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Presentation Overview

• x-Spatial Introduction

• What is an Airport Digital Twin

• Use Cases, components 

• Examples of leveraging DT & integration with other airport data

• Case Study
• Using LiDAR to create a 3D DT at Charlotte Douglas International Airport

• Sustaining DT - Updating the master LiDAR model

• Q & A



Introductions

• Founding member of Airports Digital Twin Consortium 
(https://airportdigitaltwin.org/) 

• x-Spatial was formed in 2006 to better focus our application 
development for our clients

• Formally the application development division of Kelar 
Corporation (established in 1982)

• Our current focus are airports, assisting them with managing 
their assets as well as financial information (lease & concession 
mgmt.) leveraging GIS

• We have over 25 years of direct experience of application 
development including CAD / GIS / IT in an airport environment, 
at major European & US airports 

https://airportdigitaltwin.org/


What is an Airport Digital Twin



AAAE Digital Twin Working Group

 Roadmap for Airport Owners

 Definition / Explanation

 Top Use Cases / Examples

 System Architecture

 Implementation Approach

 Governance to Sustain

 Industry Resources

Lowest > > > > Highest

Entry Level Utopia

Level 1 2 3 4 5 6

Understaffed Adequately staffed
Some machine learning 

automation reducing 
needed staff levels

Full machine learning 
automation

Business 
Processes

Not documented Few documented
Few mapped with some 
workflow automation

Mostly mapped with 
some workflow 

automation

Completely mapped with 
some workflow 

automation

Completely mapped with 
full workflow automation

Data Housing Siloed
Combination of siloed 

and centralized
Mostly centralized data 

hub/warehouse
Centralized & integrated 

data warehouse
Mostly aligned data

Full accessibility & 
alignment

Measuring available data
Developing division 

metrics for key priorities
Developing centralized 

universal metrics

Build alignment of 
organizational measures 

into employee work 
tasks

Calibrate alignment of 
metrics to improve 

performance

Fully aligned enterprise 
with on-demand metrics

No automated data 
sharing flow (i.e., manual 

batch loading, not real 
time via API)

Manual and automated 
data sharing flow

Manual and automated 
data sharing flow

Priority external and all 
internal data flows 

automated

Some IoT device data 
flow within proprietary 

disparate systems

Some internal airport 
systems with automated 

data sharing

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

etc.)

Automated PAX 
demographics, POS, 

concessions data, airline 
activity overlay

Manual shared CAD/GIS 
maps

Georegistered
Georeferenced with 

metadata / some 
surveyed

Some georeferenced 
LiDAR survey verified

Most georeferenced 
LiDAR survey verified

All georeferenced LiDAR 
survey verified

Real-time 
sensor/analytics feeds 

(including video 
analytics) on static maps 
within respective siloed 

systems

Non-interactive analytics 
consumption of GIS 

mapping

Interactive analytics 
mapping overlay (i.e., 
can select layering and 

interrogate feature 
attributes)

Real-time 
sensor/analytics feeds 

overlayed on combined 
2D map; CCTV imagery 

accessible from mapped 
cameras

Dynamic real-time CCTV 
imagery overlaid on 3D 

GIS/BIM

Augmented/virtual 
reality with all integrated 

data overlaid

Accessible to individual 
system operators

Designated analyst 
access to mapped 

analytics

Ad-hoc updated 
indoor/outdoor 

basemaps in 2D GIS

Annual updated 
indoor/outdoor 

basemaps in 2D GIS

Semi-annual updated 
indoor/outdoor 

basemaps in 2D/3D

Monthly updated 
indoor/outdoor 

basemaps with LiDAR & 
draped 360 imagery 

integrated in 2D/3D GIS

Weekly updated 
indoor/outdoor 

basemaps with LiDAR & 
draped 360 imagery 

integrated in 2D/3D GIS

Daily updated 
indoor/outdoor 

basemaps with LiDAR & 
draped 360 imagery 

integrated in 2D/3D GIS

Minimal GIS staff GIS understaffed
GIS adequately staffed 
and minimal BIM staff

Spatial data updates 
partially automated in 
GIS; reduced GIS staff; 

more BIM staff  

Spatial data updates 
partially automated in 

GIS/BIM; asset ID AI 
learning; reduced 

GIS/BIM staff

Spatial data updates fully 
automated in BIM/GIS 

with AI asset ID; minimal 
monitoring and staff

"As-Built" BIM reference 
models available

High priority buildings 
updated in BIM and 
integrated with GIS

Updated BIM models 
campus wide and 

integrated with GIS

Mostly via flat file 
integration

Individualy managed 
integrations via APIs; no 

direct sensor edge 
integration

Integration broker for 
some systems via APIs; 
no direct sensor edge 

integration

Major systems 
integrated via common 
hub; direct sensor edge 

integration

All systems integrated via 
common hub; direct 

sensor edge integration

Some bi-directional 
manual (DT control 

output) with non-critical 
systems

Manual bi-directional 
including critical Systems

Automated feedback bi-
directional including 

critical systems

Predictive 
Simulation

Predictive simulation of 
select flows (e.g., PAX, 

aircraft, bags)

Predictive simulation of 
high priority airport 

operations (e.g., aircraft, 
PAX, baggage, roadways, 

parking)

Predictive simulation of 
most airport operations

Full airport campus 
predictive simulation

A A A E    A i r p o r t    D i g i t a l    T w i n    M a t u r i t y    M o d e l

Proactive centralized Business Intelligence (BI) organizational function 

Staffing

Data Flow

Self motivated individual 
division staff conducting 

analysis

Division designated 
dedicated analyst

Metrics & 
Analytics

Defining DT Vision & Path Forward

All data feeds automated 
with self reported 

validated

All data feeds automated 
(no self reporting)

Systems 
Integration

Disparate simulation tools used as needed by 
consultants for defined studies; not part of DT

"As-Built" BIM reference models linked to GIS with some BIM updating

Enterprise distribution of mapped analytics

Mostly disparate (non-
integrated) COTS 

solutions
Uni-directional (1-way) integration into DT

Spatial 
Correlation

Aerial/ALP/raster floor 
plan maps some 

georegistered

Common basemap automated web services



What’s an Airport Digital Twin

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

(based on Digital Twin Consortium’s Definition)



What’s an Airport Digital Twin cont’



What’s an Airport Digital Twin cont’

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



What’s an Airport Digital Twin cont’

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



What’s an Airport Digital Twin

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



Use Cases & Components



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 

Airports Digital Twin Consortium™ Proprietary



Top Use Cases

 Landside Arrivals

 Shuttle Bus Frequency

 Security Checkpoints 

 Digital Content 

 APM Frequency

 Concessions 

 Connecting Flights/PAX Loads

 Terminal Resources

 Terminal Energy Management

 Terminal Cleaning 

 Predictive Maintenance 

 Work Scheduling 

 Airfield Safety

 PAX Safety & Health

 Emergency Situational 
Awareness 



Path to Achieving Airport Digital Twin
Maturity Model
 Staffing
 Business Processes
 Data Housing
 Metrics & Analytics
 Data Flow
 Spatial Correlation
 Systems Integration
 Predictive Simulation

Lowest > > > > Highest

Entry Level Utopia

Level 1 2 3 4 5 6

Understaffed Adequately staffed
Some machine learning 

automation reducing 
needed staff levels

Full machine learning 
automation

Business 
Processes

Not documented Few documented
Few mapped with some 
workflow automation

Mostly mapped with 
some workflow 

automation

Completely mapped with 
some workflow 

automation

Completely mapped with 
full workflow automation

Data Housing Siloed
Combination of siloed 

and centralized
Mostly centralized data 

hub/warehouse
Centralized & integrated 

data warehouse
Mostly aligned data

Full accessibility & 
alignment

Measuring available data
Developing division 

metrics for key priorities
Developing centralized 

universal metrics

Build alignment of 
organizational measures 

into employee work 
tasks

Calibrate alignment of 
metrics to improve 

performance

Fully aligned enterprise 
with on-demand metrics

No automated data 
sharing flow (i.e., manual 

batch loading, not real 
time via API)

Manual and automated 
data sharing flow

Manual and automated 
data sharing flow

Priority external and all 
internal data flows 

automated

Some IoT device data 
flow within proprietary 

disparate systems

Some internal airport 
systems with automated 

data sharing

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

etc.)

Automated PAX 
demographics, POS, 

concessions data, airline 
activity overlay

Manual shared CAD/GIS 
maps

  
   

  
  

  
  

   
 

 
  

  
    

   

  
   

  
   

    
  

 
  

   
    

   

   
    

 
    

 

   
 

  
   

  
 

   

  
 

   

  
 

  

  
 

    
   

   

  
 

    
   

   

  
 

    
   

   

   
   
   

   
   

    
    

   
   

    
  

 

    
   

     
  

   
 

   
    

  

   
   

  

    
  
    

   

   
    

    

  
   

    

    
   

  

  
   

   
  
  

  
  

 

    
    

 

   
   

   
   

   
  

   
 

A A A E    A i r p o r t    D i g i t a l    T w i n    M a t u r i t y    M o d e l

Proactive centralized Business Intelligence (BI) organizational function 

Staffing

Data Flow

Self motivated individual 
division staff conducting 

analysis

Division designated 
dedicated analyst

Metrics & 
Analytics

Defining DT Vision & Path Forward

All data feeds automated 
with self reported 

validated

All data feeds automated 
(no self reporting)

 

       
       

          

    

  
  

    

 

Aerial/ALP/raster floor 
   

Common basemap automated web services

Source:  AAAE Digital Twin Working Group



Airport DT Components
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

BI

 BAS – Building Automation System

 BI – Business Intelligence

 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

® x-Spatial – Proprietary



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

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

 Planning & Environmental
 Engineering & Construction
 Operations & Security
 Facilities Maintenance 
 IT Systems & Infrastructure
 Leasing & Concessions (Revenues)
 Finance & Procurement
 Legal & Administration

AEC-DT is 
Different

® x-Spatial – Proprietary



DT
Foundation

“Skeleton” 
correlates DT 
components 

together 
via common 
denominator 

Spatial Database

key
to achieving DT 

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

BI

® x-Spatial – Proprietary



DT & integration with other airport data



Spatial Data                     
is Common 

Denominator

Enabling Spatial 
Correlation for 

Digital Twin

® x-Spatial – Proprietary



Spatial Correlation

® x-Spatial – Proprietary



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…



BIIoT 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
® x-Spatial – Proprietary



Leveraging CCTV Machine Vision & Analytics

Courtesy 
of Intell Act






Courtesy of CLT & 
Skyfii (Crowdvision)

Leveraging PAX Movement Sensors & Analytics



Leveraging Building Sensors & Alarms Courtesy of CLT & 
Johnson Controls 

(Metasys)



Real-Time Sensor Overlay

® x-Spatial – Proprietary






Real-Time Sensor Overlay

® x-Spatial – Proprietary



AODB Integration – Passenger flow modeling

Gate  A21Gate  A23Gate  A25Gate  A27

Gate  A29

Gate  A28
Gate  A26 Gate  A24

Gate  A22



BIEnterprise 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
® x-Spatial – Proprietary



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

® x-Spatial – Proprietary



A
nalytics Dashboards

® x-Spatial – Proprietary



Space & Lease Mgm’t ArcGIS Dashboard



ArcGIS On-Line Web Lease Management

® x-Spatial – Proprietary



ArcGIS On-Line Web Lease Management

® x-Spatial – Proprietary



ArcGIS On-Line Web Lease Management

® x-Spatial – Proprietary



Lease Exhibit Print/Output via Web App

® x-Spatial – Proprietary



Mobile View & Edit

® x-Spatial – Proprietary



Asset Linked Drawings & Documents
Mapped Electrical Panels with 2-Way 
Hyperlinked One-Line Diagrams

® x-Spatial – Proprietary



BIProject 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
® x-Spatial – Proprietary



Integrated BIM Deliverables



Web-enabled BIM Viewing 



Web-enabled BIM Viewing 



BIM Exported Drawing Sheet Viewing



BI2D & 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
® x-Spatial – Proprietary



BILiDAR 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

® x-Spatial – Proprietary



Courtesy of Skyline Software Systems3D Aerial Imagery Leveraging LiDAR & PhotoMesh



3D LiDAR with Draped Imagery



Charlotte Douglas International Airport
LiDAR Scanning Project



Create accurate, up-to-date floor plans drawings  
• Leasing purposes
• Integration with other systems (sensors, other location-dependent systems, etc.)

Create a digital twin of the Terminal and Concourses 
• Asset management (location, extraction, etc.)

• Signage / HVAC / Fire Extinguishers, etc. 

• Door/room renumbering
• Space usage 
• Situational awareness 
• Wayfinding

Business Drivers



• Approximately 1.8 million SQFT of the terminal area 
scanned in 7 Days

• 5.16 TB of data (LiDAR & 360d images) delivered
• Over 67000 360d images
• 299 1cm Color LAS files edited & combined to create 

17 distinct floors
• 17 CAD floor plans 

Project Overview



Mission planning was based on the 
framework established in CLT’s Guideline 
for indoor scanning document.
• The scanning routes for the terminal and 

concourses were created based on 
levels, regions and rooms.

• Other considerations for planning 
included flight ops, inaccessible or out-
of-service elevators, secured area’s 
escort requirements, etc.

Mission Planning



Scanning regions were created and elevators were 
marked to assist in more efficient routing

Mission Planning



• A detailed schedule for scanning was created 
based on the number of rooms within each level 
and region

• A report was also created to inform the scanning 
crew of issues that need to be addressed and 
spaces to avoid

• Aircraft operations per concourse was one of the 
key drivers for mission planning to avoid a high 
number of passengers, which affects the quality and 
increases the post-processing of LiDAR data

Mission Planning

Scanning planning

A typical report showing potential scanning issues for a 
building/level/region

Aircraft Operations: day-overview 
Concourse A



Survey Control Network and Supplemental Indoor 
Ground Control Points are keys for sustainability & 
updating the master LiDAR model

• CLT’s Control survey network establishes a 
common, consistent network of physical 
monuments that are the basis for the horizontal 
and vertical location of CLT. 

Supplemental Indoor-Ground-Control-Points (IGCP)
• CLT Terminals and Buildings are environments 

where the accuracy, integrity, continuity and 
consequent suitable availability of GNSS signals 
cannot be assured.

• Supplemental Indoor-Ground-Control-Points are 
densification or extension of the survey control 
network that are required for future scanning 
projects. 

Survey



LiDAR Data Update 
Process

(C
1.

6)
 L

iD
A

R/
Im

ag
er

y 
Sc

an
ni

ng
 U

pd
at

es

Perform Scan(s) 
& Collect Data

Process/Clean-up 
LiDAR and Imagery 

Data

Re-establish 
Survey Ground 
Control Points 

(GCP)s As 
Needed for 

Area(s) to be 
Scanned

Prepare 
Scanning Route 
Planning Maps 
Showing GCPs

Coordinate 
Access Logistics 

via CLT Ops

Prepare & Calibrate 
Tripod LiDAR/Imagery 

Scanning System

Prepare & Calibrate Rolling Car  
LiDAR/Imagery Scanning System 

(e.g., Trimble's TIMMS)

Create CAD 
Site/Floor Plan 

Drawing(s)

(X5) Replace AEGIS 
Floorplans

(X6) Edit AEGIS 
Floorplans

Pre-Process Raw LiDAR 
and Imagery Data

(X7) Create/Update 
GIS Room Polygons

(X4) Edit AEGIS 
Attribute Values

Load Processed 
Data into 

Trimble TMX or 
Similar

Capture Needed Assets 
Feature Data

(X2) Edit/Delete AEGIS 
Feature(s)

(X3) Add/Delete AEGIS 
Feature Class & Adjust 

Attributes/Domains 
Structure

(X1) Add AEGIS Feature(s) 
with Attributes

(X4) Edit AEGIS 
Attribute Values

(X15) Data 
QC/QA

(X11) Publish AEGIS 
Staging SQL ESRI 

Geodatabase

(X12) Publish AEGIS 
Production SQL ESRI 

Geodatabase

(C5.1) CityWorks 
System/Data 

Administration

Large Area to be 
Updated?

Major Floor Plan 
Updates?

Assets Already 
Configured in AEGIS?

CityWorks Spatial 
Updates Needed?

No

Yes

Yes

No

Yes

No

Yes

No

Incremental update of master 
model (sustainability)is the key 
benefit of creation of IGCP’s. 



The survey deliverables included;
• CAD drawings 

• Survey report including photographs of IGCP

• Excel file identifying IGCP point #, type, 
location, etc. 

Survey

Sample GCP Report

AutoCAD floor plan with marked IGCP’s



Scanning

Trimble Indoor Mobile Mapping System (TIMMS)

TIMMS interface showing scanned path and 360° image 
capture locations

Mission Planning



Scanning - Interior






Scanning - Exterior






Scanning - Obstacles






Scanning – Mechanical Rooms






Scanning - Obstacles






Scanning – Planned vs. Actual



Spherical 360° imagery
• RAW images (JPEG images): both 

high definition and 

• standard, along with supporting files, 
for each part of the scanning project

Point Cloud files 
• Color georeferenced point cloud in 

ASPRS LAS format: (The American 
Society for Photogrammetry & 
Remote Sensing – LASer format) 

• Mono georeferenced point cloud

Deliverables and Post-processing



Cleaned and combined 1cm Point 
Cloud files

• Combining the several mission 
files to create one file per 
building floor

• Removing excess noise from 
the point cloud

• Publishing the point cloud 
and imagery to be used for 
future feature extraction 

Deliverables and Post-processing



LiDAR + 360° Image Integration with GIS



• 3D AEGIS functions launches 
a window showing a 360°
panoramic image of that 
location draped over the 
point cloud

• Image viewer allows

• Virtual walkthrough

• Measurement

• Asset tagging

• Feature Extraction

LiDAR + 360° Image Integration with GIS



New tools have been 
developed which allow 
tagging of an asset in the 
360° image, transferring that 
point to AEGIS and using the 
provided AEGIS tools to 
classify the asset

LiDAR + 360° Image Integration with GIS



Once the asset has been 
classified and recorded in the dB, 
users can proceed to attach 
documents and edit its attributes

Asset Tagging



LiDAR + 360° Image Integration with GIS


Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.





Integrated with GIS



3D LiDAR with Draped Imagery






Multi-Dimensional Data

In-door Imagery Draped over LiDAR 
Integrated with GIS



Rescanning a renovated region / 
Updating the master LiDAR model



Photo Trail Mission 
7

Summer 
House 

Summer 
House 



Nearest IGCP



Corridor

Static scanner location 
points
Point cloud and Imagery

Concession

Original (master scan) 
2020

Note:
 There need to be more camera location points (in the 

corridor) to cover all viewpoints of the changes.
 Point cloud requires: Noise removal and Image 

alignment Solv3D and/or Recap

New Scan 2022

Mobile scanner route:
360° images taken at 1-meter intervals 
(2020)

Not included in scanning 
mission

(Area under construction)

Corridor

Feature

Example showing a similar type of concession project as the summer house



Combined 2020 and 2022 point clouds Combined 2020 and 2022 
Images

Static (scanner) 
camera location 
points 
(most recent views 
2022)

Retired 
Images

View of 
incorrect 
feature 
images

Corridor

Concession

View of incorrect wall 
images

Corridor

Ghost 
Feature

Overlapping 
Ghost Wall

Static scanner (2022)

Mobile scanner route (2020)
Note:
There are insufficient camera location points (in the 
corridor) to cover all viewpoints of the changes

Example showing a similar type of concession project as the summer house



Retired photo (date: 2020)

New photo (date: 2022)



Scanner position 2020 photos.

Scanner position 2022 photos.



Combined Scanner (TIMMS and TMX) images  2020 and Summerhouse Mission 2022



New Static scanner (X7) Point cloud requires: Noise removal and Image alignment



New Static scanner (X7) images showing passenger crowd movements and ghosts images that 
cannot be removed



Combined Scanner (TIMMS and X7) images  2020 and Summerhouse Mission 2022



TIMMS scanner Mission 7 (sliced): Noise removed and images 
aligned



TIMMS photo to be retired: Mission 7  2020 



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



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



Q / A

A. Ed Maghboul
Ed.maghboul@x-spatial.com
Tel: 310.293.8268

mailto:Ed.maghboul@x-spatial.com
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