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SEE THE CD FOR THE EXTENDED VERSION ABSTRACT
Using different data capturing techniques (manual drawing,
laser pen-aided drawing, MicroScribe and FARO arm drawing,
adjustable 3D pin and cardboard models) the hull of a ves-
sel is reconstructed for further manual and/or computerized
analysis (I-ship program). The application of 3D computer-
ized modelling techniques has hitherto been used for visua-
lization purposes only (Rhinoceros software). The application
of 3D scanning coupled with the specific use of customized
software (by PRISM) reveals the potential for analysis of
symmetry in reconstructed hulls. This pilot study used a sca-
led hypothetical model of a partially preserved Viking Age
vessel found in the Roskilde Fjord, Denmark. Through the
symmetry analysis of the hull of this vessel we can 'redisco-
ver' hidden design aspects of eye-built hulls, identify tech-
nological assembly processes, and facilitate accurate recon-
structions of scaled and full-sized models. The effectiveness
of 3D scanning for data capture and analysis suggest its
applicability in ship reconstruction and analysis.

Ancient ships pose complex problems in all aspects of their
research. Archaeological investigations of shipwrecks are
conducted in stages, starting with data capture and ending
with object display and/or reconstruction. Although much
data capture is obtained through elaboration of 2D drawings,
photographs, and manual measurements of 3D objects, idea-
lized models are drafted with AUTOCAD or other drawing
programs. Recent advances in computerized visualization
have resulted in an ever-increasing use of 3D models for pre-
sentation of reconstructed or preserved objects. We summari-
ze the advantages and limitations of data recording techni-
ques used in marine and nautical archaeology, focusing on
the potential of 3D scanning technology to capture, archive,
and analyze accurate, detailed 3D geometric models of ship
hulls.

The hull of a vessel may be reconstructed using different data
capturing techniques (manual or laser pen-aided drawing,
MicroScribe and FaroArm digitizing, and adjustable 3D pin
and cardboard models) for further manual and/or computer-
ized analysis (I-Ship program) or 3D visualization
(Rhinoceros software). In this study, we used a scaled hypo-
thetical model of a partially preserved Viking Age vessel
(from Roskilde Fjord, Denmark, http://vikingeskibs-
museet.dk) and applied 3D scanning and customized soft-
ware (developed for the 3DK project (Shurmans et al. 2002)
by PRISM, http://3DK .asu.edu) to examine the potential of
symmetry analysis for reconstructed hulls. Through such ana-
lyses, we can rediscover hidden design aspects of 'eye-built’
hulls, identify technological assembly processes, and facilita-
te accurate reconstructions of scaled and full-sized models.
The effectiveness of 3D scanning for data capture and analy-
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sis supports its further use in ship reconstruction and analy-
sis.

Recording Technology and Techniques. Viking Age ship
finds recovered from archaeological contexts are a major
information source on shipbuilding and seafaring (Crumlin-
Pedersen 1997), but the challenges of data collection increa-
se the complexity of reconstructing the maritime past. Hulls
are often only partially preserved and without major structu-
ral timbers such as stems and sternposts as the result of a deli-
berate action (dismantling) or of formation processes.
Northern European ships from the first millennium AD are
often found without accompanying artifacts, which make
reconstruction of the ship's hull imperative. These ships were
built by eye and 'rules-of-thumb' and have no surviving writ-
ten documentation. In order to rediscover the shipbuilder's
knowledge of that period, the researcher has to piece together
the recovered ship timbers to best resemble its original shape.
The technological process is assessed to rediscover the men-
tal template(s) used as a blue print in shipbuilding
(Indruszewski 2000). For this purpose, expert knowledge and
accurate measurements of preserved timbers are vital for the
reconstruction of complex 3D ship shapes. Thus, nautical
archaeologists are involved in 3D modelling and reconstruc-
tion from the very beginning and by the nature of the objects
of interest.

But to do this, each recovered ship timber has to be measured
and drawn by edge tracing; each timber is laid horizontally
under a clear Plexiglas plate positioned parallel with the sur-
face; edges and all other features pertaining to use-wear,
functionality, and material are drawn on clear film affixed to



the plate. Although this method is reliable, it also contains
some difficulties; superimposed edges in the same plane are
difficult draw in 2D. Tracing irregular and deformed edges
and shape-ends has proved to be tedious, requiring many
hours of effort. The amount of information rendered on a sur-
face, encompassed between four inter-related edges or sur-
rounded by a contour line, is a representation of the visual
perception of the draftsperson at the time of drawing.

In 1998, an improvement was made by attaching a permanent
marker (used in free-hand tracing) at an angle to a laser-pen
set perpendicular to the drawing plane. By moving both pens
as a unit, the operator is able to simultaneously trace the edge
or any other feature on the object and on clear film. The result
was improved drawing accuracy obtained with less time and
effort. The drawings are scanned, scaled down, and printed
for building a 3D cardboard model, which facilitates the
reconstruction of the hull itself, the relocation of each timber,
and important-
ly, defines the
sequence of
the assembly
process. On-
ce finished,
the model is
used for recor-
ding the ship
lines from
which the
final ship dra-
wings are ela-
borated. These drawings constitute the template used in the
construction of full-size replicas and scaled models utilized
in the study of practical navigation, technological processes,
and analysis of hull hydrodynamics. The analysis is carried
out at present by utilizing a software package called I-ship
and NMF-ship, designed to construct a 3D hull and calculate
several parameters such as main and additional dimensions,
hydrostatic data, and form coefficients.

The MicroScribe and FaroArm devices recently replaced the
manual edge tracing method and are used to digitize various
ship timbers and/or entirely preserved hulls. By dragging the
FaroArm pointer on the digitizing surface instead of marking
points at regular or random intervals, the operator can produ-
ce computerized feature lines with less time and effort (3
hours for the Kolding cog knee and 1.5 days for the
Hjortspring vessel hull). These lines of individual ship tim-
bers are assembled into a hull 3D view with Rhinoceros soft-
ware. However, the data capture is the electronic version of
the manual edge-tracing method and is dependent on the ope-
rator's perception of the artefact; subtle surface deformations
or deviations in planar shape may be missed.

Differences between a 3D computer model and a 3D cardbo-
ard model become obvious while assembling ship timbers
into a hull. Electronic edge tracing methods can't be applied
in special cases where hulls, such as the 10th-century AD
Ladby graved vessel, have been totally decomposed and
where the only remaining evidence is rivet imprints and
stains. In this case, a 3D model made of movable pins was
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required to obtain the lines of an otherwise invisible ship
shape.

The Rhinoceros program is problematic for the recording and
documentation stage and as an end-process for 3D visualiza-
tion. Attempts to tie Rhinoceros to NMF-ship that would
result in visualizing the hull and completing calculations on
it have been unsuccessful. The latest version of Rhinoceros
has enhanced interface capabilities and can carry out some
hydrostatic calculations; but these standard calculations are
not appropriate for Viking Age vessels because of the way
these ships were built. Rhino cannot calculate displacement
for hulls with 'naked edges' (that is, clinker-built hulls with
strakes that overlap each other) below the designed waterline
(DWL). The issue is further complicated by the fact that these
hulls were not always symmetrically built, thus posing more
calculation stress for Rhinoceros and also NMF-ship soft-
ware (Jensen 1999).

Figure 1 (left) Scanning of the scale model Viking ship using a Cyberware 3030 scanner at PRISM
Figure 2 (right) 3D model side view of scale model! Viking ship

Scanning the Scale Model Ship. In 2002, the 3D laser scan-
ning method was introduced in an effort to document sequen-
tial working stages in the recording, analysis, and reconstruc-
tion of ship hulls. A scaled model of the Skuldelev 3 replica,
the Roar Ege, was built as a finite hull. Because the stern of
the original sunken ship was not preserved, the dimensions
and shape are approximated and mirrored. The scale model
serves as a proxy and is used to assess hypothetical variations
in symmetry of various sections of the ship and to examine
how the shipbuilders made adjustments for the placement of
the rudder on one side of the stern.

The ship model was scanned at the PRISM lab with a
Cyberware 3030 Laser Scanner (with RGB colour) to captu-
re three-dimensional geometry (Fig.1).

The 3D model was built from a total of 48 scans (4 sets of 12
rotational scans) to capture the detail of the interior and exte-
rior surfaces. The individual scans are merged to create one
file. The resulting coordinates (a 3D point cloud made up of
individual x, y, and z coordinates) are fitted with a triangula-
ted mesh using the Cyberware software. This produces a full-
rotational 3D model of the object (Fig.2), not just the appea-
rance of 3D obtained by animation of a series of 2D images
(QuickTime VR).

As in Rhino or I-ship, the 3D model may be rotated in all
directions for close examination of features on the interior
and exterior surfaces. An oblique view of the inside illustra-
tes the internal structure of the hull (Fig.3) and the end-view



Computer Aided Design

Figure 3 3D model oblique view of
scale model Viking ship

offers a profile of the ship and the hooding ends of the stra-
kes (Fig.4). The 3D model file is reduced in size through a
process called decimation (reducing the number of triangles
to those essential to defining the object) to make it more
manageable in the analysis software, but retaining the neces-
sary data to define the 3D form in detail.

Curvature and Symmetry. The methods used in this pilot
study are drawn from those developed by PRISM
(http://prism.asu.edu) for prehistoric ceramic vessels (Simon
1998, http://archaeology.asu.edu). As most ceramic vessels
have a vertical axis of rotational symmetry, a profile curve is
obtained by cutting a vertical cross-section through the ves-
sel. The archaeologist controls the placement of three ortho-
gonal planes to create a cutting plane best representing the
profile of the vessel (Simon et al. 2002). The resulting string
of points is fitted with a least squares cubic (degree 3) B
Spline curve within a certain tolerance. The number of con-
trol points and the parameterization of the B Spline curve are
automatically computed (Bae 1999) to smooth out the noise
in the data and present the profile curve as a mathematical
representation.

The curvature plot represents how the curve bends and flat-
tens (Farin 2001, Razdan and Farin 1998); given the curvatu-
re plot one can recreate the curve (barring position and rota-
tion in space). Since the profile curve is a planar curve, its
curvature plot is also two-dimensional; hence we can assign
a sign to the curvature; i.e., positive or negative. Where the
curvature plot crosses the zero line is called an inflection
point, and these tell precisely where the curve changes from
being convex to concave or vice versa. Inflection points and
corner points (points of high curvature) are two important
diagnostic features that are more easily detected from the cur-
vature plot than the original curve.

Symmetry can be examined by mathematically comparing
the two halves of the curvature plot. If the vessel is highly
symmetrical, the two halves will not differ, but if the vessel
is uneven, there will be considerable differences between the
two. Symmetry is scored on a standardized scale (1 = high
and 0 = low):
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Figure 4 3D model end view of scale model
Viking ship
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Using this approach, the software
developed by PRISM allows the quantification of the sym-
metry of 3D forms based on user-defined cross-sections. The
symmetry measure is based on a difference in area between
the two halves of a two-dimensional graph of the magnitude
and direction of curvature (i.e. the curvature plot). This sym-
metry measure has been tested extensively on prehistoric pot-
tery collections from Arizona and Mexico and yields inter-
pretive results that are used in archaeological studies of
ancient pottery technology.

Although the ceramic analysis software has not yet been
modified for objects with longitudinal (i.e. mirrored) symme-
try, the user-defined sectioning with profile curve and profile
plot can be successfully applied to the hull model example
(Fig. 5). In this hypothetical case, we sampled cross-sections
from the mid-ship, near the bow, and near the stern and these
were evaluated against the two possible extremes (1 = sym-
metrical and, 0 = asymmetrical). While we did not expect
perfect symmetry due to cumulative variation from the indi-
vidual strakes, it is informative to examine the variation in
the scaled model as a proxy for full-sized ships. The section
near the bow is the most symmetrical (.7095), the mid-ship
section is slightly less symmetrical (.6204), whereas the sec-
tion near the stern has extremely low symmetry (.0467).

The resulting symmetry measures indicate that in a hypothe-
tical scaled model of Roar Ege, the bow of the ship is the
most symmetrical, whereas the stern is the least. If such
asymmetry was documented in the actual archaeological spe-
cimens and was an intentional part of ship building technolo-
gy, such asymmetry in the stern could potentially be related
to the attachment and hydrodynamic role of the side-rudder
against the hull. The challenge has been to obtain direct and
accurate 3D data with which to quantify asymmetry to study
such questions. Further research with 3D scanning of highly
accurate reconstructions where the bow and stern are more
completely preserved will be needed to fully test this hypo-
thesis. However, this pilot study demonstrates the proof-of-
concept that highly accurate scanning provided by 3D tech-
nology and customized analytical software has the potential
to address these questions.

Conclusion. Access to 3D scanners, equipped to capture data



on different size ranges of objects, is beco-
ming more economically and technological-
ly feasible for researchers in many discipli-
nes. Recent advances in 3D scanning appli-
cations and CAGD modelling include the
capturing of detailed and accurate point
cloud data (x, y, and z coordinates), a surfa-
ce texture map, and curvature modelling.
With analysis using customized software,
quantitative measures such as volume and
symmetry can be obtained. A further benefit
is the ability to make rapid prototypes of the
scanned models at different sizes, for study
and visualization. Although the current ana-
lysis software, designed for rotational sym-
metry, does not allow the generation of lon-
gitudinal profiles (buttock line sections) of
the ship, PRISM researchers are developing
software for the analysis of other types of
symmetry.

Our experience with this pilot project indicates

that the transformation and grouping of sequential working
stages (from recording and documentation to display and
analysis) from a manual to an essentially electronic process is
far from complete. There are advantages to various methods,
but there are still major issues to be addressed. For example,
using a FaroArm to edge trace brings the documented ship
timber closer to assembly, 3D display, and analysis, but a
cardboard 3D model seems irreplaceable as a tool for under-
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Figure 5 Analysis software view of mid-ship section illustrating profile curve
(left) and curvature plot (right) of the scale model Viking ship

standing the assembly processes used in shipbuilding.
However, the ultimate goal for 3D visualization is not display
alone, but should include additional calculation capabilities
that are sufficiently flexible to address specific problems ari-
sing from the nature of the artefact itself. Such interdiscipli-
nary research expands the concepts and the means by which
we learn more about 3D objects and the cultural and craft tra-
ditions that developed them.

SIMON, A. (ed.), 1998. Salado Ceramics and Social
Organization: Prehistoric Interactions in Tonto Basin: The
Roosevelt Archaeology Studies 1989-1998. Roosevelt
Monograph Series 11, Anthropological Field Studies 40,
Office of Cultural Resource Management, Department of
Anthropology, Arizona State University, Tempe.

SIMON, A., RAZDAN, A., FARIN, G., ROWE, J. and VAN
ALFEN, D., 2002. Ceramic Vessel Morphology Analysis and
Archiving using 3D Modeling: A Case Study from the
American Southwest. International Symposium on
Archaeometry, Amsterdam, 22-26 April 2002.

85



