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Geotechnical Asset Evaluation Using Remote Sensing 

Background 
Remote sensing techniques, such as Interferometric Synthetic Aperture Radar (InSAR), and Light 
Detection and Ranging (LiDAR) provide great opportunities to measure ground movements 
precisely. In addition, high resolution optical images complement observations from InSAR and 
LiDAR and can provide three-dimensional surface movement tracking capabilities. Applying the 
remote sensing techniques to the transportation environment would help to monitor the 
possibility of displacement associated with geotechnical assets and would significantly reduce the 
level of effort currently needed to survey and inspect these assets. A goal of this project would be 
to help understand which remote sensing method (in terms of sensor and platform) or fusion of 
methods would provide the most cost-effective solution for accessing the state of geotechnical 
assets.  
 
MTRI is contributing its remote sensing and image processing expertise to the project.  This is 
done through the use of close-range photogrammetry to generate 3D models of the 
demonstration sites. This will be done from a combination of ground and aerial platforms. Imagery 
is to be collected twice at each site in order to perform a change detection to better understand 
the slope movement.  

Technology 
Two different cameras are being used for this study. The first is a Nikon D800 (Figure 1); with a 
resolution of 36.3 MP, it is capable of capturing high resolution imagery of the slopes. In previous 
studies, 3D models generated from this camera’s imager had a ground resolution of 1 cm when 
collected 100 ft from the ground. The other camera system is the RED Epic (Figure 2). While it has 
a lower resolution (13.8 MP), it has the ability to capture imagery at up to 60 frames per second. 
This camera is better suited for vehicle based collects where the slope or retaining wall is relatively 
closer. 
 
Aside from ground based methods of collecting imagery, MTRI utilizes a Bergen Hexacopter (Figure 
3) for aerial collects. The Nikon D800 is mounted to the hexacopter on a gimble that reduces 
vibrations and other flight artifacts, keeping the camera pointed at a specified angle with respect 
to the ground. This method of collect is better suited to larger areas where it is necessary to 
collect from both above and at the side of the slope . With the Nikon D800 payload, the 
hexacopter has a flight time of 15 minutes. For the sites in Alaska, both cameras were flown from a 
manned helicopter over the study site. 
 

Field Deployment 
The team is currently investigating slope stability concerns in four locations around the country. 
These include a variety of different stability issues such as freeway retaining walls, unstable road 
cuts, and permafrost related slumps. 

M-10 – Southfield, MI 
The team is investigating a retaining wall along M-10 that is experiencing movement. As the steel 
anchoring system is corroding, the top end of the wall is starting to lean out. The Nikon D800 was 
used to collect imagery from the service drive while the RED Epic collected imagery from a vehicle 
on the freeway. 

Cincinnati, OH 
There are several slopes along roadways that are being investigated in Cincinnati, OH. Most of the 
slope stability issues are related to road cuts. The bedrock consists of thin alternating layers of 
shale and limestone. Since the shale is easily broken down and eroded when exposed to the 
atmosphere, support is lost to the overlaying limestone. This leads to periodic failure of the 
exposed road cuts.  Due to the highly developed area of the investigation, all of the imagery was 
collected from ground based platforms. 

Nevada 
A slope has become unstable due to a flooding event and the rebuilding of a rail road (Figure 8a). 
In the study site, there is a well defined scarp line where the slope closest to the rail road is sliding 
down and out towards the rails. The rock on the other side of the scarp are stable and not moving. 

Alaska 
Unstable slopes under the Alaska Pipeline as well as along the George Parks Highway are being 
investigated. The slopes under the pipeline are unstable due to permafrost action, while the 
highway slope is a road cut where the schist bedrock is weak and highly susceptible to erosion. 

Current Progress 
All collects from the first year have been completed and are currently being processed through 
Agisoft Photoscan. The second year collects will occur during the spring and summer of 2015. 
The 3D models of the second collect will be compared to the first to detect changes. We will 
then compare the capability of close-range photogrammetry to other types of remote sensing. 
This includes LiDAR, thermal and InSAR techniques. 

Figure 1. The Nikon D800 (left) and RED Epic (right) cameras used for the data collects. 

Figure 2. Bergen Hexacopter being flown in Nevada. 

Figure 3. Manned helicopter at the Treasure Creek site near Fairbanks, AK. 

Figure 7. Orthoimage output from Agisoft of the slope along Elberon Ave. This is reconstructed 
from RED Epic imagery with a resolution of 1.5 cm. 

Figure 4. Image captured from the Nikon D800 of the retaining wall at the study site. 

Figure 5. Orthoimage output of the M-10 retaining wall constructed from Nikon D800 imagery. 

Figure 6. Slopes that are being investigated in Cincinnati, OH. The slopes at Elberon Ave (Left) 
are roughly 100 ft above the road at their highest.  In contrast, the highest point of the slope at 
Hill St. (Right) is only 20 ft.  Both slopes are road cuts, where the base of the unstable slopes are 
less than 15 ft from passing traffic.  Barriers have been built to prevent small slides from 
entering the driving lanes. 

Figure 8. A view of the study site (a) where the instable slope and rail road are to the left of the 
photo. B shows the study site from above. This image was taken from the Bergen Hexacopter. 
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Figure 9. A Digital Elevation Model (DEM) of the 
study site. The DEM has a resolution of 1 cm and 
was generated from over 900 images. Image was 
collected from two separate flights using the 
Bergen Hexacopter. 

Figure 10. Treasure Creek site near Fairbanks, AK. 

Figure 11. Glitter Gulch site near Healy, AK. 

Figure 12. Lost Creek site near Livengood, AK. 
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