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Abstract. Vertebrate fossil tracks have been studied through 3D
modelling techniques during the last two decades to improve tracking
procedures. Different laser scanners and software have been used dur-
ing field investigation and this differentiation caused incompatibility
between many analysis programs. Post processing procedures are not
standardized among scientists and file precision gives different results
in additionally constrain comparison. The starting point to find a solu-
tion to the problem is to point out the main technologies used to collect
data in the field. The resulting protocol does not oblige to uniform
hardware but it suggests combining different laser scanners with a
minimum post processing to optimize the result. Important linking
would be to use 2D relief as a reference to organize 3D tracking pro-
cedures. Saving formats during post processing are improved by setting
fixed landmarks integrated in the 3D model in a multitask file. The
D.I.C.O.M. medical standard (*.cdm format) and the 3D printing in-
ternational standard (*.stl format) when combined, may be a good
solution for uniforming the format. This approach might be the first
step for the standardization of source and derived files and the creation
of a worldwide 3D ichnological catalogue. This will allow to create a
scientific improvement in terms of reproducibility and comparison of
the experience.

Riassunto. Le tracce fossili dei vertebrati sono state rilevate
negli ultimi venti anni usando la modellazione tridimensionale al fine
di migliorare le procedure di rilievo. Ad oggi sono stati usati talmente
tanti differenti laser e programmi per il rilevamento da provocare in-
compatibilitd tra 1 programmi di analisi. Il confronto dei risultati tra
ricercatori & ulteriormente limitato dalla non standardizzazione nella
modalitd di elaborazione dei dati e disomogeneita di precisione. Il
punto di partenza per trovare una soluzione & descrivere le principali
tecnologie per raccogliere i dati di campagna. Il protocollo risultante da
ci0 non obbliga ad uniformare gli strumenti di analisi, ma suggerisce di
combinare i punti di forza di questi riducendo i passaggi della rielabo-
razione digitale, ottimizzando cosi i risultati. Fondamento per combi-
nare vecchi e nuovi dati sara usare il 2D come un punto di riferimento

per tracciare le mappe 3D. Integrare dei punti di riferimento fissi al-
I'interno dei modelli 3D cosi ottenuti e poi salvarli in file compositi
migliora la loro interpretazione e comparazione. Buona proposta per
uniformare il formato di salvataggio dati di tale foggia & la combina-
zione dello standard medico D.I.C.O.M. (file *.cdm) con quello inter-
nazionale adottato per le stampanti digitali in 3D (file *.stl). Tale ap-
proccio potrebbe essere un primo passo per la standardizzazione dei
file di origine e derivati al fine di creare un catalogo 3D internazional-
mente riconosciuto per I’icnologia dei vertebrati. Cio potrebbe permet-
tere di migliorare notevolmente la riproducibilita e la comparazione di
tale tipo di esperienza scientifica.

Introduction

Vertebrate tracks preservation is an exceptional
event and tracks morphology can vary depending on
substrate characteristics (Milan & Bromley 2006; Lock-
ley 2007) and taphonomical processes (Marty et al.
2009). During the tracking process, the substrate me-
chanic and elastic responses (e.g. Goldilocks effect,
Falkingham et al. 2011) determine the shape and the
dimension of track. Once a track is produced, pre and
post litification erosion phenomena occur, increasing
the difficulty of the interpretation. Many samples are
poorly preserved and the study of complex preserved
dinosaur tracks (Gatesy et al. 1999) is far more en-
tangled (e.g. undertracks or overtracks; Milan & Brom-
ley 2006; Falkingham et al. 2011). During the last two
decades, it has been tried to reduce the subjective inter-
pretation of these tracks by using 3D modelling (Ishi-
gaki & Fujisaki 1989; Farlow & Lockley 1993; Graham
etal. 1995; Gatesy et al. 1999). After the development of
contactless laser scanners (Arakawa et al. 2002; Hurum
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et al. 2006; Adams et al. 2010) 3D modelling and recon-
structions quickly and astonishingly evolved improving
detail acquisition and analysis power. From the end of
the 90es this technology had an important evolution and
a first standardizing of result and procedure was made
(Levoy 1999). In the years differencing occurred in use
between Science, Engineering or play-fiction proposes.
Science needs precision and high measurability in detail-
ing real geometry of the object, fiction needs a good
rendering and file lightness to allow movie special ef-
fects. This is expressed by the algorithm of the software
modifying in a radically different way the data obtained
by the Laser scanners or Topographical Scanners or 3D
x Rays Instruments. Nowadays in scientific field, the
great variety of 3D acquisition instruments with differ-
ent hardware and software, reduces the possibility to
apply trading formats and model reproducibility among
scientists. It is quite unlikely and unadvisable to uni-
form the instrumental variety. Field logistic, different
time to spend during tracking phase and budget varia-
tion among researchers often create a strong vinculum
in choosing tracking instruments. On one hand, this fact
reduces instrument minimum quality fundamental to
obtain an internationally analysable uniform result.
On the other hand, a simple solution could be to uni-
form different lasers detail, post-processing steps and
saving formats. The result would be a fully exchange-
able and repeatable product. The real entity of these
problems, the creation of a glossary, basal hardware
and software technical features must be discussed.

Technical State of the Art

A laser scanner is an electronic instrument that
transforms the topography of a scanned object into a
file using a laser source. The laser light differential re-

flection on the surface is translated in space coordinates
that constitutes the file directly obtained from the scan-
ner (raw point cloud) (Fig. 1). These files are then ela-
borated by computer software which runs algorithms in
order to return the data as a three dimensional image

(derived point cloud).

Hardware

Every instrument displays pro and contra, e.g.
some would give better results during large surface data
acquisition, while others during small surfaces relief.
Hence, a qualitative data, e.g. point position and point
cloud uniformity (point cloud precision), must be pre-
ferred to a quantitative one (point clond density) or to
the instrumental speed (Fig. 2). Three-dimensional laser
scanners can be divided in three main categories.

The most widely used for dinosaur tracking (Hu-
rum et al. 2006), and first to be used in geomorphologic
investigations (Moore 2000; Cavaliere 2006) is the Li.-
D.AR. (Light Detection And Range). The Li.D.A.R.
uses an intermittent reflected laser (indirect source) that
reaches kilometres of distance maintaining a centimetre
range resolution. Low resolution needs different manual
consecutive scans and heavy post elaboration to increase
detail (Margetts et al. 2006a, b). The detail obtained is
qualitatively equivalent to a modern stereoscopic photo
relief (Breithaupt et al. 2004).

Different types of hardware are the “diurnal high
intensity active sensor scanners”, commonly adopted for
architecture scanning. This laser is poorly subjected to
external light aberrations during field scanning because
it uses a direct continuous laser source compensated by
active sensors that modulate simultaneously light source
and reaching sensors. The instrument results faster and
more precise than LiD.AR., but it maintains a good
detail on less than a kilometre of distance. Accuracy
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Fig. 1

- Different views of the same theropod track coming from the Molfetta site, Bari, Southern Italy. From right to left: picture of the track,

track’s curve level graph (Grapher software) and 3D raw model of the sample (Rapidform 2006 software).
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Fig.2 - 3D Images of three theropod
tracks showing different de-
tail of instruments; each im-
age is made with a single
hardware scan procedure
and the same software pas-
sages. Point cloud (up), ren-
der view of models (centre)
and false colour model

(down). From left to right

Perapective

Point clouds

model obtained using: Li-
DAR (Riegel) 30 m scan dis-
tance, model coming from
outdoor active sensor scan-

ner (Leika) 15 m scan dis-
tance, model coming from
high density lab scanner
(Konika) 5m scan distance.
(Visualization with Rapid-
form 2006).

Renders

False colours

Konika

obtained by the use of replayed scan procedures (Petti
et al. 2008, 2011) is millimetric. Details are improved by
the high definition photogrammetry and by working at
the same light condition, reducing errors to a 0.3 mm
average (Remondino et al. 2010).

The third type is the “Lab high density laser scan-
ners” designed for lab reconstruction of small objects
between 5 millimetres and 5 metres (Balzani et al.
2009) although, nowadays, it is also used to scan dino-
saur tracks (Arakawa et al. 2002). The red laser stereo-
scopic active sensor cannot be used during daylight
because its light frequency interferes with the sun’s
light. Thus, scanning procedures have to be taken dur-
ing night hours or under artificial shadowing condi-
tions (Adams et al. 2010). Artificial shadows are the
perfect condition to repeat different scans at the same
experimental condition improving the detail. Since this
laser produces heavy files, surfaces and trackways
should be divided in different sectors as different 3D
partial overlapping photogram. Precision is of tenths of
millimetres (sometimes it can also scan the grain of the
sediment) and scan distance never overcome the 10

meters. This instrument includes an integrated high-re-
solution camera that simultaneously and stereoscopi-
cally acquires photogrammetric details of the object.
Two main types of scanner are distinguished: “fix sta-
tion” and “portable station”. The former is placed on a
trestle and scans the object positioned on a rotating
table; the latter is handled and is passed above the ob-
ject to be scanned.

Software

Software are even more diverse than hardware.
We will not discuss software differences and details,
but how to avoid general problems that occur during
elaboration.

Software elaboration normally decreases file defi-
nition after every step. Therefore, a reduction on soft-
ware steps would improve file fidelity.

Software applies a random mathematical model
independent from topography. Thus, it is here suggested
that nothing has to be left to software automatic choices
(wizard options). Moreover, some software do not save
the absolute position of the object respect to other
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objects or to surface topography when separately saved.
Consequently, absolute referring points must be placed
on the 3D model to rebuild their absolute or relative
position.

Small errors in 3D model (millimetric holes, sur-
face undetected details, spikes, crossed faces or isolated
single wrong positioned points) can be corrected by
software, while major errors, always need new field
scan procedures to avoid false data.

The file must be prepared to allow a fast eventual
manual translation from a file format to another. None-
theless, laser scanners and software fast evolution im-
plies a continuous revision of the issues exposed. For
this reason these procedures should become the starting
point for the discussion of this issue more than solving
general problems.

Results: the method

Field and post processing procedures have been
ideated after a 4-year-work in dinosaur tracksites of the
Apulian Carbonatic Foreland, Southern Italy (Petruz-
zelli 2008, 2010). Other researchers successively used
the same instrumental acquiring method effectiveness
during indoor natural heritage 3D scanning in the Mu-
seum G. Capellini, Bologna (Balzani et al. 2009). A
strict and firm protocol was then created to obtain field
data with the same precision and repeatability obtained
in the laboratory. The protocol is divided in three sche-
matic operative steps. The two first steps are here re-
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ported to testify a new field approach. The main part is
the post processing process which tries to give world-
wide standard results maintaining detail and file formats
after data acquirement.

1*Phase

This first sine qua non phase consists in ordinary
field preparation (cleaning) and geological analyses, to-
gether with an introductive 2D mapping positioned
with G.I.S (Geographic Information System). Creating
a classical reference map and/or a photogrammetric one
before 3D relief could appear as a superfluous work and
it is not obligatory but it brings some advantages. In
fact, it creates an absolute independent referring system
which gives a secondary manual control system during
the 3D mapping and coordinate creation.

2"Phase

Different lasers can be used for a 3D relief and as
already mentioned above, each instrument differs in
characteristics and results. Our specific case combines
different instruments to amplify the hardware strength
points. Instrument used are Leika Digital Station (Fig.
3), an active laser sensor for wide surfaces and VIVID
910 from Konica Minolta™ (Fig. 3), a short range
stereoscopic laser for the single track and small track-
way topography. Leika D.S. scanner obtains a maxi-
mum resolution of 0.3 mm detail and point density of
1.7 million points/cm while laser scanner VIVID 910
obtains a maximum resolution of 0.9 mm after 3 auto-

T— Fig. 3 - The two reference scanners
Object at work, from left to right:
. T Leika scanner measuring a
Gal\ramc@rror W trampled quarry; Konica
(‘-_' < gy  aa™ scanner under the tent con-
. il i trolling natural light; work-
{ ; |7, Receninglens ing scheme of a laser scanner
Emission lent | fi g L™ (Konica Minolta 2004).
A) T00
4 Polarized lents on (R,G,B.BP)
redating pannel
4 Digital sensor
Laser source Kanica Mingl VD 810
Fig. 4 - High curve level density of
the 3D model obtained; each
curve is placed at 2 mm each
other.
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Fig.5 - Example of the multitask de-
rived file used for measure-
ments. a) 3D model where
sections, curve level lines,
scale, name etc. are delimited
by marks. b) How the multi-
task file could appear cleaned
and comprehensible on the
screen. ¢) Isolated snapshots
of elements derived by the
model.

matic laser steps and a point density maximum of 2.5
million of points/cm (Fig. 4).

3Phase

In our specific, it consists on the elaboration of
raw data from VIVID 910 and Leika Digital Station
with Poligon™ (KONICA Minolta 2004) and Cyclo-
ne™ (LEIKA geosystem 2005) software, respectively.

Rapidform™ (INUS Technology 2006) software
is chosen for the post elaboration phase because of its
rapidity and multiple options while viewing the object.
This post processing could be repeated using many
other 3D modelling programs, considering their power
and detail during files elaboration.

Data coming from the laser must be first saved to
maintain the original source. After each software step
we suggest to control data precision decrease rate, and
to compare each derived file with the raw one. Derived
files in our case are accepted only with a deviation tol-
erance range of a maximum 3-4% for scans coming
from Leika D.S. and 0.4% for scans coming from VI-
VID 910. Subsequently, a copy of the source file must
be cleaned and uniformed to avoid software surface
misinterpretations. The cleaning consists in deletion of
useless point cloud parts (plants, covered or useless

areas, light aberrations). If the source file is a point
cloud and not a surface mesh the latter will be created
with better results interpolating different prospective
scans. A mesh file is a software interpolation of a point
cloud which creates a surface that reproduces the actual
topography through special points. The majority of
scientists prefers working with a non-mashed point
cloud causing visual mistakes of the object. Further-
more, since different 3D photogram need to be recom-
posed in a unique surface, it is advisable to operate on a
mashed surface and not on a raw point cloud to improve
precision.

After this first operation, the raw point cloud de-
viation tolerance must be compared with the derived
file one maintaining the standard desired detail. The file
produced can be digitally placed in the relative position
within the outcrop in order to obtain panoramic 3D
digital reconstructions of big surfaces using referring
2D map to control their position.

Each file obtained is the raw referring model com-
ing from raw data. Each referring model is divided into
single derived models as single 3D snapshots to analyse
(Fig. 5). A 3D snapshot is a 3D model cropped from a
bigger 3D model (e.g. a track from trackway). Each
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*Point 1: -21.81592, -24.88341, -58.82377
* Point 2 : 21.45449, -18.83125, -434.74919
* Distance : 378.45590 mm
* Displacement : 43.27041,

6.05216, -375.92541

Fig. 6 - Example of some repeatable
measurements that could be
done using the guidelines of
a multitask derived file. a)
False color representation.
b) Track length measure-
ment. ¢) Longitudinal sec-

tion, III toe and tarsal area.

snapshot model is positioned in the space following the
relative xyz axes to optimize the analysis (Arakawa et al.
2002). To every file is given a name (the same of the real
sample if possible), externally as file name and inte-
grated in the 3D file; then other integrated data are in-
serted in the model. A scale, fixed referring points, sec-
tions and dimensional high precision are needed for
analysis and points where measurements are taken need
to be integrated (Fig. 5). The advantage that this ap-
proach presents is that each integrated dimensional data
can be isolated as a separated file from the original one
(as 3D file or as numerical data) and it can be used for
mathematical analysis with programs like Past, Surfer™
or Matlab™ (Fig. 5). This measurement does not in-
volve modification in the raw model when transforming
the derived file in the result analysis data (Fig. 6).

Raw point cloud and derived file must be saved
separately, the former to preserve an unaltered source,
the latter to uniform measurement and analysis. During
the saving process, two possible procedures can be fol-
lowed. Each derived group of files can be saved into a
directory or into a multitask session in a composite file
composed by different layers. Each layer is a single
point cloud. A file that does not support multitask func-

tions is called raster file. A multitask file is more effi-
cient and ordinate than a directory one for storing data.
Multitask files solve many translation and compatibility
problems. The use of raster files requires opening many
single raster files to obtain a multitask session in a pro-
gram and during the saving process it is not advisable to

Fig. 7 - Reference 3D vectorial multitask file opened with Geo-
magic11™ after manual translation of each single multi-
task element from a program to the other, an inadvisable

operation if applied on many samples.
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Fig. 8

- Comparison between 3D model, the real sample and the Z-printer replica on an ornithopod track coming from the Apulian region, 20

cm scale. Earth Science Museum, University of Bari “Aldo Moro”, Italy.

operate manually due to translation problems. Manual
or “numerical software done” translation of a 3D file
resulted inadvisable in time and precision, for example a
raster translation between Rapidform 2006 and Geoma-
gic™ software. In this case, each layer is saved as a
single *.ascil raster file to translate the file maintaining
its features (Fig. 7) and then it is reconstructed in the
new program through the transportation and reposi-
tioning of the point cloud. Only a standardized file
format and minimal details in file requirements can
solve the problem and we propose to combine two pre-
vious standards to do this.

The first is the *.stl format, light raster files for
printers and numerical control machines. 3D printers
and numerical control machine use this file to reproduce
real solid replicas of the 3D models. During the 2005,
another 3D multitask file format was chosen as a stan-
dard for the 3D modelling. This format is the
D.I.C.O.M. (Digital Imaging and Communications in
Medicine): the 90% of the medical 3D C.T. and stereo-
scopic x-ray instruments save the scan object in *.cdm
3D multitask point cloud format. This standard not
only defines file format but also the minimum detail
required in scanning, allowing hospitals to obtain the
same detailed data ready to be exchanged. If a
D.I.C.O.M. or *.stl-like standards could be applied to
ichnology, it would be the key to solve many issues.
Software opening *.cdm files are also capable to open
*stl files with a total compatibility. An international
standard would be able to save 3D dinosaur tracks in
multitask files, with clear file compatibility, high detail
and no particular innovative technology or expensive
software acquisition.

Discussion

The protocol proposed offers two main innova-
tions. The first one is a sort of a field procedures guide-
line suggesting how to choose instruments and to inte-
grate old 2D method with the 3D procedures. The sec-
ond one is about post processing and file saving format
to standardize the results to be internationally catalo-
gued.

In the field, it is important to obtain a uniform
data result. Areal scanners are compatible with large
surfaces, while precision scanners are needed to track
single samples. The combination of the two types of
scanners would be the simplest way to maintain data
details. Hardware minimum details and their character-
istics are essential for a comparable analysis. Another
important field aspect is to create a relationship between
the old method in tracking (bidimensional) and the new
one (tridimensional). The old method should be the
basis to build the 3D new relief and should not be for-
gotten. The 2D relief must be used as a secondary man-
ual control system for relative and absolute 3D track
positioning of models. Manual and classic 2D interpre-
tation is fundamental on paper representations and it is
more understandable than the 3D one. Palaeontologists’
interpretation could be improved using 3D models
combined with millimetric level curves obtained by
3D and topographic interpretation.

Reduction of post elaboration steps is fundamen-
tal to uniform software procedures and data details in a
standard and it allows translation among different file
formats and replica reproducibility through 3D prin-
ters.
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Fig.9 - Reconstruction of a theropod
pes placed in scale with a real
dinosaur track 3d model.
Sample SEG.Tt1 from Giovi-
nazzo site Bari, Southern

Italy (Petruzzelli in press).

Another 3D standard has been created using two
different file formats, the first one for raster files and the
second one for multitask files. The former is the raster
*.stl format supported by 90% of 3D printing systems
(Fig. 8).

This file format is supported by many freeware
programs able to repair errors in model using wizards,
thus it is quite a good base among 3D printing instru-
ments. Its point of strength is the light format and com-
patibility although its raster nature is quite an issue.
Some authors suggest *.obj or *.ply ready publishable
on web (Adams et al. 2010) as potential raster inter-
changeable files. Anyhow, saving the same 3D model
in *.0bj, and in *.ply formats is heavier than in *.stl
one. An advantage in using *.stl format is that many
3D modelling database are based on this format and it
could be used to improve tracks study (e.g. 3D digital
catalogues in engineering, in forensic medicine and bio-
mechanics for science or cinematography). On the other
hand, D.I.C.O.M file is a multitask format and it is
compatible with many *.stl printing programs. The
other file format proposed is *.cdm. This format can
easily save a raster point or a vectorial multitask data
that can be opened by high performance software (e.g.
Rapidform ™ Mimix ™ Rinos™ etc.). Furthermore,
if *.cdm files are used as the source, it records the dif-
ferent density of the scanned object (identifying the
nature of the tissue scanned in CT scans). In the future,
if a track is superficially scanned using laser scanners
and CT scan and analysed in a tomography, each strata
of the sample would be divided by density and singu-
larly analysed. Adopting a file that owns more potenti-
ality than the one needed today would be the base to
compensate technical future evolutions (Fig. 9). A con-
tra in *.cdm file is that big multitask files are often very
heavy and files are not publishable if not converted in
*.stl. Another disadvantage is that no freeware software
could support the *.cdm format. Nonetheless, advan-
tages are still more than contra if we consider that the
programs able to support the format are part of a world-
wide standard that already exists and works.

Conclusion

Field and post processing 3D dinosaur tracking
protocol conversion into a standard could be a solution
to create a 3D ichnological data catalogue to allow
scientific and divulgative data exchange. Classical relief
method to control 3D scanning procedures should be
supported to avoid digital tracking common errors.
What should be remarked is to uniform file format
and detail of results. A possible solution for the creation
of this standard may be the combination of *.dcm mul-
titask format together with *.stl raster format, to keep a
uniform point cloud, proportional in density and detail
respect to the surface scanned point cloud. The detail
required for the single research should be evaluated and
assured by a minimum millimetre of detail precision and
centesimal deviation among source and elaborated files.
On the other hand, the maximum detail obtainable
would be connected to the hardware/software power
used and the amount of detail needed for the research.
The proposed protocol reaches a precision of less than
0.7 millimetres and a deviation among elaborated files
and origin ones of a 4%. Lastly, the derived point cloud
obtained a deviation from the original topography of a
0.4%. The integration of additional data in the point
cloud gives a uniform way of analysis and comparison
maintaining extreme precision in measurements.

Future research and further experimentation
might be the key of improvement and challenging of
the proposal presented.

Acknowledgements: We wish to sincerely express our gratitude
to the Earth Science Museum of Bari and C.LS.M.U.S. for the instru-
mental support, and the Geology and Geophysics Department of the
Universita degli Studi di Bari Aldo Moro. The constant help and en-
couragement of prof. G. Baldassarre is gratefully acknowledged. We
also thank prof. A. D’Alessandro, prof. A. Iannone and prof. R. La
Perna (Universita di Bari). This work would have not been possible
without the help of Dr. A. Galobart and Dr. B. Vila from I.C.P. (In-
sititut Catala de Paleontologia Miquel Crusafont) and the project CGL
2008-06533-01/BTE from the Spanish Ministry of Science and Innova-
tion. We wish to thank also for the critics of F. M. Dalla Vecchia also
from L.C.P. and the reviewers M. Avanzini and an anonymous collea-
gue. Finally all the work was not possible without the financial sup-
ports by the Apulia Regional Authority in the context of “Bollenti
Spiriti 2009” project and Ecolevante S.p.A.



Proposal for an uniform data standard for ichnological 3D tracking 529

REFERENCES

Adams T. L., Strganac C., Polcyn M. J. & Jacobs L. L. (2010)
- High Resolution Three-Dimensional Laser-Scan-
ning of the Type Specimen of Eubrontes (?) glenro-
sensis Shuler, 1935, from the Comanchean (Lower
Cretaceous) of Texas: Implications for Digital Archiv-
ing and Preservation. Palaeontologia Electronica, 13,
3; 1T:11p; http://palaeo-electronica.org/2010_3/226/
index.html.

Arakawa Y., Azuma Y., Kano A., Tanijiri T. & Miyamoto T.
(2002) - A new technique to illustrate and analyze
dinosaur and bird footprints using 3-d digitizer.
Mem. Fukui Prefectural Dinosanr Mus., 1: 7-18.

Balzani M., Fanti F, Ferrari F, Vai G. B. & Vanucci C.
(2009) - Collection of paleontologic type in the Mu-
seo Geologico Giovanni Capellini: creation of digital
database on morphometrics acquired with 3d survey
technology for the study of fossils. In: Diplodocus
2009 - International conference of vertebrate Paleo-
biogeography and continental bridges across Tethys,
Mesogea, and Mediterranean Sea, Museo Geologico
Giovanni Capellini, 28 -29 September 2009, Bologna,
Italy. Abstracts Book: 7-11.

Breithaupt B. H., Matthews N. A. & Noble T. A. (2004) -
An integrated approach to Three-Dimensional data
collection at dinosaur tracksites in the Rocky Moun-
tain West. Ichnos, 11: 11-26.

Cavaliere G. (2006) - Coastal Processes, Tools and Planning.
Hydrographical Survey. In: Technical Observations
and Strategic Role for Sustainable Development,
Shaping the Change, XXIII Congress, Miinich, Ger-
many, October 8-13, 15 pp.

Falkingham P. L., Bates K. T., Margetts L. & Manning P. L.
(2011) - The “Goldilocks” effect: preservation bias in
vertebrate track assemblages. J. R. Soc. Interface (pub-
lished online 13 January 2011); doi: 10.1098/
rsif.2010.0634.

Farlow J. O. & Lockley M. G. (1993) - An osteometric
approach to the identification of the makers of Early
Mesozoic tridactyl dinosaur footprints. In: S. G. Lu-
cas & M. Morales (Eds) - The Nonmarine Triassic.
New Mexico Mus. Nat. Hist. Sci. Bull. 3: 123-131.

Gatesy M. S., Middleton K. M., Jenkins Jr F. A. & Shubin
N.H. (1999) - Three-dimensional preservation of foot
movements in Triassic theropod dinosaurs. Nature,
399: 141-144.

Graham R. W., Farlow J. O. & Vandike J. E. (1995) - Track-
ing ice age felids: identification of tracks of Panthera
atrox from a cave in southern Missouri, U.S.A. In: K.
M. Stewart & K. L. Seymour (Eds) - Palacoecology
and Palaeoenvironments of Late Cenozoic Mammals:
331-345, University of Toronto Press.

Hurum J.H., Milan J., Hammer &., Midtkandal 1., Hans A.
& Szther B. (2006) - Tracking polar dinosaurs - new
finds from the Lower Cretaceous of Svalbard. Nor-
wegian J. Geol., 86: 397-402.

INUS Technology (2006) - Rapidform 2006™, instruction
manual. Internet address http://www.rapidform.com/

Ishigaki S. & Fujisaki T. (1989) - Three dimensional repre-
sentation of Eubrontes by the method of moiré topo-
graphy. In: D. D. Gillette & M. G. Lockley (Eds) -
Dinosaur Tracks and Traces: 421-425, Cambridge
University Press, Cambridge.

Konica Minolta (2004) - Mod. VIVID 910. User manual.

Leika Geosystems (2005) - Mod LEIKA PRO STATION.
User manual.

Levoy M. (1999) - The Digital Michelangelo Project: creat-
ing a 3D archive of his sculptures using laser scanning.
Computer Science Department Stanford University
March 16, 1999. http://www.cs.cmu.edu/~seitz/
course/SIGG99/papers/levoy-abs.pdf.

Lockley M.G. (2007) - The morphodinamycs of dinosaurs,
other anchilosaurs, and their traceways: holistic in-
sights into relationship between feet, limbs, and the
whole body. In: Sediment- organism interactions: A
multifunctional Ichnology. SEPM Spec. pub., 88: 27-
51.

Margetts L., Smith M., Leng J. & Manning P.L. (2006a) -
Parallel three-dimensional finite element analysis of
dinosaur trackway formation. Numerical Methods
in Geotechnical Engineering: 1-6, Graz University
of Technology.

Margetts L., Smith .M. & Leng J. (2006b) - Parallel 3D
finite element analysis of coupled problems. In: III
European Conference on Computational Mechanics
Solids Structures and Coupled Problems in Engineer-
ing, ECCM, 5-8 June, Lisbon, Portugal.

Marty D., Strasser A. & Meyer C. A. (2009) - Formation and
Taphonomy of Human Footprints in Microbial Mats
of Present-Day Tidal-flat Environments: Implications
for the Study of Fossil Footprints, Ichnos, 16: 1, 127-
142.

Milan J. & Bromley R. G. (2006) - True tracks, undertracks
and eroded tracks, experimental workwith tetrapod
tracks in laboratory and field. Palacogeogr., Palaeocli-
matol., Palaeoecol., 231: 253-264.

Moore L. J. (2000) - Shoreline mapping techniques. J. Coast-
al Res., 16: 111-124.

Petruzzelli M. (2008) - Gargano Murge and Salento high-
lands, proposed as a unique dinosaur megatracksite
Apulia, south Italy. In: Acts of the Second Interna-
tional Congress of ichnology, Ichnia 2008, Krakow,
Poland. Abstract book, p. 103.

Petruzzelli M. (2010) - Orme di Dinosauro nel Calcare di
Bari. 1° I siti ad orme di dinosauro in Puglia. 2° Me-
todi di studio. 3° Il Parco Cresce. In: Bollenti Spiriti
Camp, Giovani Idee Cambiano la Puglia, 6-7 Febru-
ary 2010, Fiera del Levante Bari. Regione Puglia e
Unione Europea. Posters.

Petti E. M., Avanzini M., Franceschi M., Girardi S., Remon-
dino F., Belvedere M., Ferretti P. & Tommasoni R.
(2008) - New approaches to study dinosaur tracks:
3D digital modelling by fotogrammetry and active
sensors. In: Ichnia 2008,Acts of the Second Interna-



530 Petruzzelli M., Razzolini N. & Francescangeli R.

tional Congress on ichnology, Cracow, Poland. Ab-  Remondino E, Rizzi A., Girardi S., Petti E M. & Avanzini

stract book, p. 105. M. (2010) - 3D Ichnology-recovering digital 3D mod-
Petti EM., Bernardi M., Ferretti P, Tomasoni R. & Avanzini els of dinosaur footprints. In: The Photogrammetric
M. (2011) - Dinosaur tracks in a marginal marine en- Record, September 2010 (Extended version of a paper
vironment: the Coste dell’Anglone ichnosite (Early presented at the RSPSoc Annual Conference held at
Jurassic, Trento Platform, NE Italy). Ital. . Geosci., the University of Leicester, 8th to 11th September

130(1): 27-41. doi: 10.3301/1JG.2010.19. 2009), 25(131): 266-282.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


