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Abstract

We presert a system for building and visualizing 3D textured models of Caribbean petroglyphs.
Through a collaboration with the Instituto de Cultura Puertorrique ra, we show reconstructions of pet-
roglyphs located at the Taino ceremonial center at Caguana, Puerto Rico. Our methods allow digital
accessto and presenation of objects located in remote areasthat remain unprotected from the elemerts.
Our approach creates 3D textured models and allows usersto intuitiv ely visualize subtle aspects of pet-
roglyphic art, such as dimension, texturing, and application of synthetic lighting, that are not possible
without the digital model. We discussthe performance of these methods in practice and show resulting
high-resolution 3D scansof Taino petroglyphs. We believe these techniques can be useful in promoting
access,scholarship and in fostering preservation for artifacts that are inaccessibleand obscure.

1 Intro duction

Archaeologistsare limited mainly by accesso artifacts and tools to record and study them. We recognize
the importance of theseissuesand o er new techniquesand options for professionalsto improve their ability
to researd new objects. The Instituto de Cultura Puertorriquera hasprovided us the opportunity to access
a collection of artifacts at the Taino Ceremonial Park in Caguana, Puerto Rico. By using a large collection
of cultural heritage artifacts as a base,we are able to develop new accesstechniques and study tools. The
most prominent of theseartifacts are the petroglyphs surrounding the ceremonial elds of the Taino People.
The petroglyphic iconography provides us with a large sample of art and culture from the pre-Columbian
saciety of the Tainos. The importance of theseartifacts from a historical standpoint can not be overstated.
The Taino plazashave long beenstudied and are an important part of the historical record of the region.
An example plaza can be seenin Fig. 1. These plazasplayed a foundational role in Taino society as a site

Figure 1: Taino Plaza



for ball games,dancing, and post-mortem rituals [1]. Each of these plazasare customarily surrounded by
upright stones;ead having various typesof carvings on their surfaces.

Petroglyphic iconography is a large area of study by itself. Even though these artifacts provide large
resourcesfor further study of a culture, new technology hasnot beenemployed to improve the recording and
dissemination of the information they contain. The current professionalpracticesfor recording rock art have
remained unchanged for many years. Two of the most prevalent techniques are tracing and photography
[5]. Howevwer, both of these methods have very obvious limits. Tracing requires physical corntact with eadt
petroglyph, and the recordingis clearly controlled by the artist's perception. Photography intro ducesa lossof
information that is inherent when capturing a real world object with a two-dimensionalimage. Furthermore,
lighting canlimit what details are exposedin the photograph. Another drawback to either of theserecording
methods is that all recording decisionsmust be made while on-site. As study progressesfuture researd is
limited by the recording technology employed.

Furthermore, the location of the artifacts doesnot prove to be a safeervironment for these carved rock
faces. They reside in a forest clearing where the Caribbean climate is free to deteriorate the remaining
details. Accurate presenation techniques must be actively developed to cope with potential information
loss.

In the past few years, progresshas beenmade in using state of the art technology to provide researters
with more accurate recording techniques. Recerly, Stonehengehasbe scannedusing laser-basedacquisition
techniques [3]. They claim that their results are the best record of Stonehengecarvings ever acquired.
The digital Michelangeloproject has produced very accurate recordings of the David sculpture [4]. These
results have allowed further study to be applied to the chiselsMichelangelousedwhile carving the sculpture.
Obvious parallels exist since archaeologistsand anthrop ologists are often interested in the tools usedby a
culture.

In this paper, we attempt to solve the problems of digital acquisition and presenation while using new
tools for studying the artifacts themselves. We have developed a laser basedscannerwith the speci ¢ goal of
acquiring high-resolution scansof inscribed surfaces. The scanneris also exible enoughto allow scanning
in remote areas, while still producing results with the quality standards neededfor digital presenation.
The digitally presened objects open another avenue for study of these artifacts. Digital copiescan be
studied remotely through networks (such asthe Internet), or using various display techniques, ranging from
computer monitors to high-resolution tiled projector displays. Furthermore, study of these piecescan be
enhancedusingvirtual toolssud asarti cial lighting, surfacingmapping techniques,and content descriptors.

2 Metho ds

The developmert of a high- delit y collection of petroglyphs required not only a custom platform, including
commadity hardware and custom software, but also novel techniques for access,sudc as displaying and
studying the piecesin the collection.

2.1 Acquisition system

The acquisition systemwe developed usesa combination of commadity hardware and custom software which
has ewolved from a 3D documenrt scanner[7]. We used hardware that included: four rewire-based digital

video cameras,two 5 Mega-Pixel digital still cameras,and a laser strip e generator mounted on a computer
cortrolled pan/tilt unit. Thesedevicesare all controlled by a single computer using software that we have
dewveloped. All of the equipmert is mounted on a large trip od and the camerasare calibrated sotheir physical
position is known with respectto ead other. The scanningprocesssweepsthe laser strip e acrossthe surface
of the rock, while the video camerasobtain a unique view of the laser asit progresseqFig. 2). The line
appears deformed depending on the viewing angle of eadh cameraand topography of the surface. For each
of the points on the line, the software calculatesthe point's position for eath cameraview. This information

allows the points to be triangulated to determine their distance from the cameras.Once all the points have
beentriangulated, the 3D surfacecan be reconstructed. The two high-resolution camerascapture imagesof
the surfacewhich are then applied to the reconstructed model. The output of this systemis a sub-millimeter
accurate 3D model with high-resolution texture.



Figure 2: (a) The scannersetup to scana petroglyph. (b) The laserstrip e on the rock surface. (c) The laser
segmeted from the rock. (d) The reconstructed 3D model of the rock with texture.

2.1.1 Resolution and Accuracy

In general, accuracy and precision are determined by 3 factors: camera properties, working volume, and
error in calculations. The resolution of the camerasdetermineshow many 3D points can be reconstructed.
For ead pixel in the cameraimage, the corresponding 3D point in the world is determined. The number
of points that can be reconstructed is on average 0.33 million per scan. Another factor in the resultant
resolution is the size of the areato be scanned. Since the number of points is determined by the camera
resolution, the accuracy of the scanis xed. Therefore, the resolution in metric scaleincreaseswhen the
scanning surfaceis smaller and closerto the scanner. The precision of the 3D points is degradedby various
errors introduced by the reconstruction process. Determining the exact certer of the laser stripe in eadh
imageis often di cult.  Also, the calibration of the camerasintroduceserror in the reconstructed points.

Prior to our on-site work, we completed experiments to determine the precisionwe could expect with the
working volume of the petroglyphs. The test object wasa at 0.5m by 0.5m squareboard that was scanned
at a distance of 2m. The 3D points on the surfaceof the board were reconstructedand a planewas t to the
points for deviation determination. Our statistical calculations showed that the reconstructed points had a
standard deviation of 0.5mm and a variance of 2mm.

2.2 Access Techniques

Once the acquisition processis complete, the artifacts are presened digitally. The initial data format that
is produced by the scanneris known as a point cloud, which is simply an unordered list containing the X, vy,
and z coordinates of eadh point. Also, calculations are stored that determine where eat point existsin the
high-resolution texture maps. We convert this format to a meshsurfacethat is made of triangles where eath
triangle has an assaiated texture map image. The mesh model is a standard 3D data type that provides
many opportunities for usein preexisting applications. This allows many more accessptions to be explored
in the digital realm comparedto what is available physically. We used someof this technology for virtual

exhibits in the area of digital museums|[8]. However, for accessto the petroglyphs in particular, we seetwo
major routes for accesshat must be addressed.

Remote accesdor all usertypesvia the Internet.

High-resolution tiled projector displays for advancedreseard.



Figure 3: Petroglyph visualized on a rear projection tiled projector display.

2.2.1 Web Access

The rst option wasto provide accesgo the presenedpetroglyph archiveusingVRML (Virtual Reality Mark-
up Language) plug-ins available for web browsers. This allows unparalleled accessto a digital collections
due to the broad availabilit y of Internet access.Furthermore, usersmay interact with objects in real-time,
while modifying properties such as orientation and surface qualities.

2.2.2 Immersiv e Access

The secondoption uses commadity projectors casually aligned to provide an immersive rear-projection
display [6]. The goal of this display technique is to provide researters with a life-size digital replica that
can be interacted with and still provide details comparableto a eld study. The display usesa camerato
survey the roughly aligned projectors. Then, custom software is usedto calculate transformations for each
projector that allow it to make the projectors align seamlesslyinto onedisplay with a resolution equalto the
sum of its parts. This systemis completely scalable,so the display size can be increasedeasily. Therefore,
the petroglyphs themselwes can be displayed at full scaleto provide researderswith a closeapproximation
to an on-site study (Fig. 3c).

2.3 Virtual Study Tools

By creating a 3D digital copy of an artifact, many standard and newly dewveloped researd tools can be
combined to enhancethe study of theseobjects. One result of generatinga digital versionof ead petroglyph

is that tests and modi cations can be performed without fear of permanertly damaging the actual piece.
Furthermore, weathering and deterioration can be measuredby taking multiple scansand comparing results.
This information canprovide a model for degradationthat canbe applied to createan accurateapproximation

of the surface quality at a specic time in the future [2]. One intuitiv e tool for studying petroglyphs
is modifying the lighting on the surface of the stone. Similar to the e ect of mirrors or ashlights for
photographic recording, a virtual light source can be positioned in a way that casts dark shadowns across
the carvings. However, unlike a photographic recording, a false color can be applied to the rock's surface,
making the carvings obvious to even the most casualobsener (Fig. 4a).

3 Results

As with any on-site operations in remote areas, our team faced di culties in completing recordings of
the petroglyphs. Sincethe scanneritself is a combination of commadity electronic parts, portabilit y and
durability is reducedsinceit was not designedin a self-cortained enclosure. We were able to use electricity
provided by the on-site facilities at the park, soalternate power sourceswere not required. However, matters
were complicated by inclimate weather. As a result, the ceremonial eld itself becamequite muddy, as seen
in Fig. 2a. Theseissuesrequired us to move slowly so that we could keep our equipmen protected and
ensurethat our results still met our standards.



Figure 4: (a) A Taino petroglyph showing shape with false coloring. (b) A rendered3D model with texture.
(c) A regionwith an additiv e layer of metadata to highlight carving.

3.1 The Virtual Petroglyphs

We were able to generate3D models of eat of the petroglyphs we scanned. Sincethe petroglyphic iconog-
raphy itself is the most important aspect of the rocks, we choseto scanonly the front-side of the rocks that
were carved. A complete rock model was created using interpolation of the scandata. Using thesecomplete
virtual models, we are able to use visualization technology to provide life-like renderings and interaction
with artifacts. Furthermore, we were able to perform measuremeits on the carvings on a metric scale. This
type of data gathering can be doneat a later time and in o -site locations. The accuracy of our petroglyph
models was calculated using our test results from the in-lab experiments. Our working volume was between
1.5m and 2.5m, so the precision of the points is between 0.5mm and 1.5mm. Since the resolution of our
scanneris xed, we decidedto perform the scanin sectionsto increasethe overall resolution of the complete
model. Thesesubsectionswere mergedtogether as a stepin post processing.This provided models made of
over half a million 3D points with texture imagesat a resolution of 6 Mega-Pixels.

3.1.1 Information Structure

Sincethe data is stored in a completely digital format, metadata, or cortent descriptors, can be inserted into
the models. This allows expert usersto have the opportunit y to make and store detailed obsenations about
ead object, such as markings on the surfaceof the rocks to highlight the carvings. Sincethe metadata are
additiv e layers of information, they can be displayed or hidden depending on the viewer's preference. This
technique is demonstrated in Fig. 4 where Fig. 4b has been studied by an expert user and the carvings
have beenhighlighted in a layer which is turned on in Fig. 4c. Moreover, speci ¢ regionsof interest can be
created so that researd notes and other forms of data can be linked to ead particular region. The size of
theseregions can be modi ed depending on the density of information on an object. These enhancemets
allow researders to study a specic region of the petroglyphic iconography and view the previous studies
that pertain to only that region of interest.

4 Conclusion

Through this project, we have been able to generate and demonstrate new techniques for the study of
archaeologicalobjects, speci cally petroglyphic iconography. By developinga custom 3D scanner,we created
a method to accurately produce virtual models of the Taino carvings. Once these models are reconstructed,
many new tools are available for researters to study the petroglyphs. The ability to remotely access
the models via the World Wide Web may bring about collaborative study and increasethe audience of
the artifacts while heightening awarenessof their cultural importance. By using large immersive display
systems, researders will be able to study rocks from remote locations with a level of detail and realism
that is only surpassedby visiting the objects on location. Also, we have intro duced technology to allow
collaborativ e study of the petroglyphs. Researterscanindependertly add notation to regionsof the object,



while linking with various other forms of media such as previously published studies, imagesor even related
regions on di erent objects. The methods introduced will help archaeologistsand other interested parties
in their study of the petroglyphs. Furthermore, this researt can be extendedto other artifact types. This
will give archaeologiststhe ability to organizetheir studiesand continue their researt o -site in much more
realistic and innovativ e ways.
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