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Abstract
Archeological data collected over many years presents a range of challenges to
modernday archivists. These digital artifacts include multiple representations of rare
items spanning many cultures and geographical regions (e.g. Native American relics,
Samoan pottery and stone tools, cuneiform tablets, ancient human cranial endocasts).
While there are many photos and spreadsheets recording the collection, the vast majority
of the data is in the form of scanned 3D imagery that is somewhat inconsistently
documented. Further, the collection is scattered across multiple devices, and none of it is
browsable or searchable via the Web. This has led to a multidisciplinary project
spearheaded by an undergraduate student in Computer Science (first author) joined by a
graduate student in Anthropology (second author) with eight goals guiding the collection,
organization, and dissemination of the archive.

1 Introduction
The Digital Archive Database for Archeology (DADA)
project is an ongoing endeavor to
sort and identify completed 3D scans of artifacts collected by the Archaeology
Technology Lab (ATL) at North Dakota State University. These collections consist of
items such as: projectile points, scrapers, and pottery collected over many years. Each
artifact is represented by a set of files, and all the files required to create these artifact
models were kept in case they were needed at a later date. However, most of the original
collaborators are no longer participating in the project, and the data was not stored in a
easily accessible or searchable manner. This paper begins by describing efforts to sort
and organize this archive of over 5,100 files and concludes with descriptions of
inprogress efforts towards disseminating this archive to other researchers and the general
public.

2 Project Goals
We identified eight goals to guide the discovery, organization, and dissemination of the
artifact archive. These goals include: 1) Identify scanned artifact file types and the
software required to open them; 2) Associate each artifact with its set of files and
representations; 3) Create a database to store artifact information; 4) Develop a data entry
tool for content experts to add artifact metadata to the database; 5) Deploy a publicly
available website to display the artifacts and associated metadata; 6) Create a 3D model
containing the Native American artifacts for use in developing pedagogical activities,
specifically 7) an immersive virtual environment and 8) a short animated film.

2.1 Identifying Scanned Artifact File Types and Required Software
To understand the structure of the archive, it is necessary to describe the original
collection process. Each scanned artifact went through a sequence of four phases. The
Ⓡ
Ⓡ
first phase was 3D scanning. The artifact was placed in a Minolta
or Canon
3D
scanner and rotated to scan six to eight sides, depending on the size of an object. Next, all
of these face scans were joined together into a single file. Then, the scans were trimmed
of any excess material that was not part of the artifact. The final phase focused on
cleaning and fixing errors that occurred. This resulted in a set of files in a variety of data
formats: 
.vvd scan data, .cdm joined scans, .wrp, .pol, .obj, or .wrl finalized/decimated
scans, and .jpg photos.
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2.1.1 File Type .vvd
The .vvd files correspond to the original 3D scans of the artifacts. The Minolta Vivid
Scanner created a point cloud representation of a portion of the artifact. Each artifact was
scanned from a variety of angles, this process resulted in six to eight .vvd files. Once
scanned the .vvd files are accessible through 3D System's Geomagic 3D Suites and
Packages and scanner drivers. The figures below show a top section photograph of a
Scapula Hoe
. This artifact was scanned by the Minolta Scanner resulting in a point cloud
representation of the section scanned (Figure 1).

Figure 1: (Left) Photograph of the top portion of a scanned 
Scapula Hoe
(Right) The point
cloud generated from the Minolta Vivid Scanner.

2.1.2 File Type .cdm
Each artifact has a single .cdm file. This file is the result of joining the .vvd files into a
single file. However, some of the artifacts were larger than the Minolta scanner’s scan
range and could only scan half of an artifact at one time (Figure 2  Left). This resulted in
scans requiring an additional merge stage to create a final version (Figure 2  Right).
Finally, the .cdm file containing the point cloud was trimmed of excess points that may
have occurred during the scanning or merging process. The .vvd and .cdm files are
incomplete source models developed in Geomagic 3D Suites and Packages, and are
retained in case there is a need to go back to the original source scans.
2.1.3 File Type .wrp
The joined point clouds were then brought into 3D System's Geomagic Wrap, where each
vertex is linked to its corresponding vertex, creating a mesh. After this automatic
conversion was completed for all the vertices in the model, they were then imported into
Polyworks for final processing.
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2.1.4 File Type .pol
After the joined source scans were created, they were imported into a product developed
by InnovMetric Software called Polyworks. This software has an estimated price range of
eight to ten thousand dollars, putting it out of reach of low budget projects. However, this
software was used because it allows for more variations in editing and conversion for the
final 3D models. Features of Polyworks include the ability to patch and fill holes left
from the joining process, and to create decimated versions of the models. Decimation
refers to the removal of a series of vertices in an attempt to decrease the file size and
complexity of a 3D model. This decimation process was performed on a number of the
artifacts. The .pol file represents the full 3D model at its highest resolution. Since the
archive was created over a decade ago, a number of supplementary files were created so
they could be sent over the Internet and handled by the less powerful computers available
at the time.

Figure 2: (Left) A portion of the scanned 
Scapula Hoe
as a joined collection of scans.
(Right) A complete 3D model of the scanned 
Scapula Hoe
.

2.1.5 File Type .obj
OBJ is a file format supported by most 3D modeling software. It is a plaintext encoded
standard and includes header information and collection of vertex coordinates and vertex
colors. This was the primary format of choice for saving decimated versions of each
scanned artifact. A number of these files correspond to models that were used in the
development of the first version of the Native American Immersive Virtual Environment
and 3D movie (see goal six, seven, and eight).
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2.1.6 File Type .wrl
The ATL was focused on developing Internetviewable artifacts for public consumption
(Landrum et al. 2003; Clark et al. 2002). At the time, the primary technology used to
develop 3D content for the Internet was the Virtual Reality Markup Language (VRML).
The .pol files described earlier were converted to .wrl files, the file format used by
VRML. The .wrl file data is stored much like an .obj file, in a plaintext encoded format
with vertex and color information. Blender and a Sourceforge project called Meshlabs
handles the .wrl file format. This file type was the primary choice for workinprogress
and file versions of each artifact.
2.1.7 Required Software
After identifying the relevant file types, it was necessary to find supporting software for
future usage. The files were originally created using expensive software licenses that are
out of date or expired. It was necessary to get an idea of what software these files came
from, as there are multiple file types for completed models (See Table 1).
.pol, .wrl

InnovMetric: Polyworks

.vvd, .cdm, .wrl

Geomagic Suites and Packages

.obj, .ma, .mb

Autodesk (was Alias Wavefront) Maya

Table 1: File extensions and the associated program
The finalized versions of the .pol and .wrl file types were ideal candidates for further
exploration for use in our dissemination activities. The .pol files were created and require
InnovMetric Polyworks software for further use. The .wrl files are a plaintext encoded
file format created with the intent of cross software and cross platform usage. It became
clear that finding affordable software that could import the .wrl files would be ideal.
Blender and Meshlabs are capable of importing these .wrl and .obj files and offer a
number of exporting options, allowing the greatest future flexibility. With both of these
affordable programs, it is possible to accomplish any task required for the completed 3D
models. Figure 3 shows these .wrlformatted artifact scans can be rendered in Blender
and imported into Unity.

2.2 Associating Representations and Artifact Files
Each scanned artifact is represented by a collection of files in a variety of types. Most of
these files are the originals from the scanning and editing process (the .vvd and .cdm
files). However, it was necessary to determine which files were temporary, work in
4

progress files and which were final versions. An examination of the file name codes and
the underlying visual representation helped distinguish each file’s role in the sequence.
These methods have led to the mapping of 249 complete scanned artifacts to date.

Figure 3: (Left) An artifact render from Blender (Right) An artifact brought into Unity
2.2.1 File Name Codes
Each file had a unique code to help identify each artifact within the collection. Each
scanned artifact file was named with their respective site code. The site code is an
archaeologist code defining the location of the excavated artifact. The affiliated or source
files had more embedded information within the file names themselves. Table 2 shows
the helper codes appended to the filenames and how they helped identify files in the
collection.
_f

Finalized version of the 3D model

_d

Extreme decimated version of the 3D model

_dg

Less decimated version of the 3D model

_#

The number after the underscore is the angle degree of the scan.

_a,b,c

Distinguishable versions of the different stages of the model editing process
Table 2: Examples of file name helper codes.
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2.3 Database Planning for Scanned Artifacts
The Digital Archive Database for Archeology is being created to store and catalog the
artifact scans for future usage. The database will require clientserver development. The
server will be used to store the files coupled with data that will be entered by an
anthropologist about each artifact. Data will include provenience, object description, and
accession details for each artifact.

Field

Artifact Data

Country

United States

State/Territory

American Samoa

Site Number

AS1313

Site Name

Va’oto

Unit

35E16N

Layer

II

Level

2

Depth

6879 cm

Below Surface/Below
Datum

BD

Material Class

Stone

Material Type

Basalt

Artifact Type

Scraper

Maximum Length

45.4 mm

Maximum Width

30.1 mm

Maximum Thickness

6.1 mm

Weight

9.6 g

Accession Number

9257

Table 3: Example data entry for a stone scraper
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2.3.1 Provenience data
Provenience data will reflect a specific geographic location relating to an excavation
within an archaeological site where the artifact was recovered. Options range from a
broad list of countries and states to particular site numbers and their associated units
which are further divided into layers and levels.
2.3.2 Object data
Object data describes the artifact. To begin, we will identify a general material class
which can be selected from a variety of options such as stone, clay, bone, shell, coral,
metal, glass, or wood. Within each material class, a specific material type will be
identified. For example, stone material types will include chert or quartzite, while shell
and bone will include animal genera or species. Artifact type further refines the
description of the object by describing its morphology (i.e., its shape) or function. This
will include options such as projectile points, knives, scrapers, pottery, and figurines. For
example, a scapula hoe from the OnaSlant excavation would be cataloged as material
class: bone, material type: 
Bison 
scapula, and artifact type: hoe. Dimensions and weight
will also be recorded.

Figure 4: Initial ER diagram for the DADA database.
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2.3.3 Accession data
Accession data will provide field and laboratory reference dates and details pertaining to
the artifact (Table 3). Specifically, the initials of individuals responsible for excavating
and scanning the artifact will be identified for consistency.
2.3.4 Initial ER Diagram for Database
An initial Entity Relationship (ER) diagram based on our anthropologist’s requirements
has been created (Figure 4). A server has been set up for the development of the database.

2.4 Data Entry Tool for Cataloging Scanned Artifacts
A data entry tool will allow content experts (anthropologists) to add the important
information about each individual artifacts. This tool must be simple, userfriendly, easy
to use, and provide for safe input. This entry tool will be created to be used with any
modern web browser, so that edits can be performed at any computer without the need to
install specialized software.

Figure 5: Prototype of the data entry tool
2.4.1 Data Entry Tool: Client
The client will be a webpage created with the following languages: HTML, CSS,
JavaScript, PHP, and SQL. Figure 5 shows a working prototype of the tool. This webpage
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will allow a user to enter specifications about a scanned artifact into HTML inputs, select
options, and textareas. The tool will also include a system that will require validation
before overwriting existing data to prevent any correct data from being lost.
2.4.2 Data Entry Tool: Server
Server design focuses on avoiding possible text entry errors by individuals without
programming experience. The content received from the client must not break any of the
scripts. Input needs to be cleaned and validated; special characters need to be escaped.
The database must also take into consideration the length of text input. If an entry
exceeds the defined type specification, updates will not take place. To prevent this, the
validation system will log the event and produce an error message for the user.

2.5 Public Facing Website
One aim of the project is to deploy these artifacts into a publicly accessible web site. The
collection covers a range of artifact types, from Native American relics, Samoan pottery
and stone tools, cuneiform tablets, to ancient human cranial endocasts. Each artifact type
will be arranged into separate sections in the web site, and be fully searchable by the tags
described by the anthropology content experts. The site will use the database developed
in goal three to distribute the content to interested parties including individuals from the
Samoan and Native American cultures, professional anthropologists and amateur
scientists.

Figure 6: Prototype of DADA’s 3D viewer
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2.5.1 Website 3D Viewing
One planned feature of the website is to include a 3D viewer. WebGL, a
recentlydeveloped Javascript API for rendering interactive 3D computer graphics, shows
promise as a crossplatform framework to show these scanned artifacts interactively.
Figure 6 shows an artifact with site code 
32MO26834420244
rendered in 3D. This
viewer is in early development and uses Three.js (
http://threejs.org
) to help simplify the
use of WebGL. The viewer also uses DATGUI.js (
http://code.google.com/p/datgui/
), a
graphical user interface for changing exposed Javascript variables, allowing for realtime
viewer interaction. Another feature of the 3D viewer is the artifacts that were scanned by
the Minolta Vivid Scanner contain the correct dimensions of the artifact within the 3D
models primitive data.

2.6 New 3D Model
These efforts lead to the development of a series of learning activities, particularly for
students of Native American culture. These activities will be based on a variety of 3D
scenarios. We previously developed a virtual recreation of a Mandan village in Maya
(Clark et al. 2006). The software cost of Maya is prohibitive, and we are looking to
embrace a more open platform. This led to the hiring of a expert Blender artist. Blender is
an opensource 3D modeling software package with a very large user base.
A number of Blender features and plugins will assist in making the scene more realistic
than the original version produced in 2004 for the 200 year anniversary of the Lewis and
Clark expedition. For example, hair was originally modelled using a single texture. The
newest version of Blender includes a hair particle interface, allowing for the creation of
more realistic hair. Improved vegetation, including procedural generation and animation
is done with a sapling tree addon. In addition, vegetation no longer uses billboards but
full 3D duplicates of the original via the newer cycles render engine. This allows for a
more realistic scene at the cost of a longer render time. Finally, the cycles renderer
significantly enhances the lighting and general material features with its node editor.
Using these tools, two versions of the model will be created. One for real time use in
immersive virtual environments (goal seven) and one for highquality rendering of
movies and animations (goal eight).

2.7 Pedagogical Activity: Immersive Virtual Environment
Our development of Immersive Virtual Environments (IVEs) is guided by a number of
shared principles. These principles include inquirybased, goaloriented, learn by doing,
rolebased, spatially oriented, exploratory, gamelike, highly interactive,
multiuser/multiplayer, and immersive. For nearly two decades, researchers with the
NDSU World Wide Web Instructional Committee (WWWIC) have engaged in the
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development, implementation, and evaluation of IVEs in science and social science
classes at the university level and, more recently, at the secondary level (Slator et al.
2006; Borchert et al. 2013). The development of these “serious games” is based on the
hypothesis that total immersion increases learning acquisition. When learners join the
IVEs, they are assigned progressively more difficult goals appropriate to their experience.
Goals are assigned point values, and learners accumulate objectively measured scores as
they achieve their goals.
The OnASlant Virtual Village IVE (Hokanson et al, 2008) is a reconstruction of a
sedentary Native American village that was located at the junction of the Heart and
Missouri Rivers, near Mandan, North Dakota, USA. The village was established in the
second half of the sixteenth century and later abandoned around 1781, more than two
decades before the Lewis and Clark expedition would explore the region. The IVE is a
“learn by doing” simulation based on a 3D reconstruction of the archaeologically
important OnASlant Mandan village using archaeological records and other source
materials to authentically recreate the space in 3D rendered graphics. Students explore
the 3D environment, discover artifacts, and develop an interpretation of the relationship
between the archaeology and past society by interacting with the visualized context.
The premise of the IVE is that students are sent back in time to the village, where they
can interact with the Mandan people at a time near the end of the eighteenth century.
While there, students explore the village to learn about food, family, lifestyle, education,
and other cultural elements of Mandan society before the impact of EuroAmerican
expansion. Students are taught the methods and logic of anthropology and archaeology at
an introductory level, as well as how historians and sociologists come to understand the
past (for example, archaeology, primary documents, and anthropological accounts). The
data collected and organized in the DADA project will be used to augment the
OnASlant IVE.

2.8 Pedagogical Activity: Animated Short Film
The original OnaSlant animation was produced for the Lewis and Clark “signature
event” at the College of St. Mary in Bismarck, ND in 2004. It was a 3D production
employing advanced modelling and rendering techniques requiring dual, synchronized
projectors and bluered 3D glasses. The animation follows a dragonfly up the Missouri
River, over native gardens and a herd of horses, up to and over a palisade surrounding the
village. The camera then traverses the village, past the sacred altar and into an earth
lodge. Along the way, avatars are seen, gardening and scraping hides, and artifacts are
brought into view for inspections: a stone scraper, a bone knife, a clay pot, etc. Along the
way, narrators describe the sights and provide cultural and historical details.
A second version was produced (Clark, Landrum, Slator, 2011) addressing issues with
the original. These included correcting rigging errors, correcting flaws in various parts of
the model (i.e. covering a jagged shoreline with bullrushes), and bringing in the audio of
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the Dragonfly story, a short tale spoken by Edwin Benson, believed to be the last native
Mandan language speaker (
http://en.wikipedia.org/wiki/Edwin_Benson
).
A new museumquality version is currently in production, employing modern
photorealistic rendering techniques and with plans to populate the environment with
rigged and active avatars. In addition, animated tableaus depicting food preparation and
lodge construction are being added.

3 Conclusion
This paper describes an ambitious 8part project still underway. Progress on the eight
components is shown in Table 4.
Task

Complete

Identify data formats and find required software

X

Associate files with specific artifacts

X

Design entity relationship diagram

X

On Going

Create a customizable data entry tool

X

Build a website to browse and search the archive

X

Construct 3D Native American village model

X

Planned

Develop Immersive Virtual Environment

X

Produce a short documentary movie

X

Table 4: Progress of the DADA project
We are optimistic about the future of this project and look forward to continuing it to
completion. The ultimate aim is provide an online presentation, in addition to museum
styled venues.
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