
Chapter 9: Airborne and Terrestrial Laser Scan-
ning

Introduction
Laser scanning, also referred to as LiDAR (Light Detection and Ranging),
has revolutionized spatial data acquisition in civil engineering and geospatial
studies. It enables rapid, high-precision, three-dimensional data collection of
terrains, infrastructures, vegetation, and buildings. In Geo-Informatics, un-
derstanding airborne and terrestrial laser scanning technologies is crucial, as
they support applications such as digital elevation modeling, urban planning,
construction monitoring, and disaster assessment.

This chapter delves deep into the principles, components, operations, and ap-
plications of both Airborne Laser Scanning (ALS) and Terrestrial Laser
Scanning (TLS).

9.1 Basics of Laser Scanning
9.1.1 Definition and Concept

Laser scanning is a method for capturing high-resolution spatial data by emitting
laser pulses and measuring the time it takes for the pulses to return after hitting
an object. The distance is calculated based on the speed of light, enabling the
creation of 3D point clouds.

9.1.2 Key Terminologies

• LiDAR: Light Detection and Ranging
• Point Cloud: A set of data points in space produced by laser scanners.
• Range: Distance between the sensor and the target.
• Scan Rate: Number of laser pulses emitted per second.
• Field of View (FoV): Angular extent of the scanning area.

9.2 Airborne Laser Scanning (ALS)
9.2.1 Overview

ALS systems are mounted on aircraft (usually fixed-wing or helicopters) and
used to scan large areas. The laser scanner points downward and records ground
and surface data over wide areas, making it suitable for topographic mapping
and forest analysis.
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9.2.2 System Components

• Laser Scanner: Emits laser pulses and detects returns.
• GNSS (Global Navigation Satellite System): Provides precise posi-

tioning.
• IMU (Inertial Measurement Unit): Measures the orientation and

motion of the aircraft.
• Data Storage Unit: Records laser and position/orientation data for

processing.

9.2.3 Working Principle

• Laser pulses are emitted towards the ground.
• Reflected signals are captured by the receiver.
• GNSS and IMU data are integrated to calculate the precise 3D coordinates.
• The result is a geo-referenced point cloud dataset.

9.2.4 Data Acquisition Parameters

• Flying altitude: Affects the point density and coverage.
• Pulse frequency: Determines how many points per second are recorded.
• Scan angle: Influences coverage and shadow effects.
• Swath width: The width of the ground area scanned in one pass.

9.2.5 Advantages of ALS

• Rapid acquisition over large and inaccessible areas.
• High point density and accuracy.
• Penetration through vegetation, useful for bare-earth modeling.

9.2.6 Limitations of ALS

• High operational cost.
• Limited by weather conditions and flight regulations.
• Reduced effectiveness in urban canyons and steep terrain due to occlusions.

9.3 Terrestrial Laser Scanning (TLS)
9.3.1 Overview

TLS involves ground-based laser scanners that capture 3D data of objects,
structures, and terrain from a stationary position. It is widely used in surveying
buildings, bridges, tunnels, archaeological sites, and heritage documentation.
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9.3.2 Types of TLS Scanners

• Time-of-Flight (ToF) Scanners: Measure the time taken by a pulse to
return.

• Phase-based Scanners: Measure phase difference between emitted and
received signal for higher precision but shorter range.

• Structured Light Scanners: Project patterns and detect deformation
to generate 3D data.

9.3.3 System Components

• Laser Scanner Unit: Emits and receives laser beams.
• Control Unit/Software: Controls scanning parameters and stores data.
• Target Markers/Reflectors: Used for georeferencing and registration.
• Tripod or Mobile Platform: Supports the scanner at survey locations.

9.3.4 Operational Workflow

1. Setup and Calibration: Install and level the scanner on site.
2. Scan Planning: Determine locations and settings for optimal coverage.
3. Data Collection: Perform multiple scans to cover occlusions and blind

spots.
4. Registration: Align and merge multiple scans using reference points or

cloud-matching.
5. Post-Processing: Generate 3D models, CAD drawings, or other outputs.

9.3.5 Applications of TLS

• Structural deformation monitoring
• 3D modeling of historical sites
• Indoor scanning for Building Information Modeling (BIM)
• Tunnel and bridge inspection
• Construction progress monitoring

9.3.6 Advantages of TLS

• High accuracy and resolution for small to medium-scale objects.
• Real-time data visualization.
• Non-contact and non-destructive measurement.

9.3.7 Limitations of TLS

• Limited range compared to ALS.
• Requires multiple setups for full coverage.
• Heavily affected by environmental conditions (e.g., fog, dust, sunlight).
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9.4 Data Processing and Point Cloud Analysis
9.4.1 Point Cloud Characteristics

• XYZ coordinates: Each point has a position in 3D space.
• Intensity values: Measure the reflectivity of the surface.
• Color attributes: Some scanners record RGB values from integrated

cameras.

9.4.2 Preprocessing Steps

• Noise removal
• Outlier filtering
• Data thinning or decimation
• Registration of scans

9.4.3 Point Cloud Classification

• Segmentation of features like ground, vegetation, buildings.
• Machine learning and rule-based algorithms are used for automated classi-

fication.

9.4.4 Generation of Outputs

• Digital Elevation Models (DEM)
• 3D city models
• Cross-sections and profiles
• Mesh models and CAD integration

9.5 Comparison between ALS and TLS

Feature
Airborne Laser Scanning
(ALS)

Terrestrial Laser
Scanning (TLS)

Platform Aerial
(aircraft/helicopter)

Ground-based (tripod or
mobile)

Area Coverage Large-scale Small to medium-scale
Accuracy Moderate to High Very High
Point Density Medium High to Very High
Applications Topography, Forest

mapping
Structural scanning,
BIM

Occlusion Issues Less in open areas High in complex
structures
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9.6 Emerging Trends in Laser Scanning
9.6.1 Mobile Laser Scanning (MLS)

• Mounted on vehicles or backpacks.
• Ideal for corridor mapping (roads, railways).

9.6.2 UAV-based Laser Scanning

• Combines ALS with drone technology.
• Cost-effective for small and medium projects.

9.6.3 Integration with Other Technologies

• Photogrammetry: For colorizing point clouds.
• SLAM (Simultaneous Localization and Mapping): Real-time navi-

gation and mapping without GPS.
• AI/ML for Automation: Automated classification and object detection.

9.6.4 Real-time Data Acquisition and Visualization

• On-site quality checks and live 3D modeling.
• AR/VR applications for infrastructure visualization.

9.7 Specialized Applications of Laser Scanning in Civil En-
gineering
9.7.1 Structural Health Monitoring

Laser scanning provides millimeter-level accuracy for monitoring structural
deformation, cracks, and settlements in buildings, bridges, dams, and towers.
Periodic scanning allows the generation of temporal datasets for comparison over
time to detect changes.

9.7.2 Road and Highway Corridor Mapping

TLS and Mobile Laser Scanning (MLS) are widely used in highway and urban
road mapping:

• Captures features like curbs, pavements, poles, and signage.
• Generates digital terrain models (DTMs) for design and maintenance.
• Enables automated extraction of lane markings and roadside furniture.

9.7.3 Tunnel and Subway Inspection

Laser scanning is deployed in underground structures where GNSS is not available.
Benefits include:
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• Cross-sectional analysis of tunnel linings.
• Detection of surface deformations.
• Mapping utilities and embedded elements in subways.

9.7.4 Construction Progress Tracking

By performing regular scans during the construction phase:

• Contractors can validate as-built models.
• Compare planned vs. actual dimensions.
• Resolve disputes through scan-to-BIM integration.

9.7.5 Heritage and Archaeological Documentation

Laser scanning plays a major role in cultural heritage:

• Preserves fragile sites digitally.
• Enables virtual walkthroughs.
• Allows restoration planning using 3D modeling.

9.8 Data Fusion and Integration
Laser scanning becomes significantly more powerful when combined with other
geospatial technologies.

9.8.1 LiDAR + Photogrammetry

• Enhances visual realism by applying color (RGB) to point clouds.
• Improves surface texture interpretation.
• Fuses geometry from LiDAR with texture from images.

9.8.2 LiDAR + GNSS + IMU

Especially relevant in ALS and Mobile Laser Scanning:

• GNSS provides global position.
• IMU captures roll, pitch, and yaw.
• Laser data is geo-referenced in real-time or post-processed.

9.8.3 Integration with BIM and GIS

• BIM software imports TLS data to maintain accuracy in structural models.
• GIS software uses ALS data for terrain analysis, land use planning, and

disaster simulations.
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9.9 Legal, Ethical, and Regulatory Considerations
9.9.1 Data Privacy and Surveillance

Laser scanners can unintentionally capture sensitive information:

• Faces, license plates, or private property.
• Operators must follow privacy laws such as GDPR (in Europe) or India's

IT Rules.

9.9.2 Airspace Regulations for ALS and UAVs

• Requires permissions from aviation authorities (e.g., DGCA in India).
• Flight corridors, altitude, and sensor use may be restricted.

9.9.3 Data Ownership and Licensing

• Define data rights in contracts (who owns raw scans vs. processed outputs).
• Government-funded scans may be publicly accessible under open-data

policies.

9.10 Standards and Accuracy Specifications
Laser scanning outputs are subject to global accuracy standards for use in civil
and surveying applications.

9.10.1 ASPRS LAS Format

• Widely accepted format for storing and exchanging LiDAR data.
• Supports classification, RGB, intensity, GPS time, and other metadata.

9.10.2 ISO and ASTM Standards

• ISO 17123-6: Field procedures for TLS performance tests.
• ASTM E3125: Guidelines for evaluating 3D imaging systems.
• IS Codes (India): BIS may adopt or reference international standards

for government projects.

9.10.3 Accuracy Classes

• Classified as per scanning method, range, and application.

– Class I: Engineering surveys (±2–5 mm).
– Class II: General topographic surveys (±10–15 cm).
– Class III: Reconnaissance or vegetation mapping (±0.5–1 m).
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9.11 Future Prospects in Laser Scanning
9.11.1 LiDAR-on-a-Chip

• Miniaturized LiDAR sensors for integration into smartphones, autonomous
vehicles, and wearable devices.

• Promises consumer-grade 3D scanning for mass applications.

9.11.2 AI-Powered Point Cloud Analytics

• Object recognition, change detection, and classification using deep learning.
• Drastically reduces human effort in post-processing.

9.11.3 Cloud-Based LiDAR Platforms

• SaaS platforms for remote data access, visualization, and collaboration.
• On-demand computing power for terabyte-scale point clouds.

9.11.4 Digital Twin Integration

• Laser scans used to build dynamic, real-time digital replicas of infras-
tructure.

• Supports lifecycle management, predictive maintenance, and smart city
planning.

8


	Chapter 9: Airborne and Terrestrial Laser Scanning
	Introduction
	9.1 Basics of Laser Scanning
	9.1.1 Definition and Concept
	9.1.2 Key Terminologies

	9.2 Airborne Laser Scanning (ALS)
	9.2.1 Overview
	9.2.2 System Components
	9.2.3 Working Principle
	9.2.4 Data Acquisition Parameters
	9.2.5 Advantages of ALS
	9.2.6 Limitations of ALS

	9.3 Terrestrial Laser Scanning (TLS)
	9.3.1 Overview
	9.3.2 Types of TLS Scanners
	9.3.3 System Components
	9.3.4 Operational Workflow
	9.3.5 Applications of TLS
	9.3.6 Advantages of TLS
	9.3.7 Limitations of TLS

	9.4 Data Processing and Point Cloud Analysis
	9.4.1 Point Cloud Characteristics
	9.4.2 Preprocessing Steps
	9.4.3 Point Cloud Classification
	9.4.4 Generation of Outputs

	9.5 Comparison between ALS and TLS
	9.6 Emerging Trends in Laser Scanning
	9.6.1 Mobile Laser Scanning (MLS)
	9.6.2 UAV-based Laser Scanning
	9.6.3 Integration with Other Technologies
	9.6.4 Real-time Data Acquisition and Visualization

	9.7 Specialized Applications of Laser Scanning in Civil Engineering
	9.7.1 Structural Health Monitoring
	9.7.2 Road and Highway Corridor Mapping
	9.7.3 Tunnel and Subway Inspection
	9.7.4 Construction Progress Tracking
	9.7.5 Heritage and Archaeological Documentation

	9.8 Data Fusion and Integration
	9.8.1 LiDAR + Photogrammetry
	9.8.2 LiDAR + GNSS + IMU
	9.8.3 Integration with BIM and GIS

	9.9 Legal, Ethical, and Regulatory Considerations
	9.9.1 Data Privacy and Surveillance
	9.9.2 Airspace Regulations for ALS and UAVs
	9.9.3 Data Ownership and Licensing

	9.10 Standards and Accuracy Specifications
	9.10.1 ASPRS LAS Format
	9.10.2 ISO and ASTM Standards
	9.10.3 Accuracy Classes

	9.11 Future Prospects in Laser Scanning
	9.11.1 LiDAR-on-a-Chip
	9.11.2 AI-Powered Point Cloud Analytics
	9.11.3 Cloud-Based LiDAR Platforms
	9.11.4 Digital Twin Integration



