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Abstract – The application of current reverse 

engineering techniques can be integrated into a 
modern range of tools that support the development of 
the economy not only in the engineering industry. The 
main idea of this paper is to diagnose problems with a 
non-destructive method using a reverse-engineered 
device. The obtained data will then be merged into 
individual views and the obtained cloud of points 
transformed into spatial views of hard-to-reach 
locations of machines and equipment.  The prototype 
device is then tested under laboratory conditions and 
its accuracy is compared with used commercial 
digitization devices. 
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1. Introduction 

 
Reverse engineering technologies currently allow 

determination of the technology and the basic idea of 
the product by monitoring and evaluating the 
mechanisms of a particular product by analyzing the 
activity and by comparison of the design with the 
existing solution. One of the main goals of each 
company is to reduce the time of product  
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development, whether in the technological or 
organizational field, which can become crucial in 
today's competitive struggle [1], [2], [3]. With the 
effort of process parallelism and simplification and 
acceleration of individual processes, the optimization 
of the complete production process takes place. 
Optimization of design methodology with reverse 
engineering tools and spatial digitization is optimal 
for today's fast product development.  At present, 
there is a relatively large amount of spatial data 
transformation methods that allow a combination and 
analysis available from different sources to create a 
spatial model using digitization devices. There are 
different types of digitizers in price ranges from 
freeware variations with application for example in a 
web camera worth several euros to top-level devices 
worth more than one hundred thousand euros. 
Projects that have been created to make spatial 
digitization more efficient nowadays are quite a lot. 
Whether it is about optimizing hardware or software 
parts or creating new digitization devices. Significant 
benefits for digitization are projects that work with 
available hardware devices such as drones, cameras, 
or videos using the photogrammetric and laser 
method for restoration and preservation of cultural 
heritage, whether in the Slovak Republic or abroad. 

2. Prototype device for digitizing hard-to-reach 
places 

 

Based on an analysis of the available knowledge 
about the possibilities of reverse engineering 
application in the field of technical diagnostics, it 
was necessary to create a missing device for 
digitizing hard-to-reach machine and equipment 
locations. The goal was to integrate a specific 
hardware and software platform to create a device to 
diagnose hard-to-reach locations, and to identify 
problem areas based on laser beam scanning data and 
to find appropriate solutions for creating new or 
modified old components. In this prototype device 
there is a basic functional design of the structure 
using a stepper motor (2) in which the light source 
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was mounted directly on the rotor of the motor. In 
this diagnostic prototype device, the base sensor unit 
is a videoscope camera (1) anchored in the enclosure 
of the design, which allows the spatial data to be 
sensed. 

 

 
Figure 1.  Prototype device (1 - videoscope, 2 - stepper 

motor, 3 - laser, 4 - construction frame) 
 

In the solution of the movement mechanism, the 
upward and downward movement of the laser source 
(3) was considered but the volume of the overall 
structure would increase. Therefore, in this design 
the motor gradually rotates in the positive and 
negative direction according to the predetermined 
parameters defined on the programming plate 
Arduino Uno. The structure is positioned in the 
housing (4) to ensure that the movable parts do not 
come into contact with the surrounding environment 
and will not be damaged. The packaging guarantees 
fastening of the active elements in the basic constant 
positions of the triangulation base necessary for the 
correct operation of the image processing 
application. The axis of the stepper motor is precisely 
in a predetermined position in the axis of the laser 
light source, which has a predetermined angle with 
the lens axis of the camera. The individual 
components of the prototype device were designed in 
stages, where the videoscope or the customized 
camera head formed the basic idea and core of the 
whole device. The individual components were 
designed within an acceptable price level and also 
tested experimentally in laboratory conditions, where 
errors were identified and corrected for the best 
possible operational capability of the concept 
solution.  

3. Design of mechanism control 
 
For a simpler and faster initial creation of 

prototype for a non-destructive diagnostics device, it 
is convenient to use an easily programmable and 

 
 
 

affordable platform that already has assembled parts 
on a circuit board such as microprocessor and 
connectors. For the control of the movement and the 
individual parts of this mechanism, there has been 
chosen the easy-to-programmable electronic platform 
Arduino UNO board, consisting of digital and 
analogue inputs and outputs. Arduino UNO is the 
most common choice for users going to create 
optimized prototypes and to reduce production costs. 
The advantage of this board is the attached USB port 
(based to the design), its compact and small board 
size as well as a wide range of options for connecting 
peripheral devices. The motherboard has the option 
of adding compatible modules, so called shields, with 
a selected type of programming platform. The 
principle of communicating of the Arduino Uno 
programmable board with a computer is based on 
proper communication between several essential 
components. The platform can be connected with a 
personal computer through USB port that provides 
5V voltage and since the same voltage is used by the 
microprocessor it also needs to reserve another 3.3 V 
voltage stabilizer. 
 
Table 1.  Parameters of Arduino 
 

Processor microcontroller AT mega 
328 (8 bit) 

Operating voltage 5V 
Communication 

interface I2C, SPI, USB, ICSP 

Dimensions of 
program 

board (mm) 
68.6 x 53.3 

Input voltage 7 – 12V 

Digital I/O pins 14 (PWM output, 
6 programmable) 

DC current I/O 
pin 40 mA 

Analog input pins 6 pins 
DC current for 3,3 

pin 50 mA 

 
The core of the Arduino Uno is the ATMega 

328P microcontroller, essentially a miniature 
computer that is designed specifically to connect 
various transmission sources and all of which are 
embedded in a chip. Arduino is able to automatically 
interconnect the power input and prevent interference 
between the power supplies. Programming of this 
platform is performed by Wiring language in an 
integrated environment where individual commands 
are created for movement of designed alternatives of 
non-destructive digitization devices. 
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4. Comparison of prototype device precision 
with commercial devices  
 
Given that the Faculty of Production 

Technologies has several digitizing devices with 
different data collection methods, all of these devices 
have been tested on one component and the results 
from each device are compared in the GomeInspect 
software, which compares the acquired mesh data 
and enables dimensional and shape analysis as well 
as protocol generation of these measurements. Only 
contactless scanners have been preferred as part of 
the test because through scanners such as Micro-G2 
the scanning process would be more complicated and 
time-consuming as it is not possible to accurately 
copy fine surface roughness and determine the 
texture of the object. For testing of the digitizing 
devices, a component with different hole diameters 
and imperfect finishes was selected where individual 
digitizing devices have had problems with accurate 
hole alignment and the quality of the machined 
surface of the component.  

 

A: Digitizing of the component with Z –Scanner 
700 

Non-contact laser digital capture devices do not 
require physical contact with the surface of the 
scanned object during the sense process. Their great 
advantage is less time-consuming digitization, higher 
quality outputs and a denser network of points for 
places that are not reachable for touch devices. The Z 
- Scanner 700 digitizer works on the principle of 
active 2D triangulation that captures data based on 
projection of laser beam in shape of + on scanned 
surface in real time through a pair of digital cameras. 
The disadvantage of this device is in the lengthy 
digitization process especially of larger object as the 
principle consists in the manual scanning of a 
particular object, and also the need for surface 
mitigation and subsequent affixing of the reference 
marks. In the following figures, you can see color 
maps that represent individual deviations between the 
scanned data and the CAD model in normal 
direction, which show the absolute magnitude of the 
deviations. The individual deviation maps were 
mapped to the reference CAD model from the 
perceived polygonal network. Individual deviations 
are caused by surface imperfections after machining 
and possible measurement errors. The legend of the 
software color palette assigns colors to a specific 
numerical value that can be highlighted by a spot 
check. To compare precision of each presented 
device there were performed measurements in eight 
different points on the same location on the scanning 
object where the accuracy between commercial 
devices and the prototype was tested.  

     

Figure 2. Component sensed by Z –Scanner 700 mesh 
projected on CAD data  

 

B: Digitizing of the component with David scanner 

The use of the modular DAVID concept to obtain 
spatial data has a great advantage in the ability to 
match individual parts of a hardware assembly for a 
specific task. The unmodified element is a stand-
alone software platform, DAVID software that 
transforms the data into two basic forms. The first 
basic form is the Free Edition version where it is 
possible to work with all offered features of this 
platform, but the data can only be saved as individual 
views (it is not possible to merge data and export as a 
whole) in reduced resolution. In the Professional 
Edition the data can be exported as STL, PLY and as 
OBJ. 

 

        

Figure 3.  Component digitized with DAVID SLS scanner, 
mesh projected on CAD data 

 
Thanks to the projection of bands of different 
diameters by this scanning unit, it was possible to 
capture an imperfect surface structure after rough 
machining. By scanning the surface from an angle, 
the scanner was able to capture the inside diameters 
of the holes. For the need to sense the diameters of 
all holes, it is necessary to rotate the component and 
then combine multiple point-clouds to create the 
whole spatial model. 
 

 

614 
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C: Digitizing of the component with LPX 250 device 

The LPX 250 contactless digitization machine 
developed by Roland Company is used for the 
digitization of objects based on active 1D 
triangulations and has a great advantage in user 
simplicity with minimal technical knowledge. The 
device has a dual scanning capability of flat and a 
rotating setup process, and closed space allows 
secure digitization for complete beginners as well. 
The disadvantage of this device is the limited 
dimension of the parts as the device can only digitize 
objects within the dimensions of the rotary table, 
which are 304.8 mm high and 203.8 mm wide. 
Another disadvantage of this device is only a preview 
of digitization during the process of particular 
component, but the device does not have the 
possibility to interfere with the scanning process. 
Upon completion of the scanning cycle, the software 
will allow to mark the space for the data to be read, 
for additional collection of spatial information with 
the resolution for the given area. The part was 
scanned in 2 modes, the first one being rotating and 
the other flat. By flat mode the data were generated 
automatically based on six separate captured cycles. 
Sometimes by rotating scan at the edge of the sensed 
body, the laser beam is reflected and renders the 
point at an incorrect distance, resulting in excessively 
large size polygons. For the demonstration in the 
following figure, marked polygons are longer than 
the average value of 1 mm and these polygons can be 
automatically removed. 

 

              

Figure 4.  Component digitized by LPX 250, mesh 
projected on CAD data - Planar scanning  

 
    In case of planar digitization, the component was 
scanned from 6 different angles in relation to the 
placement of the body on the work table. The device 
was able to capture the internal dimensions, but the 
older sensor unit sensed the surface of body with 
considerable noise, which can be smoothed out by 
the automatic filter.  

    

Figure 5.  Component digitized by LPX 250, mesh 
projected on CAD data - Rotary scanning  

 

D: Digitizing of the component with a prototype 
device  

By the further prototyping devices, the movement 
of the mechanism was performed by a stepper motor. 
The body scanned with prototype device with its 
quality is at a better level than from the LPX 
commercial device. Due to the shape of triangulation 
triangle, it is clear to see that most of the data being 
sampled is situated in the center of the field of view. 
The piece was perpendicular to scanner, so the 
device did not capture internal diameters. From the 
scanned polygonal mesh, there are noticeable 
deficiencies in the scanner mechanism as it is 
possible to recognize the noise on the rows due to the 
non-uniform step of the motor. Noise can be software 
reduced but this can lead to the measurement 
distortion.  

      
 

Figure 6.  Part digitized by prototype device  
 

5. The resulting comparison of the accuracy of 
the prototype device with commercial devices 
 

The Game Inspect application was used for 
comparison and checking of the accuracy of scanned 
data by testing of individual commercial devices as 
well as the proposed device. In the figures in the 
previous chapters, it is possible to see individual 
results of the accuracy and deviation of the measured 
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points, where the green color represents the 
dimensions within the nominal tolerances. Based on 
this comparison, DAVID SLS scanning device was 
the most accurate. The scanner managed to evenly 
recognize fine surface roughness after inappropriate 
machining and in part also captured the inside 
diameters of the holes. If the body was scanned from 
multiple sides as by the Z-Scanner 700, it would be 
possible to focus the holes around the whole 
circumference. The Z - Scanner showed the smallest 
deviations within its capabilities, but visual inspection 
reveals that many inequalities have not been captured, 
or when the data is being processed, the surface has 
been eliminated. The inner walls of holes of smaller 
diameters were not perceived at all. The worst data 
based on the comparison were from the LPX 250 
scanner. After two scanning processes, the component 
has been continuously sensed with large error vectors 
and with an average surface noise of 0.2 to 0.5 mm. 
For comparison purposes all polygons of length more 
than 2 mm were removed by the automatic filter. 
Individual inequalities could have been wiped out by 
advanced point processing functions. In certain parts 
the device recognized the inequality, captured the 
edges of holes even of smaller diameters but with 
great ambient noise. Based on this measurement, it 
can be stated that the device can be used to collect 
spatial data in order to generate new CAD data 
according to the template.  But in no case these data 
can be used for accurate measurement and 
dimensional control of components. 

 

 

Figure 7.  Comparison chart of used 3D scanners 

The developed device had much less noise than 
the LPX 250 scanner but with a growing distance 
from the center of the camera's field of view, the 
deviation increased considerably. This deficiency can 
be eliminated by using a larger resolution camera or 
by partially enlarging the triangulation base to the 
detriment of the size of the device construction. 
Weaknesses are also visible in the movement of the 
laser beam that has created rows at certain locations. 
These findings as well as other insights lead to 
reflection on further improvements to the final 
construction.  

6. Conclusion 
 

The starting point for the use of reverse engineering 
technology is the need of digitization of objects which 
in particular is performed for their subsequent 
analysis and transformation into re-editable spatial 
models [4], [5]. There are currently a large number of 
contact and contactless digitizers, but most of them 
are based on the sensing of external surfaces. 
However, the possibility of use of reverse engineering 
in the field of technical diagnostics also requires 
digitization of cavities and hard-to-reach places [6], 
[7]. The proposed prototype design solution is simple 
to solve to be able scan hard-to-reach areas of 
machines and equipment, but within its size, there is 
still the possibility of experimenting with replacing 
individual components with smaller and more 
powerful ones. 
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