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Objective

Manage  

Expectations                       

of Airport Owners

to Successfully 

Achieve & Sustain

Airport Digital Twin 

(DT) Capabilities



In 2019, researchers  

at Markets & Markets 

reported that             

Digital Twin industry 

generated $3.8 billion 

USD in revenue 

around the world , 

and is projected to 

grow to $35.8 billion 

USD by 2025

Background



Background

Nearly 30-Year-Old Concept …



 Digital Twin terminology along with IoT interoperability 

and analytics are renovating previous concepts

 Digital Twin software solutions being marketed to airports

 Airport executives hearing and asking about Digital Twin 

 Airport Digital Twin implementations beginning

 Airport Cooperative Research Program (ACRP) begun to 

study Digital Twins for Airports (ACRP 03-66)

Background



Surveyed Impressions

Source:  AAAE / TRB 2022 Survey

 Integration

 Real-time data

 3D visualization                                             

(2D and schematics are ok too)

 Data analytics

 Dashboards

 2-way flow of data

 Simulated & Predicted

 IoT sensors



 Formed Digital Twin Working Group (DT-WG) 

December 2021 (under Facilities & Technical Services Committee)

 Primary Objective:  Develop Roadmap for Airport Owners

 Regular Zoom Meetings

 Monthly:  All Working Group Members Invited for Inputs & Reviews of Airport Examples

 Weekly:  Smaller Sub-Working Group Developing Roadmap Content Details

 DT-WG Membership

 20 Airport Owners

 40 Solution & Service Providers

 AAAE Conference Panels

 2022 Ops & Tech in San Antonio 

 2022 NAC in Orlando

+ AAAE Airport Magazine Article (Oct/Nov) 

AAAE Digital Twin Working Group



AAAE Digital Twin Working Group

Roadmap for Airport Owners

 Definition / Explanation

 Top Use Cases / Examples

 Maturity Model

 System Architecture

 Implementation Approach

 Governance to Sustain

 Funding

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 (DT)

Digital representation of airport campus 

 integrating data from disparate systems / sources 

 to enable safe, secure, and efficient airport functions 

 with past, present, and predicted views

AirportDigitalTwin.org Proprietary Information



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 cont’

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



Challenges Facilitated by Digital Twin

 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 

AirportDigitalTwin.org Proprietary Information



Examples requiring Correlation

via a Digital Twin

 PAX Movements Analytics

 Building Sensors Analytics

 CCTV Imagery Analytics

AirportDigitalTwin.org Proprietary Information



DT Fusion

AirportDigitalTwin.org Proprietary Information



Examples of DT Data Fusion Needs

 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…

AirportDigitalTwin.org Proprietary Information



Open System Architecture Approach

Source:  AAAE Digital Twin Working Group



Airport DT Components

IoT

Alarms

Sensors

AODB

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction

BI

 AODB – Airport Operations Database

 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 Systems

 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

AirportDigitalTwin.org Proprietary Information



IoT

Alarms

Sensors

AODB

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction

BI

Holistic DT Stakeholders 
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

AirportDigitalTwin.org Proprietary Information



DT
Foundation

“Skeleton” 

correlates DT 

components 

together 

via common 

denominator 

Spatial Database

key

to achieving DT 

IoT

Alarms

Sensors

AODB

2D

Apps

LiDAR 
Draped 
Imagery

3D

Apps

LMS 

BAS 

CMMS

CAD 

^
BIM

Spatial 
Graph 
DBMS

GIS 

^
BIM

PIMS

EDMS

Planning-Design-Construction

BI

AirportDigitalTwin.org Proprietary Information



DT Leverages Existing Systems Data

Data 
Warehouse

PSAP

EDMS

DCMS

PIMS

CAD-GIS-BIM

BI Analytics

AODB

LMS

ERP

CMMS

AirportDigitalTwin.org Proprietary Information



AAAE DT-WG Review of Airport Examples

 AMS

 YVR

 PANYNJ

 DFW

 MCO

 CLT

 SFO

 LAS



AMS



AMS



AMS



x

AAAE Digital Twin Panel



x

AAAE Digital Twin Panel



x

AAAE Digital Twin Panel



Central Plant



Passenger Processing



Conveyance Monitoring

















Most Use-Cases Require 2D
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SFO Capabilities to be Evaluated



SFO Capabilities to be Evaluated



Top Use Cases                Needed @ Airports

 Landside Arrivals

 Shuttle Bus Frequency

 Security Checkpoints 

 Digital Content 

 APM Frequency

 Concessions 

 Connecting Flights/PAX Loads

 Terminal Resources

 Terminal Energy Management

 Terminal Cleaning 

 PAX Health

 Safety Management System (SMS)

 Security/Emergency                

Situational Awareness 

 Predictive Maintenance 

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



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

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

Source:  AAAE Digital Twin Working Group



Takeaways

 Airport Owner’s Digital Twin (DT) is not a single software 

solution; it’s an integration of data, processes, and technology

 DT is NOT replacing existing airport systems,                                 

but rather expands their utility via integration

 DT requires sustainable geospatial framework

 Airport CIP builds and renovates assets                           

physically and should also virtually via DT

AirportDigitalTwin.org Proprietary Information



Biggest Challenges

 Funding resources to build & sustain it 

 Organizational placement of steward

 Data update process lag time

AirportDigitalTwin.org Proprietary Information



First Steps Towards Achieving DT
Setup Airport Business Intelligence (BI) Group

Equipped with: 

 Enterprise analytics platform such as Tableau,         

Microsoft Power BI, and/or ArcGIS Insights

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

 Data warehouse and middleware for processing and 

integrating data from multiple sources

AirportDigitalTwin.org Proprietary Information



Keys to Success

 Business use-case driven

 Enterprise analytics correlated over GIS spatial maps

 Updated floor plans and campus basemap                         

(including sensor locations) 

 Stewardship by Airport’s Business Intelligence (BI) Group

AirportDigitalTwin.org Proprietary Information



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 IoT sensors, assets, etc...; 

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

 Leverage LiDAR draped imagery with semi-

automated/robotic scanning platforms indoors and 

outdoors

AirportDigitalTwin.org Proprietary Information
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