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camera specifications (focal length, shutter speed, ISO, and image 
size) that are stored together with the GPS information in the 
Exif (exchangeable image file format) image specification file for 
each picture. !e GPS locations don’t necessarily need to be 
included, but they help speed up the procedure and limit the error 
of the computation (AgiSoft LLC, 2016). !e major steps of the 
SfM process are automated, but they need to be combined and 
extended manually or through Python scripting. We developed 
a script that controls the SfM process and calculates the FTC 
value afterward, using the DEM that is created by PhotoScan. 
!e same script can be used for every gravity station. An advantage 
of this is that after the image files are loaded from the camera’s 
MicroSD card and stored on the computer, only the script needs 
to be started in PhotoScan, and, after some processing time, it 
delivers the required FTC. Depending on the camera, flight 
characteristics (flight height, image overlap, and image quality), 
and the GCPs, AgiSoft has the potential of producing a high-
resolution 3D image with centimeter-scale accuracy. It can export 

the point cloud data in a variety of file 
formats (including text and LAS files) 
and coordinate systems, as well as for 
the referenced DEMs (e.g., as GeoTIFF 
files or as meshes).

!e calculation of the FTC value 
was achieved by first using a mesh to 
split the model into square prisms (fol-
lowing Bouligand et al., 2016). !en the 
gravitational e"ect of each prism on the 
gravity station was calculated using a 
standard subroutine from Blakely (1996). 
!e e"ects of all prisms spanning the 
68 m radius area were then summed to 
yield the FTC. !e computation is 
described in detail in Appendix A.

Testing
Statistical evaluation. While there is no way to assess errors 

associated with the standard method of estimating FTCs, the 
SfM method o"ers the advantage of providing numerical measures 
of the GPS and image-processing accuracy. For the system’s initial 
testing, it was flown at four sites with di"erent terrain conditions. 
!e sites were chosen because together they span a range of terrain 
conditions, and each site coincides with areas where existing 
LiDAR data (hosted by the NOAA O#ce for Coastal Manage-
ment, U.S. Geological Survey, 2011) is available and used for 
comparison. !e “2010 ARRA Lidar: California Coastal Project 
(Zone 3)” with a horizontal accuracy of 200 cm and a vertical 
accuracy of 6 cm spanned each of the surveyed sites. !ese sites 
included a cli" at the Pacific coast, a flat meadow, and two areas 
with moderately hilly terrain.

!e 3D models were compared to LiDAR data by calculating 
cloud-to-cloud distances, which led to a mean distance and a 
standard deviation for each model (Figure 6). Errors associated 

Figure 5. Screenshot of the AgiSoft PhotoScan processing screen. Blue patterns represent the camera positions, illustrating the flight path.

Figure 6. Example of a comparison of the 3D model from UAS against LiDAR data.


