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Figure 6. Dense Cloud from Laser scanner. 
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Table 2. Control point root mean square error (RMSE). 
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of calibration Software No of GCPs No of CPs X error (cm) Y error (cm) Z <rror (cm) 'Ycl error (cm) Total (cm) 

Self-calibration Agisoft 25 0.45 

12 0.47 

Pre<alibration Agisoft 25 0.45 

12 0.44 

MAllAB 25 0.46 

12 0.47 

The dense clouds for the study area were extracted 
using the methodology of this study. Overall, 45 million 
point� for each point cloud were generated and the fina
lized results v,-ere used for comparison and evaluation 
One of the outcomes of the Agisoft report is a graph 
showing the camera locations and the image overlapping. 
As can be seen in Figure 7(a), the overlapping ,..-as 
achieved by more than nine photos, w hich is a satisfactmy 
nwnber for the generation of dense clouds. Al�o, the 
Image residuals were retrieved for CANON EOS MS, 
with the focal length set to 15 mm, in which it shows 
the average vector of the reprojection error for the pLxels 
in the corresponding cells. Image Residuals (Figure 7(lr 
e)) feature the average vector of the reprojection error for 
the pLxels in the corresponding cells. Figure (b) shows the 
model distortion that the Agisoft software uses for self
calibration. As can be seen in Figure7 (c-d), the distortion 
of the lens of the pre-calibration ha� similar results and 
more distortions were observed at the edge of the pLxels. 

Comparison and evaluation 

The comparisons and evaluations of the outputs of the 
process were made according to the resuJts of the 
dense cloud produced by the high precision laser 

O.f,6 134 0.80 156 

0.54 1.25 0.72 1.45 

0.69 1J1 0.82 155 

0.55 1.20 0.70 1J9 

0.69 131 0.83 155 

0.54 125 0.71 1.44 

scanner (Leica CIO), while the errors of the dense 
cloud were considered as zero. The CloudCompare 
processing software was used to perform a direct 
comparison between the dense clouds produced 
using the different procedures and software. All the 
point clouds were in scale, but the dense cloud of the 
laser scanner was not georeferenced. Follovling the 
command of the "Align by picking points", the geor
eferenced point cloud was achieved tL�ing the laser 
scanner's seven measured targets. A segmentation 
was applied in all dense clouds u�ing the same polygon 
in order to compare the same area of the point clouds. 
Afterward, the mathematical model quadratic was 
used because it is more precise; however, they require 
more ti me to calculate. The radius of a spherical 
neighborhood of JS cm was chosen in order to com
pare more points between the point clouds. The final 
results of the statistical errors of each dense cloud can 
be seen in Figure 8. 

The results show the error distributions of the 
archaeological monument with near-preas,on 
between the dense clouds. Figure 8(a-d) shows the 
distribution of errors. The flat surfaces of the monu
ment were acrurate, while principal errors occurred 
on the ground surface. The resuJts using the pre-
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