
  

  
Abstract—Risk studies are very important to avoid human 

and economic losses. However the study cost becomes very 
expensive in some case when the site scale is very large. That’s 
why; using a numerical simulation with a small-scale model is 
considered as a suitable solution. In order to have accurate 
results on which we can rely to assess the risk, it is necessary to 
use sophisticated means to simulate with a high efficiency the 
study area. One of the very accurate means able to do that is 
based on laser scanning techniques. This article describes how a 
3D laser scanning can provide quickly and accurately a 3D 
model of the study area reduced model for the risk simulation 
step. Moreover, the necessary processing steps in the laser 
software named Geomagic v12, are highlighted to achieve a 
neat 3-D model. The article also describes the preparation of the 
model for the numerical simulation step. 
 

Index Terms—3D laser scanner, processing data, 3D 
modeling, simulation. 
 

I. INTRODUCTION 
3D laser scanning is the very newest invention related to 

applications for mapping software packages. The need for an 
inexpensive environmental analysis in a short time span has 
initiated the development of effective terrestrial laser 
scanning. Since 1990, this effective application has evolved 
quickly to compensate for the extensive photogrammetry.  

The principle of a laser scanner is to collect spatial 
information, such as 3D coordinates. The environment of a 
3D object becomes scanned, and the spatial data of millions 
of items that relate to the shape of the object, are collected in 
a few minutes. The result of a single scan is a point cloud in 
which each point has three parameters: a measured distance, 
and two angles.  

The intention of this technique is to create digital files, 
such as 2D drawings or 3D models; the latter can be used for 
phenomenon simulations or to obtain sections or slices of 
such a model. The current technique has a wide range of 
application domains including the medical and industrial 
sectors, but it is most frequently used in civil engineering and 
land Surveying. Several researchers [1]-[5] have written 
articles about the field of 3D laser scanning. 
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II. PRINCIPLES OF LASER SCANNING 

A. Statistic or Dynamic 
The field of laser scanning technology can be split mainly 

into two parts: static and dynamic. The static definition 
includes terrestrial laser scanning, which has both a high 
precision and a relatively high point density. If the scanner is 
moved or carried along on a mobile platform while the 
measurements are being calculated and collected, then it falls 
under the dynamic definition. Mobile systems, such as a GPS 
(Global Positioning System), are used to determine the 
position of the scanner [6].  

B. Laser Scanner and the Electromagnetic Spectrum  
There are main three components by which the 

electromagnetic (EM) spectrum can be determined or 
estimated: energy, wavelength and frequency. The 
wavelength of the electromagnetic spectrum can range from 
short size (gamma radiation) to long size (radio waves). The 
human eye can only perceive a small portion of EM radiation. 
This part of the spectrum is called visible light, composed of 
the distribution of colors that can be observed after the 
dispersion of a light beam through a prism. The relationship 
between the working of a scanner and the EM waves can be 
found in a narrow part of the spectrum. A laser scanner 
generates a controlled low divergent, polarized beam with a 
specific wavelength (1064nm near infrared to green 532nm), 
called laser light. It is important to know that this area is 
divided into hazard classes, from 1R (non-hazardous) to 4 
(where laser light can cause bodily injury) [7]. 

C. Terrestrial Measurements Systems 
There are two types of measuring systems: active and 

passive. The passive measuring systems rely on the beams 
reflected and sent out by the environment. There is no laser 
emitter that generates beams, only a receiver. The active 
systems use a controlled beam and a receiver that analyzes 
the reflected waves. Two current systems are triangulation 
(based on Thales’ geometric calculations) or time of flight 
(TOF). 

In triangulation systems, the emitter and the receiver are 
separated by a given distance. This distance is one of the 
parameters necessary to define a triangle. The other two 
parameters are obtained by measuring the angles at which a 
beam is transmitted and received after reflection. From these 
three parameters one can obtain the distance between the 
object and the scanner (distance OS), which is given in 
micrometers [8].  

Another technique is TOF, which is based on the fact that a 
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laser beam needs a certain amount of time to reach the object, 
hit the object’s surface, and then reflect and rebound. With a 
pulsed-based TOF system, the surface is scanned point by 
point at a speed of 2000 to 50000 points per second. This 
system does use rather pulses. A system clock keeps accurate 
the time interval between sending and receiving a pulse. By 
multiplying the time of flight with the speed of light, one 
obtains a distance: receiver-surface-transmitter. One must 
then divide this distance by two, to get the distance OS. 
Another TOF technology utilizes continuous wave. This is 
based on the measurement of phase difference. The emitter 
sends a continuous sinusoidal modulated wave, which has a 
fixed frequency and amplitude. The receiver collects a wave 
with a time delay. The sum of the number of complete 
wavelengths (given as an integer) and the phase difference, 
divided by two gives the distance OS. Both systems measure 
the distance OS with an accuracy in mm [6]. 

D. Error Analysis 
Four types of errors can occur during the scanning process; 

instrumental, ambient, object-related and methodological 
errors. A good knowledge of the metrological aspects is 
useful to understand some results of the scanning process. 

An instrumental related error could be a bad alignment of 
the measuring system for the rotation angle of the mirror or 
axes errors. Also some divergence can accur, such as 
increasing amplitude, during the propagation of a laser beam, 
as a wave moves along in a smooth oscillating pattern 
(sinuosity). Such divergence exerts an influence on both the 
resolution of the point cloud and on the uncertainty of the 
position of the central axis of the beam. Another instrumental 
related error is the “mixed edge” problem, which occurs 
when the beam splits in two once it hits the edge of an 
obstacle.  

Environmental factors that may cause errors are: the 
temperature of the scanner, the atmosphere, the radiation 
interference and distortion.  

Transparency, color characteristics, the angle of incidence 
with respect to the normal and the reflection properties of the 
surface to be scanned can be sources of object-related errors. 
In addition, the chosen measuring technique and the 
experience of the user could result in methodological errors, 
such as oversampling by setting a grid with a higher 
resolution than the scanner’s capacity or an incorrect 
registration of the point clouds in the software [3], [4]. 
 

III. LASER SCANNER APPLICATIONS 
After the recreation of a possible flooding area performed 

on a reduced model (small scale model such as 1m x 2m, see 
Fig. 1), a digital model is necessary for the implementation of 
numerical simulations. Data acquisition is the first step of the 
digitization process. Once the dataset or point cloud from 
each of the four scans is obtained, the data is compiled 
altogether into one complete point cloud, the registration step. 
The final step is point cloud processing, a time-consuming 
task that is done manually. This includes: representations, 
data improvement (noise filtering, resampling, hole filling) 
and meshing (the generation of triangles between the points). 
The result should be a neat, meticulously accurate, digital 3D 

model that can then be integrated into a simulation program, 
such as ANSYS Fluent. 

 

 
Fig. 1. Application of a laser scanning on a real small scale model (a) real 

model, (b) a global point cloud. 

A. Processing and Software 
Four scans of the model are taken with a phase-based laser 

scanner: Faro Focus 3D (data acquisition). Each scan 
contains a scan time of 10 minutes and delivers a 120Mb file. 
The scans contain a separate dataset that will be loaded into 
the Geomagic 12 software packet. Unnecessary scanned 
surfaces will be first removed for further processing. This is 
necessary for the creation of a model and the performance 
properties of the computer. The first manual registration is to 
identify corresponding points between each scan. Each scan 
having a different spatial orientation will be put together in 
one coordinate system. The four point clouds now form a 
completed model, although there is not yet a perfect 
alignment between the point clouds. For the global alignment, 
an advanced mathematical algorithm will be used. Now the 
point clouds are ready to be assembled in 1 object. Another 
important step is to create polygons and filling holes. The 
creation of a surface is the last step for a 3D model that can be 
exported for simulation (See Fig. 2). Other processing 
software packets are FARO Scene and FARO Cloud. 
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Fig. 2. Processing steps. (a) Point clouds; (b) create polygons and filling 

holes; (c) creation of a surface. 

 
Fig. 3. Use of the 3D Laser scanning model in the simulation study. (a) 

Surface model; (b) Global model; (c) flood simulation. 

B. Simulation  
The risk and impact of floods in urban areas has been 

increased over the last few decades as population and 
urbanization processes rapidly increase and subsequently 
more and more people and properties are being concentrated 
in flood-prone coastal zones and river flood-plains. Floods in 
urban areas can be much more devastating than in any other 
areas. They are responsible for more than 50% of the 
fatalities and for about 30% of the economic losses [1], [2]. 
That’s why development of modeling methods able to 
represent accurately and effectively the flood propagation 
event in urban areas allows a better prediction and risk 
assessment, in order to avoid and limit the human and 
economic losses. New data collection techniques have 
emerged which alleviate the traditional problem of lack of 
data for topographic and terrain modelling. In addition, 
numerical techniques have matured, providing robustness 
and efficiency in model simulation. Since the 1990s, 
especially in recent years, the use of geographic information 
systems (GIS) technology and its powerful functions of 
spatial analysis and 3D visualization to simulate and display 
flood area and to evaluate disaster damage has become a 
research hotspot [10], [11]. Laser scan 3D is one of the most 
effective techniques able to represent a 3D urban area with 
very high accuracy. In this example study a 3D model of 
urban area (reduced model) crossed by an urban river. After 
having treated the scanned data of the reduced model with a 
set of CAO and Software for the Laser Lake; Geomagic, 
FARO Scene, AutoCAD, a CFD (computational fluid 
mechanics) simulation of the flooding is implemented with 
this model to give accurate results close to reality [12]. 
 

IV. CONCLUSION 
To create a digital model for computer simulations, a 3D 

laser scanner can be used for the integration of a small-scale 
model into specific software. A good knowledge of the 
principles of the laser scanning is important to better 
understand the laser working and improve scanning results. 
The data acquisition knows the highest degree of automation 
in the 3D point cloud processing. Once the scans are 
compiled all together (the registration), the complete point 
cloud has to be improved and meshed. These steps can be 
very costly and time-consuming, because they must be done 
manually. Geomagic V12 is one of the best software destined 
for processing of 3D points cloud. Programs like FARO 
Scene and FARO Cloud do also allow 3D point cloud 
improvement; however, they are less appropriate to create 3D 
models for simulation problems. Scanned and processed data 
can be the main input data for numerical simulation models 
such as the CFD simulation for the case of urban flooding, 
the example of this study. 
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