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ABSTRACT

Reverse engineering was not commonly knew by otheople and mainly
employed for shape design applications. By uséisfrnethod, under developed countries
can decreasing the technologic gap between itselfimdustrial countries. 3D scanner is
one of the tools in the reverse engineering. Themeadvancement of 3D non-contact laser
scanners enables fast measurement of parts byagegea huge amount of coordinate data
for a large surface area in a short time. Althotlghscanning process itself is not new, the
processing power requirements of the captured dffawd is enormous, and only now, with
the development and affordability of high powereanputers, can the software be used
effectively and efficiently. Complied with the denthng of the environment in the
industry, each company will arrange the strategynerease their quality. One of the
alternatives that can be developing to improve dbality is research in the curvature
surface. So, the objectives of the projecttarscan and gather 3D point’s clouds of car door
and to generate and analyze the quality of car 8Bomodel.Firstly the door panel needs to
be uninstalling from the car body to make the soanprocess become easier. Then the
surface of the door is altered because the scasnsing reflection concept. A density of a
material can be determined by the reflection aldoaa the medium to get the true image
for an object. Lastly, start scanning and then #u#t scanned product using Polywork
software as a way to condition the result obtaiffédis a lot of quality improvement can
be developing in any sector by using the data®f3ih model such as important in study of
safety.
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ABSTRAK

Kebiasaannya kejuruteraan unduran masih lagi kuddegahui oleh orang lain dan
ia terutamanya digunakan untuk membentuk aplikekabsentuk. Dengan menggunakan
cara ini, negara-negara maju dapat mengurangkamguteknologi antara mereka dan
negara industri. Imbasan 3D adalah salah satu athiplatan kejuruteraan unduran.
Kemajuan terkini pengimbas lazer 3D bukan jentemmbolehkan ukuran cepat untuk
bahagian-bahagian dengan mewujudkan jumlah yamgaséesar untuk data setara untuk
kawasan yang luas dalam masa yang singkat. Walapmses imbasan ini bukan baru,
keperluan kuasa proses untuk rangkuman adalah,de&sananya dengan kemajuan dan
kemampuan komputer berkuasa tinggi, membolehkasi@ertu digunakan secara efektif
dan efisyen. Dengan mematuhi permintaan indugttia[s syarikat akan menyusun strategi
dalam meningkatkan kualiti. Satu daripada altefnging boleh dimajukan untuk
meningkatkan kualiti ialah kajian dalam permukaamgkung. Oleh itu objektif projek ini
ialah untuk imbas dan kumpul rangkuman titik 3D idpmtu kereta dan untuk
menghasilkan model 3D pintu kereta. Permulaannidyu mlitanggalkan daripada kereta
untuk memudahkan proses imbasan. Kemudian, permulaatu dikemas kerana
pengimbas itu menggunakan konsep pantulan. Ketamps¢suatu bahan boleh ditentukan
oleh pantulan yang juga .berperanan sebagai medintk mendapatkan imej sebenar
untuk sesuatu objek. Akhirnya, imbasan dimulakam d@&mudian hasilan imbasan
disunting menggunakan perisian Polywork sebagagkan untuk memperelokkan hasil
yang diperolehi. Oleh itu, banyak peningkatan kualapat dimajukan dalam pelbagai
sektor dengan menggunakan data daripada model 80 wy@mna penting contohnyer di
dalam pengajian keselamatan.
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CHAPTER 1

INTRODUCTION

11 REVERSE ENGINEERING

At the beginning reverse engineering was not contynkimew by other people and
mainly employed for shape design applications. Righw the situation is become quite
different, showing a wide spread of possible otlagplications like medical and
archaeological. But unfortunately while the worknddn the mechanical shape design has
created a certain level of expertise, that righw mould help the digitizing operators in the
right acquisition system choice and working parargesetting, these new working fields
are graved by a certain number of questions anblgrts that come from the inexperience,

for the first time approaching this technology.

By use of this method, under developed countries decreasing the technologic
gap between itself and industrial countries, b okthis method must be responsible to
requirements and has development and applicatfectadnd performs innovation in these
countries. The most important advantages and atjgits of reverse engineering are as
follow (Radfar and Khamseh, 2006):

(i)  The primary benefit of reverse engineering is nesdpct development.
(i)  Transforming absolute products into useful onesabgpting them to new

systems and platforms.



(i) The primary objective of reverse engineering isdbeelopment of unrestricted
technical data, adequate for competitive procurém#mough engineering

evaluations of existing hardware.

One of the tools in the reverse engineering is 8@nser. The recent advancement
of 3D non-contact laser scanners enables fast mezasut of parts by generating a huge
amount of coordinate data for a large surface aremshort time. In contrast, traditional
tactile probes in the coordinate measurement mashitcen generate more accurate
coordinate data points at a much slower pace. Tdrexethe combination of laser scanners
and touch probes can potentially lead to more ateufaster, and denser measurements.

1.2 PROBLEM STATEMENT

Advanced 3D Laser Scanning processes have devempmdthe last decade and
are now available and affordable for medium to éaopmpanies as well as education.
Although the scanning process itself is not new, glocessing power requirements of the
captured cloud data is enormous, and only now, thighdevelopment and affordability of
high powered computers, can the software be udedtiekly and efficiently. In virtually
all applications, a 3D laser scanner will improyeed and accuracy thereby improving
productivity (Ertu et al, 2006). This has led toiaarease in the potential of 3D modeling

and animation via cloud data capture.

Complied with the demanding of the environmenthe tndustry, each company
will arrange the strategy in increase their qual®ne of the alternatives that can be
developing to improve the quality is research ia thrvature surface. However the ability
to integrate 3D scan data with 3D software andrteldgy now gives users in all design
fields the potential to construct complex orgari@mes, which may only possible when
using advanced 3D surface modeling software inpd&t. There are many difficulties in
modeling 3D shapes for use in design work. Thuseked to be overcome because

importance for communication between engineer, geadd the production itself.



The data can be used to make major improvementhéiquality and also it can
become the long distance of quality guarantee &heproduct. In addition the data also
can be use to make improvement on the safety arghtweduction for the part. According
to the condition the importance of the data willitierpret at one of the part at the body car
which is door panel. Because of that, this study idevelop the significance techniques of
scanning a car door as one of the dimensional @ocwmponent for cars, where is must be

able to install for all same model car.

1.3 OBJECTIVES

(i) To scan and gather 3D points clouds of car door.

(i) To generate and analyze the quality of car doontidel.

1.4  SCOPES OF PROJECT

There are seven scopes of project to do this proiée scopes are

(i) Literature review on 3D scanning technology.
(i)  Car door surface preparation.

(i) 3D scanner system setup.

(iv) Acquiring 3D point clouds model.

(v) Transformation to surface model.

(vi) Development of 3D model and surface quality.

(vii) Final report preparation.

Figure 1.1shows the flow chart resemble the divisions of waskd study have been

made in all the way of achieve the objective ofphgect.
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Figure 1.1: The division of work and study



However to complete this project must have progemmpng time to ensure it works
accordingly in schedule. This can avoid this proma of schedule because of constraint
time. The planning of time was prepared in GanérciBoth of final year projects 1 and 2

Gantt chart is attached at appendix A and B.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

Rapid development of 3D sensing technology hasdete growing use of massive
point data in product development, such as revensgineering, rapid prototyping,
manufacturing, and metrology. Such wide use of maspoint data necessitates the
research on direct processing of massive pointidétasuitable geometric models that can
be used in downstream product design, analysispamlifacturing. Existing approaches to
path generation from massive point data face arulile better quality curvature adaptive
paths but with painstaking computer-aided desigib@#&odel reconstruction or easy direct

path generation but without guarantee on accuraefficiency.(Dongdong et al,2009)

2.2 TYPES OF 3D SCANNER

A 3D scanner is a device that analyzes a real-waiyjdct or environment to collect
data on its shape and possibly its appearancecfler). Common applications of this
technology include industrial design, orthotics amsthetics, reverse engineering and
prototyping, quality control/inspection and docurtagion of cultural artifacts.Many
different technologies can be used to build theBesBanning devices; each technology
comes with its own limitations, advantages andsdstshould be remembered that many
limitations in the kind of objects that can be tigid are still present: for example optical

technologies encounter many difficulties with shimyrroring or transparent objects.



The purpose of a 3D scanner is usually to cregt@rd cloud of geometric samples
on the surface of the subject. These points cam bleeused to extrapolate the shape of the
subject (a process called reconstruction). If cahdormation is collected at each point,
then the colors on the surface of the subject tsmlee determined. The “picture” produced
by a 3D scanner describes the distance to a sudbamch point in the picture. If
a spherical coordinate system is defined in whiwh 4canner is the origin and the vector
out from the front of the scannergs0 andb=0, then each point in the picture is associated
with a ¢ and 6. Together with distance, which corresponds to rttomponent, these
spherical coordinates fully describe the three disienal position of each point in the
picture, in a local coordinate system relativeht® $canner.

For most situations, a single scan will not prodaa®mplete model of the subject.
Multiple scans, even hundreds, from many differdimections are usually required to
obtain information about all sides of the subjéelbhese scans have to be brought in a
common reference system, a process that is usaoallgd alignment or registration, and
then merged to create a complete model. This wpiaeess, going from the single range

map to the whole model, is usually known as thes8&nning pipeline.

According to the Mandow et al (2009), two scannppcedures are usually
employed for 3D data acquisition. First, a 2D ladevice can be displaced either by an
automated system, for object modeling or by a \‘ehfor urban modeling. Second, ranges
can be obtained from a fixed pose by compositiotwofrotations of the laser beam, which
renders spherical coordinates. With spherical se@nas showed in Figure 2.1 , commonly
found in mobile robotics, certain scene regionsso@nned with a higher density, which
can distort the registration optimization procd3sgistration is an optimization problem
that searches for the spatial transformation afuace range image that produces maximum

overlap with a destination scan.



(a) (b)

Figure 2.1: Measure direction density for (a) r@arsand (b) spherical point subsampling

Source: Mandour et al (2009)

The classification of this technology can be didid@ato two types which are
contact and non-contact 3D scanners. However,doraontact 3D scanners can be further

divided into two main categories, active scannacs@assive scanners.

2.2.1 Contact 3D scanner

Contact 3D scanners probe the subject through gdiysiuch. A CMM (coordinate
measuring machine) is an example of a contact 2iDrer as showed in Figure 2.2. It is
used mostly in manufacturing and can be very peedibe disadvantage of CMMs though,
is that it requires contact with the object beingrsied. Thus, the act of scanning the object
might modify or damage it. This fact is very sigcéint when scanning delicate or valuable
objects such as historical artifacts. The otheadiiantage of CMMs is that they are
relatively slow compared to the other scanning wdsh Physically moving the arm that

the probe is mounted on can be very slow and ttesaCMMs can only operate on a few



hundred hertz. In contrast, an optical system #ikaser scanner can operate from 10 to
500 kHz.

The touch probes can only generate coordinate pajmproximately at the speed of
60 points per minute with accuracy ranging from dneds of nanometers to several
micrometers. Although faster analog probes are alsalable, it’s still much slower than
optical area sensors. However, due to the contademand the small probe size of tactile
sensing, touch probes are not sensitive to sursftection conditions and able to produce
more reliable results on the high curvature ard@&aerefore, due to the complementary
characteristics of arelaser scanners and poitouch probes in sensing speed, coverage,
accuracy, accessibility, surface conditions, armfse geometrythe integration of a laser
scanner with a touch probe can potentiallgmatically improve the ways that parts are
currently measuredin integrated multisensory coordinate measuremestesican benefit
in measurement accuracy from touch probes, in meamntspeed from area laser sensors,

and in part versatilitfrom the availability of multiple sensors.

Figure 2.2: Coordinate measuring machine

Source: www.google.com



10

2.2.2 Non Contact Active

Active scanners emit some kind of radiation ortlighd detect its reflection in order to
probe an object or environment. Possible types ohisgons used include
light, ultrasound or x-ray. The types of this catggcan be determine into seven type

which are

Time of flight

The time-of-flight 3D laser scanner is an activarser that uses laser light to probe
the subject. At the heart of this type of scanisea itime-of-flight laser rangefinder. The
laser rangefinder finds the distance of a surfacérbing the round-trip time of a pulse of
light. A laser is used to emit a pulse of light ahé amount of time before the reflected
light is seen by a detector is timed. Since theedpaf lightc is a known, the round-trip
time determines the travel distance of the lightjolv is twice the distance between the
scanner and the surface.

The accuracy of a time-of-flight 3D laser scanngpehds on how precisely we can
measure thetime: 3.3 picoseconds (approx.) is the time taken light to travel 1
millimeter. The laser rangefinder only detects distance of one point in its direction of
view. Thus, the scanner scans its entire fieldieiwone point at a time by changing the
range finder’s direction of view to scan differgrgints. The view direction of the laser
rangefinder can be changed either by rotatingahge finder itself, or by using a system of
rotating mirrors. The latter method is commonlydubecause mirrors are much lighter and
can thus be rotated much faster and with greataracy. Typical time-of-flight 3D laser

scanners can measure the distance of 10,000~10000@8 every second.
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Figure 2.3: Example of 3D scanner using time afli

Source: www.google.com

Triangulation

The triangulation 3D laser scanner is also an acttanner that uses laser light to
probe the environment. With respect to time-ofHtiD laser scanner the triangulation
laser shines a laser on the subject and expla#sreera to look for the location of the laser
dot as showed in Figure 2.4. Depending on how Vfeayathe laser strikes a surface, the
laser dot appears at different places in the caméedd of view. This technique is called
triangulation because the laser dot, the camerattandaser emitter form a triangle. The
length of one side of the triangle, the distancevben the camera and the laser emitter is
known. The angle of the laser emitter corner is &sown. The angle of the camera corner
can be determined by looking at the location oflgser dot in the camera’s field of view.
These three pieces of information fully determihe shape and size of the triangle and
gives the location of the laser dot corner of tieengle. In most cases a laser stripe, instead

of a single laser dot, is swept across the obgespeed up the acquisition process.
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Lazer

CCD:-FSD - Senzor

Object

Figure 2.4:Principle of a laser triangulation sensor. Two objgositions are shown poi

cloud generation using triangulation with a lageps.

Conoscopic Holograpt

In aConoscopi system, a laser beam is projected onto the sudadethen th
immediate reflection along the same -path are put through a conoscopic crystal
projected onto a CCD. The ult is a diffraction patternfrequency analyze¢ to determine
the distance to thmeasured surface. The main advantage with Conast¢tigography is
that only a single rapath is needed for measuring, thus giving an oppdst to measur

for instance the depth of a finely drilled hi
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Triangulation Conoscopic Holography

I
|
i CCOVPSD - Sensor
i
I
|

Figure 2.5: Difference principle between triangidatand conoscopic holography

Source: www.google.com

Hand held laser

Hand-held laser scanners create a 3D image thrtheylriangulation mechanism
described above: a laser dot or line is projected an object from a hand-held device and
a sensor (typically a charge-coupled device ortjgosisensitive device) measures the
distance to the surface. Data is collected in i@iato an internal coordinate system and
therefore to collect data where the scanner isatian the position of the scanner must be
determined. The position can be determined by ¢herger using reference features on the
surface being scanned (typically adhesive reflectabs) or by using an external tracking
method. External tracking often takes the form daser tracker (to provide the sensor
position) with integrated camera (to determine thigentation of the scanner) or
a photogrammetric solution using 3 or more camprasiding the complete six degrees of

freedom of the scanner.
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Both techniques tend to use infrared Light-emittdigdes attached to the scanner
which are seen by the camera(s) through filtervighog resilience to ambient lighting.
Data is collected by a computer and recorded aspmtants within three-dimensional space,
with processing this can be converted into a tiugatgd mesh and then a Computer-aided
design model, often as Nonuniform rational B-spboefaces (NURBS). Hand-held laser
scanners as Figure 2.6 can combine this data vaifisiye, visible-light sensors - which

capture surface textures and colors - to buildl&8f model.

Figure 2.6: Example of hand held laser

Source: www.google.com

Structured light

Structured-light 3D scanners project a patterrighftion the subject and look at the
deformation of the pattern on the subject as shawdtigure 2.7. The pattern may be one
dimensional or two dimensional. The advantage fctired-light 3D scanners is speed.
Instead of scanning one point at a time, structlighd scanners scan multiple points or the
entire field of view at once. This reduces or efiaies the problem of distortion from

motion. Some existing systems are capable of sagnmoving objects in real-time.

A real-time scanner a using digital fringe proj@etand phase-shifting technique (a
various structured light method) was developed;apture, reconstruct, and render high-

density details of dynamically deformable objestisch as facial expressions) at 40 frames
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per second. Recently, another scanner is devel@tdrent patterns can be applied to this
system. The frame rate for capturing and data gsicg achieves 120 frames per second. It

can also scan isolated surfaces, for example twongdands.

Figure 2.7: Arrangement of structured light 3D swarand the image result.

Source: www.google.com

Modulated light

Modulated light 3D scanners shine a continuallyngirag light at the subject.
Usually the light source simply cycles its amplguth asinusoidal pattern. A camera
detects the reflected light and the amount theepaits shifted by determines the distance
the light traveled. Modulated light also allows theanner to ignore light from sources

other than a laser, so there is no interference.

Volumetric light

Computed tomography (CT) is a medical imaging metiwbich generates a three-
dimensional image of the inside of an object frotarge series of two-dimensional X-ray
images, similarly magnetic resonance imaging igteroa medical imaging technique that
provides much greater contrast between the difteseft tissues of the body than computed

tomography (CT) does, making it especially useafuléurological (brain), musculoskeletal,
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cardiovascular, and oncological (cancer) imagirngese techniques produce a discrete 3D
volumetric representationthat can be directly Viged, manipulated or converted to
traditional 3D surface by mean of isosurface eximacalgorithms. Although most common
in medicine, Computed tomography, Microtomographyg 8MRI are also used in other
fields for acquiring a digital representation of afject and its interior, such as
nondestructive materials testing, reverse enginggerior the study biological and
paleontological specimens.

2.2.3 Non Contact Passive

Passive scanners do not emit any kind of radiatiemselves, but instead rely on
detecting reflected ambient radiation. Most scasnioéthis type detect visible light because
it is a readily available ambient radiation. Otlyges of radiation, such as infrared could
also be used. Passive methods can be very chezmjdaein most cases they do not need
particular hardware but simple digital cameras. th& example are stereoscopic,

photometric and silhouette.

2.3 MEASUREMENT EFFICIENCY BETWEEN CONTACT AND NON
CONTACT

However in order to quantify the time saving of trm@nsor inspection, a two-
criteria comparison is made between the multiseimspection and the single tactile probe
inspection since tactile sensing in CMM is stik tbrevalent coordinate measurement tool.
The first criterion is that the number of measypethts should be ten times the number of
parameters. . The second criterion is based onfdbe the uncertainty is inversely
proportional to the number of poinké and the surface uncertainty is proportional to the
uncertainty of measurement.

With these two criteria, the time of single touctole sensing to produce the
required number of measurement points can be cadpaith the combined time of 3D

laser scanning and dynamic CMM probing. To estintlagetime for the synthetic surface,
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we assume the laser 3D scanner scanning speedd@0lfoints per second and one point
per second for CMM probe.(Refer to table 1).

Table 2.1: Measurement time comparison

Sensing method Number of measured Estimated time
points (min)
Simulation 3D laser scanner and CMM 102,063 + 31 0.68
surface
CMM Criterion | 19 x 19 x10 = 3610 60.10
CMM Criterion 1l 102,063 /100+31=1052 17.50
Shiny part 3D laser scanner and CMM 74,675+67 3.20
CMM Criterion | 35 x 35x 10 = 12250 204.166
CMM Criterion 1l 74,675/100+67=814 13.06
Nozzle part 3D laser scanner and CMM 21,763 x 2 + 38 2.117>631.86
(considerin 7
g two
surface)
CMM Criterion | (35x19x10)x2=13,300 221.67
CMM Criterion Il 21,763x2/100+38=785 7.888

Source: Yunbao and Xiaoping (2007)

2.4  IMPORTANCE OF USING 3D MODEL

Reverse engineering (RE) is a powerful tool foregating a CAD model from the
3D scan data of a physical part that lacks docuatiemt or has changed from the original
CAD design of the part. The process of digitizingaat and creating a CAD model from
3D scan data is less time consuming and providestgr accuracy than manually
measuring the part and designing the part fromtaeran CAD. 3D optical scanning
technology is one of the measurement methods wiaele evolved over the last few years
and it is used in a wide range of areas from irrdlsapplications to art and cultural
heritage.



2.4.1 Cultural Heritage

Surveys and mapping activities are not limited aoventional works for mapping
the earth surface. One of the latest technologemeéasurement and 3D modeling of
cultural heritage object using terrestrial lasamser instrument. In study of Adi and Fahmi
(2009) three dimensional (3D) models of culturaiitage objects are needed to document
people’s collective memory about the objects. Waewanted condition, like earthquake,

flood, volcanic eruption, or vandalism, takes placethat the objects are destroyed, then

the reconstruction of the objects can be done atelyr

In principle laser scanners have five components,

(i)
(ii)

(iii)
(iv)
)

a transmitter, laser pulse in HDS-3000
a transmitter optics, two rotating mirrors in horital and vertical direction in
HDS-3000
a receiver optics
a detector
an electronic system for data acquisition, procegsevaluation, display, and

storage as showed in Figure 2.8.

1 4 -

Figure 2.8: Optical components of a laser scansysgem

Source: Adi and Fahmi (2009)
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3D laser scanner works using high-speed laserao g8 surface of objects which
can capture a huge amount of 3D coordinate poihtth® surface model. These 3D
coordinates can be integrated to form “point cldualsd high-resolution 3D models by
using certain software. The distance of an objectietermined by measuring the time
difference of the emitted laser pulse and its retignal travel to and from the objects and

the instrument. The angle of emission is controllgdwo rotating mirrors.

As example of study that had been conducted byaAdi Fahmi (2009), Borobudur
HCO mapped Borobudur Temple, Prambanan Temple #ed temples using HDS-3000
to identify the damage on the temples. Therefoeentkasurement of Gedongsongo temple
as selected cultural heritage of their study beoameimportant study to test the capability
of laser scanning technique to map the templesitarslirrounding topography. (Refer to
Figure 2.9)
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Figure 2.9: Measurement of Gedongsongo which tsriedfge shows location of the laser
scanner.

Source: Adi and Fahmi (2009)
2.4.2 Civil Engineering (Construction)

The construction industry lacks solutions for aeteilly, comprehensively and
efficiently tracking the three-dimensional (3D)ts&of buildings under construction. Such
information is however critical to the successfuhmagement of construction projects.
Current techniques for project 3D status trackirg lzased on manual measurements that
are time and labor demanding, and therefore to@mesipe and often too unreliable to be
comprehensively applied on sites. There is theeeforneed for effective and efficient

project 3D status tracking.

Many research initiatives are investigating the aseemote sensing technologies,
in particular digital imaging and terrestrial lasgranning, to improve the efficiency and

effectiveness of site 3D data collection for projeantrol activities, in particular progress
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tracking and dimensional compliance control. Insérg research contrary to digital
imaging, laser scanning actually acquires 3D data, with good accuracy (e.g.12 mm at
100 m with the scanner used in this research) agld point density (e.g. maximum
horizontal/vertical resolutions of 60 micron radtlwithe scanner used in this research,

which results in about one point per 3 mm at 50 m).

Shapes are recognized by representing, and subrgbqueatching, model and
sensed data using local surface descriptors calpa-images. This approach is very
general and can be very robust to occlusions bedaisbased on local features. However,
its performance significantly decreases in comgligxations, such as in construction sites

where search objects do not necessarily have vstincive features.

Bosche (2009) has studied that once the as-buskgof all recognized objects are
calculated; it can be compared to their as-desigrsés in order to infer some information
on the compliance of the project with respect toatisional tolerances. More exactly, the
differences between many as-built and as-desigrietergions (within and between
objects) can be calculated and compared to theregponding tolerances defined in the
project specifications, which may be specific te froject or refer to industry standards
such as AISC 303- 05 and MNL 135-00. For examyble,erticality of a column can be
compared to its designed true verticality and tifeer@nce compared to the specified
verticality deviation tolerance. Similarly, the @iace between two adjacent columns can be
easily calculated from the as-built poses of bothumns and then compared to the
designed distance.
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(c) Object recognition (in point clou (d) Object recognition (in CAlmodel

Figure 2.10: Performance of the proposed appraoacautomated recognition of 3D CAD

model objects in large construction site laser scan

Source: Bosche.F (2009)

2.4.3 Design Education

The use of 3D laser scanned data for building 3Rlet®is not as widespread in
education as the use of 3D modeling software. Tikyato integrate 3D scan data with
3D software and technology now gives users in edligh fields the potential to construct
complex organic shapes, which may only possible nwheing advanced 3D surface
modeling software in the past. Complied to the Ettal (2006) was studied that There are
many difficulties in modeling 3D organic shapestsas gloves, shoes, human faces, etc.
for use in design work the following approachesl¢sign are usually taken depending on

experience and capability levels:
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(i) The use of more freehand drawing and model makirkgép creativity as the
top priority.

(i)  Simplification of the project resolution accorditogthe limitations of available
software and manufacturing process.

(i) The use of appropriate 3D design software to mddsign proposals.

Even use the full potential of appropriate softweteere are still many design
limitations in using solid and surface modeling laggtions. For example, in transport
design the general approach is to use clay mod#&imgplore surface form, while in other
design disciplines, students have a wider choicestrdtegies. The ability to capture
complex shapes easily would enable students conthmdest of both worlds, allowing
them to achieve a higher resolution of their desighin existing project time spans while

maintaining the benefits of more traditional creatiechniques.

Laser scanning is a terrestrial laser-imaging systeat quickly creates highly
accurate three-dimensional data (Cloud Data) oblgect for use in standard computer-
aided design software packages. The potential tafesess of connecting 3D scanning
methods to 3D CAD packages and Rapid Prototypiolgnglogy in an attempt to develop

new learning and teaching methods to enhance the=faf 3D Design education.

2.4.4 Automotive Industry

3D optical scanning used extensively in the autoraoindustry for applications
such as part inspections, scanning of tools witliAD definition, scanning the casting for
definition of the stock (i.e. the amount of matkt@mbe removed from the surface of the
castings) model for CAM programs and reverse emging. Reverse engineering (RE) is a
process of building from an existing physical objac identical SDCAD model, which can
be used for manufacturing or other applications.ekample application is where CAD
data is not available, unusable, or insufficient daiting parts that must be duplicated or

modified. One of other practical applications isltand die-making in automotive industry.
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Optical scanning systems are one of the widely @§&dcanning systems in a wide
range of areas such as automotive industry, medapgllications, architectural and
historical preservation. 3D Optical scanning systeran capture millions of points in a
second to create point clouds data. The resultihgl@®a can then be transferred to a CAD
system for 3D surface or solid modeling, finitereént analysis, tool design and tool path
generation. Abdil Kus (2009) said that today in the#omotive industry, 3D scanning is

used in many different fields. Some examples afe¢hgpical applications are

(i) 3D-optical scanning systems which can use to olijammetrical data where
technical drawings or 3D CAD data of the partsreotavailable.

(i)  Inspection and Quality control.

(i) Reducing production time by minimizing the non-maaty time of CNC
machines by identifying STL data obtained from stag of casting parts as
stock model to CAM software.

(iv) Reverse engineering and rapid prototyping

In reverse engineering software there are manyatipes to improve the scanned point
cloud data. Noisy data can be improved and theditiee data set reduced (Figure 2.11a).
Triangulation process begins after improving thenpdata set (Figure 2.11b). In mesh
treatment, the process is specific to working whke polygonal mesh model, such as
cleaning abnormal polygon meshes, redefining thiéase by smoothing, re-meshing, or
decimation and to prepare the polygonal model dpid prototyping or NURBS surfacing
(Figures 2.11c-d).
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(a) (b) (c) (d)

Figure 2.11: Surface modeling procedure from scdmiata: a) Point cloud, b) polygon
meshes, ¢) mesh treatment, d) surface modeling.

Source: Abdil Kus (2009)

Furthermore contact scanning Coordinate Measuriaghihes (CMMs) are widely
used in the creation of the surface models in maystries. As already mentioned,
however, the primary disadvantage of this approsthe relatively longer measuring times
needed to complete the process. On the other hiamdise of 3D optical scanning allows

the collection of large amounts of dimensional dateeasonably shorter times.

3D CAD definitions of products or dies may not baitable, not be up-to-date, or
may not be achievable for many reasons (i.e. vetyd@s, bankrupt suppliers, lost data,
etc). This is when 3D scanning technologies arespwhsible for creating the required 3D
definitions of the product models, samples or dadadie surfaces. 3D optical scanning
systems can also be used by companies where a DeB@AB system is introduced. All
existing products must be modeled in order to hevally digital archive. This 3D data
then can be directly utilized in further CAD/CAM/EAapplications. These numerical
applications enable product optimizations to imgrdhe final product quality and, to
increase the competitiveness of the products.
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2.5 DYNAMIC SURFACE RECONSTRUCTION

According to the Yunboa and Xiaoping (2007) thest®n gives the mathematical
basis for the dynamic surface reconstruction, wliscB-spline surface representation and
Kalman filter. This study had refer to a surfaceorestruction process in which the surface

is dynamically constructed or updated based orr piformation.
2.5.1 B-spline Surface

The B-spline surface has been widely used in prodesign and manufacturing.
Therefore, it is selected to represent the surfacenstructed from the point-cloud. A bi-

cubic B-spline surface has the form
n
S(U, V) = Z . Nl(u)N] (V) Pl] (1)
LJj

whereN is B-spline shape function amitlj is theijth control point. The equation can also

be expressed in matrix form
S(u,v) = A (UV) P 2)

whereA u,v_ is the B-spline shape function matrix, afadneans the collection of control

points.

To model the surface from the point-cloud, mostpghaeconstruction methods are
based on least-squares fitting, and they do ndtaitkpconsider data noise incurred during
the measurement process. It is often assumed the oorrupting the data is of zero mean.
This has two immediate ramifications. First, red¢omding surfaces from measurement
data would lead to inaccurate surfaces if data @icgy is not properly accounted for.
Numerous studies have shown that least-squarenatei may be completely perturbed

when the data contains noise of different varianoeson-Gaussian. Therefore, such single
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surface representation without quality descriptismot sufficient for many subsequent
applications. To account for data uncertainty amdetsult in more robust surfaces, the
Kalman filter is introduced to produce the optinedtimate of the surface and its

uncertainty ( Yunboa and Xiaoping, 2007).

2.5.2 Kalman Filter

The Kalman filter was first proposed by Kalman i860. It is a method to
recursively estimate the internal state of a sydtased on the observation of the system’s
external behaviors. To do this, a state-space mueksiis to be first set up to describe the

system.

I. State Space Model

A mechanical or electrical system can be charaadrby several finite variables,
which are called the internal state. Usually, thiernal state cannot be directly measured
but its external behavior can be sensed. The Kalfittanaddresses the general problem of
trying to recursively estimate the state of a @gitsettime controlled process that is governed

by the linear stochastic difference equation

xp =Cxp—q + Bup 1 + w4 3

wherex; andx;_; are the states of the time stepnd (I-1), respectivelyC is the state
transition matrix of the process from previous tistep(I-1) to the current step and
u;_, is the system input of the time st@pl). Matrix B relates the system inpuj_;and
the statex;, and w,_;is the associated independent, white, and Gaussa@se.

Observations on the internal state can be modal#dtkiform

z; = Hx; + v 4)
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wherezl is the external measurementoft thelth time stepH is the measure matrix
relating the current statgl to the external measurement and vl is the associated
measurement error, which is again assumed to lepemtient, white and Gaussian.
il. Kalman Gain

With the state-space model, Kalman filter optimadigtimates the internal state
using the Kalman gain. The Kalman filter estimatesstate by using a form of prediction
and correction, which includes predictor equati@ml corrector equations. Predictor
equations have the following form.
The a priori state prediction equation:

X7=Cx 11+ Bu4 (5)
The a priori state uncertainty equation:

Ayt =CAy1CT +Q (6)
where Q is the uncertainty covariance of process neiel.Whenl=1, the initial state
estimatex™0 and its uncertaintyx"0 can be given by prior information, which is abde
integrate a priori estimate of internal state. €otor equations have the following form.

Kalman gain:

K, = Ax;HT (HAx{HT + Az) ™! (7)

The estimate updating equation with measurernent
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56'\1 = 56'\{ + Kl(Zl — Hfl‘ (8)

The state uncertainty updating equation:
Ay = (I = KiH)Axg 9)

The predictor and corrector equations form a bésisrecursive updating. The
predictor equations are to predict the a priotiesgand its uncertainty based on the previous
state estimate. The a priori state estimate is tioerected in the corrector equations by the
new measurement to obtain a posteriori state ewindis recursive nature of Kalman
filter is a very appealing feature, which makegassible to apply newly measured data for
state updating without requiring all previous diegpt in storage. In addition, The Kalman
filter combines all available measurement datas jpiior knowledge about the system and
measuring devices, to produce an estimate of thieedkinternal state in such a manner that

the error is minimized statistically (Yunboa anda¥ping, 2007).



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

Several stages has been identified and conductadhieve the objective s of this
project. The stages in completing this project csirof

Stagel: Uninstall the door panel
Stage 2: Alter surface of the door panel

Stage 3: Modeling door panel using 3D scanner

All of this stage should be followed to ensure thiatulation analysis will perform
successfully and without any error would occur. &aily, the door panel needs to
uninstall from the main body of the car. But beeaaSthe constraint with the 3D scanner
application, the door panel surface has to beiagigo achieve the requirement of the 3D
scanner application. The purposes of the alteiwegsurface will be discuss in the stage 2
and also the procedure. In stage 3 will discuss twperform modeling door panel using
the 3D scanner. This 3D scanner will use Polywoifkngare to generate the solid model of

door panel.

3.2 LITERATURE REVIEW

In literature review, need to study about the 3@nser itself also the realted

software that will be use during the scan.
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3.3  UNINSTALL THE DOOR PANEL

For the first stage the door panel needs to bestallimg from the car body to make
the scanning process become easier. This condit®melated to the limitation of the 3D

scanner machine that the ability of the scannscém the door accurately.

(a) Original position (b) Position after unirkta

Figure 3.1: Original position and after uninstatirh car body

However this door panel already had been uningtaliously because of that
several equipment or compartment that attachedchéodbor panel had been removed.
Figure 3.1 is show the original position at the bady and the new position for the door
panel according to the environment to scan it. Witie Figure 3.2 is show the inner and
outer of door panel which is the exactly surfaca thill be scan to be a solid model using
3D scanner.
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Figure 3.2: Inner and outer of door panel

3.4 ALTER SURFACE OF THE DOOR PANEL

The next stage is altered the surface of the didue.3D scanner is using reflection
concept. A density of a material can be determimethe reflection also act as the medium
to get the true image for an object. Complied Wit situation the object which is needed
to scan should be not very opaque and transpdtemil cause some errors for the object
image scanned result. According to the constrahthe concept the surface of the door

panel need to be altered to remove the shiningwikioccur at door panel.

3.4.1 Door Surface Cleaning

First of all after removal the parts and place be table, door goes through
cleaning process. The cleaning process is usingrgiit as solvent to remove all the
rubber glue that holds plastic cover to body. Alladl particles and trim outer panel also
must be removed by using detergent soak with watget exactly only surface of inner
and outer panel. Then door surface is drying usingcloth and allow overnight before

scanning process can be done.
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Figure 3.3: Cleaning process

Cleaning process is important as to get good siityilduplication door model in
scanning process. Figure 3.3 is showed during theegs of remove all the dirt and glue at
the surface of the door panel. Figure 3.4 belothéssurface of the door panel after process

cleaning.

e 1 . -

(a) Front door panel (b) Rear door panel

Figure 3.4: Door panel surface after cleaning

All the hole and open space at the door panel tedée close. In addition the dull
surface such as the waist seal also must be cavkdepaper and masking tapes were used

to closed all the unnecessary holes and open gisasleowed in Figure 3.5.
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Figure 3.5: Fill up all the holes

3.4.2 Selection of The Best Surface

This part is one of the tough sections before @getisg to scan the door panel. This
is because the surface needs to be altered to eetheshining of the door. There are three
trial had been done before selected the best soltidi cover the door panel surface. The

three trials were using masking tape, spray and paper the surface.

i. Masking tape

The first solution that had been made is to cowarall of the door panel surface

with the masking tape. Several type of the maskapme had been tested using the 3D

scanner to see the result whether it can be usegdine scanning process.

a) b)

Figure 3.6: Two type of masking tape, a) Light ecaod b) Dark color



35

Figure 3.6 is showed that two types of masking tape been used to cover the
surfaces which were light color and dark colorsFuof all both of them must be scan to
know the capability and acceptance of the 3D saareguirement. Figure 3.7 is showed

that the particular work very need in cover thedae of door panel with the masking tape.

Figure 3.7: Process cover the door panel surfattemasking tape
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il. Spray

The second choice was to spray the surface of daoel using the silver or grey
color as showed at Figure 3.8. As usual to knowbesd result either silver or grey both of

this color need to be scanned before appliedthiésurface.

Figure 3.8: 1) Silver color. 2) Grey color

iii. Sand paper

The last option remove the shining of the paintss the sand paper. With using the
sand paper grade 1000 to 1200 all the surfaceeofitlor panel had been sanded. However
it still needs certain skill to apply which is tb&culation movement will be implemented
to ensure the surface is smooth fairly. In additibe pressure while sanded the surface
must be constant. Figure 3.9 is showed during thegss when using the sand paper.

The best result from the choices was using the papér. This is because it more
easy and economic. Otherwise the surface of dooelp@mtally can reduce the shining
fairly. To get better result use the sand papeh @iade 500-600 then finishing with grade
1000-1200.
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Figure 3.9: Process during use the sand paper

3.5 MODELING DOOR PANEL USING 3D SCANNER

For modeling the door panel need followed seveteghs to get the result. The steps

are

3.5.1 Setup for scanning material.

3.5.2 Scanning and editing using Polywork software.

All this steps must be done accordingly to enshee rhodeling door can be performing

successfully.

3.5.1 Setup for Scanning Material.

First of all the connection at the 3Dscanner nemthected to the 3D scanner laptop
which is as the workstation. Start it with all thable must connect by following the
instruction manual. Switch on the laptop aftercalble has been connected. Then switch on
controller box by press theN/OFF button.Figure 3.10 is showed the cable at the control
box. For caution must be notified between main dwiON/OFF controller box with
ON/OFF sensor power. Next switch on the scannectwisi the button behind the scanner.
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(Refer to figure 3.11). With refer to the figurel@.needs to be waiting until the LED for
‘Ready’ is light on to press thH@N/OFF button at the sensor power.

Controller Box

On/Off sensor
On/Off for power
controller box
LED ( as the
guide)

ERE . MO
a. Front side

b. Rear side

Figure 3.10: Controller box

Cableconnectiondirection and the switch
for on/off the scanner

3D Scanner

Figure 3.11: 3D scanner
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After completed installation of the cable to thetép open the Scanwork V5.2
software to check the function ability of the arensor. There are seven arms (A to G)
which are CMM mover need to be check by make séveorements such as up, down,
right and left until all the alarm at the monitoilivbe detected. (Refer to Figure 3.12, the
INFINITE arm also has an optional G joint at thel ¢émat allows the probe shaft to rotate.).

‘F:ll)nw

s,

Figure 3.12: Joint locations on CimCore arms

The Calibration wizard through the calibration pdare, controlling the capture of
images called Shots collected in five positionemieéd around a calibration sphere, as
showed in Figure 3.13 and the position including

(i) Positions 1 through 3 are three views, approximal@0° apart, around the
equator of the sphere.

(i) Position 4 is at the top of the sphere.

(i) Position 5 is at the top of the sphere, rotatedf@0f Position 4.

The application displays the position for which tshare being collected in the upper left
hand corner of the calibratgndow.
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Figure 3.13: Position indicator for V5 sensor

The arrows represented the positions for whichbcatiion shots must be taken and
the active orientation (the one for which datausently being collected) is green; all other
arrows are red. The system will display the catibraresults after all position had been
completed. The display includes the average andmuax residual errors to indicate how
well the calculated solution fit the raw data. lRmanual movers, the average residual error
should be less than 0.100 mm and the maximum raisedtor should not be much greater
than 0.350 mm.

The last step in this part is fixed the door paweteduce the vibration scanning
process. The door had been placed on the table&ohable all the angle of points. Also
the bottom of the door need to attach with blockt ttnake by steel to ensure the door
floating without vibration occurred. (Refer to thgure 3.14).
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Figure 3.14: Position of the door panel

3.5.2 Scanning and Editing Using Polywork Software.

General step is the door panel will be scannetdlpapart which is generated under
IMAlign. Continue process with meshing and merding scanned part into IMerge. From
IMerge solid model will be formed into IMEdit. Hetlee editing work can be done such as
fill up the hole, terminate the unwanted surfaceoathing the surface and reduce mesh of
the part. Then the object is ready to be converiimg the simulation environmenthe
model is saved in IGES file. Picture shows the iopéamel of door with smooth surface, same in
dimension and shape. However if the file cannotoipee model need to be compress using
IMCompress. In this section the determination numbfke triangle and tolerance must be
identified. Then select the best result to redaigediting project until the file can be open to

proceed the next step.

There are two types in using the IMAlign which aman, import project and combine
in difference workspace and other one is scan antbme. For more safety second way is the
better and faster. Figure 3.15 and 3.16 are sholeedtep of scan, import project and combine.
There is a minor step which is differing with s@ard combine. The difference only at first step
which is the second scan is use the same workspéueh mean did not need to import other

project and can be use direct with other process.
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As showed in figure 3.15 the previous work scanhad been import from other
workspace to be combined. After imported the fd#,the scan line must be form in a
group which is this will be affected to the numizdriteration in other steps. Also the
current scanned file must be lock to prevent trendde moved. Then the figure 3.16 is
showed to view two images under one view to plet itference point at the current and
previous scanned file. After plotted had been dagiet click the mouse to gave command

meshing for the both file.
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Now the file are already combined each other bsitilitheed alignment. According
to the requirement best fit and alignment was $etbto get the best result of combination
image. The last step in this process is lockedirttege. This process will be continuing
until the whole door panel image performed. It maesimplemented step by step to reduce
the error.

After the overall of door panel surface had beercsssfully scanned, the model

from IMAlign will be needed to merge using the IMer (Refer to Figure 3.17)
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Figure 3.17: IMAlign to the IMerge process

Figure 3.18 is showed the process of completedoof ganel after scanned. After

completed in IMAlign the model can be merging byngsthe IMerge. However must be
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remembered before merging the model, all the sitarmiust be in a group. Then merge
entire scan file. In this process will take longgessing time because it will depend on the
size of the scanned file. Each color during thegeexras showed the difference stage of
process merge. After merge process was completeshatically the IMEdit will open

which is will include the 3D model. Now the 3D médall needs to have further process.

The 3D model will be through the editing processgishe IMEdit.

Figure 3.18: The 3D model

In this study, to scan the surface of the door pageed to divide part by part. As
showed in Figure 3.19 which is the front of doonglaneed to divide to the several part to
continue and get the complete part of scanned.s€ha part will be combine one by one
using procedure scan and combine. This is methadl been explain in previous
subchapter. For the rear door panel also will dthan same concept to get the complete
scan part. If the problem occurs during the contimna the part needs to be re-scanning

until get the best result.
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a) Front door panel b) Part 1 c) Part 2

d) Part 3 e) Part 4 f) Part 5

Figure 3.19: Scan part by part

In IMedit all editing process will be making by dkeone by one for any
circumstances. After editing process is completeddolid model are ready to convert to
the simulation environment which is the file of &idel must be convert to the IGES file.
In addition if the file cannot be open that wilbjtere to compressed the IMerge file. Then
select the best mesh to redoing all the editinggss. Normally it will happen if the file is

too huge which is related to the size of meshimgHe solid model as showed i
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a) Original mesh b) First mesh after compress c¢) Second mesh after
compress

d) Third mesh after e) Fourth mesh after  e) Fifth mesh after compress
compress

compress

g
]
5
£

f) Sixth mesh after compress 9) Seventh mesh after h) Eigth mesh after
compress compress

Figure 3.20: Reducing the mesh



CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

In this chapter will discuss on the result of tiearsdoor panel. It will be elaborate
about the problem of the surface that need to b&enmieprovement and how to
countermeasure the problem. This step very impbibafore converting to the another

environment such as to make a simulation, checkitnension and analysis.

4.2 MODELING 3D DOOR USING THE SCANNER

Achievement of both of objectives are depend @nsiiccessful scanning the door
panel into the 3D model. However constrain of thatation of the skill to scan the door
panel also use the software of scanner it will ffected to the result of the image in
produce the solid model. Because of that sevemtl@m had occurred when the solid
model image was produced. Here are the problemisnd®l to be countermeasure before
the solid model can be converting to the reverggneering environment. The problems

are consist of

(i)  Not smooth surface on the solid model image

(i)  The unfilled of hole at the surface solid model

(i) Reduce the unwanted crack that occur at the surface
(iv) Touch up the edge of the surface

(v) Export to the design and analysis environment
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(vi) Owverlapping file

All of these problems must be counter measure\te tiie accurate and best result.
As the previous information this project used Paykvsoftware to scan the surface and

with this software also can use to edit the surfaa@ake correction of the occurred error.

4.3  SELECTION OF THE BEST SURFACE

In section 3.4.2 had been discussed the choieehtlve to alter the surface of the

door panel. Here is the result of each choice.

4.3.1 Masking Tape

As the result showed in table 4.1 that both of tloam be detect by the 3D scanner.
Otherwise the best result is showed at type nurib&hich is light color. Unfortunately
after revise again type number 1 more difficulattach at the door panel surface. Finally
the second type had been choosing to use it. Datiaghment to the surface has to ensure

that the masking tape is not retardant each othgive the smooth surface
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Table 4.1: Result after scan for masking tape

TYPE IMAlign IMEdit

1) Light
colour

2) Dark
colour

4.3.2 Spray

Table 4.2 is showed the result of two differencéoiof spray which were grey
and silver. As the result the grey color gave teédn surface than silver color. This is
because certain part that had been spray withrsielr cannot be detected by the 3D
scanner. However after considering the need of dlring the process of spray, this option
had been terminated. The skill that is need whesptay is the constant of pressure when
press the spray button and also the distance otlenaspray to the surface must be
consistence. If not the surface that had been spithype overlapping and increase the

density of the surface.
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Table 4.2: Result after scan for spray
TYPE IMAlign IMEdit

1) Silver
colour

A

2) Grey
colour

4.3.3 Sand Paper

As the final result is choose to use sand papeg. stinfface of the door panel more
smooth nut still can remove the shining f the light With using the sand paper also can
reduce the time to alter the surface. The surfaoe lme complete alter with fairly but
adequate with several technique while in the pmesdeen discussed in Chapter 3.

4.4  SETTING
Scanning result is based on the setting of thersaand lighting source. The first

phase of scanning is without the probe setting. fEiselt of the scanning process is many

of holes and unscans parts due to lighting retbactiLaser light cannot be reflected in some
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of angle as can seen in Figure.fAfter some adjustment and setting again the pritee,
result of scanning is better.

Holes

Unscan par

Figure 4.1: Defect during the scan

Probe has to be adjusted to lighting of workingiemment. If scanning work is
done in open area or in door with adequate lighe, getting is different. The scanning
works refer to Figure 4.2 and Figure 4s3otally different. As can be seen, Figure 4@ (a
and Figure 4.3(b3how the scanned result before the probe settimg.qlality of scanning
model is not good. Many of holes in the complexveurThe scanning process has to be

done many times to cover the entire surface.

On the other hand, the outer panel also have sipiitdblem especially at the center
of door and around the door handle. Mean whilegrathe probe is set to more proper
setting, Refer to Figure 4.2 (ahd Figure 4.3 (b), after the probe setting chahges been
made, final decision is satisfactory result witleasi and without holes on the surface
model.



(a)

(a) (b)

Figure 4.2: Before (a) and after (b) probe setting

(b)

Figure 4.3: Before (a) and after (b) probe setting

53
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4.5  SCANNING AND EDITING

As the full result there are 92518 triangles, 8déndines and 10 subgroup had been
produce to get a complete 3D model of door panetaBse of that it had been use seven
workspace to accomplish the scanning process. Hewfinished the scan process did not

mean the result of surface is successful. The seistill need the editing process.

45.1 Reconstruct the mesh

Furthermore the surface of 3D model also needsetonstruct again. This is
because the surface was not smooth and layerschf gt that had been scanned were
appeared as showed in Figure 4.4. For reconsthactsolid model mesh might be use

command such as reconstruct and reduce mesh.

a) Before reconstruct b) After reconstruct

Figure 4.4: Surface of the solid model before ditel aeconstruct
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45.2 Full Fill The Holes

When zoom out the 3D model also can fine certarhypare still had the holes. All
these holes need to fill up by using the commahdifi hole as showed in Figure 4.5. In
this command will have several further type of msxneed to follow and select. Actually
IS not easy as imagine especially when it relabethé big triangle that has in the mesh. If
just a small of need to big fill but the trianglethe mesh is big than the size of hole, it will

followed the size of triangle in the mesh. Howeleran be fixing it but need to redoing

many times.

a) Small hole at the edge b) Holes at the sarfac

R

c) Several positions that still have holes

Figure 4.5: Fill holes process
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45.3 Alter Unwanted Surface

For this case there are crack and hole that nebd #itered by using the boundary
holes filling. This result occurred after fill haleutomatically which is not only fill the
hole but also clean the hole according to the ¢teaim the mesh as showed in Figure 4.6.
To edit it need to create the new boundary at tlle to close it. For the cracking surface

can use the reconstruct or reduce mesh. By thatwaly affect the triangle in the mesh.

Figure 4.6: Hole and crack

4.5.4 Touch up the Edge

Certain of the edge at the surface need to toudmsighowed in Figure 4.7 by using
sharp edge insertion. This insertion is where ¢lies are added or modified to include a
specific curve in a polygonal model. This resultyroacur because of the surface part itself

or because of the overlapping while scanning.
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Figure 4.7: Not smooth edge

455 Size of the Mesh

Reducing the mesh is an operation where triangtesremoved from the mesh
without changing the accuracy of the overall modelangles are removed over flat areas
and small triangles are kept in the highly curvedhighly detailed areas. The result is
reduced vertex and larger triangles on the flabsravhile preserving curvature. The
boundary will preserve during the reduction proasshowed in Figure 4.8.
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a) Original mesh b) First mesh after compress c¢) Second mesh after

compress

d) Third mesh after

e) Fourth mesh after  e) Fifth mesh after compress
compress

compress

g
=
k|
2

S

f) Sixth mesh after compress 9) Seventh mesh after

h) Eigth mesh after
compress

compress

Figure 4.8: Reduction of mesh

4.5.6 Export to the Design and Analysis Environment

This problem will be related to the size of meshisTis because huge size of mesh
will have much of triangle. This can effected te tbng operation time and will take much
of memory to the other software. As the examplel826f triangle will take 5 hours to
open in the Solidwork as showed in Figure 4.9 whglise 12Gb of RAM and 64 bits.

Even though successes open in the selected softiwarsoftware will run slowly. For this
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case LS-DYNA cannot open this file according to Hig size of the file. ALGOR has
showed in Figure 4.10 need half a day to openitbeSo before open to the any software

to continue the next work ensures the size ofiteénis been compressed.

Figure 4.9: In Solidwork

Figure 4.10: In ALGOR
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Figure 4.11 is showed the overall result aftettad editing process and compressed
the mesh. Finally the part is successful open ia $oftwares which are Solidwork and
ALGOR. Figure 4.12 is curvature of the surface daor in 3D model. The surface is do

not have any constraint because in a single motlebut any part at it.

a) Rear 3D door panel b) Front 3D door panel

Figure 4.11: The complete 3D model

a) Rear 3D door panel b) Front 3D door panel

Figure 4.12: The curvature of 3D model
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4.5.7 Overlapping File

This problem cannot be avoided but can be miniritiz&s inform in the previous
chapter that the surface of the door panel wilhggart by part or portion. To combine one
part to the other part will be need reference pdihie reference point is subjected to the
lines or scans that already exist at the previgas svhich is will be appoint together when
to combine with the new scan. But the problem ad@¢ur when it too much overlapping as

showed in Figure 4.13.

Overlapping
area

Overlapping
area

Figure 4.13: Portion to scan and overlapping area

When too much of overlapping area occur it will make mesh of the scan also
increase. In the other hand, it also will increttse size of file. That entire factor will be
affected to the duration of the time. The time wfdr the next scan of the part will be
longer and make the file become weight in the RAMhe laptop that receive and display
the input. It also will hang the laptop. But needémember when to reduce the reference
point has to ensure that scan part 1 can detecsdhr part 2. So when appoint the

reference point need to very carefully and mugtieeise.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 INTRODUCTION

Both of objectives are successfully achieved irtsteave many constraint need to be

overcome. From this project the conclusion can b&evalso the recommendation accordingly.

5.2 CONCLUSION

For the conclusion to model a part due to the cempf curvature surface is important to
remain the performance and increased the producliomproduce the successfully of 3D model
this project have been go trough to scan and g&tgvoints clouds of car door. In this project
car door has been selected to model the 3D model the real model. From the result of
scanning, the 3D model will be needed to generatk analyze the quality of car door. In
Chapter 4 have been explained deeply the diffesilduring producing the best 3D model by
using Polywork software.

As stated in the literature review of this projeciot of quality improvement can be
developing in any sector by using the data of tBen®del such as can be use to create more
creative invention or design without need to reta® drawing. It simply can be use directly to
the new design with modify it. From the 3D modedcathe door panel can be done a lot of
improvement such as in determine the selected rabter get the better result in weight
consideration. When it related to the weight coasitlon it mean , the manufacture need to

know the thickness part of the door panel to getltast result by applying the selected material.
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In addition awareness of safety can use the 3D Mmdder panel to simulate the collision

prediction especially for the side impact collision

Nowadays many virtual tests have been implementedroduce the high quality of
product. With factor of time the result of this dgucan keep continuously use to the important
development for the long lasting to keep good r@teship between the engineer, vendor and also
the business of the industry itself. It also carmpriove cooperation in switching the transfer

technology to built better product and gain a lobasiness each other.

5.3 RECOMMENDATION

However to this study, recommendations that catekig according to problem occur
during this project. The constraint of time will Bected to the skill of the researcher during the
process of the project. In addition the researomest clearly understand and know how to use
the equipment and the software. A lot of practind alert with the limitation of the machine
such as reflection of light and the position of thger scan. Also it needs high performance of
personal computer to run the chosen software teeraanalysis and simulation. The software of
the laptop scanner itself must be upgrade andhgskigh performance RAM to support the scan

file. The bigger part will produce the bigger file.
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