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With this contribution we aim to support future users of 
terrestrial photogrammetry to make a well informed decision on 
which sensor (resolution of photos) and software to use for their 
requirements. 
 
 

2. MATERIALS AND METHODS 
 
We used cameras with different sensor sizes and lenses 
representing different price segments of consumer cameras and 
availability: Canon5D, Konica KD-310Z, GoPro Hero3+ Black 
Edition, Nikon D3000 and the smart-phone LG-D331. The 
Canon5D and Nikon D3000 are digital single-lens reflex 
(DSLR) cameras. These two cameras offer many possibilities in 
manual adjustment of camera settings. In contrast to the two 
DSLR cameras the GoPro and the smart-phone camera offer 
hardly any options to manually adjust the image quality but 
have a similarly high image resolution. They are made to work 
fully automatically. The Konica camera is the smallest and 
oldest camera used in this comparison. It offers the least 
resolution and also hardly any manual options. Table 1 shows 
the sensor details and lens settings for each camera. 
 

Camera 
model 

Sensor size 
(mm) 

Resolution 
(pixel) 

Focal length 
(mm) 

Aperture 

Canon5D 35.8 x 23.8 4368 x 2912 24 F/20 

Nikon D3000 23.6 x 15.8 3872 x 2592 18 F/18 

GoPro Hero3+  
Black Edition ~ 6.17 x 4.55 4000 x 3000 3 F/2.8 

LG-D331 unknown 3264 x 2448 4 F/2.4 

Konica  
KD-310Z ~ 7.11 x 5.33 2048 x 1536 8 F/4.7 

Table 1. Camera details 
 
The object of interest for this paper was an easily accessible 
small and steep rock slope located next to a road and partially 
covered with vegetation (Figure 1).  
 

 
Figure 1. Rocky slope with vegetation and wooden scale bar 

 
Before describing the workflow for each individual software 
package in the following subsections, we summarize the main 
steps for dense point cloud generation independent from 
software package. Photos were taken from the same positions 
with all cameras. From 12 positions along the front of the 
vegetated rock slope a total of 18 images were captured with 
each camera, 15 in landscape and 3 in portrait format. The 
vertical images improve the results of the self-calibration 
process. The GoPro continuously captured 60 images while 

walking a semi-circle along the front of the rock slope (Figure 
2).  

 
Figure 2. Example for a dense point cloud and the camera 

positions that were used for all cameras 
 
We used the default parameters of each software package to 
compare their standard outputs. While these standard 
parameters are by no means optimized for the chosen setting 
and object of interest, this approach enables us to introduce a 
beginner to highlights and pitfalls in state of the art 
photogrammetry and to assess the ease of the standard 
processing workflow.  
 
Within the software Cloud Compare we manually scaled the 
point clouds resulting from all software packages except 
MicMac to the same scale and centred them in the same 
arbitrary coordinate system around a wooden scale bar that we 
placed on the slope (Figure 1). Due to different absolute image 
sizes and fields of view the point clouds had different 
dimensions and fuzzy edges. Therefore, all point clouds were 
clipped to the same extent. All point clouds were registered 
using the wooden scale bar. We extracted horizontal profiles at 
the same location from all point clouds to compare their 
geometric similarity.  
 
2.1 Agisoft PhotoScan workflow 
 
Agisoft PhotoScan is a commercial software package for 
photogrammetric processing of digital images. Main outputs are 
dense point clouds, meshes, orthomosaics and digital elevation 
models. Only two major steps have to be taken to generate 
dense point clouds. The first step is the alignment of the images. 
One of the alignment settings is accuracy, which handles the 
image resolution for processing. High accuracy means full 
image resolution and further options are downscaling by a 
factor of 4 (medium) or 16 (low). The alignment can be done in 
three ways: Disabled, generic or referenced. The first option 
consumes the most memory because it searches tie points in 
every possible photo pair. The generic option searches tie points 
in two steps, of which the first is to make pairs or groups with 
subsampled photos and the second step is to merge these groups 
using photos with the desired accuracy. The third possible 
option uses the geolocation of the images as a first step and 
subsequently searches tie points based on the proximity of 
neighbouring images. We used manual pair preselection and the 
full resolution images. These settings work for all cameras. The 
second step after aligning images is to generate dense point 
clouds based on the afore mentioned alignment. These dense 
point clouds can be computed in five different qualities which 
mainly address the number of points in the results. Higher 
quality leads to a higher number of points. We used the high 
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Figure 5. Agisoft PhotoScan Canon5D dense point cloud 

 

 
Figure 6. Agisoft PhotoScan GoPro dense point cloud 

 

 
Figure 7. Agisoft PhotoScan Konica dense point cloud 

 

 
Figure 8. Agisoft PhotoScan Smartphone dense point cloud 

 

 
Figure 9. Agisoft PhotoScan Nikon dense point cloud 

 

 
Figure 10. Pix4D Canon5D dense point cloud 

 

 
Figure 11. Pix4D GoPro dense point cloud 

 

 
Figure 12. Pix4D Konica dense point cloud 

 

 
Figure 13. Pix4D Smartphone dense point cloud 

 

 
Figure 14. Pix4D Nikon dense point cloud 
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Figure 15. SURE Canon5D dense point cloud 

 

 
Figure 16. SURE GoPro dense point cloud 

 

 
Figure 17. SURE Konica dense point cloud 

 

 
Figure 18. SURE Smartphone dense point cloud 

 

 
Figure 19. SURE Nikon dense point cloud 

 

 
Figure 20. MicMac Canon5D dense point cloud 

 

 
Figure 21. MicMac Konica dense point cloud 

 

 
Figure 22. MicMac Nikon dense point cloud 
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