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Abstract: A 3D scanner is a device that analyzes a realdnalject or environment to collect data on its €hapd
possibly its appearance (i.e. color). The colleda&th can then be used to construct digital thieemsional models. 3D
laser scanning developed during the last half@PBth century in an attempt to accurately recithasurfaces of various
objects and places. The technology is especialpfiien fields of research and design. The filBt&anning technology
was created in the 1960s. The early scanners igted, Icameras and projectors to perform this tBsie to limitations
of the equipment it often took a lot of time antbefto scan objects accurately. Collected 3D dataseful for a wide
variety of applications. These devices are useehaiiely by the entertainment industry in the patidin of movies or
virtual reality. Other common applications of tikéshnology include industrial design, orthotics anaksthetics, reverse
engineering and prototyping, quality control/ingp@t and documentation of cultural artifacts.

1 Introduction coordinates relative to the scanner position caedsly
In modern engineering, the term “laser scanningsésl computed. _
to described two related, but separate meanings ifdt, Hand-held laser scanners create a 3D image thitbegh

more generaL meaning is the controlled deflectiblaser triangulation mechanism described above: a laserodo
beams, visible or invisible. Scanned laser beamsiaed line is projected onto an object from a hand-heddice
in stereolithography machines, in rapid prototypiiry and a sensor (typically a charge-coupled devigeosition
machines for material processing' in laser engmvirﬁe-nSitive device) measures the distance to theurf
machines, in ophtalmological laser systems for théigure 1).

treatment of presbyopia, in confocal microscopylaiser The purpose of a 3D scanner is usually to crepterd
printers, in laser shows, in Laser TV, and in beeco cloud of geometric samples on the surface of tigests
scanners. These points can then be used to extrapolate Hymesbf

The second, more specific, meaning is the conttolidhe subject (a process called reconstruction). olbrc
steering of laser beams followed by a distanc@formation is collected at each point, then thiimoon
measurement at every pointing direction. This methothe surface of the subject can also be determitied [

often called 3D object scanning or 3D laser scapnis This article is focusing in presenting a brief lamkthe
used to rapidly capture shapes of objects, buikjimgpd 3D Iaser. scanners. In addition, it gives a general
landscapes. presentation about the 3D laser scanners’ histoy a

Since the early 1980's, the analytical stereo-clempi applications.
has been the workhorse for broad-acre spatial data
acquisition tasks including exploration mappinggular
mine planning and stockpile measurements (Byrn@7)19
It has also played a lesser role in subsidence toramg,
environmental lease statistics and infrastructuappmg.

Terrestrial laser scanning has already found isepl
between the standard technologies for objects sitigui.

The laser scanner can be described as a motoozaid t
station, which measures automatically all the mointits
horizontal and vertical field. For each measuremtpdts
distance to the laser scanner together with thezdral

and the vertical angles are recorded. So, the space . . )
Figure 1 3D lasser scanner Faro for industrial soarg
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2 History of 3D scanners - accurate,

3D laser scanning developed during the last hatief - fast,
20th century in an attempt to accurately recrehe t- truly three dimensional,
surfaces of various objects and places. The teoggas -capable of capturing color surface,
especially helpful in fields of research and desigre first - and realistically priced.
3D scanning technology was created in the 1960s. ] o )

The early scanners used lights, cameras and pooject ~ One of the first applications was capturing hunfans
to perform this task. Due to limitations of the goment it the animation industry. Cyberware Laboratories of L
often took a lot of time and effort to scan objecté\ngeles developed this field in the eighties witkit Head
accurately. After 1985 they were replaced with seas Scanner as shown in figure (3).
that could use white light, lasers and shadowincafuture
a given surface. Next is a brief history of the 8anning
development.

With the advent of computers, it was possible tibdbu
up a highly complex model, but the problem camen wit
creating that model. Complex surfaces defied thpe ta
measure as shown in figure 2.

e BT

Figure 3 Humans head scanning

In 1996, 3D Scanners took the key technologies of a
manually operated arm and a stripe 3D scanner - and
combined them in ModelMaker as shown in figure BisT
incredibly fast and flexible system is the worlditst
L Reality Capture System.It produces complex modetsta
Figure 2 Object tape measuring textures those models with color.

Color 3D models can now be produced in minutek fie

By the mid-nineties they had developed into aiolly  in the eighties with their Head Scanner as shown in
scanner as shown in figure. This is where 3D Saanndigure 4.
appeared.

In 1994, 3D Scanners launched REPLICA - which
allowed fast, highly accurate scanning of very ifieda
objects. REPLICA marked serious progress in lasgres
scanning.

Meanwhile Cyberware were developing their own high
detail scanners, some of which were able to camtiojext
colour too, but despite this progress, true thiiegedsional
scanning - with these degrees of speed and accuracy
remained elusive.

One company - Digibotics - did introduce a 4-axis
machine, which could provide a fully 3D model fran
single scan, but this was based on laser point {aser
stripe - and was thus slow. Neither did it have $ie
degrees of freedom necessary to cover the entifacewof 3 3D laser scanning application
an object, neither could it digitise color surface. A virtual reality application may be employed teate

While these optical scanners were expensivg, three dimensional virtual space from an existing
Immersion and Faro Technologies introduced lowcosirchitecture. The virtual reality space may themiged in
manually operated digitisers. These could indeedye computer simulations of various desired activiti8sich
complete models, but they were slow, particulatigwthe activities could include a workflow or manufactugifine
model was detailed. Again, they could not digittsgor  simulation [2].

—

Figure 4 Manually operated arm and étrip 3D scanner

surface. o _ The 3D virtual space may be used for entertainment,
By this time, 3D modellers were united in their sfue such as animation or a movie action scene simalatio
for a scanner, which was: keeping even the stunt professions safe from harm.
~2~
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Transportation applications, such as a accidenbntact 3D laser scanning allows even malleablectbjo
investigation. The scene of the accident couldda3er be scanned in a matter of minutes without compoassi
digitized, and a simulation of an actual accidergné or which could change their dimensions or damage & th

"what if* scenarios explored. surfaces. Parts and models of all sizes and stegrebe
quickly and accurately captured. 3D laser scanriorg
3.1 Applications reverse engineering provides excellent accuracies a

3D laser scanning is used in a variety of fieldd an€!PS to get products to market quicker and wits le
academic research. It has benefited clothing andymt development and engineering costs. 3D Laser sognnin
design, the automotive industry and medical sciebaser Provides the fast, accurate, and automated wagdoiee
scanning can also be used to record buildingscizdyen 3D digital data and a CAD model of part's geomény
places that people may not be able to access dsafaty '€Verse engineering when none is ava]IabIe. Alsw n
hazards. 3D Laser Scanning is used in numeroff@tures and updates can be integrated into old pace
applications: industrial, architectural, civil seging, (he modeling is accomplished [Site 12]. A practical
urban topography, mining, reverse engineering, ityyal me(_:han!cal and civil engineering apphcat!on wobélto
archaeology, dentistry, and mechanical dimension@fSist in the production of "as built" data and
inspection are just a few of the versatile appiires. 30 documentation. Currently, many manufacturing or
laser scanning technology allows for high resohutimd construction activities are documented after theiac
dramatically faster 3D digitizing over other contienal aSSeémbly of a machine or civil project by a desigore
metrology technologies and techniques. Some vefpi9ineering professional. 3D laser scanners coylddite

exciting applications are animation and virtual liga S activity to reduce man-hours required to fully
applications [3-5]. document an installation for legacy.

3.1.1 Material procesing and production 3.1.4  Mechanical applications _

Laser scanning describes the general method to Reverse engineering of a mechanical component
sample or scan a surface using laser technologiergle equires a precise digital model of the objectsbe
areas of application exist that mainly differ ie thower of réproduced. Rather than a set of points a precgieald
the lasers that are used, and in the results afthening Model can be represented by a polygon mesh, & 8at o
process. Low laser power is used when the scanméate  ©F curved NURBS surfaces, or ideally for mechanical
does not have to be influenced, e.g. when it oalyto be CcOmponents, a CAD solid model. A 3D scanner carske
digitized. Confocal or 3D laser scanning are mesitodyet 0 digitize free-form or gradually changing shaped
information about the scanned surface. Anotherpower ~COMponents as well as prismatic geometries wheseas
application are structured light projection systehet are Coordinate measuring machine is usually used ooly t
used for solar cell flatness metrology enablingesstr determine simple dimensions of a highly prismataded.

calculation with throughput in excess of 2000 wafger 1hese data points are then processed to creatabéeus
hour. digital model, usually using specialized reverse

engineering software [6-8].

3.1.2 Construction industry and civil engineering o o
- As-built drawings of Bridges, Industrial Plangsid  3-1.5  Civil applications

Monuments. Civil activities could be for a roadway periodic
- Documentation of historical sites. inspection. The digitized roadway data could berested
- Site modeling and lay outing. to previous roadway 3D scans to predict rate of
- Quality control. deterioration. Thls data could be very hglpfulsmmatmg
- Quantity Surveys. roadway repair or.re.:placement costing informatitinen
- Freeway Redesign. personnel accessibility and/or safety concernsgquiea

- Establishing a benchmark of pre-existingSta”dard survey, 3D laser scanning could provide an
shape/state in order to detect structural chang@%cellent alternative. 3D Laser scanning has beed to
resulting from exposure to extreme loadings such erform accurate and efficient as-built surveys befdre-

earthquake, vessel/truck impact, or fire. and after construction and leveling surveys [9].
- Create GIS (Geographic information system) maps
and Geomatics. 3.1.6 Gargoyle models

The combined use of 3D scanning and 3D printing
technologies allows the replication of real objegithout
the use of traditional plaster casting techniqulest in
many cases can be too invasive for being perforomed
precious or delicate cultural heritage artifaatsfigure 5,
the gargoyle model on the left was digitally acqdiby
using a 3D scanner and the produced 3D data was

3.1.3 Reverse engineering

Reverse Engineering refers to the ability to repoad
the shape of an existing object. It is based oatitrg a
digitized version of objects or surfaces, which zer be
turned into molds or dies. It is a very common prhae,
which has diverse applications in various industridon-
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processed using MeshLab software. The obtainedadigi - Saving travel costs.

3D model was used by a rapid prototyping machine to

create areal resin replica of original objectta®g) on the 3.1.9 3D photography

right of figure 5. 3D scanners are evolving for the use of cameras to
represent 3D objects in an accurate manner. Compang
emerging since 2010 that create 3D portraits opjee(8D
figurines or 3D selfies) (Figure 6) [10].

Figure 6 3D selfie

3.1.10 Law enforcement

3D laser scanning is used by the law enforcement
agencies around the world. 3D Models are usedrfer o
site documentation of:

- Crime scenes,
Bullet trajectories,

Figure 5An example of real object replication by Means

of 3D scanning and 3D printing - Bloodstain pattern analysis,
- Accident reconstruction,
3.1.7 Medical CAD/CAM - Bombings,
3D scanners are used in order to capture the 3@esha -  Plane crashes, and more.

of a patient in orthotics and dentistry. It gradatipplants

tedious plaster cast. CAD/CAM (Computer-Aided Dasig 4  Conclusion

ComputerAided Manufacturing) software are then used 3D laser scanning equipment senses the shape of an

design and manufacture the orthosis, prosthesiieimral object and collects data that defines the locatibithe

implants. object’s outer surface. This distinct technology ffaund
Many Chairside dental CAD/CAM systems andapplications in many industries including discreted

Dental Laboratory CAD/CAM systems use 3D Scanngrrocess manufacturing, utilities, construction,

technologies to capture the 3D surface of a dentatchaeology, law enforcement, government, and

preparation (either in vivo or in vitro), in ord&r produce entertainment. Laser scanning technology has nthame

a restoration digitally using CAD software, andralitely developed in the past two decades to become antgadi

produce the final restoration using a CAM technglogsurveying technology for the acquisition of spatial

(such as a CNC milling machine, or 3D printer). Thénformation. Wide varieties of instruments with icars

chairside systems are designed to facilitate thec2Dning capabilities are now commercially available. Thghhi

of a preparation in vivo and produce the restonafsuch quality data produced by laser scanners are nod imse

as a Crown, Onlay, Inlay or Veneer). many of surveying’'s specialty fields, including
topographic, environmental, and industrial. Thesgad
3.1.8 Design process include raw, processed, and edited dense pointdsjou
Design process including: digital terrain and surface models; 3D city modeddroad
- Increasing accuracy working with complex partsand power line models; and 3D documentation olcalt
and shapes, and historical landmarks.
- Coordinating product design using parts from 3D laser scanners have a wide rang of applications
multiple sources, which applicable to very small object to a widegaiareas.
- Updating old CD scans with those from more
current technology, Acknowledgement
- Replacing missing or older parts, This article was created by implementation of thang
- Creating cost savings by allowing as-bulilt desigrproject APVV-17-0258 Digital engineering elements
services, for example in automotive application in innovation and optimization of pration
manufacturing plants, flows.

- "Bringing the plant to the engineers" with web
shared scans, and
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