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Learning objectives

• To understand general principles of laser scanning
• Props and cons of laser scanning technology

• Main platforms for laser scanning

• To recognize potential of laser scanning for applications

• To know the most important laser scanning data products

Questions, comments or feedback:
presemo.aalto.fi/c1010lecture6

https://presemo.aalto.fi/c1010lecture6


Development of Mobile Laser Scanning platforms and applications

>10 years ago near the river Pulmankijoki (Lapland)
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Kukko, A, Kaartinen, H, Hyyppä, J & Chen, Y 2012, 'Multiplatform Mobile Laser

Scanning: Usability and Performance' SENSORS, vol 12, no. 9, pp. 11712-11733. DOI:

10.3390/s120911712



Various platforms for laser scanning



• The idea first appeared as a backpack-type MLS system, where the scanning and 
positioning systems were on the operator's back rather than on a vehicle platform.

• The last years have witnessed rapid progress in sensor miniaturization. This has 
enabled to develop personal wearable laser scanning systems.

• The main advantage of PLS lies in its high mobility in various terrain conditions and 
rapid data collection.

• The main systems have been backpack and handheld laser scanning devices.

• Significantly faster data collection than TLS

Personal Laser Scanning (PLS)

Image: M. Vaaja,
AhkaR3 backpack system developed by Antero Kukko FGI

Leica Pegasus Backpack system, Kaarta Stencil, GeoSLAM ZEB-REVO



General principles in 
laser scanning



LASER SCANNING / LiDAR

• LASER – (“Light Amplification by Stimulated Emission of Radiation”)

or LiDAR – (“Light Detection and Ranging”)

• Technology for measuring ranges and producing 3D information

• Active distance measurement
• The active methods are measuring the distance by sending some signals to the

object (e.g. laser beam, radio signals, ultra-sound, etc.) while passive ones only
receive information about object’s position (usually by light).



LASER SCANNING / LiDAR

• Properties of the laser
• Direct 3D measurements (vs. camera with two or more image)

• Extremely accurate depth/range information

• ≤ 360 degrees of field-of-view

• Active measurements (sends and returns the laser beam)
• Independent on external light source (vs. imaging)

• Works in dark and bright conditions (vs. imaging)

• Measurements of objects under/behind vegetation with multi
echo detection

• What limitations are present?

• Monochromatic light (consisting of a single wavelength) ->
no color information for texturing and classification

• Inhomogeneous point distribution due to the platform
movement
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Airborne laser scanning point cloud data
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Coloured airborne laser scanning point cloud data
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Classified airborne laser scanning point cloud data



/1st pulse

/last pulse



Example of airborne laser scanning output
• A set of points p in 3D space (x, y, z)

• Laser scanning intensity as additional attribute



Interpreting ALS point cloud data 

DSM, digital surface model
DTM, digital terrain model
nDSM, normalized digital surface model ( = DSM – DTM), also called as Canopy height 
model (CHM) in case of forests





Comparison of DTM/DEM resolutions: 25m-10m-2,5m-1m 



Autonomous driving and 
laser scanning



LIDAR for Autonomous Vehicles

• The expected function from automotive lidar sensors 
is to ensure reliable and safe automated driving such 
as collision detection, blind spot monitoring, object 
and pedestrian recognition, terrain mapping.

• At the same, the autonomous vehicles are able to
produce huge amount of 3D data of its environment.



• https://yle.fi/uutiset/3-9153345

Sensors in Autonomous vehicles















Road inventory



Inventory and modeling of roadside



Road distress detection and monitoring



More applications…



Case: FIS Nordic Ski Championships 2017
Utilization of virtual 3D model in sport application

4.3.2017. https://yle.fi/urheilu/3-9491840 © Vaaja, Hyyppä, Turppa, Kukko, Kurkela, Ahlavuo, Virtanen



Case: FIS Nordic Ski Championships 2017
Utilization of virtual 3D model in sport application

4.3.2017. https://yle.fi/urheilu/3-9491840



• Topographic mapping (DTM, DSM etc.) 

• Forests inventories and determination of vegetation parameters, 
stem diameter, tree height, density, biomass estimation etc.

• 3D city modeling and automated building detection and 
reconstruction 

• Map updating, urban planning, indoor modeling

• Corridor mapping of roads, railroads, power lines and waterways

• Coastal area mapping (flood risk areas, erosion etc.)

• Volume estimation and change detection on open pit mines 

• Industrial planning

• Rapid response applications, damage assessments for nature 
catastrophies etc.

• Mapping of snow and ice cover

• 3D modelling for cultural heritage

• 3D visualization, animations, simulations

• …

General list of LS applications



Read and learn more 

https://www.gim-international.com/content/article/point-
clouds-as-the-future-topographic-core-data

https://www.gim-international.com/content/article/point-clouds-as-the-future-topographic-core-data


Other application examples and videos:
• Application examples in Finland: 

https://esrifinland.maps.arcgis.com/apps/Cascade/index.html?appid=342246f914bd4fbe
93591ca39ddf9043

• What is LIDAR: How it Works & Why Important for Self-driving Car? 
https://medium.com/vsinghbisen/what-is-lidar-how-it-works-why-important-for-self-
driving-car-dc750bdc679

• Apple iPad Pro with LiDAR Scanner: 

https://www.geospatialworld.net/blogs/apples-lidar-scanner/

• How Does LiDAR Work? Light Detection and Ranging: 
https://www.youtube.com/watch?v=EYbhNSUnIdU&feature=youtu.be

• What is lidar? How does lidar work? How does lidar keep us safe?: 
https://www.youtube.com/watch?v=NZKvf1cXe8s

• How scientists try to weigh some of the fattest bears on Earth: 
https://www.popsci.com/story/technology/fat-bear-week-laser-scanning-weight-
estimates/

https://esrifinland.maps.arcgis.com/apps/Cascade/index.html?appid=342246f914bd4fbe93591ca39ddf9043
https://medium.com/vsinghbisen/what-is-lidar-how-it-works-why-important-for-self-driving-car-dc750bdc679
https://www.geospatialworld.net/blogs/apples-lidar-scanner/
https://www.youtube.com/watch?v=EYbhNSUnIdU&feature=youtu.be
https://www.youtube.com/watch?v=NZKvf1cXe8s
https://www.popsci.com/story/technology/fat-bear-week-laser-scanning-weight-estimates/
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