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1. Introduction 

 

Planning for the safe and controlled deactivation 

and decommissioning of highly contaminated nuclear 

facilities requires that engineers and managers fully 

understand the 3D workspace in which personnel and 

equipment will operate. 3D information that 

precisely depicts the work environment can reduce 

uncertainty, thus expedite the accomplishment of the 

work with minimum radiation exposure and safety 

risks. 

3D scanning is known to be an effective method 

for quickly and accurately capturing a structure's 

actual geometry. 3D scanning is a technique used to 

capture the shape of an object using a 3D scanner. 

3D scanners measure a large number of points on the 

external surfaces of objects and generate output in 

the form of data points in space, which is known as a 

point cloud. 

For highly contaminated elements such as reactor 

pressure vessels or reactor internals, it is a viable 

option to cool-down and dismantle these elements in 

submerged state. However, underwater 3D scanning 

faces technical challenges, making a straightforward 

application of well-established scanning algorithms 

in air. Fig. 1 shows an example of underwater 3D 

scanning; point cloud in purple represents the 

scanning of a flat plate in air; point cloud in green 

represents the scanning of the same plate in a water 

tank, which looks closer and bent. The compensation 

of the distortions requires elaborate analysis. 

 
Fig. 1. Example of Distortion. 

 

This study provides modeling of the distortion for 

underwater 3D laser scanning using a flat viewport. 

This paper focusses on the laser beam distortion. 

 

2. Laser Scanner 

 

Fig. 2 shows a schematic of a underwater laser 

scanning system. 

 

 
Fig. 2. Schematic of laser scanning system. 

 

The laser projection model describes the laser 

plane, the mirror, and the air/viewport/water 

interfaces in order to estimate the laser shape in the 

underwater environment. Laser planes are created 

using a laser beam and a lens. One could model the 

laser plane by introducing the lens and the beam into 

the overall model. However, for the sake of 

simplicity, it is assumed that the laser plane is 

produced by a source of light expanding at a given 

aperture angle. 
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From a geometrical point of view, the only two 

optical processes that take place in the light-emission 

side of the sensor are: (1) reflection on the mirror and 

(2) refraction at both the air/viewport and the 

viewport/water interfaces. Light reflection is the 

process of light changing its directionwhen it reaches 

a given surface without crossing it. Light refraction is 

the change in direction that a light beam suffers when 

crossing the surface separating two different media. 

Eq (1). 

 

  (1) 

 

This law involves three elements: (1) the index of 

refraction of the first medium , (2) the index of 

refraction of the second medium  and (3) the 

the surface separating the two media .  

To produce the underwater laser surface, a number 

of rays are sampled evenly spread across the laser 

aperture. For each of them, its reflection by the 

mirror is computed. Then it is refracted using Eq. (1) 

first with the air/viewport interface using  

and , and second with the 

viewport/water interface using  and 

. 

Fig. 3 shows the intersection of the simulated laser 

rays with a plane parallel to the viewport at a 

distance of 1.5 m. In geometry, the intersection of 

two planes is a straight line. However simulation 

shows that as the incidence angle increases the beam 

bends. The data obtained with this model suggests 

that the laser remains planar after passing the 

viewport only when the normal to the viewport is 

parallel to the laser plane. Therefore, the laser plane 

is distorted because of the change in the index of 

refraction of the different media when such condition 

is not met. 

 

 
Fig. 3. Projection of the simulated laser beam. 

 

3. Conclusion 

 

This study provides a model for laser beam 

refraction that occurs at the viewport of 3D 

underwater laser scanning system. The simulation 

suggests that the laser beams are distorted due to the 

refraction. Future work includes the modeling of 

distortion at camera side and integration of the 

distortion models. 

 

ACKNOWLEDGEMENT 

 

This work was supported by the nuclear research and 

development program (2017M2A8A5015146) 

through the national research foundation of Korea 

funded by the Ministry of Science and ICT. 

 

REFERENCES 

 

[1] A. Plomer, P. Ridao, D. Ribas, and J. Forest, 

 

for Autonomous Vehicles, pp. 73-88, Springer 

(2017). 




