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Figure 9. Orthoimage of the aft part of the shipwreck, 

georeferenced using five 10 cm squared checkerboard markers, 
measured with celerimetric method. 

 
In this case, since no pre-calibration procedure was followed, 
camera calibration has been performed following a self-
calibration approach during the image alignment phase. The 
characteristics related to this first dataset are reported in Table 5, 
while the GCPs RMS errors are reported in Table 6. 
 

Total images 343 Oriented images 336 
Average acquisition 
distance [m] 

0,83 Tie points 335.584 

GSD [mm/pix] 0,2 Projections 937.136 
Surveyed area [m2] 4,5 Reprojection 

error [pix] 
1,42 

Table 5. Characteristics of the photogrammetric dataset collected 
on the first day of the survey. 
 

 RMS error [cm] 
Number of 

GCPs X Y Z XY XYZ 

5 1,8 1,6 2,4 2,4 3,5 
Table 6. RMS error for GCPs referred to the photogrammetric 
survey of the aft part of the wreck. 
 
The second dataset was composed of images acquired during the 
second day of the photogrammetric survey. Here before the 
survey, a necessary archaeological procedure was applied for the 
characterization of the shipwreck via an operation that allowed to 
mark clearly the most significant elements of the wreck using 
small portions of colored electrical cables, some thumbtacks 
"push-pin" and plastic cards. Push-pin were also used to indicate 
where wooden nails were previously located (Figure 10). The 
same operative workflow of the first dataset has been used. 
However, this time the 3D model has been generated via a free-
net adjustment, assigning a scale to the model via a least-squares 
adjustment on two scale bars placed in the surveyed scene. In this 
case, the camera calibration certificate of the previous dataset has 
been used to provide an initial estimation of the camera's internal 
parameters. The characteristics related to this second dataset are 
reported in table 7. 
 

 
4 https://leica-geosystems.com/en-us/products/laser-

scanners/software/leica-cyclone/leica-cyclone-3dr 

 
Figure 10. Orthoimage of the aft part of the shipwreck, 

generated via free-net adjustment after the archaeological 
categorization. In red, the portion of the analysis of Figure 11. 

 
Total images 284 Oriented images 279 
Average acquisition 
distance [m] 

0,78 Tie points 218,594 

GSD [mm/pix] 0,2 Projections 634,527 
Surveyed area [m2] 4,5 Reprojection 

error [pix] 
1,7 

Table 7. Characteristics of the photogrammetric dataset collected 
on the second day of the survey. 
 
To evaluate the quality of the two 3D models, the same portion 
(1 m2 ) of the two models has been compared, performing a rigid 
roto-translation (without changing the scale of the models). For 
point clouds management and analysis, the commercial software 
Leica Cyclone 3DR4 has been used; the two clouds have been 
aligned using the best fit option of the above-mentioned software, 
allowing for a registration using the ICP (Iterative Closest Point) 
algorithm. This resulted in an average error of 2,8 mm and a 
standard deviation of 3,5 mm. It has been therefore performed a 
C2C (Cloud to Cloud) comparison (Figure 11). 
 

 
Figure 11. Comparison between the same portion (1 m2) of the 

two dense point clouds generated in the two days of the 
underwater photogrammetric survey using the two different 

georeferentiation techniques. 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLIII-B2-2021 
XXIV ISPRS Congress (2021 edition)

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLIII-B2-2021-643-2021 | © Author(s) 2021. CC BY 4.0 License.

 
647








