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Abstract:

Underwater photogrammetry has become one of the most affordable and adopted methods for the documentation and the
3D reconstruction of submerged archaeological assets. In digital photogrammetry, images are captured to exploit (using
computer vision-based procedures) their intrinsic metric contents. To preserve the metric consistency and to obtain reliable
3D metric products, this process must be followed according to photogrammetric principles that are even more important
in underwater photogrammetry. The wide diffusion of low-cost and non-metric sensors requires that some attention be
given to proper geometric calibration of the employed cameras. Via calibration, it is possible to opportunely describe
geometric distortions that are observable on final images due to lens shapes and construction characteristics of the
cameras and the optics used in the survey operations. This research addresses the importance of pre-calibration in
underwater cameras, and for this purpose, three calibration datasets are acquired and compared: the first (A) where the
camera is pre-calibrated without any addition (flat or dome ports); the second (B) in which the camera is used in
combination with a dome port; and the third (C) where the camera setup has been employed in an underwater environment.
For both scenarios (dry and wet), self-calibration and pre-calibration procedures are compared. Moreover, is possible to
notice how the use of the right camera and lens combinations, specifically designed for underwater survey purposes, are
functional to lower the distortion of the images and consequently improve the accuracy of the final 3D products. Different
tests have been performed, and preliminary results are presented and discussed in this work-in-progress paper.

Keywords: underwater photogrammetry, digital archaeology, cultural heritage, 3D reconstruction, camera calibration,
radial distortion

. proved to be effective even in the case of non-metric and
1. Introduction non-conventional Low-Cost photogrammetric sensors

Calibration of digital cameras for photogrammetric (Perfetti, Polari, & Fassi, 2018).
purposes is a well-known practice (Remondino & Fraser,
2006) and is an essential preliminary step for a correct 3D
object reconstruction. Via camera calibration, it is possible
to obtain intrinsic camera parameters (f, cx, ¢y, k1, k2, ks,
b1, bz, p1, p2) that allow for describing the interior
orientation and the lens distortion. Knowing these
parameters is essential as they can be used for
generating undistorted images to be used for metric

In situations where the conditions do not significantly
change between the calibration and the survey phases, it
is possible to pursue a pre-calibration strategy. In pre-
calibration, the camera is calibrated in a controlled
environment (using a calibration polygon) or with ad-hoc
procedures (employing calibration panels with
checkerboard or dot patterns) in order to obtain a set of
intrinsic parameters to be used as an initial guess during

purposes. the self-calibration phase performed before or during the
There are, however, different methods and strategies for BBA  (Bundle Block Adjustment) in a typical
calibrating digital cameras. The most commonly available photogrammetric workflow.

photogrammetric suites that use computer vision
algorithms allows performing the so-called self-calibration
of the camera (Fraser, 1997). In this standard approach,
it is possible to reach accuracy improvements up to a
factor of 3 (Gruen & Beyer, 2001) compared to a situation
where no camera calibration is performed. This approach

While the first option is the most common in data
acquisition  situations, especially in archaeology
(Rodriguez-Martin & Rodriguez-Gonzalvez, 2020), it is
still possible to observe a consistent gain in the accuracy
of the survey whenever a robust self-calibration
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procedure is conducted; when correctly performed this
will pay back in lower reprojection errors. This aspect is
essential mostly when a photogrammetric survey is
conducted in underwater environments (Fryer & Fraser,
1986), as additional distortions are introduced due to the
different refractive indexes of the two mediums (the water
and the air), and due to the geometric characteristics of
the flat or dome port that could be used (Menna,
Nocerino, & Remondino, 2017).

This research aims to investigate the pros and cons of
pre- and self-calibration approaches when underwater
cameras are used in combination with dome ports, both
in subaerial and in submerged situations. At first, the
materials and methods adopted in this research are
introduced. Then results with a comparison of different
camera configurations are presented, and the observable
gain in accuracy is discussed. In the end, conclusions and
future perspectives of this work-in-progress paper are
outlined.

2. Materials and methods

The material used in this paper is related to three datasets
of images acquired using a Nikon Z7 mirrorless camera
(sensor diagonal 43,13 mm; Pixel size 4,34 pm),
equipped with a 14 mm Rokinon Cine DS lens. The
camera was used in combination with a zen 230 mm glass
dome port, to enhance the quality of images along the
edges. This setup has been previously used in
combination with other two identical cameras mounted on
the SeaArray; a diver operated photogrammetric system
designed by Marine Imaging Technologies (Calantropio
et al., 2020; Wright, Conlin, & Shope, 2020).

The three datasets are comprised of images acquired to
produce a geometric calibration of the sensors using a
calibration checkerboard (Fig. 1) of 120x65 cm (with each
square 5 cm in size). The acquisitions have been divided
into three datasets:

e (A) Camera: Nikon Z7 with 14 mm Rokinon Cine
DS lens: 42 images;

e (B) Camera + Dome port: As (A) with a zen 230
mm glass dome port: 41 images;

e (C) Camera + Dome Port Underwater: Same
setup of (B) but employed in underwater
condition: 83 images.

Figure 1: The calibration panel employed in the acquisition of
the dataset (A) and (B) on the left; and the dataset (C) on the
right.

3. Results and discussions

After the data acquisition, camera calibration was
performed for the three datasets using the Single Camera
Calibrator App of the Camera Calibration Toolbox for
Matlab (Feti¢, Juri¢, & Osmankovi¢, 2012). The results of
this self-calibration procedure, based on (Heikkila &

Silven, 1997), explicitly aimed at obtaining the values of
the polynomial radial distortion coefficients, that are
summarized in the following Table 1.

Table 1: Values of polynomial radial distortion coefficients and
focal length (in pixels) for each of the three camera
configurations employed.

Camera K1 (pix) Kz (pix) K3 (pix) f (pix)
Configuration

(A) Camera -0.1257 0.0586 -0.0096 3328.63
(B) Camera -0.1234 0.0731 -0.0093 3365.25
+ dome port
(C) Camera -0.1081 0.0650 -0.0128 3678.33
+ dome port
Underwater

In order to make a more straightforward comparison of the
obtained parameters, the curves of the radial distortions
have been graphed for the three datasets in the same
diagram using MS Excel, as presented in Figure 2. The
curves of radial distortion are described as a function of
the radial distance from the centre of the sensor (Brown,
1971; Krauss, 1997), as presented in Eq. (1):

or =k1 p3 + k2 p5 + k3 p7 (1)
where:

e p =distance from the centre of the sensor
e k1, k2, k3 = polynomial coefficients of the radial
distortions
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Figure 2: Radial distortion curves for the three camera
configurations: in blue, the configuration (A), in red (B) and in
green (C).

To also investigate how a pre-calibration approach can
positively affect the quality of the survey, pre-calibration
has been performed for the dataset (B) and (C). In doing
so, the calibration certificate obtained from the self-
calibration of (A) has been used as an initial guess for the
pre-calibration of (B). Following the same principle, the
calibration certificate obtained from the self-calibration of
(B) has been used as an initial guess for the pre-
calibration of (C). The comparison of the reprojection error
when self-calibration or pre-calibration are performed, are
shown in the following Figure 3.
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5 4. Conclusions
This paper focuses on the importance of the geometric
4 calibration of a camera in underwater photogrammetric
g surveys for archaeological purposes. It is also presented
s how the adoption of pre-calibration strategies could
© increase survey accuracy, reducing the reprojection
22 errors. It is also essential to underscore how calibration
& itself is undoubtedly an important step, but the proper use
1 of specific cameras must accompany it. Underwater
cameras and dome ports, specifically made for marine
0 environments, are essential for lowering errors related to
Camera + Dome port ~ Camera + Dome port the presence of two mediums. Future research will be

Underwater aimed at deepening these aspects.
Self-Calibration Pre-Calibration Acknowledgements

Figure 3: Comparison of the reprojection errors based on the The authors would like to thank Brett Seymour and Dave
values of the residuals, expressed in millimetres, for the Conlin of the Submerged Resources Center (SRC) of the
datasets (B) and (C) both when self-calibration and pre- US National Park Service (NPS), for their availability and
calibration are performed. support in carrying out part of this research. The authors
also appreciate the support of Eric Lo, Falko Kuester and
In this case, it is possible to observe how the use of a pre- Vid Petrovic of the University of California, San Diego
calibration approach can further improve the quality of the (UCSD). Last but not least, thanks also to Filiberto
survey, reducing the residual reprojection error of the self- Chiabrando of the Polytechnic University of Turin for his
calibration in a consistent way. useful hints during all the phases of this research project.

References
Brown, D. C. (1971). Close-range camera calibration. Photogramm. Eng, 37(8), 855-866.

Calantropio, A., Chiabrando, F., Seymour, B., Kovacs, E., Lo, E., & Rissolo, D. (2020). Image Pre-Processing Strategies
for Enhancing Photogrammetric 3d Reconstruction of Underwater Shipwreck Datasets. Int. Arch. Photogramm.
Remote Sens. Spatial Inf. Sci., XLIII-B2-2020, 941-948. http://dx.doi.org/10.5194/isprs-archives-XLIII-B2-2020-941-
2020

Feti¢, A., Juri¢, D., & Osmankovi¢, D. (2012). The procedure of a camera calibration using Camera Calibration Toolbox for
MATLAB. In 2012 Proceedings of the 35th International Convention MIPRO (pp. 1752-1757). IEEE

Fraser, C. S. (1997). Digital camera self-calibration. ISPRS Journal of Photogrammetry and Remote Sensing, 52(4), 149—
159. https://doi.org/10.1016/S0924-2716(97)00005-1

Fryer, J. G., & Fraser, C. S. (1986). On the calibration of underwater cameras. The Photogrammetric Record, 12(67), 73-
85.

Gruen A., Beyer H.A. (2001). System Calibration Through Self-Calibration. In: Gruen A., Huang T.S. (eds) Calibration and
Orientation of Cameras in Computer Vision. Springer Series in Information Sciences, vol 34. Springer, Berlin,
Heidelberg. https://doi.org/10.1007/978-3-662-04567-1_7

Heikkila, J., & Silven, O. (1997). A four-step camera calibration procedure with implicit image correction. In Proceedings of
ieee computer society conference on computer vision and pattern recognition (pp. 1106-1112). IEEE.

Krauss, K. (1997). Photogrammetry, Volume 2: Advanced Methods and Applications.

Menna, F., Nocerino, E., & Remondino, F. (2017). Flat versus hemispherical dome ports in underwater photogrammetry.
Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLII-2/W3, 481-487. https://doi.org/10.5194/isprs-archives-
XLII-2-W3-481-2017

Perfetti, L., Polari, C., & Fassi, F. (2018). Fisheye multi-camera system calibration for surveying narrow and complex
architectures. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLII-2, 877—883. https://doi.org/10.5194/isprs-
archives-XLII-2-877-2018, 2018.

Remondino, F., & Fraser, C. (2006). Digital camera calibration methods: considerations and comparisons. International
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 36(5), 266-272.

Rodriguez-Martin, M., & Rodriguez-Gonzalvez, P. (2020). Suitability of Automatic Photogrammetric Reconstruction
Configurations for Small Archaeological Remains. Sensors, 20(10), 2936. https://doi.org/10.3390/s20102936

Wright, A. E., Conlin, D. L., & Shope, S. M. (2020). Assessing the Accuracy of Underwater Photogrammetry for
Archaeology: A Comparison of Structure from Motion Photogrammetry and Real Time Kinematic Survey at the East
Key  Construction  Wreck. Journal of Marine  Science and Engineering, 8(11), 849.
https://doi.org/10.3390/jmse8110849

This work is licensed under a Creative Commons 4.0 International License (CC BY-NC-ND 4.0)
EDITORIAL UNIVERSITAT POLITECNICA DE VALENCIA
514





