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1. Jul 19:  BIM Processing

2. Jul 26:  Information Integration

3. Aug 2:  Enabling Integrated SMS

4. Aug 9:  Holistic Business Intelligence

5. Sep 27:  Roadmap for Airport Owners

6. Oct 18:  LiDAR with Draped Imagery
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6. Oct 18:  LiDAR with Draped Imagery

 Introductions & Background  

 Sample Airport Use Cases Leveraging 

LiDAR with Draped Imagery

 Outdoors

 Indoors

 Leveraging Artificial Intelligence (AI) 

Machine Vision for Feature Extraction

 Best Practices for Capturing & Processing 

LiDAR with Draped Imagery to Sustain 

Airport Digital Twins

    

Webinar Outline

AirportDigitalTwin.org
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BIM

Simplify i3

AEGIS
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Integrated Solution Providers Enabling Airport Owner Digital Twins



Integrating Best of Breed Technologies
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Sustainable Airport Digital Twin Solutions
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Introductions:
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BI

LiDAR with Draped Imagery 
IoT
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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 Skyline Software Systems

3D Aerial Imagery via LiDAR & PhotoMesh
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Airfield LiDAR with Imagery
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Airfield LiDAR with Imagery
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Airfield LiDAR with Imagery
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Facility LiDAR with Imagery
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LiDAR with Imagery
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Integrated with GIS
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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

Sponsored by www.AirportDigitalTwin.org



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

Sponsored by www.AirportDigitalTwin.org



Best Practices for Capturing & Processing 

LiDAR with Draped Imagery to Sustain 

Airport Digital Twins
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Airport 
Scanning

A Sustainable Approach for 
Comprehensive 

Reality Data Capture
and Utilization 

Create a sustainable, accurate, up-to-date 3D Master Model. 
It is crucial to consider the following key factors: 

• Scanner Selection

• Use of permanent Indoor Ground Control Points (IGCPs)

• Post Processing software of the scanned data

• Harmonizing software for optimizing the point cloud, format conversion, cleaning, 

and publishing

• Indoor scanning and Temporal indoor scanning Guidelines



Key Aspects of 
Your Reality 

Capture 
Project

• Data Collection Method: 
Select the appropriate data collection method (Trolley, backpack, handheld) 
and ensure accurate correlation to real-world coordinates for georeferencing.

• Real-world Accuracy with Survey Control and Indoor Ground Points: 
Ensuring Real-world accuracy throughout the airport for foundational and 
future Scanning missions with the Survey Control Network and Indoor Ground 
Control Points.

• Post-Processing:  Enhancing Data Accuracy and Alignment: 
Ensures accurate data alignment from multiple missions, georeferencing, 
trajectory estimation, point cloud registration, quality control, and error 
correction for data accuracy.

• Streamlined Data Integration and Workflows: 
Assess seamless data integration from diverse sources, temporal changes, and 
platforms to streamline project workflows and publishing.

• Standards and Guidelines: 
Essential for creating a solid foundation for your scanning projects.



Selecting the Optimal IMU and Platform for a Highly Accurate Master 3D Model
Mounting the IMU on a trolley ensures optimal performance and stability, particularly when comparing SBET and 
SLAM with varying IMU quality.

Choosing the Right Scanner and Inertial Measurement Unit (IMU) for Data Accuracy
Accurate Georeferencing for Every Point in a Master 3D Model

Enhanced Accuracy with SBET (Smoothed Best Estimated Trajectory):

SBET, combined with a high-quality IMU, achieves exceptional georeferencing accuracy, closely aligning point 
cloud data with real-world coordinates, thereby reducing the need for extensive point cloud smoothing and 
preserving fine details and data quality.
Accuracy and Smoothing in SLAM (Simultaneous Localization and Mapping):
Lower-quality IMU integration, combined with SLAM, leads to reduced trajectory accuracy, necessitating 
extensive point cloud smoothing to compensate for errors, which, in turn, causes the loss of fine details and 
sharp features in the data.

Fine detail vs. smoothing



Scanner Selection:  Trimble Indoor Mobile Mapping Solution (TIMMS)

Advantages of  a Scanning Trolley-Based Scanning Technology

Higher Quality Equipment: The trolley accommodates advanced, higher-quality equipment for precise and 
detailed data capture.

Less Physical Strain: The trolley reduces operator fatigue by bearing the equipment's weight, allowing longer 
scanning sessions.

Stability: The trolley provides a stable platform, minimizing scan errors due to movement or vibration.

Consistency: Trolley systems maintain a consistent height and orientation, ensuring uniform scanning coverage 
and accuracy with easy operation.



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

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 required for future scanning 

projects. 

CLT Project

• 20 permanent Survey Control Points 
(CDIA CAP) on the ramp level, around the 
perimeters of the buildings.

• 74 permanent IGCPs on the ramp level 
inside/outside the buildings.

• 276 (temporary) IGCPs on all other levels 
inside the buildings.

• The color-coded tags for IGCPs did not 
distinguish between those required for 
current and future scanning projects and 
the temporary line-of-sight IGCPs



Post-Processing:  Enhancing Data Accuracy and Alignment:
POSPac® Mobile Mapping Suite

Data Alignment and Calibration: 
Synchronizes and correctly orientates data from multiple missions for accurate alignment.

Georeferencing and Trajectory Estimation: 
Computes the accurate trajectory of the TIMMS Trolley, creating an SBET (Smoothed Best Estimated Traject) for 
mapping to real-world coordinates.

Point Cloud Registration: 
Aligns and combines individual point clouds into a seamless, 
georeferenced 3D model.

Quality Control: 
Identifies data errors and discrepancies to ensure data 
quality.

Error Correction: 
Corrects errors in the data, such as sensor drift or 
misalignments, using Indoor Ground Control Points.



Flexibility: Easily adapt to evolving scanning technologies and equipment.

Future-Proofing: Stay prepared for emerging standards and innovations in scanning.

Efficiency: Streamline data processing and reduce costs.

Accuracy: Ensure precise alignment and consistency in data.

Data Integration: Seamlessly combine data from different scanning methods.

Harmonization Software
Optimizing the point cloud, format conversion, cleaning, Integration, and publishing
Solv3D Engine

Integration of Point Cloud, Imagery, and Orientation Files



Standards and Guidelines

Construction and surveying standards, including Caltrans, CAD, BIM, and GIS, are universally recognized and used to 
ensure consistency and interoperability.

Outdoor Mobile and Static terrestrial laser scanning (MTLS) combines LiDAR technology with Global Navigation 
Satellite Systems (GNSS) and is covered in the Caltrans standards.

Indoor LiDAR scanning  There are no National or International standards or well-established guidelines for indoor 
LiDAR and photogrammetry data collection or derived end products.



Initial 
Scanning 
Missions

Laying the foundations for all 
future reality capture scans

An Overview of Initial Reality Capture Missions for CLT: 

• Terminal and five Concourses Covered

• Conducted 16 Scanning Missions

• Processed 299 1cm Color LAS Files 

• Completed 1.8 Million SQFT Scanned in Just 7 Days

• Delivered a Total of 5.16 TB of Data 
(Including LiDAR and 360-degree Images)

• Captured a Collection of 67,000 High-Quality 360-degree Images

• Generated  17 comprehensive CAD Floor Plans 



Mission 
Planning

A Comprehensive Approach

Mission planning follows the 
framework outlined in CLT's Indoor 
Scanning Guidelines.

Due to the Terminal and Concourses' 
size and complexity, we subdivided 
the optimal scanning routes into 
levels and regions.

Additional planning considerations 
involved flight operations, 
accessibility challenges such as out-
of-service elevators, and the escort 
requirements for secure areas.



Scene Understanding: Building Floor-Delineated Regions.

Strategic Scanning Regions: Regions are designed considering IGCP placements, accessibility 
constraints, and security factors, shaping the composition of each scanning mission, which 
consists of several regions.

Overview of Scanning regions: Main Terminal  - Ticket 
Level



▪ Optimal scanning routes are determined primarily by the interconnection of spaces and the most efficient pathways.

▪ Color coding the area improves the visualization of the scanning trolley's route.

▪ The number of IGCPs in the basement exceeds what's necessary for the scanning trolley but is crucial for establishing 
the required IGCPs by providing line-of-sight points.

Optimal Scanning Routes:

Terminal Basement Level Region 2



Mission Planning: Schedule, Communication, and Aircraft Operations

A standard report on scanning challenges for a building/level/region.

Scanning planning

• We created a comprehensive scanning schedule based on 
region size (ft²) and the room count in each level and region.

• We generated a report to inform the scanning crew of issues 
requiring attention and areas to avoid.

• Aircraft operations per concourse played a significant role in 
mission planning, aimed at minimizing passenger disruptions, 
ensuring data quality, and reducing LiDAR data post-processing.

Aircraft Operations: day-overview Concourse A



Data 
Collection

 
Scanning across diverse 

functional zones.

CLT Data Capture involved completing 
16 missions, each with designated 
scanning routes.



Aligning TIMMS to an IGCP
20-minute Heading initialization

Automatically orients itself to true north.

Scanner Initialization for Airport Data Capture
Trimble Indoor Mobile Mapping Solution (TIMMS)

The wheels of the TIMMS Trolley are also crucial.

Precision Movement: The wheels enable the scanning cart to move precisely along its intended path.

Data Consistency: Consistency in wheel movement helps maintain a uniform scanning pattern.

Data Quality: The quality of the scanning data, including point clouds and imagery, depends on the stability and smoothness of the 
cart's movement.

Georeferencing: Accurate wheel movement is essential for georeferencing the scanning data.

Efficiency: Smooth and reliable wheel movement contributes to the efficiency of the scanning process.

Each turn of the wheel triggers the camera to take a 360°
If the wheels stop turning, the LiDAR stops registering.

Monitoring the Trolley progress



Within the airport, a diverse range of scanning regions and sub-regions, 
each representing different functional zones with unique characteristics 
and nuances requiring distinct scanning approaches.

Total walking distance during scanning: 67.5 kilometers (approximately 42 
miles)
Average nightly distance: 10 kilometers (about 4.2 miles) or (13000 steps)

To complete the scanning, 16 missions were required.



The scanning Trolley's actual route must account for passenger 
densities, discrepancies between reality and CAD drawings, and 
unforeseen factors such as locked doors.

While establishing a photo trail to track the scanning Trolley's route, 
precise real-world coordinates are recorded for each photo location. A 
photo is automatically captured at each full turn of the scanning 
Trolley's wheels, which equals one meter.

Additionally, the scanning Trolley processes a thin slice of the point 
cloud, displaying point cloud data between 3 and 6 feet above the floor 
level.

Actual Scanning Routes:

Photo Trail of Mission 3 – Covering Regions 5, 6 (partially) and 7

Progress reporting: Sliced point cloud and photo's 
locations



Post Processing
Enhancing Data Accuracy

Optimizing cleaning and 
Integration

POSPac® Mobile Mapping Suite

Post-Processing Software:  

Enhancing Data Accuracy and 
Alignment:

Solv3D Engine

Harmonization Software

Optimizing the point cloud, format 
conversion, cleaning, and Integration



POSPac® Mobile Mapping Suite

Processing
After configuring the settings, the processing occurs automatically.

Processing time matches collection time 1:1, meaning that one hour of data collection requires one hour of processing.

Enhanced: Georeferencing is applied to all point clouds and imagery.



Solv3D Engine
Optimizing the point cloud, format conversion, cleaning, and Integration.

Example of a workflow

▪ Combining Point Cloud: Combine “.LAS” files from multiple Missions

▪ Manual Clip: Clip the ceiling from a building floor to enable Noise Filtering.

▪ Ground Filter Pro: Classify the input LAS or 3DP file into ground and not ground and thin the data as specified by the user

▪ Noise Filter Multiple Passes: Filters the noise from a LAS file and outputs the cleaned scene to LAS. 
(Requires Ground Filter Pro to be active)

▪ Noise Filter Remove Outliers: A statistical outlier noise filter. All noise is classified to a value of “7.”



Solv3D Engine
Optimizing the point cloud, format conversion, cleaning, and Integration.

An example where six scanning crew members constantly move within 
the scanning trolley's range, resulting in numerous ghost images.

Surgical Removal of Ghosts: 
If the ghost removal workflow fails to detect and eliminate ghosts due to factors like excessive movement or their proximity 
to doors, walls, or stationary features, surgical removal becomes necessary.



Publication 
and 

Integration
Maximizing Data Usage



Solv3D Encompass
Data consolidation, visualization, and collaboration



Solv3D Encompass
Data consolidation, visualization, and collaboration

Publication and Measurement Tools



Temporal 
Scanning

Quality 3D master Model is Vital



The area marked in blue signifies the 
location scheduled for the Sumer 
House Renovation 

The renovation of the Summerhouse in Concourse B showcases several challenges 
related to redundant data during a scanning mission.

The situation when the master 3D model was created.



As-Is and Redundant Imagery

Retail Advertisement – Currently in the Master 3D model

Refurbished Retail area



Master 3D Model
Optimal routing of the mobile scanner during 
the 2020 mobile trolley scanning project.

Temporal Scan: 
Determine the Optimal Scan Positions
Using a Trimble X7 Static Scanner.

A new scan is necessary to update the master 3D model.



Ghost Point Cloud Data and Superfluous Imagery.

Redundant Imagery in the 
Master 3D Data Model 3D

Ghost point cloud data and 
superfluous imagery when 
using the Trimble x7 scanner

Ghost of the 
Site Hoarding

Ghost of the 
Advertising 
Column



MinuteSuites:   Alignment Issues of Temporal Mission with the 3D Master Model

2022_M02_MinuteSuites_Initial Alignment within Clipped ConcD_Ticket Scan
XYZ are all out of alignment



Following the Temporal Scanning Guidelines
2022_M02 Z aligned with 2020 ConcD_Ticket

MinuteSuites:   Aligned Point Cloud Overlayed onto Master 3D Model



2022_M02 XYZ images are not aligned with the unified point cloud

MinuteSuites:   Image Overlay of Mission file onto Master 3D Model Point Cloud



Following the Temporal Scanning Guidelines
Images and point-cloud from missions 2020_ConcD_Ticket and 2022_M02_Minute Suites

are fully aligned

MinuteSuites:   Full alignment
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Takeaways Q&A
Sustaining an accurate up-to-date 3D master model,                       

leveraging LiDAR with draped imagery, requires:

 Appropriate scanner selection

 Use of permanent Indoor Ground Control Points (IGCPs)

 Post-processing software of the scanned data

 Harmonizing software for optimizing the point cloud, format 

conversion, cleaning, and publishing

 Indoor scanning and temporal indoor scanning guidelines



1. Jul 19:  BIM Processing

2. Jul 26:  Information Integration

3. Aug 2:  Enabling Integrated SMS

4. Aug 9:  Holistic Business Intelligence

5. Sep 27:  Roadmap for Airport Owners

6. Oct 18:  LiDAR with Draped Imagery

Webinar Series

AirportDigitalTwin.org



6. Oct 18:  LiDAR with Draped Imagery

7. Nov 15:  FME Middleware to                 

Sustain Airport Digital Twins

8. Dec 20:  Video Analytics Middleware

9. Jan 17:  Deep Dive into Airport BIM 

Best Practices & Standards

10. Feb 21:  Geospatial Integrated 

Predictive Modeling

11. Mar 20:  TBD

Webinar Series

AirportDigitalTwin.org
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