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Abgtract: 3D Laser Scanning is a non-contact, non-destrei¢éighnology that digitally captures the shapehykizal
objects using a line of laser light. 3D laser seaartreate “point clouds” of data from the surfatan object. In other
words, 3D laser scanning is a way to capture aiphilysbject’s exact size and shape into the compubeld as a digital
3-dimensional representation. There are many dfniglogies that we can get the required digitizatiddrobjects,
buildings or natural scenery. It is just few exaesplvhat we can do to scan.

1 Introduction describes the distance to a surface at each poittie
A 3D scanner can be based on many differeficture. This allows the three dimensional positbeach

technologies, each with its own limitations, adeaysss and Point in the picture to be identified. _

costs. Many limitations in the kind of objects tlan be ~ For most situations, a single scan will not prodace

digitised are still present, for example, optieaiinology, Ccomplete model of the subject. Multiple scans, even

may encounter many difficulties with shiny, mirmgior hundreds, from many different directions are uguall

transparent Objects_ For examp|e’ industrial Coe'qbutrequlred to obtain information about all Slded”((a‘SUbjeCt.

tomography Scanning and structured-”ght 3D scancan These scans have to be brought into a common nefere

be used to construct digital 3D models, withoutmesive ~ System, a process that is usually called alignment

testing. registration, and then merged to create a com@Ete
Collected 3D data is useful for a wide variety ofnodel. This whole process, going from the singlegea

applications. These devices are used extensivelthey Map to the whole model, is usually known as the 3D

entertainment industry in the production of moviesd Scanning pipeline.

video games, including virtual reality. Other commo

applications of this technology include augmentlityy, 3 Technology

motion capture, gesture recognition, industrial igles There are a variety of technologies for digitally

orthotics and prosthetics, reverse engineering araquiring the shape of a 3D object. A well esthlads

prototyping, quality control/inspection and theitimtion  classification divides them into two types: contaud non-

of cultural artifacts. contact. Non-contact solutions can be further diglichto
two main categories, active and passive. Thera gagiety
2 Functionality of technologies that fall under each of these cates.

The purpose of a 3D scanner is usually to cre@®® a
model. This 3D model consists of a point cloud oB.1 Contact
geometric samples on the surface of the subjeats@h  Contact 3D scanners probe the subject through gaiysi
points can then be used to extrapolate the shapleeof touch, while the object is in contact with or regtion a
subject (a process called reconstruction). If colowprecision flat surface plate, ground and polishedat
information is collected at each point, then thipas on  specific maximum of surface roughness. Where thecob
the surface of the subject can also be determitied [ to be scanned is not flat or can not rest stablyadtat
3D scanners share several traits with cameras. Likerface, itis supported and held firmly in plageafixture.
most cameras, they have a cone-like field of viavg like The scanner mechanism may have three different
cameras, they can only collect information aboufames forms:
that are not obscured. While a camera collectsucolo - A carriage system with rigid arms held tightly in
information about surfaces within its field of vieew 3D  perpendicular relationship and each axis glidingngla
scanner collects distance information about susfadgthin  track. Such systems work best with flat profile s or
its field of view. The "picture” produced by a 3Basner simple convex curved surfaces.
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- An articulated arm with rigid bones and higtlaser range finder finds the distance of a surfgcéming

precision angular sensors. The location of the anithe
arm involves complex math calculating the wristtion
angle and hinge angle of each joint. This is idieal
probing into crevasses and interior spaces withmalls
mouth opening.

the round-trip time of a pulse of light. A laserused to
emit a pulse of light and the amount of time beftire
reflected light is seen by a detector is measuBaace
the speed of lightis known, the round-trip time
determines the travel distance of the light, whichwice

- Acombination of both methods may be used, suithe distance between the scanner and the surfads.the

as an articulated arm suspended from a travelinipga,

round-trip time, then distance is equalctd2 The

for mapping large objects with interior cavities oiaccuracy of a time-of-flight 3D laser scanner deisean

overlapping surfaces.

3.1.1 CMM

A CMM (coordinate measuring machine) is an examp

of a contact 3D scanner (Figure 1). It is used ast
manufacturing and can be very precise. The disadgan
of CMMs though, is that it requires contact witle thbject
being scanned. Thus, the act of scanning the objagtit
modify or damage it. This fact is very significanhen
scanning delicate or valuable objects such as ridato
artifacts. The other disadvantage of CMMs is thaytare
relatively slow compared to the other scanning wash
Physically moving the arm that the probe is mourded
can be very slow and the fastest CMMs can only atger
on a few hundred hertz. In contrast, an opticalesydike
a laser scanner can operate from 10 to 500 kHz.

how precisely we can measure thine:
3.3 picoseconds (approx.) is the time taken fohtlitp
travel 1 millimetre.

The laser range finder only detects the distanaaef
point in its direction of view. Thus, the scannearss its
entire field of view one point at a time by chargithe
range finder's direction of view to scan differgmints.
The view direction of the laser range finder cact@nged
either by rotating the range finder itself, or bsing a
system of rotating mirrors. The latter method isiownly
used because mirrors are much lighter and can libus
rotated much faster and with greater accuracy. CBypi
time-of-flight 3D laser scanners can measure tstaxce
of 10,000~100,000 points every second.

Time-of-flight devices are also available in a 2D
configuration. This is referred to as a time-offfif camera

Other examples are the hand driven touch probet u:as we can see on figure 2.

to digitise clay models in computer animation irtdys

Figure 1 A coordinate measuring machine with rigid
perpendicular arms [2]

3.2 Non-contact active

Active scanners emit some kind of radiation ortignd
detect its reflection or radiation passing throegiect in
order to probe an object or environment. Possiped of
emissions used include lighiitrasoundor x-ray.

3.2.1 Time-of-flight

The time-of-flight 3D laser scanner is an activarster
that uses laser light to probe the subject. Ahtaat of this
type of scanner is a time-of-flight laser rangedén The

Figure 2 Lidar scanner for scann g buildings rock

formations, etc. [2]

3.2.2 Triangulation

Triangulation based 3D laser scanners are alseeacti
scanners that use laser light to probe the envieohrVith
respect to time-of-flight 3D laser scanner thengiaation
laser shines a laser on the subject and explaitsreera to
look for the location of the laser dot. Dependinghow far
away the laser strikes a surface, the laser doteappat
different places in the camera's field of view. Shi
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technique is called triangulation because the ldegrthe
camera and the laser emitter form a triangle. €hgth of
one side of the triangle, the distance betweercémeera

and the laser emitter is known. The angle of tlserla

Recently, there has been research on compensating
amounts of vibration and

for distortion from small
distortions due to motion and/or rotation.
When scanning in one position for any length ofetim

emitter corner is also known. The angle of the gameslight movement can occur in the scanner positios td

corner can be determined by looking at the locadiotihe

laser dot in the camera's field of view. Thesedpieces
of information fully determine the shape and site¢he

triangle and give the location of the laser doheorof the
triangle (Figure 3). In most cases a laser stiftead of a
single laser dot, is swept across the object tedpe the
acquisition process. The National Research Couofil

Canada was among the first institutes to develop th

triangulation based laser scanning technology if819

3.2.3 Strenghts and weakness

Time-of-flight and triangulation range finders each

have strengths and weaknesses that make themlstidab
different situations. The advantage of time-oftitigange
finders is that they are capable of operating oeey long
distances, on the order of kilometres. These scarare
thus suitable for scanning large structures likiédngs or
geographic features. The disadvantage of timeigififl
range finders is their accuracy. Due to the higbedpof
light, timing the round-trip time is difficult andhe
accuracy of the distance measurement is relatigetyon
the order of millimetres.

Triangulation range finders are exactly the opjgosit
They have a limited range of some meters, but their DZ‘

accuracy is relatively high. The accuracy of trialagion
range finders is on the order of tens of micronsetre

changes in temperature. If the scanner is setrdgpca and
there is strong sunlight on one side of the scatireer that
side of the tripod will expand and slowly distdnretscan
data from one side to another. Some laser scamaees
level compensators built into them to counteracy an
movement of the scanner during the scan process.

Laser

CCD/PSD - Sensor

Cbpect

Time-of-flight scanners' accuracy can be lost when

the laser hits the edge of an object because theriation

that is sent back to the scanner is from two difier
locations for one laser pulse. The coordinateirgab the
scanner's position for a point that has hit theeedgan

object will be calculated based on an averagelzréfore
will put the point in the wrong place. When usingigh

resolution scan on an object the chances of tha bééing

an edge are increased and the resulting dataheilV aoise
just behind the edges of the object. Scannersanstinaller
beam width will help to solve this problem but wile

limited by range, as the beam width will increasero
distance. Software can also help by determining tthe
first object to be hit by the laser beam shoulccehout the
second.

Figure 3 Principe of triangulation sensor. Two atijpositions
are shown [2]

3.3 Hand-held scanners

Hand-held laser scanners create a 3D image through

the triangulation mechanism described above: a ldse
or line is projected onto an object from a handituelvice
and a sensor (typically a charge-coupled devigeosition

sensitive device) measures the distance to thacurbData
is collected in relation to an internal coordingystem and
therefore to collect data where the scanner isdtian the
position of the scanner must be determined. Thdipos
can be determined by the scanner using refereater és
on the surface being scanned (typically adhesifiectee

At a rate of 10,000 sample points per second, Ictabs, but natural features have been also usees@arch
resolution scans can take less than a second, igit Fwork) or by using an external tracking method. Endé

resolution scans, requiring millions of samples) take
minutes for some time-of-flight scanners. The peabthis

tracking often takes the form of a laser trackemftovide
the sensor position) with integrated camera (terdeine

creates is distortion from motion. Since each pant the orientation of the scanner) or

sampled at a different time, any motion in the sciopr the a photogrammetric solution using 3 or more cameras

scanner will distort the collected data. Thussiusually providing the complete six degrees of freedom o th

necessary to mount both the subject and the scammerscanner. Both techniques tend to useinfra red-ligh

stable platforms and minimise vibration. Using thesemitting diodes attached to the scanner which ega by

scanners to scan objects in motion is very difficul the camera(s) through filters providing resilient®
ambient lighting.
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Data is collected by a computer and recorded @ d&.6 Non-contact passive

points within three-dimensional space, with proresthis

Passive 3D imaging solutions do not emit any kihd o

can be converted into a triangulated mesh and thradiation themselves, but instead rely on detecting
a computer-aided design model, often as non-uniforreflected ambient radiation. Most solutions of thipe

rational B-spline surfaces. Hand-held laser scanican
combine this data with passive, visible-light sease-
which capture surface textures and colours - tédbar
"reverse engineer") a full 3D model.

detect visible light because it is a readily avaldaambient
radiation. Other types of radiation, such as inéG could

also be used. Passive methods can be very chezusee
in most cases they do not need particular hardate

simple digital cameras.

3.4  Structured light .
Structured-light 3D scanners project a pattern ¢
light on the subject and look at the deformationthas
pattern on the subject. The pattern is projecte time
subject using either doCD projectoror other stable light
source. A camera, offset slightly from the pati@mjector,
looks at the shape of the pattern and calculateditttance
of every point in the field of view. .
Structured-light scanning is still a very activear
of research with many research papers publishdtyesc.
Perfect maps have also been proven useful as wtedct
light patterns that solve the correspondence prnoldad
allow for error detection and error correction. Thee
advantage of structured-light 3D scanners is speet
precision. Instead of scanning one point at a tim
structured light scanners scan multiple pointderentire
field of view at once. Scanning an entire field/afw in a
fraction of a second reduces or eliminates thelenolof
distortion from motion. Some existing systems agable
of scanning moving objects in real-time. VisionMast

Stereoscopic systems usually employ two video
cameras, slightly apart, looking at the same sd@ype.
analysing the slight differences between the images
seen by each camera, it is possible to determiae th
distance at each point in the images. This method i
based on the same principles driving
human stereoscopic vision.

Photometric systems usually use a single cameta, bu
take multiple images under varying lighting
conditions. These techniques attempt to invert the
image formation model in order to recover the igfa
orientation at each pixel.

Silhouette techniques use outlines created from a
sequence of photographs around a three-dimensional
object against a well contrasted background.
These silhouettes are extruded and intersectexuirto f
the visual hull approximation of the object. Witlkese
approaches some concavities of an object (like the
interior of a bowl) can not be detected.

creates a 3D scanning system with a 5-megapixet@m 4  Reconstruction

5 million data points are acquired in every frame.
A real-time scanner using digital fringe projection
and phase-shifting technique (certain kinds ofcstmed

4.1

From point clouds
A point cloud is a set of data points in spacenfoi

light methods) was developed, to capture, recoastamd

render high-density details of dynamically deforfeab
objects (such as facial expressions) at 40 franars |
second. Recently, another scanner has been degelof

Different patterns can be applied to this systend the

frame rate for capturing and data processing aeki&20

frames per second. It can also scan isolated s;fdor

example two moving hands. By utilising the binary
defocusing technique, speed breakthroughs have b
made that could reach hundreds of to thousandsuofefs

per second.

35 Modulated light

Modulated light 3D scanners shine a continuall

clouds are generally produced by 3D scanners, which
measure a large number of points on the extermédcas

of objects around them. As the output of 3D scamnin
processes, point clouds are used for many purposes,
including to create 3D CAD models for manufactured
parts, for metrology and quality inspection, and f
multitude of visualization, animation, renderingdanass
customization applications.

%11 Alignment and registration

Point clouds are often aligned with 3D models dhwi
other point clouds, a process known as point set
registration.

For industrial metrology or inspection
using industrial computed tomography, the poinudlof

changing light at the subject. Usually the lighuse
simply cycles its amplitude in a sinusoidal pattem
camera detects the reflected light and the amduat f
pattern is shifted by determines the distance thlet |
travelled. Modulated light also allows the scartoégnore
light from sources other than a laser, so theraas
interference.

a manufactured part can be aligned to an existindein
and compared to check for differences. Geometric
dimensions and tolerances can also be extractedtlgir
from the point cloud (Figure 4).
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* Polygon mesh modetsin a polygonal representation
of a shape, a curved surface is modeled as many sma
faceted flat surfaces (think of a sphere modeled as
disco ball). Polygon models—also called Mesh
models, are useful for visualisation, for
some CAM (i.e., machining), but are generally
"heavy" (i.e., very large data sets), and ardively
un-editable in this form (Figure 6). Reconstruction
polygonal model involves finding and connecting
adjacent points with straight lines in order toateea
continuous surface. Many applications, both freg an
nonfree, are available for this purpose (e.g. MeshL
PointCab, kubit PointCloud for AutoCAD, JRC 3D

Figure 4 Point cloud of Red Rocks, Colorado Reconstructor, (imagemodel,  PolyWorks,
Rapidform, Geomagic, Imageware, Rhino 3D etc.).
4.1.2 Conversion to the 3D surfaces « Surface models The next level of sophistication in
While point clouds can be directly rendered an ~ modeling involves using a quilt otirvedsurface
inspected, point clouds are often converted togmly patches to model the shape. These might be NURBS,
mesh or triangle mesh models or CAD models thromgh ~ TSplines or other curved representations of curved
process commonly referred to as surface reconiruct topology. Using NURBS, the spherical shape
There are many techniques for converting a pomictko becomes a true mathematical sphere. Some
a 3D surface. Some approaches, like Delaun:  applications offer patch layout by hand but thet bes
triangulation, alpha shapes, and ball pivoting, Icbua class offer both automated patch layout and manqal
network of triangles over the existing verticegtaf point layout. These patches have the advantage of being
cloud, while other approaches convert the pointctlioto lighter and more manipulable when exported to CAD.
a volumetric distance field and reconstruct thelicitp Surface models are somewhat editable, but only in a
surface so defined through a marching cubes algorit sculptural sense of pushing and pulling to defdme t
In geographic information systems, point cloudsaare of surface. This representation lends itself well to
the sources used to make digital elevation modéhef modelling organic and artistic shapes. Providers of
terrain. They are also used to generate 3D modeiban surface modellers include
environments. Rapidform, Geomagic, Rhino 3D, Maya, T Splines
Point clouds can also be used to represent volionet  €tc.

data, as is sometimes done in medical imaging ¢(gigy * Solid CAD models: From an
Using point clouds, multi-sampling and date engineering/manufacturing perspective, the ultimate
compression can be achieved. representation of a digitised shape is the editable

parametric CAD model. In CAD, the sphere is

described by parametric features which are easily

edited by changing a value (e.g., centre point and
radius).

These CAD models describe not simply the envelope
or shape of the object, but CAD models also emlibdy
"design intent" (i.e., critical features and thadlationship
to other features). An example of design intentevident
in the shape alone might be a brake drum's lug,betiich
must be concentric with the hole in the centrénefdrum.
This knowledge would drive the sequence and metfiod
creating the CAD model; a designer with an awargioés
this relationship would not design the lug bolterenced
to the outside diameter, but instead, to the cqBts. A
modeler creating a CAD model will want to includgttb
Shape and design intent in the complete CAD model.

Figure 5 Point cloud

4.2 From models

Most applications, however, use instead polygobal 3
models, NURBS surface models, or editable featased
CAD models (aka Solid models).
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4.3 From laser scans
Laser scanning describes the general method
sample or scan a surface using laser technologier&le
areas of application exist that mainly differ ire hower of
the lasers that are used, and in the results asdhening
process. Low laser power is used when the scanméte
doesn't have to be influenced, e.g. when it onky taabe
digitised. Confocal or 3D laser scanning are methtul
get information about the scanned surface. Anditer
power application uses structured light projecsgatems
for solar cell flathess metrology [6], enabling ess
calculation throughout in excess of 2000 wafershmer

[7].
The laser power used for laser scanning equipment i
industrial applications is typically less than 1Tte power

[1]

[4]

B

[6]

[7]

level is usually on the order of 200 mW or less but

sometimes more.
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5 Conclusion

Nowadays scanning technology is moving extremely
forward. We can see a number of different scanning

devices on the market that have a specific spatidic and
use. The use of scanners in today's industry ahdr ot
industries is very much needed. In the field of itied,
construction, energetics or engineering. Scanninggs is
more widespread and is also gaining new industiiks.
acquisition of the digital form of various histaalc
buildings or other objects also has the merit ahtaining
history.
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