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ABSTRACT:

The study of archaeologicattifactsrequires a great care for the object. Current technologies allow the study of the object stanned
three dimensionddence, he digitization of objects has almost become compulsory for simplicity of study and analysis. For each
scale of objects, dedicated hardware equipments exist oftentimes at important costs. Among others, scanning arms, handheld
scanners, triangulatiogcannes, terrestriallaser scanners offer a wide variety of possibilities to produce 3D data. However, the
question of cost is central in the field of archaeological research. That is probably why the technology is not widely gpread
community. Besideghe question of knowhow is also an important issue. Despite the appearances, a 3D digitization project is not so
easy to carry out. Hence a low cost solution susceptible of being operated with reasonable effort could contributeize B&pular
acquisitiontools. In our study, we focus particularly on two solutions: David Laserscanner and PhotoModeler Scanner. Both systems
come from two different techniques: laser scanning and photogrammetry. They can both produce dense clouds of points of small
objects. Ourcomparison is completed according to several criteria. The most important critedodasbtedlyaccuracy;it is

therefore significant to quantify the ability to produce a reliable point cloud. To cotmggreint cloudsobtained withboth systems

we use agpoint cloudprovided by an arm scanner whose accuracy is less than 1/10th of a millimeter. As a second important criterion
the maximum spatial resolution reachable for a specified hardware configuration is obtained by the optimization ofsttienacqu
parameters. Acquisition is often repetitive and on site. Ergonomics of systems is also important to evaluate. The antdéréace c
divided into two parts: hardware and software. It is the combination of the two phases of acquisition and prelciessinig take

into account of the general ergonomics of the systems.

1. INTRODUCTION out through the very beginning till the final digital model. The
stress is put on the ergonomics of the method and the minimum
3D modeling hakeen a subject of intensive research for a longskills are presented so as to convince the reader that, provided
time. Mature solutions exist and improvements of theirhe is willing to invest a little timehe will be able to obtain
performances have been appearing constantly. In the field oésults with a very good precision.
cultural heritage and among others, in archaeolgtgyte &  The performances of the two methods are hence presented in
Pietroni, 2009; Guidi et al., Pd; Papagiannakis et al., 2005) terms of accuracy. The paper ends with a comparison
these technologies have been used successfully for many yea@dvantages / drawbacks) of the two methods to serve as a guide
Applications in documentation, representation, preservation anidr whoever maye interested in trying 3D modeling.
reconstruction should convince if necessary the huge

possibilities of 3D digitizing. However, ¢lugh many 2. SCANNER AND PHOTO TECHNOLOGIES
impressive results may be found in the literature, 3D modeling
remains a sophisticated task which requires specific skills ag.1. David laserscanner

well as adapted equipmerfdl-kheder et al., 2009)Hence,

though popular and well known, the technology has not spreadSL belongs to the soalled triangulatiorbased laser range
overall and many archaeologists, though interested, may Haders.A complete description of thgystemmay be found in
discouraged to get introduced in this world. Thus, the need foiWinkelbachet al., 2006)The principle is as follows: The laser

affordable solutions still exists. ray is expanded to a plane by a cylindrical lens. The image of
In this paper, two lovcost solutions are presented: dense pointhe intersection of this plane with a known background allows
cloud photogrammetry (through gtPhotoModeler Scann@r  determiningt he | aser pl aneds equation.

EOS Systenf§ PMS) and he DavidScanneraser, DSL intersection of the laser pla and the surface to digitize allow
Instead of presenting the theoretical aspects of both methodideterminingthe xyz ceordinates of a set of points.
which is of little concern fopractitioner a case study is carried
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By displacing the laser plane, one scans the entire object amtbwever, vihen scanning, the camera settings must be so that
obtains a 3D description of the object. As the intersection of ththe image consists in bright points of the laser line (partly on
laser plane and the object to digit is obtained through a video both part of the background and partly on the object) as shown
camera (webcam, for instance) in a real time process, the lasen figure3.

plane may be operated by hand. Hence, there is no need fohe system may be operated by daylight using proper camera
complex actuatorsand that makes the method particularly settings but the darker the room is, the better the results are.
cheap. One needs essentially a video carfaetdgh resolution  Since at this stage, the known background is not visible
webcam is well suited), a commercial hameld laser line and anymore, the experiment must begin with an initial stage of
the DSL software. Though it is not the purpose of this paper tacamera calibration which is necessary for correction of the
describe how the system is operated (which is completely dormamera optics and for positioning of the background on the
by the software itself), it is important anywayihsist on some camera image.

points to make it possible for beginners or fspecialists to

evaluate whether they feel capable of managing the whole thing.

Figure 3 Intersection between laser plane and the limestone
fragment in the dark.

In this early stage, the settings of the camera must be so that the
black circles appear on a perfectly white background. Hence,
one has to be able to set the camera acquisiticanyeers.
Though the laser line may be operated by hand, it has been
Figure 1. Experimentabkystem, calibration corner, limestone fixed in our experiment on a tripod. The laser line is hence
fragment red line laser, webcam and tripod slowly translated from top to bottom. One has to care for the
position of the object to digitizeas regards to the reference
Figure 1 shows the experimental system. The knowrpackground and camera positiofis.take benefit from the high
background(calibration cornerkonsists in two printed boards resolution of the camera, it is important that éfgectcoversa
forming a right angle. A set of 25 coded circles are necessalyrge surface on thimage.
for the camera calibration and orientation. On figure 1, much
more than these 28Bircles are visible. Indeed, a set of three
groups of25 points has been printed to make the system capabl
of being adapted to different object sizE&gure 2 shows the [
laser line distorted by the shape of the object.

Position: 254/33>, Value: 0

Figure 2. Intersection between laser plane and the limeston
fragment by daylight Figure4. Range image of the object during real time acquisition



The webcam is fixed at t he baboutfidealizesbfpictiirds)e Ortice calipratiordis doneaané can t h e
line on the top forming an angle with the horizontal so that théake a pair of pictures of thebject to digitize. It is of course
intersecting lines with the boardwe tilted. The slower the important to wok with the same objective whigheans that the
translation of the line is (from top to bottom), the better thezooming capabilities of the camera should be avoided since the
results are (in terms of number of points, accuracy and noise). calibration corresponds to onbyefixed positionof the zoom.

To obtain a dense point cloud, one has to work on pairs. The
Figure 4 shows the range image formed réale while  two photos have to be taken with the same cameemtation
scanning the object. Tabtain a comple 3D description of the and the translation distance of the camera between the two
object, one has to repetite recordingvi t h  di f f e r photogragh® has totbé sroui@ 8 where O stands for the
positions to obtain as mangews which are then aligned and average distance from the camera to the object. One has to find
mer ged. Depending on the 0 bgtededffdstwean dchm dilnension bfythe obfect id the image o f
rotation along the z axis may be necessary as well as a couplewdfich has to be as great as possible to benefit from the camera
rotation along theéwo complementary ase Figue 5 shows resolution and the object translation on the image when taking
three different views obtained for small rotations along the zhe second photo of the pair. Figeshows such a pair with
axis. In such a case, the automatic registration process of tlsatisfactory conditions. Good skillsr photograpk are needed
software enables to align efficiently the three views. and it isrecommendedb not use the full automatic mode of the

camera in terms of focus, speed and aperture. One has to make

sure that the maximal depth of field is reached through the
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Figure6. Stereopair of limestone fragment with a favorable
base/distance ratio

The determination of the lines of sight which have been cited in
the introduction are obtained by marking pixels on both photos
which correspondo known poirts in the scene. Automatically
recognized targets may be used (coded circles as illustrated on
figure 6). However, to obtain the dense point cloud, it is also
necessaryto regularly spread points directly on the object
especially onthe areaswhere there are edges airdportant

. . ) ~ variation ofcoordinates.
Basically, photogrammetry is a 3D coordinate measuring

technique that uses photographs. The fundamental prinCip§nce enough points have been marked, the orientation may be
used by photogrammetry is again triangula{i@emondino, E processed. It results in the camera positions for the pair of
Hakim, 2006) By taking photographs from at least two photos as seen on figufe

different locations, saalled "lines of sight" can be developed

from each camera to specific points on the object. These lines %en, the dense point cloud generation can stafhis
sight are then mathematically intersected to produce the SRmctionaIity is quite recent in commercial software and
coordinates of the pointof interest. As the involved  giginates from the so called stereo matching ig&ianchao,
mathematicsare not the purpose of this pape present the  500g) On a mathematical point of view, the software uses
methodby describing a complete progress of an experimentin,ijarity of the images to deteine the corresponding pixels
from the early stage, i.&rcom taking the pictures until therfal 5, poth photos of the same object point and, by triangulation,

point cloudprocessing o determines the xyz eordinates. The process will work with
The process begins with the camera calibration. The came(gy| textured objects, i.e. pixels with color variations. In other
optics are not perfect. Byimaging a referencebackground

(coded circles on a whitglaneboard), the optics defects may
be calculated and the tfue pictures correctedone speaks

Figure 5.Multiple meshes of several point of views needed to
obtain a complete 3D model

2.2. PhotomodelerScanner

words, for very uniform objects, thesults will be quite poor.



Figure 8 shows the obtained model which is easily textured by
the colors of the pixel on the original photos. To obtain @A much denser point cloud of the capital fragment has been
complete 3D model, it will be necessary to repeat the process &gduired with a scanning arm with an accuracy of one tenth of a

: . : millimeter (FARO Laser ScanArm). It will be considered as a
Zii;nsggezzli:ga:nrlﬁzdgeedo;ti:yrzgarzgf:;tsbjem along the 3 cloud of reference for this study. It may therefore be possible to

make afull quantitative control over an object of arbitrary

geometry.

— ‘ The process applied to the point cloud ends with a mesh. The
resulting mesh makes possible the visual comparison with the

real object.

3.2. Laser scanning

The acquisition of the model with tHBSL is quite basic. The
easeof use is mainly related to the software interface.
Depending on theobject configuration, the number of
acquisitionviewpoins is variable. 17 scans were done during
our study. This is mainly due to ttiShapefusioa function of
the software. It requires large common areas to perform the
automatic registration. Time sper scanning allows a faster
and automaticegistration of the scans.
The acquisitions characteristics are as follows:

9  Scan duration30 seonds tol minuteper viewpoint

(the longer the scan, the denser the pointcloud)
1 Canera used2 mega pixelLogitech
Figure 7. 3D view of the geometric configuration 1 Red Line Laser, Adjustable Focus, 5SmW

(camerasn relationto themarked points on the object) 1 Distanceto object:50 cm
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3.3. Photogrammetry

3D View Windows
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The production of the virtual model tfe fragment has needed
7 stereo pairswith PMS Two different stages can be
distinguished
The acquisition stage depends thre abilities of the user in
photography field. He has tamow how to makepropershotsin
terms of focus, speed, aperture and lightning conditidhe
second stage can peocessed fully independently from the first
one, spatially antemporarilypossiblyby another person.
The acquisitions characteristics are as follows:

1  Acquisition:afew seconds

1 CameraCanon EOS 5D 12 rngapixeb

1 Focal Length50mm

1 Distance to objec80cm

4. RESULTS
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The evaluation of the models obtained by both systems is

Figure8. Textured3D model obtained in PMS from one stereo realized by comparison to the reference model.

pair
4.1. David Scanner Laser:
3. EXPERIMENT S

) ) ) . » Figure 9 shows the model obtained with D&hd meshed
This section describes the experimental conditions and puts tr\}ﬁthout any color. Fine details can well distinguished
stress on thamportant points to watch out. '

Figure 10 illustratethe results of inspection betwetre model
obtained with DSL and the reference model. Dark colored parts
are due to missing data from deep holes in the fragment.
'I;lriangulation may cause this kind of lake of data.

3.1. Reference fragment

The object is a singlesmall fragment ofa Corinthian capital
corresponding to an element of decoration. Its volume is about
cubic decimetersThe longest dimension is around 20 cm.



After comparinghe pointcloud fromDSL to the one fronfFaro  To analyze the precision of measurement BS allows we
arm 82% of pointsare below a distance of 1 mm to the also comparedto the model reference and found that 77% of
reference. These points are represented by dark green colorpnints have a difference of + 1 mwith the referenceThese

figure 10 for a bter visualization. points are represented in dark green in Figl2dor a better
visualization.

DSL can each a submillimetric precisian our confguration. PMS also reaches the subliniletric precision in our
configuration

Figure9: Complete mesh from DSL system Figure 1L.: Complete mesh from PMS system

Figure10. Error mapping of the comparison between DSL

Figure12. Error mapping of the comparison between PMS
model and reference model

model and reference model

4.3. Comparison
4.2. Photomodeler Scanner.

) ) ) The quantitative results show similar performanéer data
Figure 11shows the model obtained with PMS and meshed,.qyisition 6 the limestone fragmentt has tobe recalled that

without any color as it has been done for DSL. The mesh 100Kfe former precisions are obtained with the corresponding
a little bit more smoothed than DSL one, but details can well b@quipment and deperfdr instance on the camera resolutions.
distinguistedtoo. As part of the study of systemsin terms of usability and

) ) ergonomicsijt is important to detail thetherfactors The aim
Figure 12showsthe comparison of the resultetweerthePMS ot this paper is to enable a user withadvancedknowledge in

model andhe Faro arm reference model. Different dark coloredine field of data acquisition, to make a choice between the two
parts are revealed _by the |nspe<?t|oiﬁhe Same  reason techniques presented@he simplicity of the acquisition protocol
(triangulation) can be invokkhere but it has to be noticed that g 5 very important criteriorindeed, to be usealy a newcomer
the configuration of DSL is quite different from PMiSthe fact e system must be operated easily and have the capability to
that triangle is vertical with DSL and horizontal with PMS. minimize unintendediser errorsPMS differentiatesfrom DSL

by separdhg the use of thecameraand software. With DSL

the use of the software, synchronizati with the camera and



