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Abstract

Purpose: The purpose of this paper is to give a basic understanding of the working and use of 3 D Scanner in reverse engineering, shape
reconstruction and product designing. It discusses the use of 3 D Scanner in product development field and also presents a method to
acquire the required data of existing component through which we can develop the new product.

Design/methodology/approach: To understand the fundamental working principle of the scanner, an algorithm is discussed which
shows the data collection procedure of the scanner. The obtained data is verified with existing CAD data with the help of software, and
an example is also discussed to explain the process.

Findings: This study shows that the integration of scanner technology with product development cycle will help to improve the devel-
opment process of any product, as this technology provides benefits through reduction in time, money and resources.

Research limitations/implications: The speed and accuracy of the Scanner depends upon the method adopted to capture the data.
Practical implications — Reverse engineering is a process of change an existing product into a new product. Development of an existing
product we required the three-dimensional data of the product. The data acquisition process is critical and time-consuming. The design
expert uses different approaches to collect the necessary parameters. This study discusses one of the data acquisition technology, i.e. 3-
dimensional scanner.

Originality/value — In this article, we are discussing one of the original methods to show the integration of scanner technology with
product development.

Keywords: 3 D Scanner; Data Acquisition; Product Designing; Product Development; Product Redesigning; Reverse Engineering; Scanner Algorithm.

1. Introduction

Digital 3D scanner fundamentally captures an image of object and
stores it in the form of digital data by converting the surface image
into billions of coordinate points [1]. In other words, one can say
that it effectively converts any real 3D object into digital format
(XYZ coordinates of the object) in quick succession of time. It is a
device through which we can acquire digital information of any
physical model which can be used for further useful work.

The purpose of this study is to understand the principle and work-
ing of a 3D scanner which can later benefit through easier usage in
the field of manufacturing, design, development, surveying or
testing etc. Integration of 3D scanner with product development is
discussed here. The three-dimensional Scanning technology can
be applied in many areas, to save time, money and material [2-5].
It can be used for digital inspection, quality purpose or may be for
reverse engineering through different applications. The usage of
such digital tools and technique has resulted in improvement in
process planning. It is more accurate in measuring the physical
model and in lesser time as compared to any other technology,
hence reducing errors and mistake which can turn expensive in the
later stage of development. The study shows that the cost of manu-
facturing design cycle can be decreased up to 70% by using 3D
scanning in the development cycle.

This technology can be applied successfully in the prototype de-
velopment phase where the designer has to evaluate all the possi-
ble physical prototypes to find the best. Product designed using
3D scanned data requires only one prototype as it is modelled
using cloud data of the physical model. As compared to other
reverse engineering technologies for recreating a product, acquir-
ing the data from 3D scanners and creating CAD model provides
much more accurate data in the least possible time. Product devel-
opment technologies such as rapid prototyping and tooling, re-
verse engineering etc. are increasingly enabling fast and cheap
ways to create parts directly from computer-aided design models
when the production is limited to few numbers.

Earlier, to develop a new design of any existing model, the
development of the prototype is done with the help of physical
measurements. This process is very tedious and time-consuming,
which also requires in-depth knowledge of clay lead design or
foam lead design, but 3D scanner converts the existing data in
much easier and faster way by generating a cloud data of the
existing physical model which helps to develop the concept [6, 7].
3D scanning gives a head start to the developer by producing a
point cloud data which eventually save time instead of designing a
product from scratch in the product development stage. The pro-
cess begins with scanning the physical work piece and then trans-
ferring the data into CAD software for modelling. In general, the
designer works on existing component by fitting the curves into it
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or around it but here components are scanned, and curves are in-
corporated [7] with the scanned design which results in best fit
curves [8]. The process of creating CAD model by using the exist-
ing physical model or existing CAD model is known as reverse
engineering or reverses modeling [9]. By incorporating reverse
engineering, new components/products can be introduced in the
market, with the utilisation of lesser resources and in lesser time.
The obtained cloud data of any physical model can be translated
directly to the engineering phase. Converting the digital data into
CAD model [10], which can be used to perform better analysis
through software and simulations like finite element analysis, flow
simulation, stress analysis, heat and temperature distribution etc.
using different software platforms. The physical model can be
manufactured directly from this data using rapid prototyping ma-
chines [11], [12].

3D scanning of the manufacturing tool can be done within the
manufacturing cycle. The scanner captures the changes in the tool
at the time of manufacturing. Tools are mostly manually con-
trolled to get the desired shape and size of the final component.
Using digital scanning, we can scan the tool and hand movements
[13] which can be modified to achieve optimisation. After modifi-
cations and simulation of the movements, we can easily transfer
them to the production floor to reach the target. Another use of
scanning on the shop floor production is that it can be used to
study the tool wear without affecting the production. This can be
used smartly to avoid the tool failure and accidents by predicting
the service life and trend of the failure. At the final stage of the
manufacturing, 3D scanning can be integrated with the quality
system [14]. It is used as a high-speed quality check where human
eyes have the limitation to scan objects moving at very high speed.
The scanner reads the defective finished product and actuates the
removal system for removing the defected product from the pro-
duction line.

2. Data acquisition and redesigning

There is numerous type of data scanner available in the market.
We can broadly classify them into contact and non-contact type of
scanner depending upon the technique used to collect the data.
However, these are subdivided into further categories. In this arti-
cle, we have used a non-contact type of optical scanner to collect
the data. The selection of the machine itself is a daunting task
which required complete knowledge of technologies and available
machine. The comparative analysis of different machine is needed
to be done before finalizing any decision on any type of scanner
[15]. Also, there is numerous technique available through which
we can compare different machine and select the best from them.
The analytical network process approach [16] is one of the
technologies which can be used for this purpose as it gives good
result along with sensitivity analysis to strengthen our decision on
the machine and to validate the result.

The non-contact device is a convenient technology for 3D data
acquisition. The time used for data acquisition is shorter than other
methods. There are different types of 3D scanners available based
on methods of capturing objects. These Scanners can accurately
measure different sizes, through lenses of different field of view.
Thus, users have to select suitable 3D scanning method for their
specific needs.

Scanning is one of the simpler methods to attain 3D parameters of
an object using the structured-light based on triangulation method.
A grid of light is targeted (projected) on the surface of the object
to get the clear image. The deformed grids on the image are used
to find the 3D curvature of each existing point of the object by
triangulation. The calibration of the camera and projector gives the
proper distance constraints between the object and the system. Fig.
1 shows the general process flow chart of the scanner.
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Fig. 1: Process of Data Acquisition.

The scanner used the blue light projected by the projector and
collected the data with a high-resolution camera. The obtained
data is in the form of a cloud of millions of points which is
obtained by the scanner image. This scanned image alone is not
enough to have all the required information about the scanned
object, so some scans images are obtained from different angles.
These images obtained from different angles have to align/merged
to get better information. The aligning/merging can be done auto-
matically or manually depending upon the requirement by provid-
ing reference points. After aligning the three-dimensional images
of the object obtained which consists of almost all the information
of the object dimensions and topography. This data is then global-
ly optimised to remove the errors in the dimensions. The errors
can be studied separately before and after optimisation. This data
can be used to generate the three dimensional model of an object
directly by using any rapid prototyping technique, or it can also be
processed further.

To refine the scanned data further, we convert the scanned data
into triangulation language file by creating fine meshes. These
meshes are then edited and recreated again and again to get best
result. This process removes the errors and holes from the scanned
data which may be present due to fault in image capturing. After
successfully editing and creating meshes we convert the IGES file
of the scanned data. This file can now be used in reverse engineer-
ing or quality engineering for further improving or redesigning the
product in any of the CAD software like PRO-E, ANSYS, and
RHINO etc.®s. The IGES file consists of point cloud data which
can be further used to generate curves and to convert it into vari-
ous solids. The conversion of the solid object from the scanned
data is a lethargic process which requires time and core knowledge
of the tool. The generated solid can be further used for modifica-
tion according to the requirements for product development.

3. The study of scanner

As stated earlier, we are using a non-contact type of optical scan-
ner for study. The optical three-dimensional digital scanning can
also be classified further into different categories like laser scan-
ner, white light scanner, computed tomography (CT) scan, time of
flight scan and much more. However, we can broadly differentiate
non-contact type active laser scanners into three main types ac-
cording to data acquisition process, which are 1) laser triangula-
tion scanner, 2) time of flight laser scanner and 3) phase shift
scanner. We can use these techniques either independently or also
we can combine them to get more versatile scanning system.
However numerous other laser scanner is also available in the
market which is hybrid and combinations of one or more
technologies, for example, fringe interferometry.

Laser triangulation scanner is the technology in which laser is
used to capture the object location and distance. The angle of re-
flected laser light from the source can be obtained by the sensor
located in the camera, and this reflected angle can be used to ob-
tain 3 D measurement data of the object.

Time of flight laser scanners also uses laser light to scan the ob-
ject. The sensor absorbs the reflected data. A sensor detects the
reflection along with the time of elapses between the emitted and
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reflected wave to detect the distance to the object (as the speed
with which laser light travels is already a known quantity with
high precision value).
Phase shift type laser scanners also use laser light. The scanner
work by comparing the phase shift in the reflected laser light to a
standard phase. This type of scanner is quite similar to the flight
laser scanner. The only difference is this scanner is more accurate,
and its’ accuracy is further refined with the help a second scale of
distance detection same as found in vernier calliper.
The scanner selection is done after the comparative analysis be-
tween different available technologies and accordingly the best
suitable machine is selected as per the user requirements. The
scanner selection and comparison is not discussed in this article.
Here, we are discussing blue laser light scanner. The blue light
works as projector beam and camera is used to capture the change
in the projected light. The blue light of the projector gives an ad-
vantage of using this scanner in any light conditions (environmen-
tal) which are not possible in any other scanner.
The optical digitisation scanning system (Steinbichler Comet
scanner, Germany) here is used with a powerful operating soft-
ware platform (Colin 3D) for measuring systems, making photo-
grammetry measurements as well as editing and analysing the
acquired data. The software platform is integrated with the ma-
chine hardware, and it is so designed to achieve maximum easi-
ness in use. Also, the Colin 3D software spares us the hassle of
setting countless parameters, allowing us to concentrate on the
task at hand. Here a brief overview of the scanning process and
the optimising process of the scanned data is described step by
step. The
Table 1 below shows the specification of the scanner and the Fig.
2 shows the actual scanner.
The following steps are necessary before starting the measurement
with Colin 3D:
a) Make the connections of the device correctly with hardware
configuration
b) Check and install Colin 3D software if required
c) Import all the configuration files which are required to con-
figure the hardware components with the software
d) Calibrate the device for the measurement with the standard
calibration procedure

Table 1: Description of Scanner

Specification Description

Weight 2.85Kg

Technology Blue light Scanner

Scan Angle 360 Degree with rotary table

2 Seconds

Tripod Sensor stand and cables
2448%2050 (5 Mega Pixel)

75 pum

183520 (For 75 field of view in mm3)
7826000 (For 250 field of view in mm3)

Fastest Scanning time
Communication
Image Resolution

3 D point distance

Measurement VVolume

4. Scanning methodology

4.1. Conditions of the environment during scanning

It is necessary to keep the basic parameters of the surroundings
unchanged like temperature, humidity and lighting. Any change of
the temperature or humidity can cause a change in the dimensions
of the scanned object as well as a change. Lighting arrangement in
the place of the scanning affects the calibration of the scanner as
well as on the scanning itself. A change of lighting during
scanning can cause a poor quality scanning. With scans using the
Steinbichler Comet, given its different technology, it does allow a
change of parameters during scanning.

4.2. Preparation of the scanned object

Thermal stabilisation of the part to be scanned is necessary, for
this the object is put in the environment where scanning has to

take place to get thermal stability. Shiny objects also need
treatment through some spray or powder.Positional markers are
put on the job, and also on the surroundings. Their density and
placement depend on the shape and size of the scanned object. The
tabs are placed in such a way that an irregular triangle mesh gets
created.

4.3. Calibration of the 3D scanner

Before making each measurement, or making a group of
measurements, it is important first to perform a calibration or
verification of the 3D scanner. In the case of an optic 3D scanner,
this consists of scanning a calibration board at different distances
and inclinations.

4.3.1. Setting the input parameters of the 3D Scanner

In the case of Steinbichler Comet 3D Scanners, we set the
parameters for lighting the object during the scanning process,
such that no overexposure or underexposure occurs.

4.3.2. Scanning

Steinbichler 3D Scanner, after scanning the designed specimen
creates the resulting point clouds by assembling self-
rotated/shifted scans. The reconstructed point clouds obtained
after scanning contain a multitude of artefacts from reflections or
the scanned surrounding surfaces.

4.4. Export of data

It is possible to export the raw data using several file formats,
mostly *.STL format is adopted due to the universality of its use.

4.5. Editing of data

The exported data also contains unnecessary data errors in the
surface of the triangle mesh (tiny openings, areas with a faulty
normal), which need to be removed or repaired. This is most often
done through independent software serving for the modification of
such data. For data correction and preparation we are using INUS
Rapid form XOR2. The repaired data are again exported into STL
file and load in the visualisation and measuring software Volume
Graphics VG Studio MAX 2.2.

4.6. Evaluation of obtained data

The surface mesh obtained is interpreted in the Volume Graphics
through VG Studio MAX 2.2 software. For the evaluation, 23
characteristics were selected, including x dimensions x deviations
in shape and orientation.

Fig. 2: The Actual 3 Dimensional Scanner.

4.7. Challenges in data processing

The major challenges in data processing are shown as follows:
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a) The errors in the captured data from the scanner vary with
the change in the working environment temperature.

b) Whenever the lens of the projector and camera is changed
due to the size of the object, the calibration changes.

c) The problem mentioned in above points, make it necessary
to calibrate the scanner.

d) Aligning the obtained cloud data from two different cap-
tured images by providing one common reference points for
both scan images is needed.

e) Controlling the unaligned measurement from a set of
images to reduce the errors.

f)  Controlling the holes and controlling the mesh size and
shape as per requirements.

g) Exporting the file to any other software and handling the
data is challenging.

5. Proposed method of data collection

To better understand the complete process of the data collection
with the help of a scanner, here a simple algorithm is discussed
which shows the working principle of the scanner. The scanner
emits blue light onto the object through the projector, and a high-
resolution camera detects the reflected light from the object.

Fig. 3 shows the overview of the scanning process to calculate the
dimensional parameters of the object. Let an object is placed at the
location O as shown in Fig. 3 below. The point P represents pro-
jector position, and point C represents the camera position in Fig.
3. Let f is the focal length of the camera, and the projector and D
are the distance between the camera and the projector which is
already known and these values are calibrated in the calibration
process of the scanner. Also, there is a device in the scanner to
measure the incident angle of the projector beam and the reflection
angle of the camera. The object O is placed on the rotary table to
obtain 360° views. The advantage of the using the rotary table is
that it helps to rotate the object at an equal number of the interval
so that the image can be taken at even internal. Let the object is
placed in XY plane, and axis XX is parallel to projector line D and
plane XZ is parallel to the camera image plane. L1 and L2 show
the projection of projector line.

wW
I [ Y
' i
|
Projector” | D | S Camera

Fig. 3: Working Device Overview.

Now using simple mathematical relationships for similar triangles
(APAB & APEO) we have:

L, f

P, W

Similarly in ACHG & ACOF

L, f
P, W
So we have

L, _ f _ L

P, W P,

Also from Fig. 3 we know D=P1+P>

Therefore
Li_ _L
P, D-P,

DLl - Llpl = P2L2

_ DL,
17 L+,
Now we can calculate the coordinates position (X, Y, and Z) of
the object:

x=lz_ Dl
f Ly+L,
y =YW _ DY
f Li+L,

Similarly, we can have the position of every point of the captured
data. Then the object is rotated by a new angle, and then new data
is caught in the same way. Aligning this data with previously ob-
tained data will give the complete information of the object. In the
same way, the process is repeated and again till the whole object is
get scanned.

6. Case study

The following example shows that the digital scanner technology
gives good accuracy in shape reconstruction. Some difficulties
were faced, but satisfactory results were obtained. This obtained
scanned data of the physical product is verified/compared with
existing CAD data with the help of inspecting plus software (we
are not discussing that part here). This software shows the error
between the scanned data and the CAD/Standard data.

Examples: Small Gear: Error! Reference source not found.)
Gear Scan Data, Error! Reference source not found.) Post Pro-
cessed Data, Error! Reference source not found.) Data Recon-
struction, Error! Reference source not found.) Modelled Gear
Teeth, Error! Reference source not found.) Comparison of
scanned data and CAD data, Error! Reference source not
found.Error! Reference source not found.) Result of compari-
son.

Fig. 4: A)
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Fig. 4: D)

Fig. 4: E)

Fig. 4: F)

7. Conclusion and future work

This paper discussed the basic working and use of 3 D Scanner in
reverse engineering, shape reconstruction and product redesigning.
The digital scanning technology is growing very fast, and it is also
changing the design to manufacturing cycle. This technology
saves the time and cost of product development by a considerable
amount which is a very critical factor in launching a new product
in the market. Today, many of the companies are utilising the
digital technology to acquire the rough data and also to compare
the finished component with the desired specifications. Like most
new technology, the digital scanning technology also saves re-
sources like money, material, time etc. in almost every process of
manufacturing from designing phase to the production phase in-
cluding shipping, inspection, quality control etc. It unlocks the
physical information of the object and converts it into useful digi-
tal data which has several applications. This technique is also
known as 'physical to CAD' or 'physical to digital' process. The
complete process and working of the scanner can be easily under-
stood by Fig. 4. The major advantages of this technology are listed
below:
e It converts physical measurements data of the object into
digital measurement data very accurately.
e It saves lots of time in almost all the manufacturing pro-
cesses.
It helps in removing errors in part fitting together.
It captures engineering data and helps in optimisations.
e It helps in the modernisation of manufactured parts through
CAD without manufacturing.
e Compare "as-designed" model to "as-built" conditions of
manufactured components.

Reuerse Scannmg of
Engi maenng Ton\ Path
\C\nud Data l

Comparison nf \/1
/ Product ith Mode! \ /
Quality Inspection

Fig. 4: The Whole Process of Scanning.

The accuracy of the scanning can be improved by increasing the
number of points to be processed, which can also be achieved by
using a camera of higher resolution. The problems related to pre-
cision can be sorted by focusing the camera on the borders of the
image. Besides corner detection, edge detection can be performed
to find complete lines across the object. If the curvatures are pre-
sent in the object, they create a problem while scanning, so im-
provement is needed for this problem. A different position of the
camera or the projector could be a solution to this issue. Another
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possibility to improve the accuracy is to increase the intensity of
grid and precision of projected lines onto the object. The speed
and accuracy of the scanner depend upon available method to
capture the data and the accuracy of the scanned data which can be
increased by increasing the number of points processed by the
camera. This can be achieved by using higher resolution camera
and also it can be improved by taking more scanned data again
and again with more number of positions and at different angles.
Development of new modelling software with a better platform
and graphic user interface, integrating the cloud data with CAD
model which can ease the working of the users. Easy removal of
noise in the cloud data which can improve the modelling time
resulting in a reduction in reverse engineering process time.
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