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The increasing availability and relatively
low cost of digital data collection tech-
nologies have created a data avalanche for
archaeologists, who are collaborating with
computer scientists to develop new visual-
ization and analysis tools.

rchaeology is on the verge of embracing what Jim

Gray called eScience, the new “fourth paradigm”

of scientific research in which data-intensive

science drives discoveries.! This is an exciting
period of change that is drawing archaeology into a close
collaborative relationship with both computer science
and engineering.

Archaeology increasingly depends on the successful
curation of the vast quantities of digital data that consti-
tute a comprehensive record of the sites under study. In
1999, researchers at the California Institute for Telecom-
munications and Information Technology (Calit2) Center
for Interdisciplinary Science for Art, Architecture, and Ar-
cheology (CISA3; http:/icisa3.calit2.net) at the University of
California, San Diego (UCSD), brought in survey equipment
and digital cameras to precisely record finds, with each of
these technologies working as real-time components of
excavation and mapping. Our original goal in adopting this
methodology was to more precisely record archaeological
data recovered in our Middle Eastern expeditions for later
analysis away from the field. Given the history of war and
revolution that has characterized the region for more than
a century, the ability to capture and preserve this cultural
heritage data in a digital format is especially significant.

COMPUTER
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Over the past decade, our project has been generating
exponentially more massive datasets each year, spurred
by the increasing use of diagnostic and analytical imaging
tools new to archaeology such as light detection and rang-
ing (LiDAR) scanners, airborne imaging platforms fitted
with high-resolution digital cameras, high-resolution desk-
top 3D artifact scanners, X-ray fluorescence (XFR), and
Fourier transform infrared (FTIR) spectroscopy.?

Although this technology is making it easier for
researchers to acquire large datasets, making full use
of them remains a challenge. Toward that end, we have
developed a system that integrates geographic information
system (GIS)-based artifact and material sample data-
sets with massive point clouds within an interactive visual
analysis environment. Our system lets researchers revisit
archeological sites virtually, with the entirety of the cap-
tured record accessible for exploration.

RESEARCH CONTEXT

Our fieldwork in Jordan focuses on tracking the role
of technology in social evolution from the beginnings of
the domestication of plants and animals during the Neo-
lithic period to the rise of Islam. Currently, our primary
research effort explores the role of copper production in
the rise of the first historical state-level societies in Jordan
during the Iron Age (ca. 1200-500 BC)—a period that co-
incides with Biblical history surrounding figures such as
David and Solomon, and with the ancient kingdom of Edom
during the 10th century BCE.> One question that we seek
to answer is whether these figures were responsible for
the establishment of a powerful kingdom or were merely
petty chiefs who controlled very little territory.* According
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to the latter interpretation, there were no
socially complex societies like kingdoms
during this period.

Our excavations of an Iron Age for-
tress at Khirbat en-Nahas (KEN), shown
in Figure 1, the largest copper produc-
tion site in the southern Levant, provide
a unique opportunity to test whether
kingdoms or archaic states existed in
southern Jordan at this time. The best
way to determine this is to demonstrate
that monumental architecture existed
and industrial-scale mining and metal-
lurgy took place in the disputed 10th
century BCE. This can be achieved
through rigorous dating of both the for-
tress at KEN and the industrial waste

Figure 1. Photograph of the final excavation in the Khirbat en-Nahas (KEN)

gatehouse, Jordan, illustrating the main passageway.

from copper production at the site.

To date the site, we first turned to ac-

celerator mass spectrometry (AMS) radiocarbon dating.
However, simply collecting radiocarbon dates is not
enough to verify the date of a site or its constituent struc-
tures. The dates that radiocarbon samples provide are not
anthropogenic and potentially suffer from the “old wood
effect,” in which a sample predates its deposition associ-
ated with human activity. This means that to confirm the
date of any context with radiocarbon, it is important to
prove the integrity of the stratum from which the samples
come, to furnish numerous samples that are “short lived”
or represent one or two seasons of growth, and to provide
other frames of reference for verification. Strata are made
up of loci that are used to organize 3D space and group
related artifacts for the construction of a relative chronol-
ogy. By using radiocarbon dating along with anecdotal
data observed in the material record, both internal and
external to a site, we can assign chronological data to each
stratigraphic component of a site’s development.

DIGITAL SITE DOCUMENTATION

Because archaeology is the “science of destruction,” in
which the process of excavation removes the sedimen-
tary and cultural context of artifacts and architecture
forever, the accurate recording of contexts and artifacts is
crucial. As archaeologists excavate, they document point
finds—individual artifacts—and the aforementioned loci,
recording their precise geographic locations using total
station and differential GPS technologies. LIDAR-captured
point clouds are fundamentally different from the other
types of data we collect. They provide objective approxi-
mate snapshots of the site geometry at specific points in
time, which collectively form a raw spatial record of the
site architecture and topography that complements the
more specialized GIS-based datasets.

LiDAR has been used successfully in archaeological re-
search as a conservation tool: the billions of georeferenced
points provide a record of an ancient site on the day the site
was scanned, with precision to 1 mm.® Researchers can
use this data as high-definition documentation for digital
preservation of cultural heritage remains to create a point-
in-time record of at-risk structures as well as to monitor
erosion processes. Furthermore, the spatial context that
LiDAR data provides for artifacts is crucial for identifying
meaning from mute archaeological remains, and for dis-
covering new insights into the archaeological record and
its relationship to history and culture.

VISUALIZING KHIRBAT EN-NAHAS

During the 2009 excavation season, we undertook a
three-week LiDAR scanning campaign that captured more
than 1.7 billion points covering the massive 24-acre ancient
metal production site at KEN. To visually explore LiDAR
data in the field—and ideally at acquisition time—we
developed a highly flexible visualization system that en-
ables interactive inspection of multi-billion-point datasets
on commodity hardware such as midrange laptops. The
system requires minimal preprocessing of the raw point-
cloud data—this facilitates the progressive construction
and evaluation of the digital site documentation onsite by
enabling it to be performed at the same pace as the site
excavation, with constant feedback on the quality of the
data collected.

We use our visualization system to revisit the site virtu-
ally and perform various analytical tasks not only more
conveniently, but also more reliably, than with traditional
methods. For example, a dynamic sectioning tool lets
us interactively specify and explore ground plans and
cross-sections, while the overlay of a measurement grid
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in combination with an automatically scaled legend lets
us measure objects visually by aligning them with the grid.

We can take a more formal, reproducible measurement
with the aid of a measurement specification—a complete
accounting of the feature geometry. Such fully documented
measurements can serve as one form of site annotation to
help organize the record. In this way measurements and
other analyses feed back into and enrich the digital record,
allowing ongoing interpretive work to build upon previous
results captured as annotations.

AUGMENTED POINT-CLOUD VISUALIZATION

We augment the bare LiDAR record with visual
annotations generated dynamically from a GIS database,
enabling the rapid exploratory visualization of many

COMPUTER

kinds of data within their appro-
priate spatial contexts. To gain a
better understanding of the con-
textual relationships between
the radiocarbon-dated material
samples and the stratigraphic
loci—relationships that are essen-
tial for constructing and validating
a consistent site chronology—we
visualize the samples and the cor-
responding loci together within
the spatial scaffolding provided
by the point-cloud data.

We draw archaeological loci
as semitransparent solids, and
radiocarbon samples as markers
with dynamically generated labels,
as Figure 2 shows. We filter both
for visualization based on attri-
bute information stored in the GIS
database—for example, to select
only those loci and samples be-
longing to a specific stratigraphic
layer. We then use a gridded sec-
tioning tool to dynamically explore
the precise spatial relationships
among the samples, loci, and an-
cient architecture to evaluate and
refine chronological analysis of
the site, as Figure 3 shows.

Using this visual analysis
framework, we can progressively
develop an interactive, hands-on
interpretation of the digital site
record.

FIELD-DEPLOYABLE
VIRTUAL REALITY

The massive digital record
and our visualization framework are uniquely suited for
use in virtual reality environments, allowing the “dirt
archaeologist” to physically step into a virtual copy of
a site, but without the usual constraints of physics, the
inconveniences of weather, or the limitations of nonaug-
mented vision. Until recently, researchers could not take
advantage of virtual reality until they returned from the
field to permanent installations such as the StarCAVE—
a five-sided projection-based virtual environment—and the
NexCAVE—a nine-panel wraparound 3D display based on
micropolarization stereo LCDs—at Calit2, UCSD.®

The NexCAVE has been further ruggedized and turned
into the more portable TourCAVE, which can be taken
directly to the site. We plan on leveraging this system in
the field to make stronger inferences about archaeological
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Figure 3. Tool for dynamic sectioning and measurement. The grid spacing changes automatically to provide the most useful
scale. The figure shows a vertical section through the KEN gatehouse’s southeast guardroom and central passageway.

strata as they are excavated—in time to steer the excava-
tion and recording processes—and to ultimately develop
more robust excavation methodologies tailored to the pro-
duction of high-quality digital documentation.

rchaeologists have traditionally worked in 2D, rarely

revisiting their datasets in real-time 3D—whether

in the field or in the lab—or making their geospa-
tial datasets available to others. Interactively visualizing
3D data from our field site allows us to demonstrate the
geospatial relationship between time (radiocarbon dates)
and space (monumental fortress architecture). It also has
helped uncover evidence, in addition to traditional stud-
ies of pottery and other artifacts,” for a complex society
(kingdom) during the 10th century BCE in southern Jordan
that was capable of industrial-scale metal production.’
By integrating LiDAR and GIS-based excavation data, we
hope interactive visual analysis will become a core part of
the digital archaeology workflow—from research design
to dissemination.
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Hewlett-Packard Company has
an opportunity for a

Software Designer

Cupertino, CA
Reference: CUPJMA2

Reqs: BS & 5 yrs exp.& Expertise in
business domain of Project & Portfolio
Mgmt; Java/J2EE architecture; & Release
& Config Mgmt. Exp. w/Design &
implementation of complex web-based
apps; Oracle DBs; & Struts, Hibernate,
GWT & Spring Tech.

List full name, address & email address on
resume. Ref Job# CUPJMA2 & send
resume to Hewlett-Packard Company,
H1-6E-28, 5400 Legacy Drive, Plano, TX
75024.
legally authorized to work in the U.S.

No phone calls pls. Must be

w/o sponsorship. EOE.
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Hewlett-Packard Company has an
opportunity for a

Software Designer

Roseville, CA
Reference: ROSPPE2

Regs: MS & 2 yrs exp. Proficiency in Java,
Python, Perl, Shell Scripts & SQL language.
Exp. w/]J2EE; SW dvt on Linux, Windows,
HP-UX & SunOS; SW dvt using JDBC & DB
systems; SW dvt using Java SE Security; SW
vulnerability & threat analysis; & Agile SW dvt.
Knowledge of info security & web security.
Familiar w/common vulnerabilities that could
be exploited from web; Processes to improve
SW security quality; Code signing concept; &
source control SW including ClearCase &
Subversion. List full name, address & email
address on resume. Ref to Job# ROSPPE2.

Pls send resumes w/job# to Hewlett-Packard
Co., H1-6E-28, 5400 Legacy Drive, Plano, TX
75024. No phone calls pls. Must be legally
authorized to work in the U.S. w/o sponsor-
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Hewlett-Packard Company has
an opportunity for a

Software
Designer

Cupertino, CA
Reference: CUPNSA2

Reqs: BS &5 yrs exp. Exp. w/ SW dev’t;
Using & developing Java/]J2EE apps;
Developing in Python or Ruby; & XML
& SQL.

List full name, address & email address
on resume. Ref Job# CUPNSA2 & send
resume to Hewlett-Packard Co.,
H1-6E-28, 5400 Legacy Dr, Plano, TX
75024. No phone calls pls. Must be
legally authorized to work in the U.S.
w/ o sponsorship. EOE.
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