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ABSTRACT

Virtual Reconstruction of a Seventeerilentury Portuguese NauAygust2008)
Audrey Elizabeth Wells, B.S., Mount Union College
Chair of Advisory Committee: Dr. Frederic Parke

Thisinterdisciplinary research project combines the fields of nautical archaeology and
computer visualizatioto create a interactive virtual reconstruction of the 1606
Portuguese vessBlossa Senhora dos Martiresso known as the Pepper Wredlsing
reconstruction informatioprovided by DrFilipe Castro Texas A&M Department of
Anthropology), a detailed 3D computer model of the shigisconstructedand filled

with cargoto demonstratéow the ship might have been loadetthereturn voyage

from India. Themodels areealistically shaded, lighted, and placed into an appropriate
virtual environment. The scene can be viewsihg the reatime immersive and
interactive system develed by Dr. Frederic Parkd ¢xas A&M Department of

Visualization.

The process developed to convert the available information and data into a reconstructed
3D modelis documented This documentation allows future projects to adapt this

process for other archaeological visualizations, as well as informs archaeologists about
thetype of data most weful for computer visualizations of this kind.
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CHAPTER |

INTRODUCTION

We now live in a world where theory and practice are conugrp make
archaeology a study of virtual pasts where knowledge is constructed through the
interactive evaluation of electronic bits and bytes

Gary Lock[1]

Computer Modeling in Archaeology

Pasthuman life and culturarenot directly observablelnstead, we rely on archaeology,
which involvesthe recovery and examination of remainevgdence Computers have
come to play aignificantrole in the study of archaeologidse of computers can
augment or repladeaditionaltechniquegor recording anarganizing archaeological
data Computers caalsoenablenew methods ohnalyzing angresenting
archaeological research, such as through computer modeling.

The termmodelis used in many different context& modelcan befundamentally
defined as aisplified version okomehing complex Models are useful becauiesy
areoften easier to work thashealing directly with a complex subjedlodek vary
greatly in formand intent butall shouldcontribute to our undeshdingand knowledge
in some way Abstract models, such asathematical and statistical modetsight take
the form of tablesgraphs or simulationf numerical dataln contrast physical models
aretangiblerepresentationsf objects or systemsuch as a scale model of a binigl

Computer models are modétst exist in digital form

This thesis follows the style #EEE Transactions on Visualization and Computer
Graphics.



An archaeologicaleconstructioomodel carbe used to envision how the past once.was

This isuseful becausthe subject of study igenerallyin partial remains. Models and

the process to create thecanhave signifiant influence in archaeological
interpretationsGaryLock asserts, fiBecause the past
unverfiable, working through models is the only way of approaching explanation and
experimentingwith he meani ng of o HQ svodescandfacititate¢ttiec [ 1,
analysis of specific research problems, as well as allow archaeologists to make

predictions based upon the data or theory presented.

Modelingis a very powerful tool, which can allow viewvgdo progress from what is

observable, archaeological data and theory, to comoépthat is unobservablethe

past. Lock expl aierptanation tirough timegry and itemprethteon a  t
has alwaybeent he endeavor of ] Heatstpreserdsithegseof [ 1, p.
compute modeling in archaeology asharmeneutic spiralor process of interpretation,
in which the data model and theocalimodel are derived from the archaeological
record through interpretatiorDigital computer mods| informed by the data and
theory, addan additional layer of interpretation. Based on the nspdgkrpretive
statements about the past are matteesenterpretations constantly inform andoem

our understanding of the past ($8g. 1).

This project usethreedimensional 8D) computergraphics modelingp create an
archaeologicaleconstruction of th@ortuguese naNossa Senhora dos Martired his

ship wreckedff the coast of Lisbon, Portugal in 1606. The archaeological remains of

the ship have been excavated and interpreted, resulting in data (such as measurements of
the hull remains) and theory (such as proposed reconstructed hull dimenSioaslata

and theory inform the creation thfe digital mode| which can then be used to make

further interpretationsThese new interpretations can bring about chamgé data,

theory, andligital model indefinitely
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Fig. 1 The interpretive cyle using computer models in archaeology. ®b#ined
arrows indicate interpretatiomsade during the processdapted fron1, Fig. 1.1

Introduction to Virtual Archaeology

Virtual archaeologyis anapplicationof computer visualizationysuallyreferring tothe
use of3D computemodeling to recreate archaeological sites or artifacts. Virtual
archaeologyan be mosgffective when there are limited remaangstingfor usto
envision the pastEven when archaeological data is fragmenduch isfrequentlythe
case virtual reconstructionsnay attempt to filin the gaps through inferenc&@hese
reconstructionsan integrate the availablgormationin a realistic, visualand

accessiblevay.



Traditionalmethodsof publishing arckeologicalfindingsmaypresent fragmented
understanding of the subjedExcavations generally result in matwyo-dimensional
(2D) representations such as measured plans,-sex$®ns, andrawings of artifacts,
which are isolated from their contex series of sut drawingsand diagrams that
documentn archaeologicaite gives the viewer &ery different understandintpan

that of the observer situatedand moving around th&ctualsite or a reconstruction of
the site Virtual archaeology gives us the oppoiityrio move beyond twalimensional
representationt® create a more complesmd threedimensional3D) understanding by
virtually examiningarchaeological siteand objects itheir context. However, virtual
archaeology should not necessarily replaaditicmal methods of presenting research,

but shouldsupplement it.

Although it is possible for archaeologists to create these visualizations themselves, it

could be argued that the most successful applications of virtual archaeology are the

result of colaborations between archaeologists and visualization speciaiaty.Lock
affirms, fAThe representation of the smoky a
the natural textures of wood and thatch, are the sorts of computer graphics research

problems that fit nicely with archeological reconstructions so it is hardly surprising that

the two disciplines havelp 4 iHevdverpdrijgd uct i ve
collaborations of this kindrequent communication between those with the

archaetogical knowledge and those with the visualization skills is vitdiis will

ensure that the visualizatiomaintainsarchaeological validity and accuracy

The process afonstructinga 3D model can be a highly creative and iterative process of
archaeolgical research. Models expose weaknesses in the interpretation of
reconstructed spaces by forcing the archaeologist to envision an entire conjectural model
and judge the plausibility of every corner, detail, or structural solutida.easy for an
archaeologist to overlook these details when looking at the big picites. is

particularly true when archaeologists deal with complex curved structures such as ship



hulls, which are extremely difficult to imagine and recreate on paper. In such cases,
eachstep of the construction of t13® model may clarify doubts long held about the
nature of a particular artifact fragment. Often times it raises entirely new questions and
send the archaeologist back to his data, documental evidence, or iconographg&ssour

Models, physical or virtual, atbusan important part of archaeological research.

An issue facing virtual archaeology is effectively communicating its highly interpretive

nature. Archaeological reconstructions are by definition hypothetictle &isie past is

unobservable. A particularrecans uct i on i s Isesiguessastdtheway!l ogi st 6
things may have been. Another archaeologist may have a different, and equally valid,
reconstruction of the same subjetitis difficult to conveythis tenuous nate in a

realistic visualization, since thesualprocess used to create 3D models is not good at

visualizing ambiguity.Thus, when a virtial model is presented, it has fhatential to be

misinterpreted as fact rather than as an inteapogt

Another consideratioim the design of a virtual archaeology projecthe intended

audience. A project may be created with educational purposes in mind, and as such
might be geared towardsudents A project might also be designed for public
consumption, such as in a museum kiosk. Alternatively, a project might be designed for
researclpurposesnd contairspecializednformationfor expertanalysis

Virtual archaeology shouldot be simply regarded as the prodofcarchaeological
researchalthough it is often treated that way. Virtual models are flexible

representations that can inspire new interpretations. They can be modified over time, as
new information is uncovered. Virtual models can even be used to present alternative
interpretatons within the same presentatidPerhaps most importanthhe process of
creating models caalso lead to the identification discrepancies in the archaeological

data and give watp new interpretations and corrections of mistaken assumptions.

Modelscan also help substantiate assumptions when discrepancies are not found.



Virtual models should be linked to specific archaeological problems, rather than being
treated as aemeric reconstruction. This practice helps to keep the project more
manageableol researchers aradearfor viewers. An overly general virtual archaeology
project has a tendency to run into problevhancontrolled scopelt can quickly

becomaunmanageable for researchers and difficult for viewers to understand.

Approaches to Virtual Archaeology

Computergenerated video, panoramic visualizatiang immersive environmenase
three common approachespi@senting/irtual archaeologyhat involves 3D computer

models These techniques offer varying degrees of viewer interacéimdymmersion.

A virtual camera might be animated to fly throumyBD model of an archaeological site,
whichis rendered and viewed as a vide®.3D model created for this purpose ¢eve

a very high level of detaih geometry and special effectgideos areisefulin the sense
that they areasyto distribute However, videos are not interactiv&he er is limited
to a predetermined view. They aisonot immersive, generallyeingviewed on a

single display such as a television screen

Panwamic visualization such ashose created witApple QuicklTime Virtual Reality
(QTVR), features dixed camera positiowith 360-degregpanoramic images that
surround the viewerThesepanoramidmages can be rendered from 3D environments
and then mappeanto a simple cylinder, sphere, or cube surrounding the virtual camera
This pseudo 3D visualizatiamitates 3D environments using 2D imagde viewer
caninteractivelyaimthe camerao look atdifferent parts of the image-ot spotsare
sometimeembedded to allow the viewer to junmstantlyto other fixed camera

locations. Although interactive,iese panoramaseusuallynot immersive They do



not have the ability to move tliamera smoothly through 3D spadéhey arealso
usually viewed on aingle display. QTVRorovides annternet browser plugn, which

makes it possible to quickly distribute and view these visualizatiolirse [2].

Anotherway of presenting virtual archaeology is in the fornhmighly interactive and
immersive environmds, such athe one used for this project. These environments are
often referred to aSAVESs (computerassisted virtual environmeit CAVE

environments featunaultiple displays that surround the viewarsome fashiomo

create an immersive experiencehese environments aovsuallyinteractiveusing
interactiondevices thatontrolmovement through and perhaps manipulatiofulhf 3D
virtual environmerg Compared to video and panoramic visualization, CAVES require
specialized displays and equiprdout offeran experience that is more representative
of reality, such as walking through an archaeologicalosit@rtually examining a

reconstructed artifact



CHAPTER Il

BACKGROUND

Precedents in Virtual Archaeology

Using computer visualization teconstruct archaeological sites such aBipwreck is

not a new practice. ¥dlving technology has allowed these visualizations to improve

greatlyover the yearsin 1994, Melissa Sau(M.S. VisualizationSciences, Texas A&M

University) published her thesfocused on the reconstruction of a seventeeattiury

Dutch passenger ferig]. Saul 6s r es em@nderddlythreughul t ed i n a
animation exploring the ferryCurrent graphics technology allsmuchmore detail in

thePepper Wrecknodel, higler quality shading and lighting, and the ability to view the

ship interactively in an immersive environment

Additionally, this is not the first visualization addsing the subject of Portuguese naus.
Alex Hazlett(Ph.D.Anthropology, Texas A&MUniversty), used 18 century
shipbuilding documents and mathematical formulas used by shipwrighttutaly
reconstruct a nau timber by timidf. His research resulted in an annotated and
illustrated construction sequence that shows the placement oftenbey in the ship

My researchliffers because it is based specifically upon the Pepper Wreck, includes
realistic shadingand is lowpoly, whichallows it to be used for interactive raahe
viewing. Similar to the fashion in which Hazlett modeleel ship timber byimber, my
reconstruction includes proposed cargo allotment with each piefceango placed

individually.

Beyond the field of nautical archaeology, we a#so considevisualizations created
within other subsets of archaeologjohn Kantner of Georgia State University

developed a 3D reconstruction of Chetro Ketl, a ceremonial kiva found in Chaco Canyon



in northwestern New Mexicfb]. The purpose diis reconstruction was to create an

educational experience of how the kiva might haveecappearedCreating a complete
experience was problematfar himdue t o I ncompl ete informatio
of poor preservation and incomplete reporting of the work, no information was available

on the kinds of intact vessels found in theigtiure, the nature of the plaster covering the

walls, or the roofing raterial that may have been ué¢8l, p. 51. As a result, Kantner

had to rely upon his knowledge and excavations of similar structures rather than specific
data gathered at the CheKetl site. He populated the building with pottery, placed

pictographs on the wall, and designed a roof for the structure. To make his students

aware of the hypothetical nature of the reconstruction, he provided them with

documentation describing the manmn which he created the reconstruction. He
explains, fiDescriptions of the inferential

illustrating to students how archaeologists derive amicln s f r om ar chaeol ogi
[5, p. 5.

The Pepper Wreckvisul i zati on faced issues similar to
Sincefew remains of the actual shipere preservedhe 3D model of th&lossa Senhora

dos Matrtiresis based om hypothetical reconstructionin addition, snce the shipwreck

occurred clos to the shorandthe majority of cargo hd beensalvagedthereis little

archaeological data describing the placement of cavga, thevisualizationwill

include models of cargatored according to the best knowledge of the archaeologists

studying his subject. This practice will help create a superiormaoe complete

experiencef such a ship Moreimportantly, its cargo distribution will stand as the best

educated guess available for peer discussion.

Finally, there is the issue of how the irgeetive nature of the visualization will be
communicated to people who view it. Kantseammarize$ he pr obl em wel | : A
exceptional quality of 3D architectural renderings has made it substantially more

difficult for viewers of visual reconstructions determine which features were actually



1C

identified by the archaeologists and which represent more tenuous interpretations that

the modelers were forced to make as partoftoedne | i ng pr d.chenethoddl [ 5, p.
of conveying what is real and what imply realistic must be found. Documentation

will accompany the Pepper Wreck visualizattormake clear that the model is based

upon awidely publishechypothetical reconstruction.

Examples obther virtual archaeology projects and #ipecific techniquethey
employedsuch as photogrammetry, tomography, and augmented reality, may be found

in conference proceedin] and[7].

Immersive Visualization System

The immersivevisualization systemsed for this project was designed and built by Dr.

FredericParke, atthe Texas A& Vi sual i zati on Laboratory. H
vi sualization techniques provide O6windows?®d
vi sualization provi des xpehiee nsceinnsge tohfe sbee ienngv ié

[8]. Thesystem used for ik project is gartial prototypeof a 360-degreecylindrical

display surface approximated witnfacets Fig. 2 showste prototypewith five

display panels arranged in a halfcle around the viewehat create a 188egree, semi
immersive environmentEach panel's image @seated using separate projector and
computer All of the computers work together to create a synchronized image across all

five display panels.

Content for immersive systems are not always easy to createsbesarkflows are not
yet fully devel oped. According to Parke, A
the integration of these systems into routine workflows. Now that the cost barriers are

falling, the development of much better software suppuadtvaorkflow integration is
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neeled f or wi despr eh GQustandsoffware is beiag developedpusing 2 4 2
opensource software packages. The custom software creates the need for custom
workflows, namely for users creating content with Autodesk &ayother 3D modeling
software packagesThis workflow iscurrently in developmeni the form of scripts,

which export and organize Maya files for the immersive system.

E—

Fig. 2. Immersive system displays

Portuguese Naus and the India Route

In 1498, the celebrated Portuguese explorer Vasco da Gama was the first European to
discover and establish a maritime route to IfdeeFig. 3). In the 18 and early 1%
centuries, PortugdbeeFig. 4) became a dominant power in the lucrative trade albag t

India Route. Each year, adleof ships sailed from Lisbdo India. Sixteen to eighteen
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months later, the ships returned laden with spifiee textiles, precious gemexotic

animals, and other trade goods.

South
Atlantic N
Ocean

Outward Voyage
Return Voyage = ——~-

Fig. 3. Maritime oute from Portgd to India. Adapted fron{9]

Al t hough several types of ships sailed to a
overseas, the nau is considetieelitrueworkhorse othe Port uguese over sea
p. §. Thetermnau, which simply meansesselis also referred to a=rrackby the

English, orindiamandue to its business along the India RolRertuguese naus were

large with three or four decks and three or four masts, and designed for very long

journeys. They accommodated several hundred pgsseand crew and carried

enormous quantities of cargo
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France

Fig. 4 Map ofPortugal and the city of Lisbon

Naus arrieda variety of trade goodddowever,peppercorn, used to season food, was
the most important spice in Portuguese trade. Special leeresbuilt into the holdsfo
the ships to store the peppérierest of the cargo was crammietb any available

space on thehip,and sometimesven hangig from ropes outside the hull

The voyages werdangerous due to the overloading of cargo, astagkpirates or
privateerssevereweather, disease, asthrvation. After the late 18 century financial
difficulties, competitors, and war threaterted Portuguesegadenetwork During this
period, dianges to theoute and later departure datet® avoid confrontation with
enemieg resulted in more fragent shipwecks due to storms [9, pp.-28].

The Pepper Wreck

In March of 1605, after receiving news of a Dutch war fleet in the Far East, a fleet of ten

ships set sail from Lisbon to confrohein. Half oftheships were to reinforce the fleet
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defending Portuguese positionsheTrest were to take on massive loads of pepper and
returnto Lisbon[9, pp. 2324]. TheNossa Senhora dos Martirass one of the ships
laden with pepper in Cochin, lrad After a sixmonth voyage returning from Iredend a
threemonth stop in the Azorean Archipelaglog Méartireswas in view of Lisbon on
September 1% 1606 A storm led the captain to seek refuge by heading towards the
mouth of the Tagus River andetikalmer estuary beyond. Treacherous sandbanks
obstructed the entrance to the river, however. On SepterBeth#5/artires struck a
submerged rock and rapidly sank in front of the fortressiof Jilido da Barra (séég.

5), breaking into many piecems the rocks. The pepper boxes built into the hold
ruptured, and the spill ed p topgaguesalingthe me d
c 0o ast 0] Ifi®npt syprising that this wreck has comé¢oknown as thPepper
Wreck

Lisbon

Tagus River

f <

Sao Juliao
da Barra

Fig. 5 Map of Lisbon, Tagus River, artefortress of Sao Julido da Barra

Dr. Filipe Vieira de Castro, Professor of Nautical Archaeology and the Director of the
Ship Reconstruction Laboratory at Texas A&M University, has done extensive study of

the Pepper WreckThe wreck site has been the focus of several excavations conducted
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betveen 1996 and 2000 (sEay. 6). In 1996 and 1997, excavations were conducted on

the wreck site under the direction of Dr. Castro BindFrancisco Alves, who was then

director of theMuseu Nacional de Arqueologia (National Museum of Archaeology)

Lisbon. During the summers of 1999 and 2000, the Centro Nacional de Arqueologia

Nautica e Subaquatica (CNANS), the national agency for nautical archaeology in
Portugal, and Texas A&M Unives i t y6s I nstitute of Nauti cal

two excavation seasons on this site.

Fig. 6. Pepper Wreck hull excavationlif99. Photo: Guilherme Garcidexas A&M
ShipReconstsructiohaboratory [10]

All that remains of th&lossa Senhora ddMartirestoday is a small portion of the hull,
along with many artifacts including guns, anchors, astrolabes, porcelain dishes, pewter
plates, ceramic pots, and a collection of valuable trinkets. Many of these items are now
on display at thé&lational Mwtseum of Archaeology in Lisbon.
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Arguably, the masimportant artifact is what remains of the hull. Dr. Castro has utilized

data gathered at the wreck site in conjunction with the knowledge of various ship

iconography and shipbuilding texts to develop pdtlietical reconstruction of tiship.
AccordingtoCastro, fAConstruction mar ks carved on
allowed us to not only understand the method used by the shipwright to conceive the hull

shape, but to reconstruct some of the tHutiensionswi h a good degree of
[9. p. 3.

Accordng to Dr. Castro, the Pepper Wreck is the only Portuguese nau of the peri

excavated by archaeologists. He states that very little is known about India naus, since

few records exist from thgeriod. Although there isxistingartworkthat contains

depictions of ships like thiedia nauthroughout the 1Bcentury generallyan ar t i st o s
interpretatio tends to be inaccurat®©n the other hand, shipbuilding texts such as

Manuel Fernandes' Wwio de Tracas de Carpintariél616) provide a starting point but

are by no means complete diagrams. Castro sums up the problem well:

Because they were built in a grelustrial era there were no drawn plans.
Because they were an inconspicuous parte@fahdscape, nobody bothered to
paint them in detail. Finally, in spite of being complex machines, their
construction relied mostly on practical knowledge and tradition and they
belonged to a sphere of knowledgetttha not attract many scholgr¥l].

Currently, here is little public dissemination of information on the India nau. A virtual

computer reconstation is a good way tdocumentvhat is known about this type of

shipand make it available to the publié visualization of the Pepper Wreck ghdould

serve as an installation in a museum to provide both archaeologists and the public with a
better understanding of the cselvampcargo physi c al

capacities.
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CHAPTER 1lI

REAL-TIME COMPUTER GRAPHICS PRIMER

Introduct ion

This chapter is intended to serve as a biasioductionto thereakttime computer
graphicg(CG)techniques that | used during the isrpentation of this project. Myope

is that this primer will aid archaeologists who wish to further their unaedstg of
basiccomputer graphicas used imeaktime virtual archaeology projectdhis is not a
complete introduction, however, as | only cover techniques that are directly related to
this project For amorecomprehensivand technical explanatiaf computer graphics

please refer tolf2].

Modeling

Polygonmodels are well suited to representing objects that are naturally planar, such as
cubes Individual polygons are made up of at least three e(iges)and vertices
(points)forming a single fanar facgsurface) A polygon meshs a set of connected

planar surfaces consisting of edges, vertiaed,faces (sefig. 7). Polygons can also

be used represent curved surfaces; however, the representatibhapproximate.

Close viewing will sl reveal linear edges in the silhouette of the mosi@metimes

referred to ageometric aliasing12, p. 472. Reducing the amount of geometric

aliasing is a tradeoff between quality of the model and display perfornfsesfag. 8).

Using more polygns will result in a more accurate representation of a curved surface.

However more polygons results in more computation time to process and display
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model Using polygons to model complex curved surfaces can be tedious because many

vertices have todcorrectly positioned.

Parametricmodels are well suited to representing objects that are naturally curved, such
as cylinders.NURBS(Non Uniform RationaBézierSpline) modeling is a common

form of parametric surface modeling in 3D graphics softw&Ar&lURBS surface is a

set of curved surface patches and correspgncbntrol vertices (sefeig. 7). Adding

more control points allows better approximation to a given cufgs technique allows

the modeler to create much more precise curved surfacgmoednto polygonal

modeling. These surfaces are usually intuitive and simple to edit because the surface can
be specifiedwith a relatively small set of control points. This is a significant advantage
over polygomal modeling when working witbomplicatedsurfacecurvature. However,

NURBS surfaces are not generally used for4tgak applications and must be converted

into polygon form for that purpose.

Polygon NURBS

Fig. 7. A polygon model cmpared to a similar NURBS model
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(a) (b) (c)

Fig. 8 Levels of ggometric aliasingn representing curved surfac&epresenting the
tradeoff between quality of the model and display performagagéow poly, high
aliasing (b) medium poly, medium aliasingc) high poly, low aliasing

The 3D models for this project were createchgghutodesk Maya 7.0. Maya is an
industry standard software package3®r modeling, aimation, effects, and rendering.
Maya capabilities used by this project include polygon and NURBS surface modeling,

Boolean operations on surfaces, model deformersmapping, cloth simulation.

Boolean operationsreategeometry based on the union, difference, or intersection of
two objects. Model deformer$iave a variety of functions such as bending or twisting
which allow the user to modify geometrgsed on aefiv parameters. Another type of
model deformersuch as &ttice deformerallows geometry with many vertices to be
modified more easily witla smaller set of control point®JV mappingis the process of
preparing a 3D model so that a 2D iraman be apigd as a textureCloth simulations

the process of simulating cloetike 3D geometry using dynamic forces such as wind and

gravity.
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Texture Mapping

Modeling small detailen a surface is impractical for reaime applications. Instead,
surface detcan be simulated using texture mag®xture mappings the process of
applying one or mor2D imagesto a 3D surfacéo give the appearance of surface detail
not present in the geometryrhe primary type of texture map used for this project is
calledadiffuse mapor color map which affects the color of a surface. In saiisplay
systems3D surfaces can further be enhanced by additional types of maps, such as
specular maps, bump maps, and normal m&pscularmappingdefines the amount of
shininess and specular color of a surfa&ump mappingndNormal mappingre two
methods of adding detail to shading without using more polygahkough these maps
add greatly to the realism of a model, the immersive display engine used for this project
does not currently support them.

There are three primary methods of creating color maps. One method is procedural
textures, which are computer generated using various algorithms such as fractal noise.
The second method is to use photographs of surfacédarsionthe one being modeled.

The third method is to use images created using artistic techniques (either digitally or
traditionally to be digitized afterwards). For this project a combination of these
techniques are used. Blending textures allowingtance, a procedurally generated or
photographic base to be enhanced by layers of digitatpaimted details.

The textures for the 3D models were creatsidgAdobePhotoshop, a powerful image
creation and editingoftware. Photoshop has an exteedist of featuresind tools
which assist in the processmfoto editingand digital painting.The creation of tetures
for this project relieadn the ability of Photoshop to create layered image files so that

each component of a texture can be easilglifreal or copied for use in other textures.
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A UV mapdescribes how thiexture magonforms to the 3D surface as if the 3D

surface was unwrapped and laid flat. This UV data is stored withethreetry data.

Every vertex in a polygonal surface is asstadawith one 2D UV coordinate per

connected face. A vertex shared between faces can have different UV coordinates for

each of its faces. This means adjacent faces can be cut apart and positioned on different

areas of the texture map. There sggeralautomatic tools in most 3D modeling

applications that assist in the process of UV mapping, such as projections, which create a

UV map by generating a dénwapgape tylmdegorof UVs as
sphere. Even witthesetools, manual editing dflV maps of complex surfaces is

inevitable and required to firtene the results.

The goals when UV mapping are to minimize undesired seams, overlaps, and texture
stretching. I f the model i's symmetric, ove
the texture over edge® texturecan bedesigned to be seamless, so that the edges

match if wrapped around When a model 6s UVs are scal ed
unit square, the texture will tile. This is a useful technique, which allows us td aepea

texture multiple times on a surface, such as tiling a small section of hull planking to

cover the entire surfac& he amount of tiling is easily adjusted by scaling the UVs, and

does not require modification of the texture itself.

Shading

Shadings the process of calculating the cabof a 3 D mo lohsetbOssirfaseur f ac e
properties and light sources. To calcuksiefaceshadingwe need to know the

direction from which the light is coming and the angle at which the lighthetsurface.

Although this calculation is handled by the dis@aftware it is importantor the

modelerto understanthecauseurface normalsunit vectorsperpendicular to the surface
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at the vertices ad polygoncan be adjusted to create different shading efféldtese
normals are stored as a part of the polygonal mesh data along with vertices, edges, and

faces.

Constant orflat shading is aimplerendering technique in which each polygon face is
given asinglecolor valte based upon a calculation usitgfacenormal (sed-ig. 9).
Although this method is computationally cheap, it does not work well fpohggons are
approximating a curved surface becasappearances very faceted12, pp. 734-735].

Constant Smooth

Fig. 9. Constant shadirgpmpared temooth shadig. Constant shading creates a
faceted look, while Smooth shading ates a smooth appearance

Smooth shading a rendering technique developed to simutateothsurface shading

of polygonal object¢seeFig. 9). It is also known as&ouraudshading akr its pioneer,

Henri Gouraud.The shading is calculatdrhsed on normal vectors at each veadex

polygonal surface. The shading acreash polygon faces interpolated to determine
thevalueat each pixel [12pp. 735737]. This is an important thnique because it

allows polygonal surfaces to appear smooth, and therefore more closely represent curved
surfaces (sekig. 10). To create a smooth appearante vertex normals can bermed

by averaging adjuacent face norm@seFig. 10). It isalsoimportant to note that
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vertex normals do not need to be smoothed over the entire model, but can be arranged
into smoothing groups which onlysomevertex normals are averaged. Hig. 10, only

the vertex normals corresponding to the sides of thadsfiare smoothed together. The
normals for the top and bottom faces of the cylinder are still set perpendictilas¢o

faces, which creates a hard edge between the sides and thelfcalbshe vertex

normals are set perpendicularly to their corresjing faces, the surface will look very

faceted as in the constant shading technique.

(b)

Fig. 10.Arranging vertex normals into smoothing grouga) All vertex normals set to
face create a faceted look. (b) Vertex normals selectively smoothed aersgiethof
the cylinder but g0 face on the top and bottom

Rendering

Renderings the process in which 2D images are generated from 3D computer models
by means of computer software. The two primary methmgsendering tstill images
orimage segences\Which areconverted tovideo) and rendering in reéime. Both of
these methods are designed to produce and display images at a sufficierftigrhegh
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rate to create a smooth visual transition for the vieweame rateis the meaurement
of thefrequencyat which an imaging device gatucesconsecutivamages. This takes
advantage of human persistence of vision, which allows us to perceive motion instead of

individual frames when they are displayed in quick succession.

Prerendered computenimationsare typically viewed as video at 30 frames per second
(fps) or film, projected at 24ps. Realtime systems, such as the one used for this
project, have variable frame rates depending on the capabilities of the system and

complexity of the imagbeng produced.

Real cameras take advantagenaftion blur the streaking quality created when an
object is moving within a single frame. Motion blur helps to create smoathed
transitions between framedlotion blur can be calculated for prencered video at the
cost of additional render timdReattime rendered images do not typically have motion
blur unless the engine is buitt simulatethis feature. This means eadattime frame

is a perfectly crispmageof the3D scene, no matter howigkly the camera or visible
objects are moving. This is why a réimhe systenwith no motion blur ané frame rate

of 24 fps may seem staggeredhile film at the same frame rate appears continuous. A
reattime system that does not have motion bluatglgies requires higher frame rates
to reducethis problem. A frame ratef at least 60 fps is ideal, but lower frame rates are

often acceptable.

Prerenderedmagesand animationsupporta high level of detail in geometry, textures,
and effects suchsshadowsmotion blur and depth of field. However, the viewer is
constrainedo a predetermined experience chosen by the animator, such as a camera
flythrough of a 3D model. Prendered animationsanalso require long render times,

even hours to reder a single frame.
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In contrast, realime rendering necessitatémited detail in the geometry and textures,
because the modelust be simplified to maintaireattime speed. Expensive effects

such as reflections, translucency, and shadows usuakytbde sacrificed. As

computers become more powerful, even these effects are becoming possiblanmereal
Realtime systems allow viewers to explore a model spontaneously, since the engine can

compute images based upon viewer interaction.
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CHAPTER IV

METHODOLOGY

Initial Approach

Moving from 2D data to 3D modeils aninvolved process, which can lappliedto
manyvirtual archaeology projec{seeFig. 11). The first step is to colletihe data
relevant to the project. Data chavemultiple foromsdepending on the projecthe

data for the Pepper Wreck visualization comes from a variety of sanoteding
archaeological drawings, measuremepk®tographsand iconograpical artworks from
the period. My most important source of data, howewas through frequent téée
téteswith Dr. Castro. | have pages full of sketches and notes generated from these

conversations.

The second step is to organize the data. Data relevant to the creation of virtual models
should be selected and digitizetigftally photographear scannednto a computer) if
not already in digital formDigitizing all the dataallowsinformationto be stored in a
central locatio, easily backed up, and easily shared amongst collaboradtoesiata
shouldbe carefully categrized by source or subject in a hierarehfashion so it can be
quickly referencedvhile working on the modelFor example, | created a directory
labeled Cargo that contains subdirectosiesh aslarsand Barrels. Further
subdirectories may distingghdata based odiffering sources such as arcloéagical
data and iconographical datahis organizatioal structure should also extend to all
other computefiles related to the project, such as gemmetryand texture filesData
for thisproject cosists ofoverten thousand filessocarefulorganizatiorand regular

backupis crucial.
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The third step is to utilize thaollecteddata tocreateinitial virtual models This

includes creatindpothobject geometrieandsurfacetextures. While aperfe¢ model

would include every detagresenin the real worlcenvironmentvirtual modelsare

limited by the computing power available to dispihgm and the timavailable to
createthem For this reason, the decision of wiaimodel and how detailed tnhake the
model is an important ond-or example, rather than modeling each plank of the hull, it
was modeled as a single surface and a texture was applied to create the appearance of
many planks.

Collect Data

'

Organize Data

'

Create Virtual Model

‘ OK
—p| Evaluate Results —>| Done

1N0

Integrate New Data

'

-1 Refine Models

Fig. 11 General methodologyr virtual archaeologynodeling
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Iterative Refinement

Creation of the final model is an iterative processeFig. 11). First,theinitial model is
evaluated Second, any new dathat is found or createshould bantegratednto the
existing pool of data Third, the modes refinedby utilizing thenew information. Then
the model ige-evaluated and it is now satisfactory, the model is doné.not, the

model developmenbop iterates again.

Evaluation criteria vary depending on the prajdébr this project, oneriterion was

ensuing that the modelould not overburden the reéilme graphics display systey

having too many polygonsAnother criterion is ensuring accuraoythe archaeological

data Dr. Castro and | met frequentlgpmetimesas often as thre@mes a weekio

discuss thenodek. Dr. Castro would determine what changes or additions were

requiredto make the models more accurakgnally, withDr . Cast r onddels appr oV

were considered finished.

The evaluation process wouléten require tlat new databelocatedor created.This

new datavould be integrated into the existing pool of data by digitizing and storing it in
the appropriate location in the file hierarchyor examplethe original barrel model
geometrywas created usingsaamplereference dawingand measurementand a initial
surfacetexture was creatlfeaturing woodestavesand iron hoops. After evaluating

this model, new references wetiscovered which suggested that the hoops would be
wooden and of a different desigihis new information was digitized and stored in the

Barrel sibdirectory of Cargo references.

In the refinement stagagw information is usetb correct thenodel For example,tie
surfacetextureof the barrelvas modified to feature wooden hoops iastef iron ones.

The geometry was modified becauseww®denhoops were of different dimensions.
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CHAPTER V

IMPLEMENTATION

Preparation

To work effectively and efficiently, dvasimportant to consideseveraissues that affect
the modeling and texturgnprocesses. One of the most important issues was
determining the level of detail present in the moddie &rchaeologicaksearch
objective of this project was to understand the division of space inside thenslipe

allocation of cargo Models wee created with this stipulation in mind.

Since the goalvasnot to create a complete structural model, each frame and each plank
does not need to be modeled, only suggested through texture or a simplified model. The
models were designed to have a lownter of polygons to run more efficienty the
interactive system. Keeping the polygon count as low as possible while striving for the
desired shape and realism idedicatebalancene attemptedo strike Most objects do

not need to bdetailed in thi form, since muclietail can be added through texture

maps.

Oneotherbasic issue to consider was geometric scale. All of the 3D models were
designed to conform to the same scale. This way, when a piece of cargo was created in a
separate file, it dishot require any scale adjustment when imported into the primary

scene file and placed on the ship.

Many objects on the ship are identical copéss;hplaced in different locations. This
can be used to our advantage to reduce the load on the intesgste. The system
supports object instancing, which essentially allows one object file to contain all the

geometry data, while any number of other files point to the first file for the geometry
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data and only contain unique information for their tran@hgtiotation, and scale
attributes. It is important to determine ahead of time which objects would be good
candidates for instancing, for objects must be created as instances within the modeling

softwareas well.

Thei nt er act iperfermange svitbebettersvhen a minimahumber of texture
mapsare neededTo achieve this, texture images mustpatially optimizedqseeFig.

12), taking advantagef the full area of a texture mayt also means reusing the same
textures on more than one modépossible With careful layout of objedtVs,

separate objectsan share the same texture maubwgseparate areas of the map. This

is helpful because objects that share the same texture can be combgredompleted
reducing the total number of @ujts and textures required for import onto the interactive
system. In addition, the pixel dimensions of the texture map should be considered.
Textures that are not prominently seen or are mapped onto small objects in the scene do
not need to be large.oFexample, a 128 128 or 256 256 map should be sufficient

for a small item. A larger texture might be desirable for something seen much larger and

closer to the camera, such as »1%12.

Fig. 12 Example ofaspatially opimized texture map
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Objects that are adjacent to each otinethe 3D scene can lead to visible seagaps or
visible intersectionsFor example, the decks must completely penetrate the hull to avoid
gaps and seam#lowever, the penetration means that the deck would appst@ck®ut

from the other side of the hullTo hidethese irregularitied use a technique | caddge
tucking(seeFig. 13). In the case o&shiphull, instead of onethere are two separate
surfaced theouter surfaceand thannersurface Theseseparate surfaces are necessary
to simulate the thickness of theill. They also provide a convenient unssepacean
whichthe edges of other geometsuch as the deckan be hidden

This technique is also useful for placing objestch as barrels n 't he scene. Th
decks are slightly curved, which means it is difficult to set a baitkla flat base

squarely on the deck. A corner might poke through to be visible from underneath, or it

might appear to be floatirmpove the deckWith twolayers of deck, we can both

simulate deck thickness and solve these problems. The barsdigtaly penetrate the

upper layer without being visible from below.

Upper Deck

|

Lower Deck

< Outer Hulls >
G—— NNEY HUIlS ——p

Fig. 13 lllustrationof edgetucking
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Tucking allows us to reduce the total numberalfgons. Without tucking, 1 would

only be able to hide the seams between two objectxdgtlymatching the vertices of

each object to every other object it is in contact witbr example, the vertices of the
deckwould have to be matched to verticestbehull. |1 would have to add unnecessary
geometry by running edges down the entire surface just to mdetkeo the hull. It is

much more efficient in terms of polygon count and time invested to simply let the edges

of the wall be hidden in betwedme two hull surfaces.

Ship Hull

Dr. Castro provided several drawings from various views representing his hypothetical
reconstruction of thiartires hull. These drawings include important details about hull
dimensions and shape, and have liberbass for the virual reconstructionFig. 14

showsa reconstruction drawing of the ship from the side view.

»1{{ l' :,‘. X '
=L/

st f (S

Fig. 14 Side vew reconstruction chwing
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It is a common practice to use orthographic image planes to aid in the creation of

complex 3D modelsThree or fewer image planes are usually suffici¢fdwever,

when constructing aobject with complex curvatureeveral image planes from the
sameorthographic viewportanused in the construction To create the shi
front viewimage plans wereused. These wereénatched to the side view plar{see

Fig. 15). Using multiple image planedloweda greater degree of accuracy in

representing the curvature of the hull down the entire length of the ship.

Fig. 15 Side andmultiple front image planesombined

Although thehull surfacemustultimatelybe polygonal geometrfpr the immersive
systemthe curvature of the huih polygonal formis extremely hard to edit without
introducing obvious flaws in the surfacEditing NURBS control pints to adjust the
overall surfaceshapads intuitive and easier than trying to modify individual vertices in a
polygonal surface. Thus,ntadesense to use NURBSurfacesas a springboard to

create the polygonal ship hull.
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First, multiple NURBScurveswere createthased orthefront view image planesee

Fig. 16). Each curve has an identical number of control points to create a cohsistent
lined NURBS surfacewhich meanshe curves extend beyond whdhe hull would
normally end. This excess wasrtmed in the polygonal stagdhe placement aturve
controlpointsmimickedthe curvature of the hull planking, which cuswgwards

towards the bow and stern. Thisled theiexturing process latemakingit easier for
the texture to curve with the gmetry.
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Fig. 16 Hull curves and controlertices

Next, these cwes were loftedogether. Loftingis the process of creating the NURBS
surface over the curves, and can be likened to stretching a piece of fabric over curved
beamgseeFig. 17). Maya has the capability of maintaining tb@respondence
between the original curves and the new surface. This means that moving the control
points on the curves will automatically be updated in the NURBS surface. Some
adjustment of these contrpbints was needed, as the drawingsed to create the curves

did uncoversome discrepancies in the curvature of the htifiis is only natural since
theywere hanellrawn, and the 3D image planes were placed by eye.
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Fig. 17 Rough NURBS hull

After editing ofthe NURBS surface was complefeda s ed wupon Dr ., Castr od
it was converted into polygon formAfter this point, any changes in the curvature would

be difficult, so finalizing thesurfacewas important. Trimming edges were addemlong

the side othe hullto matchthe silhouette of the shipnd the excess geometry was

discarded. Last, the triangular section on the bow and the stern were created and added.

All of this resulted in half of theompleted hull.Mirroring the geometry creatdte

completeouter hull(seeFig. 18).

Fig. 18 Polygon hull
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The hull wadairly simple to texture by ensuring during modeling phase that the lines of
the geometry curved in the direction of the planking. After creating a basic UV map
through planar projeion, it was merely a matter of straightening out the curved lines as
shown inFig. 19. Finally, applying a tileable plank textuszeFig. 20) caused the

planks to curve in the direction of the geometry. Since the texture can tile seamlessly,

the UVs @n be scaled to adjust the frequency of tiling.

Fig. 19 Hull UV map

Once the hull was finalized, other details could be added. To create thickness to the hull,
a copy of the hull was modified to fit inside the outer with a thickness of 25 cm. A

railing was constructed all the way around the top edge, covering the opening between
the inner and outer layers of hull. Gun ports were cut into the side of the hull. A
doorway leading to the stern balcony was cut. Wales (horizontal reinforcemenstimber
running along the side of the ship) were extruded from the outer side of the hull. Frames
(vertical timbers forming a skeleton along the inside of the ship) were extruded from the

inner side of the hull.
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Fig. 20. Tileable hull texture map

We dedded to reduce the number of frameshe modeto approximately halbf the

original ones.The distance betwedwo consecutive framagcorded by the

archaeologists was around 47 cm. We opted forto simplify thenumber of polygons

in the model For this same reaspwe optedtomak t he frames 1 n one si
instead of the archaeologically recorded franadgch would have beeassembled from

multiple pieces (floor timbers and futtocks).

Ship Decks

The decks were modeled from flat polygbpknesas seen iifrig. 21. Starting with the
flat plane, the surface was UV mapped ugtepar projection Similarto the hull, the
UVs can be scaled to adjust the tiling frequency of the applied seamless t&amre.
the side view, the vertices tife plane were translated to match the reconstruction

drawing provided by Dr. Castr&ig. 14). A bend deformemwhich bends geometry



