

is Common 

Denominator

Enabling Spatial 

Correlation for 

Airport Digital 

Twin (DT)

® x-Spatial – Proprietary



DT Spatial Correlation
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x-Spatial DT COTS Building Blocks

Microsoft Azure
Cloud Service®

Airport Operators

Airport On-Premise/Cloud
Systems Interoperability

* Available on-premise or hybrid

o Geospatial Management System
o Lease & Concessions Management System
o Video Management Systems
o Building Automation System
o Maintenance Management System
o Digital Content Management System
o Document Management System
o Financial Management System
o Tableau Business Intelligence & Analytics
o Others as Needed

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

o Adobe Cold Fusion® (UI)
o OGC Mapguide® (GIS)
o ArcGIS Portal®
o ArcGIS Indoors®/GeoEvent Server®
o ArcGIS GeoAnalytics Server®
o AnyLogic® Simulation Software
o SAP Crystal Reports® 
o Microsoft & Oracle (DBMS)

Technology Building Blocks *

x-Spatial COTS Products *
o Sensors & Analytics Spatial Correlation (AvGeoSense)
o Concessions & Lease Management System (AviSoft®)
o Aviation Business Statistics (AvStats®)
o Leaseline Management Application (LMA®)
o Geospatial Data Modeling System (GDMS®)

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

o CCTV Cameras
o LiDAR
o Wi-Fi
o Bluetooth
o Infrared
o Ultrasonic
o Microwave
o Tomographic
o Biometrics
o RFID
o etc…

Sensors/Analytics Feeds

Passengers
o Mobile App(s)
o Information Displays
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Autodesk 
Forge®

Esri
Portal®

x-Spatial 
AviSoft® 
AvStats® 

x-Spatial 
GDMS®

Trimble 
Cityworks® …

Solv3D®
x-Spatial 

UMA/LMA®

esri 
ArcGIS
Portal®

esri
GeoAnalytics 

Server®

esri 
GeoEvent 
Server®

esri 
ArcGIS 

Indoors®

ESRI GeoDatabase®

User Interfaces

Geospatial Processing

DBMS

Spatial Updates

DDMS®
Oracle Database® 

Willow
Twin®
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Sensors Sensors Sensors

PAX Flux Analytics Vehicle/Aircraft Analytics

Sensors & Analytics

Sensors Sensors Sensors

Video Mgm’t System (VMS) / Analytics

Cameras Cameras Cameras

x-Spatial

DT-Enabling

Technology 

Stack



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

 IoT – Internet of Things

 LiDAR – Light Detection and Ranging

 LMS – Lease Management System

 PIMS – Project Info’ Mgm’t System
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IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction



Holistic DT Stakeholders on 
Airport Owner-Side ---------->

 Planning & Environmental

 Engineering & Construction

 Operations & Security

 Facilities Maintenance 

 IT Systems & Infrastructure

 Leasing & Concessions (Revenues)

 Finance & Procurement

 Legal & Administration
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IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction

AEC-DT is 

Different



Examine 

x-Spatial’s 

Enabling Technology 

for Airport Digital Twin
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IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction



Spatial DBMS

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^

BIM
Spatial 
Graph 
DBMS

GIS 

^

BIM

PIMS

EDMS

Planning-Design-Construction

 AEC CAD Standards Export

 FAA AGIS/eALP Standards Export

 Assets Breakdown Structure           

(i.e., features & attributes)

 Data Processing

• BIM ---> CAD Processing

• CAD ---> GIS Processing

• BIM ---> GIS Processing

• BIM ---> BAS/CMMS Processing
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x-Spatial DBMS

Interoperability

x-Spatial 
DBMS

ArcGIS Pro

AutoCAD Map

Seamless Export of Geodatabase

Supporting 3rd Party Products & Apps

• ArcGIS Portal / Online

• ArcGIS Dashboards

• Maximo / Infor / Cityworks

• Simplify i3

• etc…

Web & Mobile          
User Interfaces

Revit / Tekla

Auto-Export of 
Standardized

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

x-Spatial Apps

x-Spatial is the              

“Glue” between                

Autodesk + esri

Digital Twin
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x-Spatial DBMS Serving Both Autodesk & ESRI



x-Spatial Industry Unique Top 10 Features

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

2. No DBA Required for Spatial DBMS – User Friendly Web User 
Interface with Metadata

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

4. Automation of GIS Data Creation / Updates from AEC Deliverables 
(e.g., CAD to GIS conversion, asset re-numbering)

5. Data Co-Editing from AutoCAD Map, ArcGIS Pro,                                     
and Web Applications

x-Spatial 
DBMS
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x-Spatial Industry Unique Top 10 Features

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

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

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

9. Automated Output of Standardized Datasets
(e.g., AIA/Civil CAD, 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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Read 

only

CMMS Mobile Misc. apps.

Map Service Creator

Geospatial

Data 

Convertor 

AEC Project data

Surveyed data

including

High Definition

Scanning

Tenant 

improvement 

data

Shape files

File Geodatabase

ArcGIS Pro

Revit (BIM)

.DWG

AutoCAD

GDBCFC

GeoMerge

Production

GeodB

Staging

GeodB
Oracle dB

REST Feature Services 

Maps

MGOS

Map Guide 

Maestro

Map Creation

Web 

Based 

Apps

ArcGIS

server

ArcGIS

server

Map ServicesMap Services

MXD MXD

ArcMap 

ArcGIS Pro

GDIFF

System Architecture

24

MSC, GDB, CFC, GDIFF & GeoMerge

are Tools are software modules 

developed by x-Spatial to support 

the ESRI platform. 
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Data Structure

25
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Oracle

Repository

“Utilities”

“Water”

“Line”

“MAIN”

Example

Tables

Attributes

Domains

Lists

Ranges

Relationships

Entity Sets

Entity Classes

Entity Types

Entities

SDS/FIE

Feature 

Dataset

Feature Class

Subtype

ESRI Geodatabase

ESRI Platform Support GDMS (Autodesk Based) Platform
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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

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction
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Light User Mobile Applications



Utilities:  Courtesy of LAX & x-SpatialPower User Interface



Airfield:  Courtesy of LAX & x-Spatial
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Signage & Markings:  

Courtesy of LAX & x-Spatial
Power User Interface



® x-Spatial – Proprietary

Pavement Management:  

Courtesy of LAX & x-Spatial
Power User Interface



Safety Assets:  Courtesy of LAX & x-Spatial

P
o

w
e

r U
se

r In
te

rfa
c

e



Courtesy of LAX

Central 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



Emergency Assets:  

Courtesy of LAX & x-Spatial
Power User Interface



Airport Assets Symbolized in 2D

Courtesy of RSW



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

INTERIOR DATA

 169 buildings with floors for LAX & VNY airports

 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



Both 2D & 3D             

Sustainable via GIS & LiDAR

DT spatial visualization in 2D vs 3D 

Which is                 

more practical  

for which 

applications?

Which is more 

sustainable?
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DT spatial visualization in 2D vs 3D (cont’) 

Which is                 

more practical  

for which 

applications?

Which is more 

sustainable?

Both 2D & 3D             

Sustainable via 

GIS & LiDAR
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DT spatial visualization in 2D vs 3D (cont’) 

Which is                 

more practical  

for which 

applications?

Which is more 

sustainable?

Both 2D & 3D             

Sustainable via 

GIS & LiDAR
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Courtesy         

of ATL &
ArcGIS Pro Reads Directly Revit (.rvt) 

& Publishes to 3D Web Scene with Attributes



Courtesy         

of ATL &
ArcGIS Pro Reads Directly Revit (.rvt) 

& Publishes to 3D Web Scene with Attributes



LiDAR with Draped Imagery 

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction

 Survey Automation Tools

 Ground Control Points (GCP)s      

Enable On-Going Updates Splicing

• Outdoor

• Indoor

 GIS Integration

• 2D/3D Linked Views

• 2D/3D Linked Assets

 3D Measurement Tools

 Improved Situational Awareness
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Courtesy of LAX & x-Spatial
Indoor Imagery Draped over LiDAR Supporting 

3D Measurements & Situational Awareness



Courtesy of CLT & x-Spatial

Indoor Imagery 

Draped over LiDAR 

Integrated with GIS



Courtesy of Skyline Software Systems3D Aerial Imagery Leveraging LiDAR & PhotoMesh

../../../../../[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

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction
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Lease Management



Electrical Panel Management



Project Information Management 
& Electronic Documentation

 ALP Change Requests / 7460s

 Construction/O&M Logistics 

Outage Coordination

 Construction Photos

 LiDAR Scans & Survey Data

 ORAT

 As-Builts / O&M Manuals

 etc…

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction
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Drawing & Document Mgm’t System (DDMS)
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Integrated Project Mangm’t via Simplify i3

® 2021 EPIC Engineering & Consulting Group, LLC – Confidential & Proprietary

../../../EPIC/EPIC-TAMIR Exchange/Videos/YYC Project Collaboration functionality.mp4


IoT Alarms - Sensors - Analytics

 Roadway Traffic

 Curb to Gate PAX Flux 

 Security Checkpoint Wait Times

 AOA Movements (e.g., aircraft, vehicles)

 Aircraft Gate Turnaround

 Access Control Alarms

 Fire Alarms

 Restrooms Level of Service

 Trash-bins capacity

 etc…

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction
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Integrating Real-Time IoT Sensor Feeds via APIs

 Internet of Things (IoT) provides a common 

communication medium for sharing sensor data           

(given security credentials in place)

 Application Programming Interfaces (API)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

Central 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



Live Map

● Our system can follow the path of 

individuals over a long period of time

● Multiple sensors work together to follow 

passengers over multiple touchpoints, like 

check in and security

● Live maps enable airport operators a view 

into their airport any time, anywhere



Courtesy of CLT & Skyfii (Crowdvision)



Real-Time Analytics

● Interactive 3D maps

● Passenger demand and wait 

time analytics 

● Passenger arrival and 

throughput counts report 

● Passenger experience 

segmentation

● SafeDistance Grade



Airline Check In Analytics

● At a glance analysis of check in 

lobby operations and passenger 

experiences

● Real-time and historical analysis 

of…

○ Queues

○ Check in counters

○ Kiosks

○ Bag drop

○ Customer service

○ Terminal entrances



WiFi Analytics

● Minimal to no additional infrastructure required

● Existing relationships with Boingo, Aruba, Cisco, 

Meraki, Ruckus  and many other WiFi service and 

infrastructure providers

● Some of the information that WiFi analytics 

provide:

○ Dwell time

○ Heatmaps

○ Curb to gate  / passenger journey

○ Gate departure lead time

○ Accurate visit / count trend



CCTV Video Management System (VMS)



Courtesy of CLT & Johnson Controls (Metasys)Building Automation System (BAS)



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 

• PAX Flux Curb-to-Gate

• Vehicle Flux (e.g., AOA, Roads, Parking, Rail)

• Baggage & Cargo Flux

IoT

Alarms

Sensors

Analytics

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction
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Recommended DT Phased Approach

Alarms 
Sensors 

Analytics

2D 
Applications

LiDAR with 
Draped 
Imagery

3D 
Applications

LMS

BAS - CMMS

CAD 

^

BIM

Spatial & 
Graph DBMS

GIS 

^

BIM

PIMS

EDMS

Planning-Design-Construction

1. Setup Project Information Management System (PIMS) 

including electronic documentation 

2. Setup spatial DBMS with data processing           

automation tools

3. Populate spatial DBMS with available data                          

and metadata

4. Add sensors with real-time data feeds and              

analytics integrated to spatial DBMS via APIs

5. Setup indoor/outdoor LiDAR spatial data update                          

process with GCPs; may be parallel to #3

6. Improve/add applications

7. Sustain & enhance as-needed

1
2

3

4

5

6

6 6

77

7
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Keys to Sustaining Airport Digital Twin

 Keep it Simple & Sustainable (KISS) Principle

 Leverage IoT sensors with APIs to automate overlay of 

real-time (and historical) data 

 Update spatial “skeleton” with new and/or relocated 

IoT sensors, assets, etc...; leverage simple GIS 

symbolized point features in 2D/3D

 Leverage LiDAR draped imagery with                         

semi-automated/robotic scanning platforms
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x-Spatial Advantages for DT

1. Reduced Data Workload 
• Eliminating Duplicate Datasets 

• Automating CAD to GIS Data Conversion

• Mobile Field Data Updates

2. Increased Data Reliability
• “Single Source of Truth”

• Rich Metadata Including Data Qualities

• Hyperlinks to Source Drawings/Documents

• Standardized Data

3. Flexible Data Services
• Supporting Seamlessly both Indoor and Outdoor Spatial Data

• Seamless Output to esri Geodatabase Serving 3rd Party Applications

• Seamless Output of Web Map Services for Web Application

• Automated Output of Standardized CAD-GIS Files

Reduce CAD to GIS 

Conversion Time           

from 94 hrs. to 15 sec.

Example:  CLT’s Main 

Terminal Ticketing Level 

Floor Plan (491 rooms)
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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
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GEOSPATIAL DATABASE MANAGEMENT SYSTEM (DBMS)

KEY TO AIRPORT DIGITAL TWIN

Ed Maghboul, President

Office: +1 (310) 862-1305

Mobile: +1 (310) 293-8268

ed.maghboul@x-spatial.com

David Tamir

Office: +1 (321) 473-4533

Mobile: +1 (805) 236-3286

david.tamir@x-spatial.com

-Spatial®




