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Abstract: The paper presents the possibilities of using reverse engineering in the digitization of automotive components and their 

modification. A CAD model of the part was created based on the scanned point clouds. Subsequently, this model was compared with the 
original cloud points. The point clouds were scanned by a laser 3D scanner in PolyWorks software. The reference 3D model was created 

from a point cloud in the CATIA program. The comparison of the scanned point cloud and the reference model is performed in PolyWorks. 
The Check IMAlign project module is used for this. This module allows you to compare the scanned point cloud, it is merged from several 

scanned lines into one whole point cloud, which are created by a CAD model. The preparation of the 3D scanning arm FARO PLATINUM 

ARM and the process of scanning the prototype of the front fender of the car are described. 
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1. Introduction 

At present, the process of Reverse Engineering is a very often 

used term, which refers to the engineering activity of creating 
objects equivalent to their model, on the basis of which they were 

created. The basic precondition for the implementation of Reverse 
Engineering is therefore the existence of an object that needs to be 

converted into a 3D form. Another important part of this process is 
the tool for implementing the transfer of a real object into a virtual 

form. This tool is digitization. With the help of 3D scanners or in 

other words digitizers, it enables this engineering activity to be 
carried out. This technology has found its application in many areas, 

such as industry, healthcare, culture, film and many others. 

The paper points out the possibility of using digitization as a 

support for reverse engineering in modeling a real car component. It 
offers a description of the procedures for the implementation of 

digitization and creation of 3D models from the acquired point 
cloud. The aim is to create a model of the fender of the vehicle 

identical to the model. The reconstruction of the point cloud into the 
resulting 3D surface was processed in the Catia V5 software using 

the surface creation method with the support of a polygonal 
network. This made it possible to create a continuous enclosed area 

from which the resulting area model of the car's front fender could 

be generated. 

2.  Possibilities of using reverse engineering 

The primary goal of the reverse engineering process was to 

implement the transfer of the real model into digital form. Over 
time, new applications of reverse engineering have emerged in 

many other industries, not just the engineering industry. Examples 
of such applications are research of historical objects, development 

of computer games and applications or even in the process of 
quality control in production and the like. The problem with reverse 

engineering is that, in theory, this technology is widely applicable 
and there are many possibilities for its application, but in practice it 

is a little different. The main brake on the use of the reverse 

engineering process is the price of 3D scanners and specialized 
software. In both cases, it is in the order of thousands to tens of 

thousands of euros. [1] 

Possibilities of using reverse engineering: 

Packaging design - allows you to use the exact areas and 

textures that were obtained by scanning the necessary samples when 
solving the packaging design. 

Product ergonomics - allows you to use the data obtained by 
digitizing hand-made models and mock-ups when completing the 

final product design. 

Digital archiving - thanks to the ability to archive tools, 

samples and prototypes in digital form, it is possible to save 

significant financial resources that would otherwise be needed to 
store these items. 

Additional production - enables the production of products 

that their original manufacturer no longer produces, by obtaining a 

digital product model. 

Spare parts - in the case of a product that is no longer 

manufactured, no spare parts are produced for it or it is unique, it 
enables the production of a replacement part by scanning the 

damaged part. 

Digital media, games and animations - reverse engineering 

can also be used as a means of creating digital characters and 
scenery for computer games, movies and animations from the 

concept of an artist / designer model.  

Cultural and artistic heritage - allows you to scan a variety of 

works of art with high resolution and care for the scanned product 
for the needs of their restaurant or reconstruction. 

Healthcare - Reverse engineering helps to create accurate 

reproductions of organs or bone structures. 

Orthopedic engineering - in the process of creating orthopedic 

aids, the scanned data provide extremely important data, without 
which the designers would not be able to design the final product 

exactly tailored to the customer. 

Many other uses - significant assistance in product design, 

CAD model updates, software analysis of real components using 
various FEM systems, rapid production of models by 

Rapidprototyping, creation of parts for vehicle tuning and much 

more. [2, 3] 

3. Digitization of an automotive component 

The whole process of digitization is always carried out in 
several consecutive steps: 

• In the first step, it is necessary to perform an analysis of the shape 

of the component that will be scanned. If the part is too 
complicated, it is good to divide it into several smaller parts and 

scan them independently. 

• Based on the analysis carried out in the first step, the type of 3D 

scanner is selected, followed by the specific model with which the 
scanning process itself will be implemented. 

• After selecting a suitable 3D scanner, it is necessary to prepare it 

for calibration (if necessary) and it is also necessary to prepare the 
scanned part for scanning. 

• In the fourth step, the process of scanning or digitizing the 

component itself follows. This step is quite difficult and any error in 

this step means that the scan will have to be repeated. 
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• After a component is scanned, clouds of scanned points, which 
appear to form areas, are stored in the software that communicates 

with the scanner. These clouds need to be modified before they can 
be exported to CAD software. In this step, the so-called scan 

cleaning and alignment is performed. 

• In the next step, the modified point cloud is exported  to CAD 

software, in which its reconstruction will take place. Before the 
reconstruction itself, it is necessary to adjust the point cloud in CAD 

software, either by trimming or filtering the number of points. There 
are several ways to reconstruct scan areas, depending on the 

complexity of the component. 

• After the creation of surfaces and their connection, a 
comprehensive model is created, with which it is possible to work 

in various ways [4 - 6]. 

Scanned component 

A component that is the body part of the vehicle was designated for 

scanning. This is the left front fender of the VW Polo. Specifically, 
it is a part originating from a model under the group designation 

6N2 manufactured from October 1999 to October 2001.  

The component that was to be digitized was a bare molding. It was 
not treated in any way against corrosion, it was not sprayed with 

paint or any varnish. 

 

 

 
 

Fig. 1 Front fender of the car and FARO Platinum Arm Laser Scan V3 
connected to PC 

The FARO Platinum Arm Laser Scan V3 scanner was chosen 

for scanning. This device combines CMM touch scanner technology 

with a non-contact laser scanning method. The device can operate 
in seven axes. In terms of dimensions, the device is 1.8 meters high 

and is therefore the smallest of the offered scanners of this type of 
the mentioned manufacturer. The laser scanning method was chosen 

for the needs of digitization of the given component. This is mainly 
due to the scanning speed, as the laser scanner allows you to obtain 

up to 19,200 points per second, which would not be possible with a 
touch screen. Overall, the tactile method is laborious and suitable 

for measuring rather than scanning objects. The system is connected 

to a PC via a USB port, where it works with Polyworks software, 
but it is also compatible with Geomagic or Rapidform software. The 

manufacturer states the accuracy of laser scanning + -35µm. At the 
ideal distance of the scanning head from the body, the system can 

scan 640 points in one line, which in practice corresponds to 
approximately eight centimeters wide of the incident beam. The 

scanner can scan up to 30 images per second. The scanning head 
weighs a total of 370 grams, which is not a lot of weight, but when 

shooting larger objects, it still causes considerable physical fatigue. 

Scanning process 

The scanned object had to be properly prepared and secured against 

any movement. The entire scanning process took place in 
collaboration with software designed to support the 3D digitizer. In 

this case, Polyworks software was used. All points that the system 
subsequently scanned were simultaneously displayed on the 

software desktop on the PC screen. On the computer monitor, the 

scanned points appeared as a uniform surface, but only ostensibly 
due to their tight arrangement. If the laser head was at a greater 

distance than specified, the system could not correctly record the 
surface points of the object. The digitizer does not always ideally 

capture images in one line. These disturbances were caused by poor 
reflection of the laser beam from the surface of the scanned object, 

or in the case of digitization of complex shapes, where erroneous 
reflections of the rays also occurred. 

 

Fig. 2 Scanning component. 

The biggest problems were caused by the corners and edges of 

the fender in question. All these problem areas therefore had to be 
scanned several times in succession until a sufficient number of 

points were obtained lying on these surfaces for future 
reconstruction of the object in CAD software. This fact significantly 

prolonged the whole process of digitization. After all the necessary 
points have been scanned, they have been corrected and modified so 

that they can be exported to an IGS file. Overall, the process from 

the beginning of the digitization to its completion and the storage of 
the point cloud took about an hour. 

Point cloud adjustment 

The point cloud had to be modified in Polyworks software 

before its export in IGS form. The so-called scan overlap reduction 
is required. When scanning a component, it was not possible to 

avoid partial overlapping of individual scans of the object surface. 
However, these overlapping points were completely unnecessary 

and rather made it more difficult to work with the overall set. They 

unnecessarily increased the amount of data that needed to be 
modified and would make the whole reconstruction difficult. 

Therefore, it was necessary to eliminate these overlaps using the 
automatic function. The course of this step can be seen in Figure.3,  

 
 

 

Fig. 3  Scan during overlap reduction and the resulting point cloud. 

CAD model creation 

Working in Catia V5 software was the last and most time-
consuming operation in the process of renovating fender surfaces. 

At the beginning of the whole operation, it was necessary to open a 

new product in the Shape module and specifically in the 
DigitalizedShape Editor. 

The entire digitized cloud contained more than two million 

points. Such a volume and thus also a point density is unnecessary 
for construction. Therefore, the DigitalizedShape Editor contains a 

Filter command that reduces the number of scanned points. 
However, this is not a random filter. The system required 

determining the size of the radius around each point where no other 

point should be located. In this way, he was able to reduce 
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unnecessary information from the scan. P used a dog olomer two 
millimeters. In practice, this means that the points were at least two 

millimeters apart. This step reduced the entire scan to 78,398 points. 
The filtration resulted in 3.33% of the scanned points as a 

percentage. This may seem like a significant minimization of the 
scan, but in practice this reduced number of points was enough to 

reconstruct the surface of the scanned fender. 

 

Fig. 4  Point cloud filtering. 

The last step before the actual reconstruction of the VW Polo 

fender was the creation of the so-called polygonal network. This 

step was performed using the MeshCreation function. When 
creating the network, the software had to define whether it would be 

2D or 3D mesh. It was also necessary to indicate whether the 
network should be shaded, smoothed, in the form of triangles, and it 

was very important to define the maximum distance of neighboring 
points that make up the individual sections of the network. As can 

be seen in Figure 7, the resulting polygon mesh was in 3D, shaded, 

smooth, and the maximum distance of adjacent points was 6 
millimeters.

 

Fig. 5  Polygonal network creation. 

After the network was created, several smaller holes were 

created on the surface of the object. If a larger point distance 
dimension were used, these holes would not have to be created at 

all, but the accuracy of the network would be reduced. The software 
developers also anticipated such a possibility, so it was possible to 

easily heal these holes using the FillHoles feature. The program 
required the maximum diameter of the holes to be sealed and 

subsequently marked them on the software desktop. 

4. Reconstruction of surfaces using 3D curves 

Reconstruction of surfaces using 3D curves was performed in 

the Quick Surface Reconstruction module, which is located in the 
shape directory. After switching to the mentioned module, the first  

steps of creating the geometry of the object could be performed. On 

the right side of the desktop, there was a 3D Curve icon between the 
commands. 

Gradually, curves were created between which a reconstructed 

fender area was to be created. The goal was to create several 
surfaces on different parts of the object and gradually connect them. 

It was impossible to create the required surface reconstruction using 

only the curves describing the edges of the fender, because such an 
area would be inaccurate and there would be too much deviation of 

the modeled surface with respect to the actual surface of the body. 
Due to the greatest possible accuracy, the gradual creation of partial 

areas of the scanned fender was started. In the case of the formation 
of these sub-areas, it was necessary for the individual curves that 

were to create these areas to form closed geometric shapes. If a 

situation occurred in which the created geometric shape did not 
occur, the software was not able to create the described surface. The 

creation of shapes with four vertices was ideal. In such cases, the 
software usually created the required areas without any problems. In 

the case where a break or edge appeared on the polygon network, in 
most cases there was an attempt to place a curve on it. This is due to 

the easier connection of individual surfaces using other functions of 
the Catia V5 software as well as to minimize uneven transitions 

between individual parts of the fender Fig. 6. 

 

Fig. 6  Polygonal network creation. 

After the creation of individual closed geometric figures, the 

reconstruction of partial areas followed. First of all, a network of 
3D curves was created on the front of the fender, ie on the part that 

is part of the vehicle's exterior design and is visible when looking at 
the vehicle. Subsequently, the areas from this network were 

reconstructed. This was followed by the lower part with the handle, 

the rear part, oriented to the cab with the driver, and finally the 
upper part, which is clamped to the beam of the vehicle structure. 

The area between the curves itself is created using the Power Fit 
function, which is found in the QuickSurfaceReconstruction module 

of the Catia V5 software. In this function, the surface to be created 
is defined not only by the boundary curves, but also by the so-called 

pulling of the surface to the triangulation network. This minimizes 
the total deviation of the created area from the triangulation 

network. 

After entering all the necessary data and pressing the Apply 

icon, the created area between the boundary curves was displayed 
on the software desktop. If a surface was created within the 

tolerance specified in the Power Fit work window, no warning is 
displayed in the bottom window. Likewise, the software did not 

point out any major deviations, and therefore their value. In figure 
number 40 it is then possible to see this mentioned area, which was 

created at the beginning of the whole process of reconstruction of 

the geometry of the object by translating 3D curves. 

As soon as all partial areas of the fender were created, the 
activity of connecting these sections of the scanned object was 

started. To implement this step, it was necessary to switch to the 
Generative Shape Design module. After expanding the options 

located below the Join icon, there was a Healing option that allowed 
these partially created areas to join. The Healing function also made 

it possible to join surfaces that had certain gaps between them, 

which was different from the Join function. After selecting this 
option, it was first necessary to define the areas that needed to be 

joined. The program required the marking of at least two areas. 
However, their maximum number was not limited in any way. After 

defining the connected sections, it was necessary to determine the 
connection parameters. These were the continuity of the connection, 

the distance of the merging and the distance of the objects. In the 
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case of determining tangential continuity, it was then possible to 
define the angle of the tangent and the angle of the objects. In the 

case of this work, continuity through individual points was usually 
chosen, in other words Point continuity. To ensure the connection, 

the merging distance was then chosen to be 1 mm, which was the 
maximum possible value. In the case of object distances, the 

maximum possible value, ie 0.1 mm, was similarly 

determined.

 

Fig. 7  Joining surfaces using the Healing function. 

After creating all the holes and defining the necessary 
roundings, a finished 3D model of the fender of the VW Polo 6N2 

is created. This model was created using the method of translating 
3D curves. This model was relatively high, which is represented by 

Fig. 7. In this figure, it is possible to see the overlap of the 

polygonal fender network and the 3D model. The more intense the 
overlap of these elements, the more accurate the model with respect 

to the polygon network, and thus to the point cloud itself and the 
real scanning object. 

  

Fig. 8  3D model of the fender and overlapping 3D model and polygonal 

network. 

 

Fig. 9  Final modified 3D model of the fender. 

5. Conclusion 
 

Digitization can be used in many ways. This includes, for 

example, the measurement of deviations, deformations or 
anomalies, the preservation of historical artifacts and the like. One 

option may be to use digitization in reverse engineering processes. 
It can be the creation of a product design or the creation of product 

innovations. The subject of scanning and reconstruction of the 
geometry of the shape was the fender of the VW Polo car. Its 

modification was based on the fact that when creating a facelift of 

vehicles, the original handles and basic dimensions of the 

component are usually retained, only the shape design changes. The 
change was made in the area of the headlight compartment. A 

change in the contour copying the shape of the headlight was made, 
which was replaced by a new type of headlight. Another innovative 

change that was made was the relocation of the turn signal to the 
rear-view mirrors. In this case, this turn signal light is no longer in 

the area of the front fender. This was the subject of a second major 

change, when the opening for the original turn signal light was 
removed and the area was filled with the Multy-sections Surface 

function. Both of these adjustments were made by creating 3D 
curves, the Extrude function in Generative Schape Design, and then 

trimming the required areas with the Trim function.  
By creating such a modified model, only one of the many 

applications of digitization in practice was presented. In this 
particular case, it turned out that with the help of a 3D scanner and 

suitable software, the designer is able to promptly realize his design 

visions. That's why 3D scenarios and digitization are an integral 
part of the vehicle design process today. 
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