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ABSTRACT:

The Aosta Valley still preserves important tracéspeehistoric and protohistoric settlements in #emneolithic necropolises of
Champrotard (Villeneuve), Montjovet and Vollein (@)apartly associated with groups of rupestriamgramings. Megalithic
monuments erected from the Neolithic Period to Bnenze Age have been found in the outskirts of AostaSaint-Martin-de-
Corléans, in a wide area that was once used forhipmirposes. The Little St-Bernard Pass "cromlechild also date back to the
same age.

The Saint-Martin-de-Corleans megalithic area, onahiskirts of Aosta, was a place of worship andhtbéburial from the third
millennium B.C. onwards, with alignments of anthropophic stelae, megalithic tombs and menhirs. Therapomorphic stelae,
most likely representations of gods or of anciebhs, are reminiscent of those of the Petit CliasseSion, proof of the intensity
of cultural exchanges over the Great St. Bernard Basng the whole prehistoric period.

The decorations of some stelae are at presentybasdble. It is just possible to see some decargtarts using a specific shaving
lighting system.

The aim of the archaeologists was to preserveutface of the stelae by arranging them in sheltareds. At the same time, it was
very important to carry out a 3D high resolutiom&y of the decorated part of the stelae. The aas t@ prevent the decoration of
the stelae from being lose in the future.

High resolution 3D survey systems have long existgaecially for mechanical applications. High resioh prototype instruments
have also been developed and used in the Cultenrdage field in order to create accurate 3D motteds are able to form a basis
for reproduction, restoration and conservation pses. Different solutions have been proposed: ldistance measurements on
controlled mechanical tables, self-controlled harstand-alone instruments, etc. Different measugrigciples have successfully
been adopted: laser distance measurements, serddigint, laser triangulation, etc.

The common technical problems of this kind of instents are due to the stability of the acquisitieference systems during the
survey or to the need to have direct access tolifext. The economic problems are due to the higitsoof the instruments.

A new generation of high resolution and high prieciscanners have recently been introduced: tingse solve both the previously
mentioned problems. At a cost of less than thalusmount for a terrestrial scanner of low accuraicg with a direct survey in a
3D reference system materialised on the objechearby, these new instruments (the so-called tprkeration scanners) allow a
complete surface of convex and concave object® technned avoiding the necessity of moving theoblfijem its natural location
and without heavy instrumentation.

This new instrument, produced by CREAFORM, a Canad@li@hnological centre for reverse engineering andigfdal solutions,
is called HANDYSCAN 3D. This has been presentethadirst self-positioned hand held scanner invioeld.

The basic idea of this instruments is very simglés(a digital photogrammetric system), but theptéd solutions represent a true
novelty from different points of view in the Cultlitderitage surveying field.

The first interesting aspect is the dimension aetyfat of the acquisition unit which can be handtedlong periods without tiring
the operator and it allows the possibility of ohtag all the details, even in the case of very cempbjects.

The second attractive aspect is the possibilitgaofuiring objects of different dimensions: from droajects (e.g. rings, fragments,
etc.) to very large objects (e.g. statues, lapigraphs, etc.).

Finally, the third attraction is the price, whichlower than the current quotations of the lessii@te terrestrial laser scanners, even
considering the laptop for the storage and thealisation of the acquired data.
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The handling of the data can be performed usingobiee well known software packages (e.g. RapidF&bmax., etc.).

The acquisition can be done by a specific dedicatétivare created by the CREAFORM company or usingeaial link made by
Creaform to the Geomagic Studio which can direxthnage the data from the HANDYSCAN3D system.

The accuracy of the acquired data, their flexilelgoiution and the real time check of the completeré the acquisition phase are
the best requirements for a quick and correct magptoach.

The paper describes the acquisition phases andhtaned resuts of a 3D HandyScan Hight accuracyeguon one of the 41
anthropomorphic stelae in the megalithic area dhtS9dartin-de-Corleans, on the outskirts of Aosta. dddition, a complete
photogrammetric survey was carried out in ordecheck the possibility applying a realistic photoppimg of the object to the
acquired 3D model. Finally, the acquired 3D highumacy model was elaborated with a 3D surface ftinggprocess in order to
check the possibility of showing the still exsistidecorations.

1. INTRODUCTION The decorations of some stelae are at presenybasdle. It is
just possible to see some decorated parts usingeaifis
The anthropomorphic stelae of Aosta were found fe t shaving lighting system.
megalithic area of Saint-Martin-de-Corleans, ondhtskirts of  The aim of this experience was to provide a réal@D model
Aosta, in 1969. of the stelae and to check whether if it is possitd better
understand the engravings using 3D modelling.

Figure 1. Megalithic area of Saint-Martin-de-Corlsaon the
outskirts of Aosta

These stone representations date from the NeolRbitod to
the Bronze Age, about 2500 — 3000 B.C.

The decorated surface has slowly been worn awaymiamny
reasons.

r ——

l Museo
Aqhen]ug)

Ragosels Figure 2. The anthropomorphic stelae of Aostaeit and
with a shaving lighting system - a) the whole stela) details of
the decorated surface

Figure 1. The anthropomorphic stelae in Aostde Aosta
Valley (Italy) Local Arcaeological Museum
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The amount of the decoration detail can be constl@s an
amount of less than 1 mm therefore, high accuraethous and
instruments that are able to acquire a huge nurabgoints

have to be used in order to check, , the geométewings of
the stelae in a proper and affordable way. Thisd kivf

instrument are generally known as Scanning Systems.

High resolution Scanning Systems are based on reliffe
physical principles (e.g. LIDAR, structured lightolography,
photogrammetry, etc.) but they are usually equippearder to
be used inside controlled laboratories and ndténfield, as this
application requires.

Only photogrammetry based scanning systems can afj@od
solution: the reference system is fixed onto thgeaband not
inside the acquisition unit, the geometric survag be directly
connected to the radiometric information emittedeaflected by
the object itself and many automatic proceduresbeansed in
order to speed up the acquisition phase and therggon of
dense point clouds.

The instrument used during our research is an iafie/
photogrammetric based system which allows high racbes
and high performances to be obtained, in terms rattjzal

solutions, both during the acquisition phase and tata
treatment and it avoids some of the problems treatittonal

photogrammetric systems always create (e.g. corpont

survey, orientation of stereoscopic images, autetation,

etc.).

2. THE HANDYSCAN 3D BY CREAFORM

Produced by CREAFORM, a Canadian Technological ceatre f

reverse engineering and 3D digital solutions, HANEDAN

3D has been classified as a third generation hégblution 3D
scanner instrument. It has been presented as ibie silf-
positioned hand held scanner in the world.

The acquisition unit contains two digital camerasumted onto

a rigid body. Four red light leds are placed aroeach lens and

there is a special laser tracker at the bottorh@htandle, which
is useful during the acquisition process to mark srveyed

e

Figure 3. Handyscan 3D: the acquisition unit (§8Q60 x 260
X 210 mm, ISO accuracy: 20 m + 0.2L/1000)

The basic idea of this instrument is very simpteigia digital

photogrammetric system), but the adopted solutiepsesent a
true novelty from different points of view in the IGual

Heritage surveying field.

The first interesting aspect is the dimension drel weight of
the acquisition unit which can be handled for loperiods
without tiring for the operator and it allows thegsibility of

obtaining all the details, even in the case of veoynplex
objects.

The second attractive aspect is the possibilityaofjuiring

objects of different dimensions: from small obje(sy. rings,

fragments, etc.) to very large objects (e.g. sktuarge
inscriptions, etc.). Finally, the third attractienthe price, which
is lower than the current prices of the less adeutarrestrial
laser scanners, even considering the laptop fostheage and
the visualisation of the acquired data.

3. THE ACQUISITION PHASE

Before starting the survey, the instruments haugetoalibrated
both as far as the geometry and the radiometrgareerned.

b)

Figure 4. The geometric (a) and radiometric (pcations of
the HANDISCAN

The geometric calibration is performed using a gheontrol

plate which is provided with the instrument (seg fia). The
scope of this phase is to refine the relative daiton of the two
digital cameras in order to avoid small movementstha

mechanical components that occur during the trantesjoan or

due to the change in environmental conditions andrs The
geometric calibration fixes the base of the phaiognetric
system and therefore the scale of the survey.

The radiometric calibration aims at setting the tphoaphic
parameters for the two camera lenses and the itytenfsthe

laser tracker in order to speed-up the measurepreness. The
radiometric calibration (see fig. 4b) is performieg acquiring
some parts of the object with a common texturehdf object
has different colours and/or illumination conditonthis

procedure has to be repeated before starting tip@isiiion on

the portion of interest.

Before starting the 3D survey, the reference sydtamto be
fixed. Several reflective targets (small 6 mm ditaneircles)
are fixed to the object using an irregular mestgides that
can reach up to 10 cm (see fig. 5).
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Figure 5. Placing the reflective targets on thigct

Using the two stereoscopic cameras and eight spatsnd
them, the reflective targets are surveyed and gdlata@ unique
reference system which is now fixed onto the objécthe

object cannot be marked directly, it is possiblebtold-up a
control network using other solutions.

Finally the operator defines the volume in whick tdbject (or a
portion of it) is contained. This volume is subdeil into
voxels. The dimension of a single voxel represantshe final

model, the resolution of the acquired 3D model.

It is possible to choose from among three differesolution
levels: low, medium or high. For the low resolutiothe

surveyed box is divided into 2.1 Mega voxels; thediam into

16.8 Mega voxels and the high into 134 Mega voxEiere is
therefore a ratio of 1 to 8 between the medium

resolution voxel numbers and the same between itjte dnd

medium resolution voxel numbers. The dimensiorhefuioxels
(the resolution of the survey) depends on the dgieenof the
acquisition volume. If high resolution is requirdde object has
to be split into different scans which are orientied the

reference system of the acquisition thanks to thevipusly

acquired reflective targets. The accuracy is alwhgshighest
accuracy of the instruments.

Figure 6. a) Data acquisition, b)The Handyscawacd during
the acquisition phase

In our case, the stelae’s surface was subdividedli portions
and acquired. Nine portions were acquired with @hhi
resolution in order to describe the decorated phthe stelae
and 1 portion was acquired with a lower resolutiordescribe
the other parts of the stelae.

Once all the settings have been completed, theisitiqn can
be started: the operator has to check the disthateeen the
acquisition unit and the object (red and green tmushe top of
the acquisition unit make this possible in a prdtivay) and,
by looking at the laptop, control the completenedsthe
acquisition that is displayed in real time as asdiface model.

3D shaced surface rrode

3D shaded with edges sur e movel

Figure 7. One of the obtained single 3D models.

During the survey, the stereoscopic cameras perftimn
absolute orientation using the previously acquireflective
targets. At the end of the acquisition, the recdrdata are: the
target positions, directly acquired points, and imaty STL
format 3D model.

About 6 hours were needed to acquire the wholeastel
surface.

4. DATA PROCESSING

The acquired points were processed by using a cocmhe
software (Geomagic) and a scientific software deetl by the
Politecnico di Torino DITAG research group (LSR 2p0A
order to build up a 3D model of the three inscaps.
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All the gross errors and outliers were eliminated a correct The 3D model resolution in the decorated part wagertex
registration of the single acquisitions were perfed using an each 2 mm. The accuracy of the 3D model was 0.2 mm.
original approach developed by our Research Group.

Figure 10. The final 3D model compared with thigioal one.

In addition to the scanning a complete photogrammstirvey
of the stelae was performed using a Canon Eos Hizaraera
equipped with a 28 mm lens. All the acquired insagere
oriented in the same 3D model reference system.

5. FINAL PRODUCTS
Figure 8. The alignment phase.

The realistic 3D model of the stelae was producednbpping
As there are some fractures on the surface ofdafjeied stelae, the oriented images onto the 3D point model afterfase
some holes can be found in the acquired 3D modedrder to  generation (TIN approach). This represents the rimygortant
obtain a complete 3D surface model of the stelh¢h@ holes  output of this kind of survey technique and allowse
were filled using geomagic software. specialists to carry out a complete and exhaustixadysis of the
object.
A large amount of the data can in fact lead to senablems
during the management of the data and require @& hig
performing PC that is able to manage this huge amaod
information (3D points and high resolution images).

Figure 9. The final 3D model.

The final 3D model was composed of 3'254'339 vestiand

6'410'393 faces for a total surface of ~4 m Figure 11. The final rendered 3D model.
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The authors, in agreement with the archaeologisim fthe
Local Archaeological Museum, are now studying hdwisi
possible to use the acquired high 3D accuracy mamiglhow it
is possible to use 3D modelling procedures to ghhlthe still
exsisting decorations.

!
)
L

Figure 11. The final rendered 3D model (detail).

6. CONCLUSIONS AND FUTURE DEVELOPMENTS

The new generation of high resolution scanningesgstcan be
profitable if used in Cultural Heritage documentatio

These systems allow all the problems concerningtidugility of
the reference system to be avoided. Not so mucle fisn
required to perform the survey considering thelfiesults in
terms of completeness and accuracy (approx. 0.2 mm)

The image acquisition and orientation is still aklpem as these
phases are not integrated in the 3D point acquoiisjtrocess but
we believe that future technology will allow thisné of
integration to take place, as occurred in the fiefdlower
accuracy scanning systems.

More research must now be carried out to studypthesibility
of engraving actual decorations to obtain an irszda
understanding of the ancient drawings.
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