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Abstract: The cemetery at Olmo di Nogara (Verona, northegsy)l is one of the most important
protohistoric burial sites in Italy. From the pgbathological point of view, eleven cases of peritaor
lesions, which may be interpreted as the resuligjofies inflicted during life by weapons, wereufa on

the males. To acquire three different archeologiitels (a femur, a vertebra and a skull) withouings
traditional instruments like calipers, two diffetéaser scanners, the Konica-Minolta Vivid 910 déimel Faro
laser ScanArm V3, are used to produce 3D high wésol models. On these models metric surveys are
possible with an high level of accuracy and submiler resolution. Konica-Minolta is a hon-cont&D
digitizer and it employs laser-beam sectioning tedbgy to scan samples using a slit beam. Lighecefd

is acquired by a CCD camera and 3D data is theatanteby triangulation. This laser can measure 6480«
individual points per scan, complete measuremengt@equired in 2.5 seconds by three different scans
important aspect is that color image data are aeduwising a rotating filter separating the lightl @neating
image data for the scan window. The Faro Cam2 |&sanArm is a contact/non contact measurement
system. The precision is up to 0.0006". Texturedm3@els (photorealistic 3D models) are presented in
proprietary format in order to be measured andyaed, especially from a metrical point of view, in
specialized software environments.

1. INTRODUCTION

The cultural heritage of the necropolis of OlmdNdigara (Verona, Italy) for its historical and aesit value
is an asset that represents the identify of the wiam has lived with it. Its preservation and depelent
require an extensive documentation both in artohysand in terms of physical characteristics sush a
location, shape, color and geometry. The major egpiens in the field of cultural heritage docunadiun
shall be directed to three-dimensional laser scantéchniques: a system capable of operating inasig
standard way in terms of acquisition speed andugsn and with the ability to directly access dataeal
time. The applications are numerous: documentadiwh archiving of the actual state of a monument are
essential in case there is a need for reconstructiaconservative. The ability to detect featunesraalies
with high accuracy allows the analysis of compleometries and details which would be difficult &tett
with traditional techniques. A goal of this worktgsuse the same methods and systems coming frersee
engineering in the field of Cultural Heritage inder to make micrometrics measurements, in partidala
stab injuries. Currently these types of measuresnent performed with common instruments, such as
micrometers, that provide approximate results ascentirely correct in terms of geometrical aspects
Through the 3D scanning, however, it is possiblentp the depth of the perimortale fracture alorg th
entire length. The main stage of work were:

» Acquisition of geometry objects;

» Data processing;

* Creating a 3D model;

* Isolation of the fracture;

* Processing of the mesh;

* Mapping depth.



2. THE ARCHEOLOGICAL SITE OF OLMO DI NOGARA

The archeological site of Olmo di Nogara (Figuredgted between the middle and recent Bronze Age, i
located a few hundred meters West of the town afa¥a, about 30 miles south of Verona.

The necropolis is located on the right bank ofritierbed of Tartaro, on a sandy hill with NW-SEedition.
The cemetery, consisting of more than 500 tombsjix@d with very clear prevalence of ritual burials
incineration (86% vs 11%) and it is characterizediriernal articulation in at least three distircres
aligned along a major road, probably structureccésemonial.

Figure 1: The archeological site of Olmo di Nogara

The complex was dug in a systematic manner by thpeigtendence for Cultural Heritage of the Veneto
region under the direction of Dr. Luciano Salzarivieen 1987 and 1997; smaller but very significant
investigation were performed in 2002 and 2009.
Olmo di Nogara is one of the most important neclispof the Bronze Age: it is a key element for the
reconstruction of socio-political dynamics that r@wderize Verona, and the active throughout thenBzo
Age, between continental Europe, Italian Peninanththe Mediterranean world.
The centrality of the complex of Olmo di Nogara eegs on four factors:
* The necropolis was investigated in a systematicraaand the information field is of high quality;
» The overall chronological range of the cemeteryoemasses the entire development of civilization;
» There are codes that distinguish explicitly fungistinctions of age, sex and rank of the deceased
» The anthropological sample of the burial groundne of the largest and most complete of all the
Italian Bronze Age. The skeletal material is thestnanatomically complete and shows excellent
storage conditions.
The samples were fully investigated by Prof. Cl€mrradin (University of Padua), and the resultsewver
published (monograph, 2005). From 2006 throughcti@peration of Prof. Alessandro Canci, professor of
Human Paleontology at University of Padua and Duciino Salzani (Superintendence for Archeological
Heritage of Veneto) a project of systematic revidwhe osteological material of the cemetery sthrte
Area A comprises 36 tombs which can be dated td_#te Bronze Age burial; in area B 123 tombs, 15
inhumation and 108 cremation burial dated to theldid Bronze Age have been excavated; in area C,
divided into two groups, North and South, 367 gsaveere found, 46 of which inhumation and 321
cremation burials, dated to the Middle and LaterBeoAge.
The burials are all in simple hole and easily id@attle by the presence of red-brown or light brosit-
sand fills that distinguish them from the surrowmgdiands. Carbonaceous traces were found on some
skeletons, and were interpreted as remains of Viibed, so that the presence of boxes or coffinthan
assumabile.
The deceased, for the most part, are placed isupme position with arms straight at the sidebemt over
the basin. There also evidences of on the sideomepplacements.
The burials are often accompanied by a set: gdpaevalapons for males and an ornamental parure,zeron
pendants and combs made of bone/horn for females.



3. MATERIALS

Grave 475: A mature adult male about 40 years old. The diaghgt the left femur (Figure 2) of this
individual, exhibits in the most distal quarterateral injury perpendicular to the long axis of Hume made
by a straight metal blade; it measures 28 mm irthwliy 0.5 — 2 mm in width. At the upper edge o$ttit a

small amount of bone has been removed, whereamiespondence to the lower edge there is a frathae
which encloses a semicircular chip of bone. Bothhelse features are doubtless the result of thentio

impact of the weapon. The injury was presumablyseduby a blow inflicted with considerable forcetjus
above the knee.

Figure 2: left male femur with a lateral injury

Grave 38: A young man between 25 and 35 years old. He haglistinct lesions stab located respectively
on the skull (Figure 3) and on a lumbar vertebrigufe 4). The head injury extends obliquely acribes
coronal suture on the frontal bone. It is 24.5 nongl and between 1 and 2 mm wide. Given its
morphological characteristics, it is the outcomeadflow inflicted with a sword, from top to bottoamd

from right to left. It can be assumed that thelgtravas led by a right-handed person placed in ewatdd
position than the victim.

Figure 3: male skull with injury across the coronal suture

The spinal lesion is located on the right sidelaf third lumbar vertebra. It crosses obliquely Wiele
vertebral body from the attack of superior articditecet of the vertebra at the base of the bodyitisd 44
mm long, while the width ranges from 2 mm of thatcal part, very deep, to 0.27 mm of the uppegreed
Given its morphological characteristics, the lesioay be interpreted as the result of the blowlegpto the
lower abdomen, botton_up, which struck the verteébralip. Regarded the location of the wound iglik
that the shot had severed the inferior vena caslaaffacted the right kindney.

Figure 4: male third vertebra with an injury



4. METHODS AND INSTRUMENTS

Being able to have three-dimensional digital modké faithfully represents shape and charactesisif
color and texture of real art is proving to be ofa importance in an increasing number of apptioat
study and cataloging iconography, restoration plapand creation of virtual museum or tours, aasist
for reconstruction of archeological findings anddguction of copies for preservation or popular psgs.

In addition, there is no methodology that can beliag to different problems in the same way: the
characteristics of the object that must to be a®alysuch as geometrical complexity of the objeape and
surface features such as reflectivity and transgagrestrongly influence the choice.

The specific applications that is expected for mhedel such as accuracy required of the digital ode
complexity of the description of the digital modet optimal benchmark application, compatibilitytafime
and cost of acquisition within the budget projeet @so considered.

There are different types of scanners classifietbraing to their scanning system: scanners thae laav
scanning system in contact and scanners that have-aontact scanning system. The first type isntlost
established and widespread in companies, whildatter is now beginning to ensure the performarfce o
dimensional tolerance required for more sophistitapplications of Reverse Engineering and is Isleitia
cultural heritage where contact with the scanniegick is absolutely a non-destructive investigatowul
therefore it has to be considered a non-invasivesitigation technique.

The systems on which the attention are placedasoftical triangulation systems: they are suitdble
capturing objects in small or medium scale, prowgdaccuracies of the order of few tens of microng a
allowing the creation of very dense sampling ofdhder of 4-10 per mm2 sample surface.

They normally have very low scanning times of theeo of few seconds for each shot.

In the optical triangulation system the ray of aelalight transmitter is refracted through a leysteam
forming a beam that is projected on the object;réflected light is captured by a CCD sensor. Tositipn

of the light recorded by the camera provides tieation of the space.

The geometry of the acquisition (emitter, objeehsor) is shown (Figure 5).

object's surface
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Figure 5: diagram of the method of triangulation from [6]

This type of laser, by definition, allows to cagtnly the properties of the object surface ardjtmlity is
highly dependent on the reflectivity characterst€ the object.

The bones are opaque objects and the acquisitiercillent; the problem emerges on the insidebtre
tissue is porous and therefore in case of fracttinedaser ray may not always capture all thets@nd may
leaves some gaps.

Two different laser scanner are used to producéigbresolution models:



Laser ScanArm V3 (ttp://www.faro.com): The Laser ScanArm V3 allows contact and contsstle
measurements. This instrument is perfect for coispariece/CAD, rapid prototyping, reverse engiimggr
and dimensional modeling (Table 1).

CAM2 Laser ScanArm combines portable measuring@Ai2 7-axis with a probe laser. It is very easy to
use and provides maximum freedom of movement wathnmoying external cables.

This laser, compatible with the arm CAM Platinunfeod several advantages: it has accuracy of 35omsgr

it works with wireless Bluetooth: users can inspaudl scan objects up to a distance of 10 m, evengh
walls.

Introduced in 2003, CAM2 Laser ScanArm was thet fineasurement device in contact/non contact laser
scanner with a seven axes integrated systemolvallsers to collect simple point variations whk solid
probe, while the laser scans sections requirirgelavolumes of data.

This type of system can make measurements witheatruption thanks to articulation that enables°360
rotation; it has got also a built-in sensor foraamiatic compensation of ambient temperature measumsm
CAM2 Laser ScanArm is compatible with GeomagicyiRairks, RapidForm and the data interoperability is
guaranted through standard format like STL.

Table 1: characteristics of the laser ScanArm V3

Model Laser ScanArm V3 2.4 m Platinum
Accuracy 35 um
Repeatability + 35 um,&2
Depth of field 85mm
Effective scan width Near field 34mm, Far field Gdm
Points per line 640 points/line
Scan rate 19200 points/sec

Konica Minolta VI-910 (http://www.konicaminolta.eu): The VI-910 employs laser-beam light sectioning
technology to scan workpieces using a slit beamhtLieflected from the workpiece is acquired byGDC
camera, and 3D data is then created by trianguléiaetermine distance information.

The laser beam is scanned using a high-precisiwamgametric mirror, and 640 x 480 individual poicen

be measured per scan (Table 2).

Konica Minolta's unique high-speed image processinigs have been integrated in order to ensurel rapi
measurement, and this has made it possible to edenpleasurements in 2.5 seconds (or in as little3&as
seconds in FAST mode). In addition to distance ,dfatahermore, this 3D digitizer can also be used t
acquire color image data. Employing a rotatingefilto separate the acquired light, the VI-910 caate
color image data for 640 x 480 points with the s@a® as used for distance data

Table 2 characteristics of Konica Minolta VI-910

Model Non-contact 3d digitizer VI-910
Measurement method Triangulation light block method
Light-receiving lenses TELE: focal distance f=25mm

(exchangeable) MIDDLE: focal distance f=14mm
WIDE: focal distance f=8mm
Depth of field 0.6 to 2.5m
Optimal 3D measurement range 0.6t01.2m
Accuracy X:+£0.22mm; Y: £ 0.16mm; Z: %
0.10mm to the Z reference plane




5. RESULTS

SKULL

From multiple acquisitions a three-dimensional niodes obtained, requiring further pre- and post-
processing by the operator. The processing steptharsame for all three acquired items.

Mosaicking single acquisitions a model of 29 sheli§5108 vertices and 1062944 faces was obtained
(Figure 6). First of all, it is necessary to deldie parts and the points that do not belong t@bject.

Figure 6: model of the skull after the acquisition

A model of 545259 vertices and 1025970 faces wasktained. The merge procedure/command that
combines 29 shells in a single shell was startechoflel of one single shell, 228336 vertices and2239
faces was obtained. Then the lacunas were closéd filli holes command, getting the final three-

dimensional model (Figure 7). The gaps due to &fckcquisition point by the laser are marked in fEue
holes belong to the surface of the skull.

Figure 5: model of the skull with lacunas in evidence

In Figure 8 the main axes of inertia are highlight€hese are the axes of symmetry: if the bodytesta
around this axis, the angular momentum is partdléie axis of rotation.

Figure 8: three-dimensional model of the skull with the agEmertia

The textured model of the skull was obtained usigKonica Minolta VI-910. In this case scans waoee
every 45 degrees to 360 degrees (Figure 9). Themtdel was cleaned from the scanned point thatatid
belong to the skull. In this case the merge comnmaust not be given, otherwise the texture will dwt |



Figure 9: photorealistc 3D model: the three-dimensional rhofleéhe skull with the texture

FEMUR
The starting model of the femur, after the acquisjthas got 10 shells, 346393 vertices and 669882s.

The three-dimensional model is obtained by proogsshells (cleaning and closing holes), alignmemt a
merge (Figure 6).

Figure 6: three-dimensional model of the femur with the kding box

VERTEBRA
The starting model of the vertebra has got 6 sh@&H669 vertices and 16361 faces. The three-diropaki

model is obtained by processing shells (cleanilogirng holes) and merge (Figure 7).

Figure 7: three-dimensional model of the vertebra with theraing box



6. CONCLUSIONS

The primary objective of the research concernirgttirvee-dimensional models, is to develope andhtest
tools that make available a new instrument of kealgk in the “industry” of cultural heritage: a vénigh
resolution 3D photorealistc model of an object. lager spread of three-dimensional techniques hill
induced by the simplification and automation ofqadures for the creation of three-dimensional nodab

by the T.C.O (Total Cost of Ownership) of the asiign system. The creation of a digital modelaof
historic and artistic object is still a complex pess that involves the use of an appropriate hasdwa
instrumentation and software environment and fitasfree of manual intervention of experienced afes
yet. The correct application of existing methodadsgto measure, properly designed, has achieved the
objectives proposed by the production of detaibedh in quality and quantity, elaborate to satibfy needs
of different disciplines involved in the conseraatiprocess, where the potential of global threeedsional
model, ranging from 3D visualization to the caltiglia of metric and topological characteristics ofiplex
surfaces. In particular, the acquisitions have i@y essential metrics information for the knowgjedf
superficial parts that are not directly perceptitdech as fractures (Figure 8). A reading and aomsd
elaboration of the metrics, may lead to the knogtedf the shape of the weapon that inflicted thetaho
blow, maybe an ax in the case of the skull.

Figure 8: map of the depth of the skull fracture
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