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ABSTRACT:

Three-dimensional methodologies as Terrestrial L&sanning (TLS) and digital photogrammetry, areduto extract digital models
of surfaces. In this paper, the two different apgtwes, integrated with classical topographic meiluades, were applied in the 3D
survey of a portion of Phaistos Palace in Creteésldhe archaeological site represents one of & mportant document of the
Minoan civilization. Leica HDS2500 Time of Flighader scanner, Canon EOS 1 DS Mark Il digital mateémera and Leica
TC2003 total station were used. The aim is to evalifadata with very different methodologies candmeurately co-registered,
integrated and what are the limits of applicabilResults show the co-registration of data (avedifjierences in the order of some
centimetres) and a better capacity of laser scgmunfaces to describe the corrugated portionsefvalls of Phaistos Palace.

1. INTRODUCTION

Laser scanner devices represent one of the moselywid
investigated instruments in different fields of kitectural and
archaeological surveying applications. In ordeaffow photo-
realistic navigation and presentation of culturalitage objects,
3D models with good geometric accuracy, large arhafn
details, different LOD (Level Of Detail) and higlesolution
textures are required. Moreover, the integratioth valassical
topographic techniques allow to create a local resfee
network useful to measure control points. Thus,d3a can be
co-registered in the same reference system andedéssary,
close lacunas of data generated by shadow zonesprEision
of digital photogrammetry, for normal acquisitionand
extraction of 3D models, mainly depends on the ticra
between base-distance of acquisitions, on someorfact
influencing the image quality (brightness, smokefay, slope
or vegetation, etc...), on ground resolution (pixehehsion),
grid size, acquisition step and interpolation mdtt{babris et
al., 2009).

In this paper, the two different approaches, wengied in the
3D survey of a portion of Phaistos Palace in Cr&snd (figure
1). The archaeological site represents one of th& important
document of the Minoan civilization and Italian laaeologists
working in this area for more than one hundred gehbr this
case, Leica HDS2500 laser scanner, Canon EOS 1 DK IMa
digital metric camera (that provides images at 1degapixel
resolution) and Leica TC2003 total station were usieelaim is
to evaluate if data with very different methodoksican be
accurately co-registered, integrated and what fagelitmits of
applicability. The laser scanner HDS2500 allowsmeasure
single points using the Time Of Flight (TOF) tedun,
providing an accuracy of 4 mm for the distance mesasent
and of 6 mm for the positioning definition (measneat ranges
from 1.5 m to 50 m); the accuracy for angles d&éniis 60
micro-rad. The laser scanner captures data in 4D°Xield of

view (FOV). This FOV limits the amount of spacettiean be
acquired in a single scan, but the scan head camrbed to
coverage a broader spatial area; furthermore thieeelaser
scanner can be placed in different positions taimecsimilar or
different scans from different points of view. Ttapproach at
various locations allows scanning from multiple lasgto
produce a 3D view of the target object (Fabrid.e2807).

2. THE 3D SURVEYS

The survey, using the three different methodolqggiegolved
two areas located in the margin North-East (A) ekt (B) of
the planimetric distribution of the site (figure 1)

2.1 TheNorth-East area (A)

In this area, that is very important because hemeviound the
famous disk of Phaistos, still undeciphered, weguaed some
scans: the laser scanner was located at about di3temce to
the surfaces in 4 different stationing points: th@i8 point
clouds were acquired with a mean step of 0.5 crordter to
decrease shadow zones, mainly in the areas of cutd@&efore
the scans, 6 high reflectivity laser scanning tege
characterized by a white circle on blue backgro(ihd x 7.5
cm size), were placed on the surface. The instrtinegognizes
semi-automatically the targets in the point clond aarries out
a detailed scan defining with high precision thetee of the
signals by means of the average of the coordinafethe
acquired points. Subsequently, the targets wereegad with
TC2003 total station: thus, for each signal, 3D dowates of
the centre, measured in a reference network, vesigraed.

The network was surveyed in the GGRS87 (Greek Gmodet
Reference System 1987) national Greek referencersyssing
3 GPS Leica System 1200: were acquired data of leedited
vertexes with sampling rate of 15 s and time méaguof about
60 min.

* Corresponding author. This is useful to knowdommunication with the appropriate person in caggsmore than one author.
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Figure 1. Location of the Phaistos archaeologiitaland the
two portions surveyed of the Palace

For this reason, after the GPS data processingdigalLGeo

Figure 2. 3D points cloud of the B side portionlu Palace

3. DATA PROCESSING
3.1 TLSprocessing

Laser scanning data were processed using, initigjzloné"

software that allows co-register different scanag$8 different
procedures: cloud registration, target registratioomd survey
registration. The first one needs a large overlagpercentage
(at least 40%) between 2 adjacent different scanerder to

Office™ software, each target was positioned in the GGRS87oto-translate the points clouds in the same rafareframe

network.

The same portions of the walls were acquired Withterrestrial
photogrammetric technique: using the digital metémera (28
mm focal length) over a calibrated bar, positioaedbout 5-10
m distance to the surfaces, were obtained 4 tsgétmages in
4 different stationing points, in order to decresisadow zones.
In fact, in this case were captured 3 images fohequisition
(left, centre and right positions) with the ZstAnsystem
(images overlap of about 70%).

The GCPs, necessary for the external orientatichefmages,
were the same laser scanning targets.

2.2 TheWest area (B)

The survey of the B area was carried on in contynaith the A

ones.

Points clouds were acquired with the laser scatowated at
about 5-10 m distance to the surfaces: the datd, avimean
step of 0.5 cm, provides coloured points baseceramount of
laser beam return (figure 2).

Before the scans, 8 high reflectivity laser scannargets were
placed on the surface; the targets were surveyéd 2003

total station in the same Greek national referesgstem
GGRS87.

Terrestrial photogrammetric technique allowed tquaed the
same portions of the walls with stereoscopic imagsgg the
digital metric camera (28 mm focal length) were toegd 5

stereo pairs with tripod located at about 5-10 siatlice to the
surfaces, providing data with overlap of about 70%.
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using homologous points for a first alignment, aicP
(Iterative Closest Points) algorithm for a bettefregistration.
The second one uses the targets as reference poiotder to
execute the alignment and, again, a large ovemappercentage
between scans must be taken in account (at le&s}.30 this
case lower computational time is necessary and maccaracy
is obtained; furthermore, more time is needed i@ $arvey
phase in order to acquire also high resolution scahthe
targets. The last one procedure needs an integragdween
laser data and topographic measurements: each taige be
measured with a total station in order to obtai ¢bordinates
in the same reference system. So, no relevant apgrg
percentage between adjacent scans is needed; haless,
minimum overlapping is required in order to guaeanthe
model continuity (5-10%). In this approach, the swament
time increased, but also the final accuracy upscale

This Survey Registration method was used to align ghint
clouds of the A and B portions of the Palace: thenscwere
aligned and co-registered in the GGRS87 referenstersy The
procedure provides a max co-registration error o and 2
mm for the A and B areas respectively (figure 3).

3D final models obtained were managed with Recoosrll!
software to extract profiles, sections and plansdifferent
elevations.

Moreover, a texture mapping was performed usingirnfeges
acquired for the photogrammetric surveys (figurdiguyre 6d):
the texture was carried out both on the pointscalinal model
and on the mesh surfaces. In order to make edwedigital
analysis of the archaeological site, exposure magse
produced both for the A and B zones (figure 5, fig6ic).
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3.2 Zscan™ processing

The 4 triplets of images acquired in the A portiorere
processing using Zscih software: for each triplet, it provides
a points cloud in the common area of the 3 images.

The data obtained can be managed as a genericsitdiar to
the laser scanning ones. Subsequently, the poilusds,
characterized by large overlap, were aligned andegistered
in the GGRS87 system using ZM&psoftware, providing the
triangulated final 3D model of the A portion of tihaistos
Palace (figure 7): initially, the reference systefeach scan
was closer to the adjacent using homologous pdiots better
adjustment was used the ICP algorithm obtaining anmen-
registration error in the order of 1 cm.

Figure 5. Exposure maps of the A portion
3.3 Stereopair processing

The orientation of images pair was performed wiith Topcon
Image Master Pholf software. Each pair generate a
photogrammetric model that, measuring homologoumtpo
can be connect to the subsequent. The processirtbeo
images involved the data acquired laterally (lefid aright
position) on the calibrated bar. The external detan was
performed by means the GCP laser scanning targditsisible
on the images. On the generated photogrammetrieinodre
traced 3D polylines that are the contour where sbfiware
applied the image correlation algorithms to ext@Btsurfaces:
in some cases, automatic correlation failed (indsha or
undercut zones) generating points with large errthas, a
correction of the automatic results are needed égn® drawing
of manual breaklines that become a constrain ®sttbsequent
automatic processing. Finally the points obtaineith grid
space of 5 cm, were triangulated generating thdteesf figure
8.

Figure 3. 3D representation of the final TLS model
of the A portion
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Figure 7. Different view of the final triangulat8® model of
the A portion Phaistos Palace using Zst%and ZMagM
software (5 cm grid space)

Figure 8. a) Triangulated 3D final model of the érion
Phaistos Palace using Topcon Image Master Piiatoftware
(5 cm grid space); b) Detail of the resolution ba wall

The same procedure was applied for the generafiaheo3D
model of the B portion Palace with terrestrial plypgonmetry
(figure 9).

4. 3D MODELS

The direct comparison between the generated maddtse A
area, show high accurate description and more Is€tai the
data extract by means of TLS. Photogrammetric nsodeé
characterized by smoothing surfaces that makeughrdor the
detailed description of the real wall structuregphology.
However, the data generated with classical apprgteheopair,
Topcon Image Master Phdth software) provides better results
in comparison to the triplets image processing vidgtar"
software: this statement can be applied both ferftbntal wall
(acquired about in ideal conditions, with cameraesax
perpendicular to the surface, figure 10) and fer ldteral wall
(acquired with camera axes inclined to the surfigere 11).

Figure 6. TLS 3D representation of the B area: atpaloud
map; b) shaded relief map; ¢) exposure map; dyéemap
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Figure 9. Representation (3D and plan) of the finahgulated
3D model of the A portion of the Phaistos Paladgagi$opcon
Image Master Photo software (5 cm grid space)

5. MODELSCOMPARISONS Figure 10. 3D surface model of the frontal wallg#ea);
a) TLS (HDS2500 laser scanner, CyciBhand
To evaluate the precisions and co-registrationhef different Reconstructd software); b) Topcon Image Master PH8%o

data, a direct comparison between the 3D models was software; c) Zscafl', Zmag™ software
performed both for the A and the B areas of figureTlLS
model was assumed as reference due to the higfsipreand Area Comparison Average (crh)St. Dev. (cm)

resolution of the data. The different models areegistered in
the same reference system GGRS87 using control spoint A TLS - IMP 0.55 2.48
Results of the comparisons are shown in table 1ragesand A TLS -ZSM 2.59 9.56
Standard deviation of differences show high valomesnly in B TLS - IMP 1.38 2.77
the comparison between TLS (Terrestrial Laser Soann

Cyclond" software) and ZSM (triplets of images, Zstan  Taple 1. Direct comparison between the 3D modategeed

Zmap " software), while, in the other cases, the differmnare with different methodologies and software. TLS:réstrial
probably due to the more smoothing that charaadrithe Laser Scanning (CycloR% and Reconstructd¥ software):
surfaces of the photogrammetric models. Howevenrier to IMP: Image Master Phot¥ software; ZSM: Zscal' and
improve the co-registration of the data, a procecheised on ZMap™ software

measure homologous points between the differentefaoslere

applied. In fact, table 1 show average of diffeemnthat, with a Area Comparison Average (ch)St. Dev. (cm)
better alignment, can be reduced. For this reaserzscaf"

and Image Master Phdth photogrammetric models of the A A TLS - IMP 018 152
area, were co-registered on the TLS ones. A TLS -ZSM 1:84 7'_73

After the refined of the alignment, a new compariseas
performed (table 2). In this case, while the ficetmparison
(TLS - IMP) was significantly improvement (differegs was
reduced about of 67% and 39% for average and gstnda
deviation respectively), the second ones (TLS - Z$kbvides
few improvement (differences was reduced about986 2and
19% for average and standard deviation respecjieelg a co-
registration error seems still not eliminated.

Table 2. Comparison between the 3D models genevated
different methodologies and software after the igppbn a
procedure for a refined co-registration. TLS: Tsimial Laser
Scanning (Cyclon®' and Reconstruct8Y software); IMP:
Image Master Phold software; ZSM: Zscd' and ZMap™
software
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Figure 11. 3D surface model of the lateral wallaf&a);
a) TLS (HDS2500 laser scanner, CyciBhand
Reconstructd™ software); b) Topcon Image Master PH8to
software; c) Zscafl!, Zmagd™ software
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6. CONCLUSIONS

The application of the 3D survey methodologies vedd
generate high resolution three-dimensional modélghe 2
portions (A, B, figure 1) of the Phaistos Palacehaeological
site. Data were acquired by means of TLS and teiakedigital
photogrammetry methodologies integrated with ctasi
topographic techniques for the survey of refereneéwork
(measured in the GGRS87 Greek national system) antfat
points.

The 3D models extracted are characterized by hégblution
data (0.5 cm and 5 cm for TLS and terrestrial pp@mmetry
respectively) but different precisions and co-regiton: in fact,
photogrammetric ones (obtained with images tripkssari™
and Zmap™ software, or images pairs, Topcon Image Master
Photd" software) show smooth surfaces, while the TLSebett
describe the real corrugated morphology of the swall
Moreover, the comparison with the TLS data providester
results of the Image Master PhBfomodels that can be
improved adjusting the co-registration betweendhtasets.
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