
Leveraging three-dimensional remote sensing in 
geotechnical engineering
Matt Lato



Geotechnical engineering
Robust outcomes emerge when designs are based on an understanding of the 
geology, the environment, and the interaction of these systems over time. 



The path to quality engineered outcomes



Geotechnical engineering
Our project sites are often remote, hard to access, and not amenable to spatially 
distributed and dense data collection and monitoring. 



Geotechnical engineering
Often we have a gap between desired and actual data, information and knowledge 
needed to support design decisions and actions. We accept uncertainty, are 
challenged to communicate it, and would rather reduce it. 



Leveraging 3D remote sensing to fill the gap
The past 15 years have produced significant advances with respect to 3D 
remote sensing data collection, analysis, and our ability to communicate 
complex earth science projects.



Changing capabilities

Peckover and Kerr (Can. Geotch. J., 1977)

Kromer et al. (Can. Geotch. J., 2017)



Data collection



3D remote sensing technologies



Information generation

van Veen et al. 2018

Kromer et al. 2017



Landslide change detection



Case studies 1: HighwaysCase studies 1: Highways
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Ten Mile Slide
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Detailed monitoring



Oblique aerial photogrammetry data
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Changes between ALS datasets

Visualize and understand:
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Highway stabilization 
trial
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Significant reactivation
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Highway grade repair
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Toe failure
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Cracking in the 
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Changes between TLS datasets

Visualize and understand:
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Displacement



Displacement
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Key capabilities

Visualize and understand, remotely:



Case Study 2: Communities and highwaysCase Study 2: Communities and highways
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Regional geohazard identification and risk management



Modified after: CSA, ISO

Risk Informed Decision Making
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Key capabilities

Identify and assess:



bgcengineering.com

Our ability to do better

SR 530 Landslide Commission (2014)



Technology Summary



Density

Spatial Coverage

Change detection accuracy

Maximum practical measurement
frequencyCollection cost (per sq. km)
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3D change detection techniques

Bad

Good



3D change detection techniques
Density

Spatial Coverage

Change detection accuracy

Maximum practical measurement
frequencyCollection cost (per sq. km)

Analysis cost (per site)

Automation

Airborne Lidar Scanning

Terrestrial Lidar Scanning

Ground Based Photogrammetry

Oblique Aerial Photogrammetry

UAV Photogrammetry



3D change detection techniques
Density

Spatial Coverage

Change detection accuracy

Maximum practical measurement
frequencyCollection cost (per sq. km)

Analysis cost (per site)

Automation

Airborne Lidar Scanning

Terrestrial Lidar Scanning

Ground Based Photogrammetry

Oblique Aerial Photogrammetry

UAV Photogrammetry



3D change detection techniques
Density

Spatial Coverage

Change detection accuracy

Maximum practical measurement
frequencyCollection cost (per sq. km)

Analysis cost (per site)

Automation

Airborne Lidar Scanning

Terrestrial Lidar Scanning

Ground Based Photogrammetry

Oblique Aerial Photogrammetry

UAV Photogrammetry



3D change detection techniques
Density

Spatial Coverage

Change detection accuracy

Maximum practical measurement
frequencyCollection cost (per sq. km)

Analysis cost (per site)

Automation

Airborne Lidar Scanning

Terrestrial Lidar Scanning

Ground Based Photogrammetry

Oblique Aerial Photogrammetry

UAV Photogrammetry



3D change detection techniques
Density

Spatial Coverage

Change detection accuracy

Maximum practical measurement
frequencyCollection cost (per sq. km)

Analysis cost (per site)

Automation

Airborne Lidar Scanning

Terrestrial Lidar Scanning

Ground Based Photogrammetry

Oblique Aerial Photogrammetry

UAV Photogrammetry



Data Visualization & Communication

BGC: Bill Burton, Gerald Magnusson, Brent Mooder, Tim Thibault, Jordan Wischmann



Communication and visualization for 
decision making

2D maps &
drawings



“There is a fundamental disconnect between the wealth of digital data available to us and the physical world in 
which we apply it. While reality is three‐dimensional, the rich data we now have to inform our decisions and 
actions remains trapped on two‐dimensional pages and screens” Harvard Business Review



Independent Technical Review Board
“During the meetings the IPRP was provided a preview of the 3-D virtual images of the underground workings that 
have been prepared. The Panel considers these to be a very effective communication tool both to the site workers, 
regulators and the public and encourages their further development and use.”
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Conclusions

William Gibson, 1993
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