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1. INTRODUCTION 
 

Inspection services and maintenance of submerged structures are extremely important 

activities to extend the life of dams, bridges, offshore platforms, etc. In addition to preserving 
the heritage, the collapse of submerged structures can endanger the safety of persons that are 

in place or in the vicinity of the enterprise and the environment. In Brazil service inspection of 

concrete structures submerged in nearly all, is performed by divers, this activity is costly and 

requires a number of precautions due to the high risk to the diver's health. Because of these 

drawbacks, many in the country submerged structures have diseases due to lack of inspection 
and maintenance, and some structures, especially the smaller ones, end up crumbling or 

demolished due to the high degree of deterioration. The development of the laser scanner 

submerged structures inspection technology can contribute to increased productivity and cost 

reduction, providing the best conditions for managers conduct inspections and preventive 

maintenance rather than corrective, reducing material losses. To assess the feasibility of this 
activity will be built a laser scanner amateur equipment with negligible cost and will be a scan 

with murky water of the Amazon River to simulate a real condition of a submerged structure. 

 

The elements that the laser scanner will make up will be a webcam , a laser module online, a 

reference plane cardboard and processing of three-dimensional images will be carried out by 
the German software David 3D free version , together these components work on the principle 

of simple triangulation, where the software performs the laser passage reading at each point of 

the object and compares it to the benchmark plan previously calibrated and generates a three-

dimensional image in scale, the webcam and the scanned object are fixed and the laser line is 

performed manually. In this experiment the laser and camera are out of the water and the 
concrete element is submerged within therefore occur the phenomenon of refraction where the 

light changes trajectory due to the different refractive index of air and water , but will be 

observed that the scanner works in submerged concrete element . 
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2 EXPERIMENTAL DEVELOPMENT 
 

 

The result of the implementation of the experience is initially placing turbid water and the 

bulkhead with reference points in the aquarium, then the installation of external webcam to 
your computer, the camera's focus is directed framing the benchmark plan, the camera setup 

the software is held David 3D, after setting the camera is visible in the image in real-time 

software window screen inside the aquarium with turbid water, fires charge of the plan 

calibration, the software analyzes the screen, if a majority of reference points are visible it 

reports that the calibration was successful and spots seen on the software screen are marked 
with green and red lines. After calibration, the camera and the screen can not be moved, is 

placed in front of the screen the object to be scanned, in this case a small concrete block with 

a hole previously dug, this block is also visible in the software connects -if the laser line as 

the line is large while it traverses block and the two sides of the bulkhead drives up the scan 

button, then the screen arise horizontal lines forming according to the laser passing edges and 
the front surface of the object to the cavity, move up and down is repeated slowly about 5 

times higher the repetition of greater movement precision of the image, then triggers the stop 

icon, then increases the interpolation between the lines and the image of the object is white in 

color and in the same format of the scanned object. The scanning method of triangulation to 

David 3D software can also be used without the shield, this enables the collection of large 
surfaces in the experiment was used manual method to screen for easily and inexpensively 

because without the shield would be necessary the laser was powered to enable a slow and 

steady cyclical movement. 

The laser David 3D scanner is a system for three-dimensional scanning without contact with 

the object, consists of software, a laser hand design line a digital video camera and a panel 
with reference marks in scale calibration, the components used in this test were: a laser 

module red line, 5 mW, 3V voltage, maximum current; 40mA, 120 degrees beam format, an 

HD webcam C270, a concrete block in the frontal dimensions (90 x 120) mm² and 60 mm 

thick (Figures 1 and 2) with a cavity with a diameter of approximately 50 mm and depth 30 

mm, simulating a cavitation in the concrete. For use as a reference plane David 3d software 
we prepared a laminated paper bail, the central portion is bent at an angle of 90 ° as shown in 

Figure 3, the distance between the points is dimensioned in webcam focus function and the 

size of the object being scanned. For this scanning of the concrete block experience 120mm 

the optimum size achieved is shown in Figure 3, the plan shape is shown in David 3D 

software manual, illumination during scanning to enable visibility of points within the turbid 
water. Figure 4 shows the scanner operating principle, there is a laser line in red traversing the 

block horizontally from top to bottom slowly and manually, blue is observed how the scanner 

carries out the calculation of the triangulation any point on the surface of and block up, 

because as the dimensions A, B and C are known, it calculates the three-dimensional 

coordinate of each point through which the laser passes on the block surface, as the laser 
emitter and the webcam are off water and block is submerged, it should be noted that there is 

the refraction phenomenon of light, for passing the air toward the light object takes a detour 

since the air refractive index (n2) is different from the water content ( n1), the shift direction 

is calculated by the equation shown in Figure 5, the refractive index is the speed of light in 
vacuum compared to the speed of light in the medium, however, if the laser passing from air 

to water in the vertical direction does not occur steering deviation. 
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Figure 1 - Front view of concrete block with cavity 

 

 

 
Figure 2 - Cross section of the concrete block 

 

 

 
 

 
 

Figure 3  – Bulkhead perspective with the folded corner 
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Figure 4 - scanner laser Vista. 
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n= refractive index  
∅ = Laser tilt angle 

 

Figure 5 – Snells law to bending of light 

 

 

Figure 6 shows the positioning of the elements of the scanner before placing the water in the 

aquarium: a notebook, David 3D software free version online laser module, webcam and 

reference panel in scale, the David 3D software is interactive, it just Full calibration of the 
screen when the camera get the proper view of the reference points in this test were built 

several screens until reaching the diameter and the ideal distance of the points appropriate to 

capture the software because the turbid water reduces the visibility of the reference points. In 

Figure 7, there is the aquarium filled with murky water of the Amazon River, in Figure 8 it 

can be seen in the David 3D screen that calibration was successful, since most of the reference 
points are with the green and red mark marked by software, these points serve to keep the 

same process object data and scan the three-dimensional image, we see also in this figure the 

time of scanning where the laser emitter line was triggered manually during the scanning 

software informs the laser line is hitting the object and the two sides of the reference screen, 

as well as the intensity of the laser light and ambient lighting is adequate, otherwise it informs 
that the laser is not visible on the left or right side, or whether the reference points not They 

are correct. 



 

5 

 

Figure 9 shows the three-dimensional image generated by DAVID 3D software, minor flaws 

in the image are due to laser positioning only on one side , considering that the free version of 

the software does not allow the merger of two images with laser sweeping the left and right , 
however, the contours of the cavity in the block surface and the block edges are well defined. 

In Figure 10 there is the image in Rhinoceros software and that can be exported to AutoCAD 

scale and to be compared with the actual dimensions of the block there was a difference of 

about 3 mm due to refraction, but in a real lifting the scanner and concrete structure are 

submerged and using spherical lens distortion is negligible. 
 

 
Figure 6 – Positioning of the amateur scanner elements 

 

 
Figure 7 -Aquarium filled with murky water 
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Figure 8 – Image of the beginning of the scan. 

 

 
Figure 9 – Virtual image processed by software in low resolution 

 

 
Figure 10 – Perspective image in the Rhinoceros software ( free version ) . 

 
 

3 CONCLUSIONS 
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High applicability of laser scanner for inspection of underwater concrete structures, for real-

time are obtained three-dimensional dimensions has been proven, volumes, distances between 
elements, plumb, alignment, making it effective this service, technological innovation of 

using laser scanner in underwater inspections it is important for companies working with this 

activity because it increases productivity and reduces costs and risks for the divers and the 

possibility of installing the scanner in mini-submarine unmanned, especially at great depths, 

where it is not possible working divers, or even at shallow depths, serving as a support for 
divers. The underwater laser scanner use depends on several factors, among which the 

lighting of the evaluated object, excess turbidity impairs the visualization of the laser by the 

camera, but adequate artificial lighting and the proper distance from the scanner to the object 

solve the problem, so It is high. 
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