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Panel Agenda

 Introductions 

 Airport Digital Twin Roadmap

 Challenges & Solutions

 1st Business Intelligence (BI) Analytics

 2nd Merging Various Information

 3rd Limited Labor Resources

 4th Consolidating CAD-GIS-BIM

 5th Processing Incoming AEC Data



Panelists
Moderator

 David Tamir
 AAAE Digital Twin Working Group Lead

 AirportDigitalTwin.org Lead Director

Airports

 Haley Cerri
 Charlotte Douglas Int’l Airport (CLT)

 Daniel Cinti

 Miami Int’l Airport (MIA)

 Arisca Droog
 Amsterdam Schiphol Int’l Airport (AMS)

 Brian Haren
 Hartsfield-Jackson Atlanta Int’l Airport (ATL)



Panelists (cont’)

Technology Solution Providers

 Dr. Prasad Chittaluru
 EPIC / Simplify i3

 Ed Maghboul
 x-Spatial / AEGIS

 Francesco Martinelli
 Trimble / Applanix / TIMMS

 Don Murray
 Safe Software / FME

 Udi Segall
 Intell-Act



AAAE ARP-DT 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
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What’s an Airport Digital Twin (ARP-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
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Airport ARP-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
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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 ARP-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
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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
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DT Open System Architecture Approach

Source:  AAAE Digital Twin Working Group



DT 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) 

Source:  AAAE Digital Twin Working Group



Path to Achieving ARP-DT

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



1st ARP-DT Challenge

Limitations of spatial analytics with traditional                                      

Business Intelligence (BI) analytics platforms

Power BI and Tableau are limited to only 2 spatial layers; 

Need many more such as:

 Floor Plan Levels

 Aircraft Gates

 Tenants & Concessions

 Sensors & Alarms

 Doors

 Resources

 Work Orders

 Projects

 Etc.
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Limited Spatial BI via Tableau  
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 PowerBI with Embedded Esri Maps

 Tableau with Embedded Esri Maps

 Esri ArcGIS:

 Dashboards

 Insights

 Web Applications 

Spatial BI Analytics
Leading Software Options
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Esri Dashboards Example
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Esri Insights Example
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 Issues

 Inspections

 Work orders

 Passenger counts

 Processing times

 Sensor feeds

 Video analytics

 etc.

Merging dynamic 

information from across 

airport campus

onto single                                      

“page” or ”map”              

for analytical correlation

2nd ARP-DT Challenge
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Merging various dynamic 

information from across 

the airport campus
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2nd ARP-DT Challenge



Real-Time Sensors Overlay
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Real-Time Spatial Analytics
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Aircraft 

Turn-

Around 

Processing

Machine Vision & Video Analytics of Intell Act

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023



Passenger 

Counting

Machine Vision & Video Analytics of Intell Act
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Ramp 

Safety 

Hazard 

Detection

Machine Vision & Video Analytics of Intell Act
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Machine Vision & Video Analytics

IntellAct’s video analytics middleware with API used for aircraft 

gate turn-around, passenger counts, and safety applications

of Intell Act

IMPROVE AIRPORT ON TIME PERFORMANCE (OTP) BY 5%

OPERATIONAL
MEASURES

STRATEGIC
GOAL

KPI Visualization

Live Dash-boarding

Performance 
Anomaly Detection

Reduce departure delays by 10% (YoY)

Decrease bags loading time by 15% 

STAFF INDIVIDUAL
MEASURES

Load 10 bags per minute
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Digital Twin Transformation Platform

Data Transformation

IoT Devices

Field Data

GIS

Projects

Funds

Budgets

Operations

Data Sources Data Fusion Outputs

Dashboards

Spreadsheets

Reports

Logs

Maps

Photos

Documents
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Merging Information

 Icons & Colors

 Tool Tips

 Procedure Checklists

 Workflows

 Form Templates

 List/Table Views

 Map Views

 Reports & PDFs 

 Dashboards

U
se

r 
C

o
n
fi
g

u
ra

b
le
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Merging Information

 Speech to Text

 Photo-Video-Audio Capture

 Record Documents

 Association Links

 Sticky Note Reminders

 Collaboration Comments 

 e-Mail & Text Communication

 Calendar Scheduling

 Change Tracking

Embedded
Google speech to text for capturing discrepancy 
descriptions without typing while performing inspections
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Form View
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List View
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Dashboard View
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Map View

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023



Map View (Analytical)
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Associations View
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Limited labor resources to maintain updated 

digital twin spatial “skeleton”                                                   

(i.e., floor plans and basemaps)

 Budget Constraints

 Data Flow Issues 

 Dynamic Priorities

 Lag Time

3rd ARP-DT Challenge
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of objects, assets, 

sensors, CCTV, etc.



LiDAR Vision via Vehicle
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LiDAR Vision via Vehicle
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LiDAR Vision via Vehicle

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023



LiDAR Vision via Robots
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LiDAR Vision via Cart
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LiDAR Integrated with GIS
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LiDAR Integrated with GIS

In-door Imagery Draped over 

LiDAR Integrated with GIS
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Machine Vision Feature Extraction

Leveraging LiDAR Draped Imagery from Across Terminal

for Feature Extraction (e.g., Badge Reader)

via Artificial Intelligence (AI) Machine Vision
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False PositiveTrue Positive

Machine Vision Feature Extraction
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Machine Vision Feature Extraction

Machine 

Vision 

Learning 

Curves
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Machine Vision Feature Extraction

Auto-Extracted Badge Readers with X-Y-Z Coordinates

via Artificial Intelligence (AI) Machine Vision
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CAD to GIS Automation Tools
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Floorplan GIS Polygon Automation

Reduces 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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Consolidating CAD-GIS-BIM                                              

into single source of truth

 Redundant spatial models 

 Separate / duplicate                                 

CAD, GIS, & BIM versions                           

to be synchronized

 Which version is more up-to-date 

becomes illusive

4th ARP-DT Challenge
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Spatial DBMS Interoperability

AEGIS 
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

“Glue” between
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Spatial DBMS Serving Multiple

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023
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DBMS



Leveraging Autodesk Construction Cloud

Design 
Collaboration

Aggregated Model 
Coordination

Issues 
Management

Automated Clash 
Detection

Document Control

Document Versioning Document Approvals
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Integrated BIM Records
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Web-Enabled BIM Access 
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BIM Exported Record Drawings
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Processing incoming datasets from                

Architectural - Engineering - Construction (AEC) 

project deliverables to update digital twin

 Establishing Contractual Standards

 Compliance Audits

 Enforcement

 Converting                                                

Non-Compliant Data

5th ARP-DT Challenge
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BIM Standards

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023

file:///C:/Users/joqui/PDBM Consulting/PRESENTATIONS - Documents/PERU/PROINVERSION/Referencia/MDAD - BIM Contract Language - Design.pdf
file:///C:/Users/joqui/PDBM Consulting/PRESENTATIONS - Documents/PERU/PROINVERSION/Referencia/MDAD - BIM Contract Language - Construction.pdf
file:///C:/Users/joqui/PDBM Consulting/PRESENTATIONS - Documents/PERU/PROINVERSION/MDAD - BIM Standard Manual _2022-v2 - ToC.pdf


Extract > Transform > Load (ETL) via FME
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Feature Manipulation Engine
Extracting Revit Data

200K+
users worldwide

3D Models
Floor Plans

Schedules
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Feature Manipulation Engine
Validating Revit Files using Metadata

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023



Key

Technologies 

Enabling

Achievement

of Sustainable 

Airport Owner

Digital Twins
www.AirportDigitalTwin.org

S P O N S ORED BY



AirportDigitalTwin.org

BIM

Simplify i3

AEGIS

Team of Integrated Solution Providers Enabling Airport Owner Digital Twins
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Integrating Best of Breed Technologies

Sponsored by www.AirportDigitalTwin.org AAAE Operations & Technology Symposium 2023


	Slide 1: Key  Technologies   Enabling  Achievement  of Sustainable   Airport Owner  Digital Twins
	Slide 2: Panel Agenda
	Slide 3: Panelists
	Slide 4: Panelists (cont’)
	Slide 5: AAAE ARP-DT Working Group
	Slide 6
	Slide 7: What’s an Airport Digital Twin (ARP-DT)
	Slide 8: Airport ARP-DT Components
	Slide 9: Holistic ARP-DT Stakeholders Airport Owner-Side ---------->
	Slide 10
	Slide 11: DT Open System Architecture Approach
	Slide 12: DT Top Use Cases       Needed @ Airports
	Slide 13: Path to Achieving ARP-DT
	Slide 14: 1st ARP-DT Challenge
	Slide 15: Limited Spatial BI via Tableau  
	Slide 16
	Slide 17: Esri Dashboards Example
	Slide 18: Esri Insights Example
	Slide 19: 2nd ARP-DT Challenge
	Slide 20: 2nd ARP-DT Challenge
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Machine Vision & Video Analytics
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37: 3rd ARP-DT Challenge
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51: 4th ARP-DT Challenge
	Slide 52: Spatial DBMS Interoperability
	Slide 53
	Slide 54: Leveraging Autodesk Construction Cloud
	Slide 55
	Slide 56
	Slide 57
	Slide 58: 5th ARP-DT Challenge
	Slide 59: BIM Standards
	Slide 60: Extract > Transform > Load (ETL) via FME
	Slide 61
	Slide 62
	Slide 63: Key  Technologies   Enabling  Achievement  of Sustainable   Airport Owner  Digital Twins
	Slide 64: AirportDigitalTwin.org
	Slide 65: Integrating Best of Breed Technologies

