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Abstract:

The Applications of Immersive Virtual Reality Technologies for Archaeology

Jeremy Brooks

This MA thesis discusses the applications of immersive virtual reality technologies as a
tool for studying archaeological excavation procesEles.excavation of atructure at
theNassau Mills, a twentieth century millimgmplexin Peterborough, Ontario, is used

as the case study. Structure from Motion (SfM) photogrammetry is used to digitize each
excavation day as 3D modelghese excavation days are visualizetheNassau Mills
Pavilion, which enables users tevisit the site oach excavation dagnd view and
measure structural contex@his thesis explores a number of theories including:
affordance theory, phenomenology, theories of perception, and suatigibcy It also
discusses mukiser presence, spatial thinking, and wayfaring as notions for improving
the way users collaborate, share, and studyizikgitirchaeological data in virtual
environmentsThis thesis offers new approaches to usagplementary digital recording
techniques for archaeological excavation while providing a new VR collaborative

platform for digitizing and disseminating archaeological data.

Key Words:Virtual Reality, SfM Photogrammetry, Digital Archaeology, Archaeatadi
Database, MultlUser Presence, Collaboration, Affordance Theory, Phenomenology,

Perception, Spatial Thinking, Data Dissemination
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Chapter 1:
Nassau Mills and the NMVRP

1.1Intr oduction
The goal otthis thesis is to demonstrate how thoemensional recording technologies
and immersive virtual reality (VR) technologies may be usetbtumentrchaeological
excavation processes. The case study used to achieve this is the excavation of a structure
atthe Nassau Millscomplex documented during the Trent University field school in
2018. Using a case study, this thesis aims to solve problems afatassibily in
archaeological literature by demonstrating how VR may be used to provide researchers
with the same access to excavajwacesssthat the initial site excavators had access to
whencollectingtheir dataAs such, it seeks forovide a solution for wualizing differing
excavation techniques in the archaeological literatuselie issues gbotentialresearch
biases which may arise frotine different excavation methodologidsatmay permeate
the academic literatuné&vis et al. 2016177-179 and Higinbotham 19858-14). In
particular, it proposes how VR can provide researchers with an accessible and scalable
solution for cataloguing and studying differing excavapoomcesses remotely at
archaeological sites from around the world. This is signifiaarsep-by-step visual and
spatial data of daily excavation progress is vital information for archaeologists. These 3D
datasets allow archaeologists and researchers to studyéirst vital excavation
processes through time to offer visual and spegigirence to their scientific insights
presented in the literature.

This thesis presents the development of interaginteal toolswhich may allow

users tacontribute their own analyses to 3D excavation data and extrapolate on other user



interpretatios in real timdn virtual environmentsThese innovative technologies

provide unprecedented access to archaeological data as they allow users to accurately see
and explore daily excavation procedures firsthand. This thesis also explores how VR may
also beused as collaborative tool for archaeologists to study their excavation data off
season and teach archaeological practises to archaeology studentsigdahs such,

VR may be used tprovide students with a safe and affordable virtual alternative to
studying excavation techniques from the comfort and safety of school classrooms.

Finally, my goal of this thesis is to demonstrate how VR may be used to create new
standards in datacquisitiontechniquesand publicatiorprocesseby demonstrating how

easily and efficiently archaeological data can be collected in the field and distributed
through VR softwareising theNMVRP as a case studyhe characteristics described

here provide an analytically valuable VR experience which can be used for scientifically

studying and disseminating excavation data.

1.2 The casestudy: Nassau Mills

The archaeological site Nassau Mills was once a baptamber industry located on

what i s now Trent Universityds campus. The
now resides on the southern corner of Tren
Water Street and Nassau Mills road. This site ha @@en one of the most significant

|l umbering operations i n Ontari-sixsavwsahicoper at
reduced huge logs to planks at a rate of nearly fifty an hour and devoured seventy

t housand | ogs i n @owkely20d&H. of nine mont hso



The Nassau Mills Field School (2017 and 2018) was conducted over two seasons,
and it is the 2018 excavation that is the focus of this case study. In 2018, adexlve
excavation period was overseen by Dr. James Conolly (Trent Anthropolafgssar
and Chair) and Kate Dougherty (Trent Anthropology, Curator, Demonstrator/
Technician). Both directors were responsible for overseeing multiple groups of Trent
students as they excavated the foundations of a house from the sawmill operations that
wer e once conducted on Trentdéds campand. Thes
undergraduate studerdad community volunteers with varying degrees of excavation
experienceSeverallTrent graduatstudentselped oversee and conduct multiple stages
of excavations and mapped out much of the remaining architecture with Ground
Penetrating Radar tools (GPR). This field school was designed for novice archaeology
students to obtain excavation experience and was chosen by James Conolly as a suitable
case stug for the NMVRP and this MA thesis.

In 2018, portions of the foundation of this structure were excavated during the
field school alongside contexts containing material evidence of the occupation and post
occupation activities. The site has a complex construction history that requiredddetaile
documentation of building and deposition phases to reconstruct. This site was bulldozed
in the 1960s as the Trent University campus was built, resulting in the displacement of
multiple artifacts located both in and outside of the house in the baserdemitdnor
middens (James Conolly, personal communication 2049¢h of the artifact
provenience has been disturbed as a result. A number of these artifacts were excavated

and archived at Trent University and inclumesr 45,000 artifacts consisting of



nineteenth century househatthterial culturencludinghousehold ceramics and glass,

metalconstruction materiaJand animal bonéDougherty 201B).

1.3 Chapter Overviews

1.3.1 Chapter 21 Technical Context

This chapter discusses developing applicat@ngéR and 3D technologies and online
databases for archaeological stuldyarovides background information for the use of
multiuser VR projects in archaeology as educational and scientific tools for studying and
disseminating archaeological data. Tisisupported by in field databases which are used
to instantly digitize and disseminate archaeological data as it is excavated in the field.
These technologies may be prospectively used alongside collaborative VR technologies
to better connect researcheiish archaeological data in real time. Digital datdlecting
technologies, such as Structure from Motion (SfM) photogramnpmaty be used to

digitize and disseminate archaeological data in the form of 3D technologies. These
methods have proven to be radreneficial than traditional recording techniques and can
be easily used by anyone to generate highly detailed 3D models from digital photographs.
These scalable neatestructive technologies create 3D models which can be fully

explored and shared in VR.

1.3.2 Chapter 37 Theoretical Context
Chapter 3 provides supportive theoretical information for the use of VR iageapretive
tool. It discusses affordance theory, phenomenology and spatial analysis. These theories

are broken down further to discusg tapplications of constructivist theory and muker



presence as theoretical structures to improve user learning in VR environments. The use
of the Leap motion controller as an affordance tool is also addressed as it replicates real
world workflows in vrtual environments. This combination of VR tools and rruster
environments establish familiar collaborative learning settings that enhance the
productivity of classroom learning through engaging virtual spaces. Phenomenology is
discussed in detail asdan be replicated consistently for the first time for multiple
researchers as climatic and lighting variables can be easily reproduced thraughs/R
theory may also be used to learn archaeology beyond just textual approaches. The study
of perception ath spatial accuracy are also enhanced by VR technologies as spatial
information is easily transmitted through virtual environments while spatial proxies can
be used to analyze spatial data in digitized archaeological spaces and places. This is true
as theaes of wayfaring and digital waypoints create agency for digital archaeological
data, enabling researchers to spatially study 3D information as if it were true data.
Finally, this chapter addresses how VR may be used to visualize compleeaia

enabek faster information transmission and learning.

1.3.3 Chapter 41 Methods

Chapter 4 illustrates the NMVRP hardware and-@atguisition techniques that were
used to capture photosets for 3D creation in the field. This chapter is divided into two
sections1. the NMVRP hardwareand 2. data collection and 3D model construction.
Different approaches atitching and griddingre discussed in accordance to using wide
angle and standard lens cameras for collecting photographisedata the field. The

NMVRP HMDs (headmounted displays) are also covered in this chapter as well as the



handsfree Leap motion controller which acts as the primary controller for the NMVRP.
In the second section, differing weather and lighting conditiorsphotographic data
management processes are discussed in detail. This section acts as a guide for future
photogrammetric users to aid them in sorting large sitafor 3D construction. The
finalized 3D models are also illustrated and discussedsrctiapter before discussing

future 3D modelling editing prospects for VR use.

1.3.4 Chapter 51 Applications and CaseStudy

Chapter 5 provides an overview of the multiple analytical functions of the NMVRP. It
begins with a stepy-step discussion of tharious tools of the NMVRP and how they

are used to improve the ways archaeologists spatially think and work. Specifically, user
site navigation and teleportation are discussed in detail to illustrate the ways in which
NMVRP users may explore virtual arawogical sites as a group or alone. It offers
different approaches to these processes as varying user demographics may respond
differently to site navigation in VR. As such, different degrees of teleportation selection
must be established to enable userselect varying teleportation systems that work best
for them. A virtual measurement tool is also discussed in this chapter. This function is
used to demonstrate how virtual tools can be used to allow users to conduct scientific
research in the NMVRP artths an accuracy within 5cirdue to its pinching
configurationwhich maybe improved in future revision$his tool was designed to

allow researchers to revisit and measure data from previously excavated archaeological
sites which have been digitizedseparate 3D models to study how the sites changed

through time and to spatially reassess otherwise destroyed in sitldeasa models can



be measured based on their spatial accuracy generated in Agisoft Photoscan (Agisoft
LLC 2018: 6466). This measurenm tool is manipulated by hand and simulates using a
digital measuring tape in VR.

The value of revisiting and studying excavated sites is also demonstrated through
the NMVRPPavilion. This pavilion resembles a virtual musedtmay be useds a
collaborative space for multiple users to explore the daily NassaudMdisvation
models. The NMVRP Pavilion may alse prospectively used as a teaching sp&bere
teachers maliost virtual field seminangearround toteach archaeological excavation
procedureso severalgroups of student&Jserscan cycle through each Nz Mills
excavation day in this space with reference to the original site photographs which were
used to create the 3D models of each day. This space may prove significant for teaching
archaeology to groups of students and other visual learners as thRR¥y be used
to spatially visualize entire archaeological sites and complexsdttavhich may be
difficult for some students to otherwise understand. The NMVRP also demonstrates how
VR may be used to create new data and insights thrmaijgsuch ashe virtual camera
tool, VR keyboard, and speettrtext functions which will allow users to create content
based on data in the NMVR¥pace Future VR applications include prospective 5G
networking capabilities to provide lelatency to better connect useand future

applications of the Archaeological Virtual Reality Online Database, or AVROD for short.

1.3.5 Chapter 6: Conclusions andRecommendations
This chapter discusses the NMVRP project results and contributions and future prospects

of AVROD and the potential of future \locused MA theses.



1.3.6 Appendixes

1.3.6.1 TechnicalAppendix

This appendixprovides an irdepth discussion of my photogrammework processes

using Agisoft Photoscan Professional. Tapendixoutlines my workflow and many of

the lessons that | learned along the way as | found a limited amount of information online
for some issues that | ran into. As such, ggpendixoutlines many of these problems

and the solutions that | discovered, either on my own or through public chat forums and
YouTube videos to name a few. This appendix may prove useful as an instructional
document for future Agisoft users or digital archaeologigshing to work with this

software to digitize archaeological sites. As such, this document providesyssegp
processes of how to generate 3D models developed from large photosets using both
standard and widangle lens digital cameras. | anticipdiattthis software may change
drastically in the near future as newer versions are released and as other competitive
photogrammetric software is developed to offer more efficient and morériesety
experiences which may be used to develop higher quatitiels for use in virtual

reality.

1.3.6.2 Field Photography Data L og

This document outlines the climate and lighting conditions for eamining of

excavation. It also provides the total number of photos taken using each camera type for
each morning and the time it took to take each set of photos. In particular, it demonstrates

how my photographic skills increased as | was able to take more photesfieatively



through time at Nassau Mills. This document may be used as a reference Ohotbr
4 and the Technical Appendix as it illustrates thetpgraphicdataused to buildeach
daily NMVRP 3D model. These photos are used to generaiéatssalMills 3D models

that were used for the NMVRP and are discussed in Chapter 4 of this thesis.
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Chapter 2:

Digitizing Archaeological Data
2.1Introduction
This chapter illustragghow an online dataich Virtual Reality (VR) application and
database can improve archaeological interpretation,gxasivation analyses, and
dissemination of archaeological data. It demonstfade Structure from Motion (SfM)
photogrammetry can be useliquitously as an infield datdigitizing method for multi
user HeaeMounted Display (HMD) VRbased online databas@sbertini et al. 2017: 6,
8; Austin 2014: 13, 1-49; Coughenour et al. 2014; Deggima et al. 2017: 89,1-92,
Douglass et al. 2015: 8315% Ferrari and Medici 2017:)2It describs the various goals
and outcomes of different technologicatlyiven archaeological projects which will serve
as case studies for a proposed dta and analyticallyvaluable virtual reality online
database project known AYROD AVROD is short for thérchaeological Virtual
Reality Online Databasdt is dedicated to centralizing and disseminating archaeological
field data in collaborative virtual reality environments for both public and academic users
throughonline archaeological databas€bese congats and applications wibie
discussed more fully in Chapter 5 of this the€isncepts and ideas in this section are
drawn from the following source@Albertini et al. 2017: 3, 68; Austin 2014: 1417, 23
Coughenour et al. 2014; Dolezalet al. 2017: 27274, Green et al. 2014: 173, 181;
Hixon et al. 2018: 53 urillo et al. 2010 Lerma et al. 2010: 50®livito et al. 2015: 31
Smith et al. 2013: 36365, 367368; Smith and Levy 2014: 16657, Yilmaz 2007: 423,

429
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2.2 VR and Multiuser Systems in Archaeology

The definition of virtual reality in archaeology has changed through time encompassing
technologies from CAVE (Cave Automated Virtual Environments) technologies,-to PC

based online virtual reality applications, to finally Head Mounted Display (HMD) VR for

data analysis and conservati@ibertini et al. 20176-7; Bruno et. al 2009: 6, Tarter

2017: 13, 5;Deggima et al. 201 R1-92; Dolezalet al. 2017: 272Z-errari and Medici

2017: 2;Knabb et al. 2014: 228;ee 2017: 76/2; Morgan 2009: 47475, 478 Olivito et

al. 2015: 3435; Pietroni and Pescarin 2010: 24jjotTost 2017 ;Robinson and Cassidy

2017 Smith et al. 2013: 3§4Todayvirtual reality has become increasingly synonymous

with fAi mmersive HMD VR technolstrgeneso, i nst
oriented definitions of VR in archaeology. These scréetmered archaeological VR
experiences can be categbBmvizrean mentos A(COV HE x)
AMMOs ( Massi ve MubadedepJiranments as@iriulaliplaces)fod

archaeological learninganddata s semi nati on. AMul $econdJser Do
LifeT an online virtual world that operates as both a CVE and MivitDal environment,

have allowed archaeologists to construct and share online recreations of archaeological

sites. This method has enabled archaeologigztmrenew research questions again

insights through the digital reconstruction process. e feconstruction product can

then be shared and experienced with multiple users owleZalet al. 2017: 272

Morgan 2009: 473176, 478).

2.2.1 VR and Geovisualization
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VR software programs are increasingly demonstrating the abilibgtantly share and
communicate ideas between multiple researchers in a virtual space. The notion of an
easyto-use multiuser HMD virtual reality archaeological operation system has been

briefly considered by archaeologists but has not yet been propgilgmented as a

HMD project although it has been attempted as a VR CAVE projdbieftini et al.

2017: 6,8; Kurillo et al. 2010 Smith et al. 2013: 3§4However, the notion of a multi

user HMD VR platform has beegeovisubllitationt r at ed
experimento which enables instructors to t
teleportingto selected locations around the planet. This innovative teaching method is
valuable as it enables users to virtually interact-fadace asavatars while collectively
manipulating any chosen artificial environment, regardless of their physical location on

the planetDolezalet al. 2017: 272274). This software interaction approach may prove
invaluable for creating an interactive VR data netnmased in circulating excavation

data from a prospectively infinite number of archaeological sites from across Canada and
around the world. Data can be digitized by employing methods in photogrammetry,

which will be discussed in this chapter, to collaatl digitally construct complete

excavation projects in VR. Such an online archive of interactive VR archaeological data
may prospectively enable archaeologists to comment on and directly share their ideas and
interpretations of excavation data and methodsgal time from any location. This may

also prove valuable for publishing archaeological data and teaching archaeological
procedures to both student and public audiences, while enabling the software to remain
continuously updated{bertini et al. 20176; Gabellone 2009;& urillo et al. 2010: 27

28; Pietroni et. al 2010: 1).
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2.2.2 An Overview of CAVE Technologies: Prospective Database Collaboration and
Gesturing Interaction

AfCave Automated Vi ICAVMEsadre 3B virtwal enaronmentst s o0, ofr
generated by either multiple screens or projectors and stereoscopic lenses worn by users.
These technologies have paved the way for new generations of immersive HMD
technologies which are becoming increasingly focused inatliggtaaccumulation and
analysis (Albertini et al. 201 Deggima et al. 203, AndRobinson and Cassidy 2017).
These immersive environments employ software such as point clouds and stitched
imagery to generate excavation data which can be manipulat&Divigtual space by

the user (Knabb et al. 2014: 228)rtual reality CAVE technologies have proven to be

an effective technology for digital data analy®{sabb et al. 2014: 22&livito et al.

2015: 3435; Smith et al. 2013: 3§4These technologiesavork with online databases,
enabling users to directly query and display data for collaborative anatyrssh( et al.

2014: 229230, Olivito et al. 2015: 3% This is often done through motigracked

gestures which facilitate the manual manipulatiodigital data and environments in VR
(Kadobayashi and Mase 19%adobayashi et al. 1998). These forms of manual
interaction are valuable as they enable more natural learning through directdiojean
interaction. This permits users to learn faster and analyze data more efficiently than
traditional screen and moubased methods of learning which may not have the same
educational impact (Albertini et al. 2017: 14). This type of VR interaction allows users to
manually study superimposed digitized stratigraphic data which can be individually

analyzed, replicated, andasled (Albertini et al. 2017: 124, 16 Smith et al. 2013: 364).
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This is valuable for studying individual stages of fieldwork which are digitally referenced

alongside contextual artifact information and other metg@sggima et al. 2017: 890;

Knabb etal. 2014: 229231; Meyer et al. 2006: Llivito et al. 201531, 3435; Pietroni

and Pescarin 2010: 25, 23mith and Levy Thomas 2014: 1&mith et al. 2013: 364).
Unl i ke other virtual reality simulators

to virtually reconstruct excavation projects to better study archaeological data, rather than

to recreate visual i nterpretationsalof how

2014: 229231). As such, CAVE technologies have developed into several different

projects which vary in composition and size. Despite this, they all share the same

fundamental goals to digitize destructive excavation processes in order to revisit and

study them in a later time (Knabb et al. 2014: 22Byito et al. 2015: 345; Smith et al.

2013: 364365).

2.2.3 MUDs (Multi User Domains)

AVi sual cooperative systemo projects, such
and Virtual Environments n A r ¢ h,arel\dirtual Bgme both focus on the

continuous updating and sharing of information. These projects both operate as VR

MuDs (virtual reality multiuser domains), while Virtual Rome specifically operates as an

A o psourced online environmend wher e users can actively
environment to collaboratively reconstruct an accurate rendition of a virtual ancient

Rome. These online VR MuDs are significant, as Pietroni and Pescarin (2010: 26)

explain, because there are no Mul@slidated to the dissemination of scientific and

archaeol ogi cal data. The VR MuD for the dl
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Virtual Environment in Archaeol ogyo projec
disciplinary scientific hub for testing and simg scientific data in a virtual space as
avatars in real time (Pietroni and Pescarin 201287 As such, HMD VR technologies
are seemingly becoming increasingly prominent as the leading VR technology due to
their rising presence in the Viecused liteature. | believe that this is due to the growing
analytical value that immersive HMD technologies provide through their capabilities for
directly studying and manipulating digital data firstnd Albertini et al. 2017Deggima

et al. 2017Robinson and &ssidy 2017). Regardless of this, there is still an immense
value in virtual collaboration which | believe is the next necessary step in VR HMD
developments for datdissemination and distance education (Kurillo et al. 20;er

et al. 2006: Z3; Olivito et al. 2015: 34Redfern and Naughton 2002: 2212, Smith et

al. 2013: 36%

2.2.4 Online DataManagement and Processing

Immersive virtual reality and online databases are becoming more applied methods for
archaeological study. VR CAVE systems and online databases are demonstrating how
archaeological excavations can be completely documented digitally and shared online.
Theseinnovative methods have demonstrated the ability to completely document,
disperse, and catalogue immense amounts of data during destructive excavation
processes. Online databases, sudhrelField have demonstrated their ability to
disseminate electronidata daily. Excavation data is uploaded to the ArchField database
by ArtifactViz2 a virtual reality software program used for research and training through

dataselection and manipulation (Smith et al. 2013:-363). This softwarenstantly
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processesrat i fact | ocation data whi-cehtimeter3Dnapped
recordingso. This program records exact ar
then rendered and uploaded instantly to the ArchField online datdlhesesoftware
enabks archaeologists to visually study in detail the excavation process of a site in its
entirety. Excavation data is collected and illustrated with supporting contextual
information to enable archaeologists to better record, interpret, and share thistioforma
sequentially for poséxcavation analyses (Meyer et al. 200&; Dlivito et al. 201535;
Smith et al. 2013: 36369.

ArtifactVis2 is a particularly valuable software system as it is compatible with,
AHMD [ V RMolheddikplay],imgle 3Dscreen CAVE, [and] 2D moni
technologiegSmith et al. 2013: 365).hese forms of VFbased dat@rocessing systems
are capable of universally connecting researchers in real time with data as it is produced
instantly in the field using GIS. This data can then be disseminated through
fundamentally any form of electronic degior hardwarelTherefore, nt only do these
programs enable the instantaneous dissemination of field data online, but they will also
may enableesearchers to instantly access and work with the same data in developing
forms of immersive virtual reality. i s data i ncludes excavatior
stratigraphic data, artifactsSmithasalOhZzps, a

646-647;Smith et al. 2013: 363, 36366, 369;Smith and Levy 2014: 166, 1669).

2.2.5 Distance Education
Archaeological distance education may prospectively be used to share and analyze data

instantly (Meyer et al. 2006-3 andSmith et al. 2013: 36366, 369) andiniversally
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amongst archaeologists in virtual realiiifertini et al. 2017Deggima et al. 2017;

Redfern and Naughton 2002: 2212;Robinson and Cassidy 2017). Immersive Head
Mounted Display (HMD) VR may sufficiently function as a distance education teaching
tool as it is currently a new and innovative technological method for reciprocal
communicatn and has demonstrated accurate-tgpeesentation capabilities required

for datasharing amongst online academic communities (Redfern and Naughton 2002:
211-212). This communicative tool may allow for réghe collaboration between
academicsenablingthem to simultaneously discuss and study previously geographically
inaccessible sites and datehile instantly sharing their findings through VR (Robinson

and Cassidy 2017).

2.3 Digital Data Vs Traditional Data-Recording Methods

Digital datacollectingmethods are proving more efficient and practical than traditional
archaeological dateecording techniques, such as drawing and writing, and may
prospectively revolutionize the way archaeologists collect and share excavation data
(Albertini et al. 2017: 38; Austin 2014: 1417, 23;Coughenour et al. 2014; Green et

al. 2014: 173, 181Hixon et al. 2018: 53;erma et al. 2010: 500, 5605;Levy 2014:
166-167;Peng et al. 2017: 1, 3; 3mith andOlivito et al. 2015: 31Yilmaz 2007: 423,
429). Digital datacollecting methods have shown an increase in the quality of data
collected by as much as-32% over traditional dateollection techniques, ar8@D-
focused archaeological publications have increased over 300% in teriAwstis 2014
20, 23;Coughenour et al. 2014; Douglass et al. 2015: 138, 143, 146, IBdosevelt et

al. 2015: 32Y. Digital methods are often more accurate and-pmadicientthan
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traditional written methods as they mitigate human errors that often occur through writing
(Austin 2014: 13, 1-19; Coughenour et al. 2014; Douglass et al. 2015: 138, 143, 146,
151). Many traditional archaeological recording methods have been shifted into digital
methods through current technologies, such as mobile devices, which are cigntinual
shaping and improving archaeological field schools and archaeolegaalations

(Coughenour et al. 2014; Douglass et al. 2015: 138, 13oosevelt et al. 2015: 389

2.3.1 Online DataManagement and Processing Metadata and Trusted Online
Repositories

Digital data for VR and opegourced databases can be collected and delivered to users in
a number of waydMetadatais complementary information which can be simultzunsy
delivered and analyzed alongside digitized data to provide full digital libraries of visual
and analytical data used in immersive VR progréigmabb et al. 2014: 22231; Meyer

et al. 2006: 12; Smith et al. 2013: 365). It is composed of backgromfakmationof
archaeological photographs, textual data, surveying data, modelling, artifact contexts, and
other provenience data which is generated during the digitization process (Meyer et al.
2006: 14; Archaeological Data Service 2015ais form ofdata can be matched to
Structure from Motion (SfM) photogrammetric data which can be used to construct 3D
models for use in opesourced databases and VR applicatigibértini et al. 20176;
Deggima et al. 201'B9; Gabellone 2009:-B, 56; K n a b bah 28014e 229231,

Robinson and Cassidy 201 These forms of digitizedrchaeologicatlata may be
permanently storednd accessetiroughonlinetrusted repositoriesTheseonline

databaseare operated by organizations such as tteh@eological Data Service (ADS)
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and the Digital Archaeological Record (tDAR) which systematidadigkup,
disseminateand migratedigitized data througtevolvingtechnologieso ensure their
usability (Archaeobgical Data Servic2015f; Archaeological Data Servi@0)15g; The
Archaeological Data RecoD17). Concepts and ideas are drawn from the following
sources(Archaeological Data Service 2015b; Archaeological Data Service 2015c;
Archaeological Data Servi@015d; Archaeological Data Service 2015e; Archaeological

Data Service 2019).

2.3.2 Structure from Motion (SfM) Photogrammetry

Structure from Motion (SfM) Photogrammetry is mexpensiveeffective, and popular
nontdestructive method for digitizing archaeological data as it automatically generates
measurabl&D images from still photographs with-80% overlap between images
(Albertini et al. 20173-4; Ferrari and Medici 2017: Gabell;me 2009: 13, 56; Lerma

et al. 2010: 500, 50306; Olivito et al. 2015: 3132; Smith and Levy 2014: 16769).

Images must be taken from at least 3 different angles, and in cloudy or morning lighting
forbestresult§ Bar c e | o 6 DoaglassatlaR0152 XB®), B40, 148, 15Green et

al. 2014:181;Hixon et al. 2018: 4314, 46, 53Peng 2017: 1,9 This practte is valuable

as archaeologists can practise SfM photogrammetry on thejremahlingthemto

establish digital elevation maps (DEMSs), elevations, scaled measurements, and other
significant geographical data from 3D models, when joined with surveying techniques in
the field(Austin 2014: 1420, 23 Coughenour et al. 2014:2, 4; Douglass et al. 2015:

138, 148, 151Green et al. 2014: 17%79).
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2.3.3 Flaws of SfM Photogrammetry

SfM photogrammetry, although useful remains an imperfectataaisition method as it

is only truly effective when certain technical conditions are etse pertain largely to

Al i ghting, camer a, a,tochamemfeyengd0l&1).ISBMp condi
photogrammetrydés precision ,lamleverproven infe
prospectively handirawn triangulation methods of field mappifiggm measurement

errors varying between the centimeter andmsiibmeter levels (Peng et al. 2017: 2, 9).

However, SfM does make up for these flaws through its expedientol&tation speeds

and adequate accuracy which match excavation speeds (Gree20&datl81; Hixon et

al. 201851, 53 Peng et al. 2017: 1, 3;8 9. Despite its imperfections, SfM has

demonstrated enormous potential as a prospective-atand digital data tool when it

can record exact data measureme@teén et al. 2014: 17681).

2.3.4 The Developing Uses of SfM Photogrammetry

SfM photogrammetry continues to be an innovative technology as it exhibits potential as
a tool for digital site reconstruction. For example, it is being used to reconstruct
exavation processes froathoc photosThese are spontaneous photos taken during
excavation periods which have been repurposed as SfM photogrammetric data for exact
3D models of excavation proceduréaiétin 2014: 13, 1-20, 23;Coughenour et al.

2014:4; Douglass et al. 2015: 138, 148, 15Ihis is possible as the site Zaraa Uul

(Figure 5.4) was constructed from only 35 photographs, demonstrating that 3D models
can be generated from smaller sets of photographthermore, SfM photogrammetry

alsodemonstrates the ability to establésh gi t al dat asofreeaccgsutd | i ¢,
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d at Gréen dt al. 2014:73-174). Access to open data would allow free public access to
excavations and data while prospectively creating online photogrammetric éatabas
which, | believe may be expedited through smartphone technold@esglass et al.

2015: 138140, 148, 151).

2.3.5 Volumetrics

Volumetrics can also be calculated through SfM photogrammetry. Volumetrics is the
process of digitally calculating and ifitrating 3D soil volumes and soil horizons of
stratigraphic layers from excavation surfaces (Barcelo et al. 2602;:l%erma et al.

2010: 495Roosevelt et al. 2015: 334, 3339; Yilmaz 2007: 428130;). Volumetrics is

also understood as tepatial relationshipo et ween fAstrati gfifthegphi ¢ i m
superimposed 3D images that chronologically document the excavation process (Barcelo
et al. 2004 67). Watertightdigital grids are established between superimposed digitized
stratigraphidayers from digital elevation models (DEM#$&oosevelt et al. 2015: 334

335, 339)However, volumetric data cannot be measpuaed as such, it operates solely

as an interpretive visugchniquerather than as an absolute method of measurement
(Barcelo ¢ al. 2004: 67, 1012). In spite of this, volumetrics is becoming a standard
practise required frormomefinancial grant organizations and is furthering archaeology
beyond traditional excavation and datalecting practises through its uniform and user
friendly recording system and deatharing capabilitieRoosevelt et al. 2015: 325, 329,

342:343).

2.3.6 Laser Scanning
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Laser scanning, like photogrammetry, is an effective and accuratdigaization
method. There are a number of different typelsasdér scanners, such as Airborne Laser
Scanning (LIDAR), Terrestrial Laser Scanning (TSL), and Structured Light Scanning
(SLS) (Lerna et al. 2010: 501). Laser scanners digitize datadcgoired points from
surfaces to create point clouds of data to geare3D images (Bruno et. al 2009.L2rna
et al. 2010: 501). Terrestrial Laser Scann
distance between the laser scanner and the objastis achievethy measuring an
objectds surface with alasa. TlcSa datermiae distaneenby st r u c k
employing either a pulsating laser or using a modulated laser beam. Colour can be
generated from measured points or builtligital cameras to construct more detailed
imagegLerma et al. 2010: 501 Structured.ight Scanner (SLS) is a type of laser
scanner that usestructured light shone from a projector, which is captured by a digital
camera to collect measurements, including shape and colour. This light is manipulated to
measur e o0b]| esinglesoohf rtoom afiné aacr ea appr oxi mately
(McPherron et al. 20020). These instruments digitize hygiatailed surface data but
they do require software to merge 3D scans into complete 3D imdgBéi€rron et al.
2009:19-21).

Regardless of the type of laseanning technology reflective surfaces and poor
lighting conditions are detrimental to 3D data collection (Bruno et. al 2009: 4). These
technologieshowever, possess a number of practical limitations in the field and can be
chronologically, physicallyand financially burdening_erma et al. 2010: 501). The
images produced are useful for digitally illustrating archaeological excavatigrhis

technology does not function as a standalone-a@egaisition technologlpecauset is
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slow and requires adeate lighting conditions. However, laser scanners do have
potential to increase accuracy through GIS technologies (McPherron et al. 2009: 1, 21,
23).Laser Scanners can also be used for SfM photogrammetry to capture images from
360 degrees, but they arenare costly than standard SfM photogrammetric methods and
are less practicaFerrari and Medici 2017: 43reen et al. 201481; Verdiani 2015:

133, 134135, 137, 138 Ultimately, between laser scanning and traditional SfM
methods, standard SfM techniques are considered a more efficient and accurate
digitization method over laser scanning techniqiReng et al. 2017: 1, 3; Smith et al.

2013: 366).

2.4 DiscussionVR and Archaeology in the Public Eye

Virtual reality technologies are connecting both the public and academic audiences to
archaeological sites through AR and immersive VR technologies. Augmented Reality
(AR) is a form of virtual technology firstinventéedn t he 19906s. 't oper
superimposing digital images and virtual data over real world scenes. Recently, it has
become a valuable analytical and interpretive tool for manipulating and studying
digitized data in real timesuch aghroughGlIS - that has been superimposed over
archaeological sites and featu(borsyafawati et al. 2016: 43489,490; Stricker 2001:

1; Stricker et. al 2009: 13, Stuart 2012: 58583, 587, 596, 598AR has also been

used to visualizeirtual heritage which enploysintentionalityandphenomenologyto

both educate public users about archaeological dathempower cultures through
visualizingtheirlost cultural heritagéFerrari and Medici 2017: 1-8 Lee 2017: 7673,

Norsyafawati et al. 2016t89; Stuart 212: 583, 588, 596).
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Userfriendly AR programs such ascheoguidesuperimpose heatacking 3D
infographicsthrough a HMD (HeadVlounted Display) to provide relevant archaeological
information through GIS technologi@dorsyafawati et al. 2016: 484, 49@1; Stricker
2001: 1 Stricker et. al 2009: 1,-8; Vlahakis 2002: 53, 57, 99This AR technology
generate8D images from an online photographic database wi#(8® image overlap
over real world scenes from the vieweros H
This percentage of 1image overlapods requir
technical disrufjons which sever immersive VR and AR experiences (Stuart 2012: 590,

591, 597; Vlahakis 2002: 53). Programs such as Archeoguide are integral for developing
userinteractive methodologies for esite AR applicationor public learning and
professional datanalyses and dissemination (Stricker 2001: 5).

Likewise, immersive virtual reality applications and the virtual documentation of
archaeological sites is experientially valuable as it stimulates emotional responses in
viewers and establishegreater connections with sites and data. This technology has
proved valuable as a method of archaeological outreach to both public and indigenous
audiences. Archaeological VR projects have enabled all generationmétigenous
communities to better visualize and reconnect with their cultural pasts. These VR
experiences have permitted archaeologists, native elders, and the public to digitally
access and explore geographically inaccessible sites while ensuring the continuity of
fragile archaeological sites in digital environmeiibehberger 2017: 30%errari and

Medici 2017: 1,Gabellone 2009: @GRobinson and Cassidy 201Smith et. al 2012: 648).

2.5 Conclusion
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This chapter has illustrated both current and prospectiva&d projects and
technologies for archaeological research and-digitization, to demonstratéhe value

of digital data and innovative technologies for archaeological practise. It provides the
foundational information required for the design of a unifleggital dataacquisition
method- or digital field manualas | refer to it necessary for the standardization of
excavation documentation and illustration for data dissemination. The subsequent
chapters of this thesis will illustrate the theoretical and methodological stages of this

project before constructing AVROD as a functianimmersive virtual reality platform.
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Chapter 3:

An Evaluation and Application of Virtual and Augmented Reality Technologies for

Archaeological Visualization
3.1 Summary
Virtual technologies are useful tools that can be applieliffierent archaeological
theories, such aaffordance theory, phenomenology, theories of perception, and theories
of spatial accuracy, to name a few. These applications can be used for studying how
humans spatially perceived and adapted to environmemitschiapter illustrates the
relationship between these different theories and their applications within the realms of
virtual reality for archaeologyand demonstrasey i r t u a | archaeol ogyds
establishing new mediums for knowledgeation andlataaccessibility and
disseminationConcepts and ideas are drawn from the following sou¢Bescel6 2001
1, 67; Brick 2005 46-48, 54, 60, 6465; Carter 207: 98-101; Flynn 2007 87, 8990;
Gillings 2012 603-605;Gross et al. 200%182; Jacobson and Holden 2Q@ Johnson

2012 273,279280;Lock and Pouncett 201730; Pletinckx 201133, 36).

3.2 Introduction

This chapter discusses the theoretical structuraffaidance theory, phenomenology,

and spatial analysis. It provides an overview of these theories and their applications to
virtual archaeology to illustrate their uses as methods for studying and understanding
space and spatial relationships in the arcluggcal record. It discusses theoretical
approaches to virtual reality in archaeology to establish it as a useful scientific tool for

learning and analyzing and disseminating archaeological data. This chapter operates as a
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theoretical overview for the sabquent chapters of this thesis to illustrate how virtual
archaeology can be used as a theoretically and scientifically viable methodology for
digitizing and disseminating excavation data in virtual environments. This chapter is
divided into three section3 he first section provides an overview of concepts and

definitions related to virtual reality and affordance theory. The second demonstrates how
virtual reality may be used as a critical tool for enhancing the way researchers organize,
analyze, and studyne relationships of objects in space. The third section outlines various
ways that virtual reality can be used as a tool to enhance teaching archaeological practises

through multiuser approaches.

3.3 Concepts and Definitions:

This section discussedafdance theory and presence and their roles in the use of virtual
reality for archaeologyAffordance is the theory of studying how humans perceive and
manipulate their environments to infer intentionality in the archaeological record, based
on the use oénvironmental objects and attributes. This theory has been applied to
modern technologies, such as GIS, and is more recently being applied to virtual reality
technologies to study how virtual tools and spaces afford use in VEs (Virtual
Environments) for thaeological studgAbramiuk 2012 98; Dickey 2003 107; Gillings

2012 609-610;Gross 200416-18; Nelson et al. 20155; Shin 2017 1828; Turner

2007 130-131). This theoretical framework can be applied to the study of virtual reality
in archaeology through the application of virtual tools in virtual environments (VES).
Like real world objects, virtual objects have affordance which affects the ways in which

usesuse them and navigate VR environments. This analysis suggests that virtual
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affordances influence how users navigate, manipulate, and study archaeological data in
VR environments. As such, the tools that are used for the NMVRP should theoretically
affecthow users study data and experience VEs. This theory is also capable of helping us
study and understand archaeological virtual environments basexhonsers interact in

these spaces through their perception and understanding of action capabilities. Thes
capabilities directly affect how users work and operate in a VE based on virtual functions
such as navigation controllers like the Leap Motion Controtge (2012588, Leap

Motion 2019;Turner 2007132).

Action capabilities directly affect how useexognize virtual tasks and functions
based on the realorld familiarity and accessibility of these featuréstual applications
should be able teffectivelycommunicate what users can and should do to achieve their
required outcomes when navigating ¥Rplications. As such, these approaches require a
keen understanding of perception to instantly convey this information to users through
cognitive approaches such as familiarBybsequentlythese outcomes can be achieved
by creating easilyecognizable environments and taskbich users can readily navigate
through familiar controls and tasks. This familiarity requires that interactions between
users and their environments should be simple and should closely simulatentdal
interactionswith objects and environments. This theoretical approach allows for shorter
learning curves, more captivating user experiences, and greater functionality and
accessibility of the VE as an analytical todith my collaborator Sean Bruckhave
implementd easily adaptable VR tools such as the Leap Motion infrared hand sensor
controller, which we are currently using to simulate realrld interactions. This allows

users to navigate their environments and interact with tools and objects with their bare



29

hands, as they would in the real world, to establish a sense of familiarity with the VEs
(Gross et al. 2002182, 484, 486, 489).

Presence s defined as the feeling of being i
current physical location. This feeling can eitbe experienced by a single user, or with
multiple users through social awareness, in a virtual space. dtaseaof mindhat is
intensified through greater technological mediums such agk&capabilities of virtual
reality are proven to increasear learning through presence, or user collaboration, which
can also be applied to virtual archaeology projects to improve user learning. This is
significant as virtual technologies may reinvent academic research and learning
methodologies through muitiser collaboration and spatial learning approaches.
Presence can be used to allow multiple use
affordances of nbyfreely nmhipulatipgearcisapobogidaliohjeets, 0
data, and environments in VR. The$®@ances can be inferred by collaborative users
through presence which establishes greater emotional investmentraadcsionbetween
users, improving the learning process. These user experiences can be further amplified
through visual advancements in ¥&hnologiesvhich will increase the experiential and
spatial learning value of VR for archaeology as these technologies improve through time
(Dickey 2003105, 117118; Eve 2012588-589; Flynn 2007 88; Frischer 201129;

Jacobson and Holden 2Q(& Shin 2017: 1821828; 18361831, 18331834).

Affordance theory and constructivist theory are closely linked when studying the
learning capabilities of immersive VEs. Specifically, affordance theory directs the
learning construction process, while caustivist theory facilitates learning construction.

These two theories are significant for learning in VEs as they indicate the subconscious
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relationship between the learner and the virtual learning tool as a new methodology for
developing educational teablogies (Dickey 2003107, 113114).Constructivist theory
also proposes that users best learn by building knowledge through active participation in
their environments with other users. This framework of teaching lets users learn through
visual and enviromental freedoms that enables them to manipulate data, solve problems,
and navigate continuous streams of information together in a single(Epekey 2003
105, 115). This theory of learning closely suits immersive virtual environments as users
can remtely work together to visually deconstruct and revaluate complexsdtgaising
new tools and learning processeéhis in turncan be prospectively customized to the
individual 6s needs, allowing users to bett
speific educational tasks (Dickey 200805, 113114;Doolittle and Hicks 200377-78;
Forte 201114; Huang, H-M. 2002 28-30; Leask and Younie 200117-121, 127131,
Strommen and Lincoln 199268470).

Like affordance and constructivist theory, phenomenology plays a central role as
a significant theory in virtual archaeolo@@henomenology is the process of studying
how people experienced, navigated, and learned landscapes in the archaeological record.
This theory often intertwines with affordance theory as landscapes afford subsistence
opportunities which are perceived and procured by cultures in the archaeological record
(Gillings 2012 606). This theoretical tool enables archaeologists to theorizénhmans
perceived their environments to study how they experienced, lived, and thrived in
landscapes and physical spadeallows archaeologists to theorize the minds and social
lives of people in the archaeological record by perceiving and experienongchpes as

they did. This approach focuses heavilytle bodyandthe senseas a method of
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studyinglived experiencefrom spatial environments and landscapes, and seeks to
establish learning beyond textual approacdBe&ck 2005 46-48, 54, 6465; Eve 2012
582-583; Hamilton et al. 200632; Johnson 201271-273 278).

Phenomenology enables archaeologists to theorize the minds of past cultures in
the archaeological record by interpreting the spatial experiences and meanings of
locations through thehared human experiencekperceiving place. These experiences
are dictéed by the visual and bodily influences that architectural features command over
the scientific observer. Archaeologiseninfer intangible insights of meaning and
intentionality from tangible data in the archaeological record. This is often composed of
locational analyses of viewpoints and archaeological featurndgch may have once
communicated social meaning such as social hierarchies, worldviews, and other forms of
intangible heritagdBriick 2005 47, 5455, 58, 6062, Flynn 2007 88-89; Johnson
2012 273,279280). Phenomenology is being used with VR technologies to enable
archaeologists to revisit and virtualynbodylandscapes to better study and experience
them through time. These VR tools can be applied as distinctly phenomendiogisal
by visualizing topographical and architectural data from any vantage point. As such,
archaeologistsangenerate, visualize, and disseminate phenomenological data to
generate new insightsy merging archaeological theory and immersive visual
technologies. This theory can also be used as a tool for studying how humans learn in
both the archaeological record and in VR environments as it provides a learning method
founded on real world experieex and spatial environments to better stimulate the brain.
As such, phenomenology can be applied as a relevant theoretical construct for studying

how humans spatially learn and communicate in both the archaeological record and for
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contemporary users of Viechnologies in learning environmefiBtick 2005 46-48,
54, 58, 6064-65; Flynn 2007 87, 90).

Although phenomenological archaeology has been largely criticized for its
seemingly unscientific approach and methodo)dgyas often been used by
archaeabgical and anthropological theorists to help identify different approaches to
understanding and experiencing archaeological environments and spaces (E&82012
585).Despitethis, phenomenology has become an increasingly useful theory in digital
archaetogy as a means to digitally experience and study archaeological sites through
augmented reality (AR) and immersive virtual reality (VR) technolodethis way, |
believe that AR and VR technologiean solvemany of the issues regarding observative
andclimatic variability which have been addressed by critics of phenomenology. For
example, thephysical embodied experienared climatic and lighting variability can all
be virtually recreated and ubiquitously experienced by VR users consigtevdl012
583585; Hamilton et al. 200631, 34).Thus these technologies are not only capable of
paving new research avenues in dateording and accessibility, but it is becoming
increasingly apparent that VR technologiesy contribute toarchaeologicaliteoryi
such as phenomenolog@iylynn 2007 90; Forte 20119-10).

Phenomenology proposes studying landscapes with our senses beyond just
perception. As such, this requires using the senses of smell, hearing, touch, and taste to
acquire a complete bodily sense of environméaie 2012583584, 592, 595).
Presentlyyirtual archaeology falls short of replicating complete phenomenological
experiences for all the senses beyond sight and hearing. However, these technologies can

produce new analytical virtual tools that are unique only to VR and AR environments for
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new prospetive visual, audio, collaboration, training, and esltaring and testing
capabilities Eve 2012583, 595;Forte 20119-10; Turner et. al. 2005290, 299. It is

also capable of reconstructing entire archaeological sites throughdiistic and
constuctivistapproaches which allows archaeologists to accurately study 3D data both in
its current state and how it may have been through virtual reconstructions (Forte 2011

14).

3.4 VR and Spatial Sciences in Archaeology:

Spatial learning and analysis are a central component to archaeological data analysis.
Archaeologists require spatial data to theorize, reconstruct, and perceive how peoples in
the archaeological record expeged different spaces and environments (Briick 2005
46-48, 54, 6064-65; Whitley 2002 7). Perception and spatial accuracy are important
concepts for visualizing and studying digitized archaeological Bataeption is an

essential theoretical approachstadying how humans experienced environments in the
archaeological record~{ieman and Gillings 200B). Perception must be studied as an
amalgamation of the human senses and is a central component for interpreting and
understanding space and spatial environments (Frieman and Gillings52608, 13).
Accordingly, it can be suggested thanbodied phezmenological approachesay be

the best theoretical tools for studying human perception and its role in understanding
space and spatial relationships in the archaeological record. From this analysis, it is clear
that virtual archaeology may become a cérital for studying these theoretical

approaches and may be the next step forward from traditional methods of studying
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experiential archaeology suchesocative writing Briick 2005 46-48, 5455; Flynn
2007 87, 90;Frieman and Gillings 2005-6, 811, 13; Johnson 201273,279-280).

Perception is complex as it is a cognitive human sense that is highly influenced
by both culture and environmerit is therefore, theoretically experienced differently by
all peoples through timg=rieman and Gillings 2007.3; Lock and Pouncett 2017
130). This means that researchers must approach perception as a highly complex
method of spatial understandititat has been prospectively experienced differently by
every individual in the archaeological recdrchaking it extremely difficult to
theoretically reconstruct how peoples perceived spatial environments. These different
scales of perception indicate ttiéferent levels of complexity that archaeologists must
recognize whemapproaching spaces and plaoethe archaeological record. These
approaches will help us understand the different ways in which the archaeological record
may have been experiencéddping usto identify our own research biases as a result
(Frieman and Gillings 2007.3; Lock and Pouncett 201730).

The theories of direct perception and visual percepatrerused to theorize how
humans objectively visualize the scale of
and percepto are used to infer size of obj
visual data required toalculate object scale. Scale is determined tnstughtexture
which is inferred by the density of differing textures as they are viewed against differing
objects, while perception is determined as a variable of size and the dénsxiure of
an obgct in comparison to surrounding objects (Abramiuk 2086207). These theories
of perception directly apply to the understanding of space and spatial relationships in

digital archaeology as they help us to understand perception as a tool for analyaeing dat
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in both real and virtual environmeritgor which VR technology has demonstrated
accurate capabilities

Like perception, spatially analytical approaches are valuable resources for
studying and interpreting spatial relationships in the archaeologicallties section will
outline different approaches to spatial analysis and will discuss their applications as
theories for studying spatial relationships in archaeological 8ptdial thinkingcarries a
number of perceptive attributes such as the altdigssess and accurately estimate large
sums of visual data represented in spaceK and Pouncett 201729). Thisframework
of thinking is significant in archaeology as it enables researchers to visually digest and
understand relationships between large sums ofahatanake inferences based on these
visual correlations.

Spatiallearningis a product of spatial thiitkg and is the process by which
humans, @fAé understand, navi galtoekandand expl o
Pouncett 2017130-131). Researcherstudy spac¢hrough software such as GIS
technologies, andanore recentlythroughimmersive virtual reality technologies, which
may be used to spatialperceiveenvironments in new and significant wayeck and
Pouncett 2017130-131). Thus researchers use these spatial data tools to generate new
insights by perceiving spatial datavirtual environments from different perspectives.
Immersive virtual environments are unique spatial learning and thinking Ty
provide researchers firbland access to data which can be visualized from any scale such
as the, Afanadlyoagicaal , phoredh odneel | i ng scal eso
insights from large datsets(Lock and Pouncett 201703-131). Spatiallearningis

rooted in interpretation, with a heavy focus on methodology, while spatial narrative
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bridges data and interpratat, with a focus on analysis and interpretatjback and
Pouncett 2017130). These are separate methodologies for perceiving and processing
spatial data which illustrate some of the many ways people spatially learn and perceive
data in spatial environments.

Spatial technologies cdre used to study space and place in the archgiealo
record. Space is defined as a mapped and measurable geographic area, while place is
one or more locations where culturally significant events occurred (Lock and Pouncett
2017 130). Due to its subjectivity, place is a much more difficult conceptuiay
spatially using GIS software, as it requires more particularbgsm@se approaches.
Although spatial technologies, such as GIS, can be used for studying absolute space,
they are not always ideal for studying place (Lock and Pouncett 2807 134).

Therefore, VR technologies can bridge the gap between space and place as it allows
researchers to view archaeological sites and geographic areasfidstrom any visual
aspect. This characteristic is significant as it creates an analytiehligble ool for
spatially studying and experiencing both space and place in immersive environments.

Spatial proxiesre usea@s toolso study archaeological data in virtual
environmentsTheyare used tanalyze theoretical arrangements and uses of space as
they existed in the archaeological recd@gatial proxiesre measurable markers of
intangible spatial units which visualize and measure how events may have occurred, or
where features may have been located at archaeologicgMghéley 2002 6). These
tools help archaeologists study the spatial relationships between site construction, site
use, and features that affect bodily experigBréck 2005 46-48, 54, 6064-65;

Whitley 2002 6). Subsequentlyspatial proxies may be easily recreatedirtual



37

environments for spatial analysis by virtually recreating environmental or social events
and archaeological features which can be spatially tested and analyzed in controlled
virtual scenarios.

Digital archaeologists have begun exploring theefieshof using interpretive
postprocessual approachesrezonstructing digital heritag@&hismay be achieved
through spatial praxiwhich may be used tgitally visualizedata(Flynn 2007 85).
These approaches allow archaeologists to study and interpret archaeological data in new
spatial capacities, such as through the digital manipulation of 3D data through object
resizing, object separation, and data dissemination, to name a few. Woitkirdigital
data allows researchers to study, manipulate, and disseminate data at no risk to the
original data, establishing digital methods as a revered and effective scientific tool that

allows archaeologists to remotely and spatially study sciedttfia.

Digital Agency:

Accuratedata points are an essential component to digitizing precise data models. These
points can generate models with agencgéigctingdistinctpolygonsas waypoints,

through wayfaring, tanostaccurately representiginal data as 3D models. This is

achieved bymaintainingthe most accurate polygons amédthodicallydiscarding

insignificant polygons. These models are given agency through this prosbgsh is
compared to an excavator discaglsoilto expose aartifact in the field the artifact is

given agency based on its spatelhtion to soil and other objects within the ground

while the 3D object is given agency based on the positioning of its polygons within a

point cloud (see Secin 7.2.47.2.9)(Carter 2017: 98.01).
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AMaki ng, mes hwo rthegriesaamibined @ acoucaiglpproach e
the digitization of archaeological dat@agrter 20%: 97-98, 100101).To this end
wayfaring and 3D points can B&udied in the same spat@dpacity as archaeological
data which can be spatially navigated and measured. By these stahignlgisaccurate
digitized data can be theoretically studied in the same spatial capacities as origjnal data
and cantherefore, be treated as suétdditionally,less than accurate digitized data or
altered data, may also be studied for interpretiveqgaegandshould indicate any
inaccuraciegCarter 20%: 98-101).Digital accuraciesnay vary between different
methods of datdligitization, such as: photogrammetry (sgection7.2for
photogrammetry metha}l laserscanning, and CGI construction, to naanew. It
should be noted th#thesesamplingbiases must béistinguishedor future researchers to
differentiate from original data, as this may affect their interpretations of both digitized
archaeological data and virtual herita@after 20%: 99; Jacobson and Holden 2Q0).

In order to amount to scientific levels r@aism, digital data must be subject to
photorealistic datgapturing standard$lynn 2007 90). This is significant a8D models
must be generated asedibleand identicateplicas of the original daté will be
fundamentafor digitized data to describe any data biagssilting fromanyalterations
such as through the manipulation of 3D data for interpretative purposes, or to any fill

gaps in the 3D models, and so on.

Scientific Guidelines for Data Digitization
Virtual archaeology can become widely accepted as a scientific method to impreve data

disseminatior(Pletinckx 201133, 3536). In order to achieve universal standards in
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virtual archaeology, guidelines must be created to establish this field as amutetgpe
scientific practise. These standards may improve-diasgemination procedures by
establishing a single database of digitized archaeological data for researchers to access,
such as databases like SAVE (Serving and Archiving Virtual Environmentsi) wiay

also help to establish standardsifomersive virtuabrchaeological environments (Carter
2017: 101;Frischer 201129; Pletinckx 201133, 3536; SAVE Website). Virtual reality
technologies and databases may allow researchers to vidughhecomplex dataets at

a single time, as 3D images display as much spatial information as multiple photpgraphs
enabling users to study spatial informationcmmore efficientlyResearchers may also

use this new accessibility to visual data to study and visualize extant data from VR
databases, to theorize nreristing datd while safely sharing and digitizing data at no

risk to the original datéBarcel6 20011, 6-7; Flynn 2007 88; Jacobson and Holden

2007 2). Virtual archaeology can be a powerful new tool for recording and sharing
international excavation process8sich sharing cameveal biases in archaeological
research and datissemination by allowing researchers to study archaeological
excavationshrough every step of the excavation. This technology may beagszd

modern tool for solving longerm recording inconsistencies that have existed in
archaeology for decadds may also be usealongside traditional recording techniques

to digitally pregrve and disseminate archaeological data for scientific $@atyer

2017: 101, Pletinckx 201133, 36).

3.5 Conclusion: VR in Dissemination and Pedagogy
The affordance of virtual tools can be used to increase user functionality and

collaboration capabilities for archaeological learning and-dagdysis. Some examples
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of this are virtual whiteboards, collaborative writing spaces, and measurement tools
which can bemanipulatedyy users for a variety of collaborative analytical tasks. These
types of toolsan simulatehe affordance of reakorld learning and analysis tools in

virtual spacego create environments that combine real world research and catiabo
capabilities with the innovative functionality of virtual environments. Virtual reality can
be used as an effective teaching tool for multiple users in a single virtual space through
affordancesln this way virtual realitycan employaffordances siexperiential toalto

convey information througtioing These approaches claad to thecreaton of familiar
virtual environmentsestablising greater research capacitfesm virtual environments
(Dickey 2003105, 113114, 115, 118; Eve 201888;Frischer 201129; Gross et al.

2005 482 Shin 201718271828,1831, 18331835.
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Chapter 47 Methods

4.1 Introduction:
This methods chapter ddvidedinto two parts. The first section outise he NMVRP O s
(Nassau Mills Virtual Reality Project) photographic field data collection methods and
dataset separation workflows. The second section preddaimmary of the model
generation results and an analysis of preferred digital photography metjieddefore
discussing the benefits and drawbacks of generating daily 3D excavation models at
archaeological sites. Finally, this chaptencludeswith a discussion of the benefits and
drawbacks of creating 3D models using the photogrammetric softgisoft
PhotoscanThis chapter also considers futediting possibilitiesfor visualizing and
editing 3D models in VRThe purpose of this project is to demonstrate the recording
applications of 3D photogrammetric software doademic studthrough virual reality
technologies. Specifically, the NMVRP allows archaeologists to:

1 (1) revisit daily excavation procedures and study how archaeological sites

changed through timeand
1 (2) remeasure archaeological data from previously excavated archaeological sites.
These analytical tools are significant as they are-@xsvation data generating

techniques that allow archaeologists to revisit archaeological sites at a distancegin spa
or time) long after they have been altered by further excavation or destruction. The 3D
models demonstrated in this thesis are created for study and analyses in immersive virtual
reality (VR) environmentsvhich were created using the VR software, UKiinity

Technologies 2019).
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4.2 Field Equipment

4.2.1 Data capture

| used a Nikon D7100 DSLR camera as my primary camera and a GoPré ateroy
secondary camera to collect photographic data each morning in the field. The Nikon
DSLR camera wassed to capture the primary photos used for my 3D model
construction while the GoPro Hedagphotos werénitially taken asbackup photos for any
lost data photos that may have been missed during theallating process. The Nikon
camera was chosen fibs dense image filat 24.1 megapixeld SLR cameras with fixed
lenses, in manual mode, are the recommended tool for photogramnineti@oPro Hero
4 has amegapixel value of 8.3 megapixedd its fisheye widangle lens is useful for
capturingimages lhat capture more subject area pkotograph. An LG G3 Smartphone
was used experimentally for Day 3 (Tues M&2818) to capture backup images, but
this was quickly replaced by the GoPro Hero 4 for its higher megapixel Vdlaaletails

of the camerasra provided below:

1. GoPro- Hero 4 Camera:
A 8.3 Megapixel camera

HEHQq

Figure 4.1:GoPro Hero 4lmage source: Gallagher
2017)
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2. LG G3- Smartphone:
A 8 Megapixel camera

2014)

3. NIKON D7100 DSLR:
A 24.1 Megapixels

Figure 4.3: NIKON D7100 DSLR camera (Image
source: Pitt 2016)DSLR cameras

4.2.2 VR hardware

The HTC Vive was chosen as the primary HMD (H&éablinted Display) for the

NMVRP as itdighthouse sensor@re designed for tracking user movements in open

rooms These sensorsse two lighthouses which are placed in opposite corners and
establish better tracking for users navigating a larger physical space. The Oculus Rift was

also a good contender for the NMVRP hardware but its singular lighthouses proved
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harder to work withn open room environments. Both of these hardware types were
provided by the Innovation Cluster, located in downtown Peterborough within the,

AVirtual and Augmented Rpality Zoneo (spon

Figure 44: TheHTC Vive Lighthousesensor setuprovidesfull room tracking
capabilities Users can navigate virtual spaces in an open mwornmonment by mounting
the HTClighthousesto walls or tripods (image sourddruce 2016).
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Figures4.5: The HTCVive (upper lefy and the Oculus Riftufpperright) are two of the
most popular commercial VRMDs. Each have their own tracking lighthouse styles. For
the NMVRP, | used the HTC Vive HM[bottom)i n t he | nn ofv\itritomalCu st
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and Augment e docdesl all70 Gegrge Bto Noeh) Peterborough (dNage
sourceFerreira2017 image sourcePalenchar 201,8mage courtesy dlVeDesign
advertising.

4.2.3 Data processing

The initial project was developegingan MSIVR-Readylaptop provided by the

Innovation Cluster. This laptop, although powerful and useful for VR, has limited storage
and often overheats while using VR applicatiafter 15 minutes. ThACER Predator

Helios laptop is a more powerful laptapdstays coar much longer. For these reasons |
decided to purchase a Predator laptop and transferred my existing project onto this laptop

for future development.

PREDATOR

FREORYOR

Figure 46: The Acer Predator Helios i powerful VRready laptovhich hasa
dedicated graphics ca(tinage sourceSommer2019.

4.2.4 User interface
The Leap Motion hand sensor was chosen as the primary controller for the NMVRP as it
allows users to workontroller-freein virtual environments. This tool enables a quick

learning cure. It simulates working in virtual environmeniss i ng t he onlyser 0 s
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This creates a more natural harmfisand controllefree experience that removes the use

of cumbersome VR controllers.

Figure 47: The Leap Motion controller can be mounted onto the front of any HBD). (
| am demonstratinghe Leap Motion hand sensgight) during the showcasing ofy
startup tech companyAVROD at the Bata Library Opening CeremaatyTrent
University (see Section 8.3Jmage sourceGray 2014 andimage courtesy of Sean
Bruce.

4.2.5 VR equipment costs

The costs of the various photography and VR equipment are outlined below:

Item Cost (CAN)
GoPro- Hero 4 Camera $49900
LG G3- Smartphone Camera $30500
NIKON D7100 DSLR $750- $900000
HTC Vive $699.99
Oculus Rift HMD $774.00
Acer Predator VRReady Laptop $2,09900

Leap Motion Hand Sensor $150.00
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Table 4.1:This table shows the cost of the photography and VR hardware required for
this project.

4.3 Data capture workflow

4.3.1 Image datacapturing
Initially, 1 had wanted to shoot the DSLR photos as Raw files, which generate the best
data for photogrammetry, but insteaghot with JPEGrineimagesdue to their smaller
file sizewhich best fit my limited memory card spgsee Section 7.1.1JPEG photos
arenot always ideal for photogrammetry as these photoawdoenaticallyaltered by the
cameraandcanthereforeaffect thefinal composition of thgghotogrammetric models
(ArcSoft2016).JPEG photgsautomaticcamerasettings, and a zoohans wereusedto
capture image data for this thesis. These settings were chosen as a result of my
inexperience capturing large photosets for@iDstruction my limited photographic
storage space in the field; amy steep learning curve using photogramigétardware
and software.

Best photography practises for photogrammetry consist of shooting RAW image
formats while usingnanualcamerasettings with dixed lens Manual shooting is best as
it facilitatesconsistent photographsettingghroughout the entire datapturing process,
while automatic settings may alter the photogrsgttings, such as shutter and aperture,
between photographBue to my inexperience with photogrammetry, my primary
concern in the field each morning was tptcae enough photwaphsof the excavation
site as itevolvedeach day. As a result, | did not consider how using automatic camera
settings and a zoom lensith both the DSLR and GoPro camenasuld affect my

photographs and models. In hindsight, it veblove been best to have used manual
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settings ana fixed lensfor the DSLR camera which arehighly recommendegractices

for photogrammetryin spite of this, wideangle (fisheye) lenses can be calibrated by
Agisoft tocorrect for lens distortion.believe that these errors may have contributed to
the alignment errors of the final DSkdenerated Agisoft mode(see Sections 7.1.1
7.2.4)(Agisoft LLC 201% 8, 11-12, 54 ArcSoft 2016 Pasumansky 2013&hotoscan

3D Modeling and Mapping 2020; Penget al. 20174; Shervai2016: 1213).

Furthermore, control points, such as metre sticks, could have been used on site to help
check the accuracy of the models after they had been gendia¢se. approaches may

be applied during future photogrammetric projects.

4.3.2 Image data capturingworkflow comparisons

The comparisons of differinghotographiavorkflows areprovided below:

Photography Workflow Recommendations:

Image Capture Thesis Standard Commentary
Element workflow workflow
Camera lens Wide-Angle FixedLens Wide-angle(fisheye)lenses

distort images which may lead
to model distortions. A fixed
lens is preferred as it is
consistent in its dateaptuing
procesgAgisoft LLC 2019a: 8,
11, 12, 54 Shervai2016: 12
13).

ShootingMode Automatic ManualCamera Automatic shoting alterseach
photoseparatelwhich may
result in photogrammetric
distortions while manual
shooting maintains consistent
exposure and focus across all
photographsA low ISO, faster
shutter speed, and an aperture
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F8 are bestor manual shooting
(Photoscan 3D Modeling and
Mapping2020.

File Type JPEG Raw JPEG images are compressed
and converted by a camera
which makes them lesslitable
for photogrammetry. RAW
photosarebest as they maintain
original data however they
must be convertetb TIFF files
as they are not supportbg
Agisoft (Agisoft LLC 2019a: 16
Shervai2016: 1213).

GoPro Primary Secondan®Only  Wide-angle (fisheye) lenses cal
Camera distort photogrammetric models

although these photos can be
calibrated in Agisoft to
compensate for thig\gisoft
LLC 2019a: 8, 11, 12, 54As
such, a standard lens is
recommended for digitization.

Ground control Not used GCPs andcales GCPs and scales are highly

Points and during recommended to increase the
Scaling mode} accuracy of digitized models
generation. (Agisoft LLC 2019a: 958-59,
68; Shervai2016: 16, 18, 21,
23).

Table4.2 This table compares my imagapturing workflow testandard
photogrammetric workflows.

4.33 Image data processing
While acquiring photographic data at the excavation site, | realized that | had to capture
and separate photos into three categori¢lseasxcavation area grew. These | designated

as: East Site, West Site, and Perimeter. After capturing photographs each morning, |
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would manually separate photos into separate folders according to image quality and

contentBelow is an illustration of thedw the photosets were separated

Figure 48 (Nassau Mills Orthophotos Day generated witta GoPro Herat): A GoPro

Hero 4generated model of the Day 8 excavatifviay 17", 2018. The blue (East Site),

red (West Site), and yellogPerimeter) circles highlight the different sections of the
Nassau Mills site that were photographed independently. The White circle illustrates
overlapping East and West photographs, that were duplicated and used in the East and
West site chunks.
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Figure4.8 showshe generathunkoverview that used to divide the site into
separate sections when taking photographs. DSLRphotcs were divided into sub
folders for each area of the site (see Figure 4.13). Thes$istaden Figure 4.8as: West
Site (red), East Site (blue), and Perimeter (yelloMiese photos were used in separate
Agisoft chunks to create highuality 3D models of each area of the excavation. These
chunks can be merged into a single higiality 3D model (see Section 7.2.5). This
process was mandatory for building 3D models from large numbers of DSLR
photographs to prevent the software from crasfseg the Daily Photography Data Log)
The white circled area illustrates the overlapping East and West Site photos that were
duplicatel and added to each chunk to ensure consistent data between the models for this
region. The perimeter (yellow) in this figure is scurred as the East and West Site chunks
were only photographed for this orthophoto, taken on Day 8 of excavations (May 17
2018) (Agisoft LLC 201812, 1819).

| created two photographic datallectingtechnique$ which Ireferred to as
stitching and gridding to ensure that all daily excavation data had been photographed
during the timeframef the field schoolStitchingwas most often used with the Nikon
D1700camerawith a standard lens. Thisethodrequiredtaking pictures of as much
excavatiordata as podsle, from as many angles as possiltitecreate a digital mosaic of
the site. | refer to this method as stitchiag | would mentally stitch the plan of the 3D
modelin my mind while taking photograplisee the Daily Photography Data Lob)
used this method to ensure that | coveahedtotalexcavation aredy taking a series of
sequential panning shots fromesy cornerof the siteat different heights and distances.

This is important agmages require a standard of approximately @Dtpercentoverlap
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between photom order togenerate8D modelsusing SfM photogrammetric software
(Agisoft LLC 2018:9-10).

While stitching | would keep a mental checklist of #he surfaces and features
that | had photographednd the distances athiech they were photographed. This is
important as one must be conscious of what areas aastdave ngbeen photographed.
| also recommend using a map or checklist. For instance, dividiray¢haeological site
into sections while photographiigfaciitated by using a map for referen¢déound that
the stitching approach is best used from an outside in apptmaphotographing the
wider site from the outer perimeter movingvards to capturemoredetailed images.
Unigue objectganbe photographed at closer distances to achieve more detail in the 3D
model. My mental checklist allowed me to work quickly and efficiettiyould work
without written note$ using only mental checkpoints as referefurehe data |
photographed. beganphotayraphingthe East Site firsn the morningss it had more
vertical surfacesVertical surfacessuch as walls and ditchggoduced harsher shadows
in themorningsunlight It is important to be aware of thesetiars wherphotographing
excavation processeslighting and shadows can negatively affect how 3D models are
generatedAgisoft LLC 2018:9).

The second dateollection method, griddingensures that all regions of the
terrain have beephotographed by linearly taking photographs in-tow distances. This
method required taking photographs in grstsaight lines that would often intersect at
right angles throughout the site. This method was most often used with thedGaiBes
anglelens which captures more data per image than the DSLR camera. The GoPro

camera allowed me to take phosejuentiallyfrom a topdown approachwhich was
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achieved byurning the lens flat towards the groumhéoundthis method more
comfortablephysically,asphotos can be taken more comfortably at waist height with the
wide-angle lensinstead ofateyelevel with the DSLR camera. | found the viewfinder on

the back of the GoPr o He,astprévided avisuaier a part
reference to croput my feet andhesunlightin pictures. This is significant as sunlight

can catch theamerdensandcreat blinks (Agisoft LLC 2018:9). This method was

more manageable and tirefficient than the stitching methold allowed me to take

photosmore confidently and sequentially across the terrain. Stitching was also often used

alongside gridding with the GoPRras it ensured thamhy photographgully capturedall

vertical surfaces as well. lllustrations of this procesgereidedbelow.
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Figure 49 (Nassau Mills Orthophotos Daygénerated witla GoPro Heral): The blue
cameras illustrate the gridding photography methodology. The orange arrows indicate the
directionsin which thephotos were taken at.
Figure 49 demonstrates thgridding photography patterningrough the
placement of the blue cameraachiewed this bysteppng in onefoot distances,
geneally around pit perimeters, taking pictures consecutively at even hdiggtes.
discovered that it is best to capture image data in a convergent apmayatcining

photos at intersecting heights aamples rather than as a planar technique as | have done

here Ghervai2016: 22).

Figure 410 Nassau Mills Orthophotos Day @enerated witla GoPro Herat: These
figures illustrate the stitching photography methodology which was ofteraimegside
griddingto capture data inside pits and uneven surféaeded yellow).

Although the gridding method was primarily used with a GaRroerao capture data
(Figure 410), the stitching metho(tircled yellow)was also usetb effectively capture
photographg$rom different sides and anglassing both camera$he stitchingmethod is
illustrated by the highlighted camera clusteisc{edyellow), whichshow howthis

method may be used alongside gridding.

4.3.4 Managing weather andlighting conditions
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Weather and lighting conditions often affected my photography prodestesfield
each morning in the field. Specifically, bright and rainy days largiécted the way |
took photographs each mornirigright sunlight often cast long shadows over the
excavation siteandbecame most visible against vertical wall surfaces. As a result, |
would often have to pivot or change my stance and camera angle wutmy shadow
as much as possiblso that | could avoid having my shadow bintb the final Agisoft
modeltextures Thisoccurred mosbften during the stitching photography progesgsich
required me to move closer to archaeological pits and fedtuoepture more detailed
images. Dark, rainy mornings often created slippery surfadgsh | had to navigate
carefully with my footing while takingnultiple photographs. Rocks and walls often
became shiny when wetindl worriedthat this shinevould distort my models.

Surprisingly, | found that the wet and dark mornings often creatednibst successful

and thehighest quality model As such, | believe that the wet and dark textures, which

may have helped highlight colours and surfaces in Algisgsulted in the creation of

highly accurate 3D models.

4.4 Data management

Once acquired, all site photographast be sortethto separate folders to ensure that
only the clearest phot@eused to create the highest quality 3D models. Blurry and
other lowquality or distorted photographs must be manually removed before the
remaining photographs can be sorted into separate fdttarse in different chunks
discovered that | coulchinimize time spent sorting photographs by photographing site

areas sequentiallyrhis allowed me to quickly viewnd sorphotographsusing
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Windows Photo Viewer, into the East Site, West Site, and Perimeter sub fdldlers.

further increassorting speed placed these subfolders in different corners of my screen

to quickly drag and drop theinto their correct folders. For this projetivas able to

work with two synchronized computer screens to better manage my folder viewing space.
Having each folder open mseparate section of my computer workspace enabled me to

quickly move eactphoto®t quickly into thecorrectsubfolder

”ﬂ‘ﬂﬂﬂﬂﬂﬂi*“”
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Figure 411: This figure illustrates &iew of my desktop work station on two computer
monitors. These monitors display my techniques for sorting and storing large amounts of
photographs.

The combination of my field and foldgrouping methodologies meant | was able
to sort through photo data s@tswo to three hours, rather than the four to five hours it
initially took while scrolling up and down between photos andfeiders in the same
excavation day file foldeMhis method helped me keep track of the spatial location of
features. The sequeing of photos created predictable patterns when viewing the
landscape in closelframed images, allowing me to sort images more quickly and
effectively. | also created daily orthophotos from the 3D GoPro models each day. These

models were generated quigkind effectively and provided a visual map of the site each
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morning for reference. In this way | was better able to sort my DSLR photographs as |

had an instant visual reference for pits, walls, and other features that | had photographed

each morning.

| can drag and drop photos directly from
the | fold i df h
The large image viewer (red) is a data  larger folder (orange), named for eac

) . ) excavation day, into smaller subfolders
photo opened in Windows Photo Viewer.

—— . ) labeled for each “Chunk” in Agisoft
This enables me to see the quality of y o
) ) ) ) Photoscan. These are named as “East Site”,
images in detail and switch through N o e " y "
. West Site”, “Perimeter”, and “Blurry”. The
photos quickly through large datasets. o )
last folder holds low quality images unfit

for Agisoft model generation.

ﬁﬂdﬁﬁﬁﬂﬂ
m--i-ﬁ--
]

) .
0 o 0 o A
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This background window (green) belongs to Agisoft Photoscan which allows me

to follow my current 3D model project. In this screenshot example | am
generating a 3D model of the “Inukshuk” statue located on Trent’s westhank
campus for use in the gaming software Unity.

Figure 412: This figure highlights how | managed the Agisoft and Windows Viewer
windows on monitor one.

Figure 4.13llustrateamy methods for viewing and sorting langembersof

photographs for 12 days into separate folders. Although tedious anddmaeming, this
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process ensures that only the highest quBIB{.R and GoPramages are chosen to

ensure théestquality 3D texture generation (s8ection 7.2.10). This screegiprocess

allows every photo to be sorted individually into folders labeled East Site, West Site,

Perimeter, and Blurry.

Theleft subfolder (red)is labelleddWest Sité
and is designated for photos pertaining to the
western ction of theexcavation.

ThisAgisoft loadng screen
(green)displays the
progress of my current
Agisoft projects which can
take anywhere from 45
mins toseverahoursto
generate. Thispecific
loading screen displays a
project @ay 11aligning
photosto generate an
initial point cloud.

The rightsubfolder (blug is labelledEast Sité
and s desigated for photos pertaining to the
eastern section of the excavation.

The centrakubfolder
(orange)is labelled
oPerimeteg and b
desigrated for photos
pertaining to thewooden
fence enclosure that
surrounds the excavain.

Thebottom sukfolder (yellow)is labeled éBlurryé and isdesignated fopoor quality photossuch as out of
focusimagesandimageswith poor lightingand colourcomposition.

Figure 4.B: This figureillustratesmy subfolders workflow using Windows Viewem

monitor two.

Figure 4.B highlightsmy subfolders workflow. These folders were usedjtockly and

accurately sort the photographs into their correct Agisoft chdrilese chunks can be
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generated separately and later aligned and merged into a single 3D model of each
excavation day. This pcess is required when using large photosets to generate Agisoft

models(seeSection 7.2.4.2

4.5 3D model creation
For a complete discussiafi Agisoft model editing processes pleasetbeeAgisoft

Photoscan 3D Model ConstructidiechnicalAppendix Section 7.2.

45.1 Generating 3D models using SfM photogrammetry

Below are illustrations of the twelve excavation days conducted by Urent ver si t y 6 s,
Nassau Mills Field School (April May 2018). Theséguresvisualizethe progression of
the student sd e x anddermanstratenhew dedtructivel exdavation me
processes can be rewoumglng both SfM photogrammetric recording techniques and
immersive virtual reality technologieShe photographs that were used to generate these
models were taken in the field each morning before the students began excavhtigns.
each model represents the total excavation progress of the previous excaasation d
These models have been used for study in fully immersive virtual reality (VR)
environments to both demonstrate the applications of SfM photogrammetry as an
accurate recording methoand to demonstrathe use of VR as an analyticallgluable

scientific tool for collaborative archaeological study.
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Day 0:

\ Day 1.

-~

Figures 4.14:\DaysQ-2\Were generatedith GoPro

photographs during da\rlter,\cold\er mornings. Smsoseen in

the upper left corner of Day 0 as this-model was takerrdef
the2018excavation field school began near the-end of Api
These modelshowhow the site looked prior to the initTat\\\\\
excavation (Day 0), how it looked after the initial site clear

up (Day 1), and the first day that soil was moved (Day 2).

Days 5 and TFigure 4.5.3 and Figure 44.2) are the only
DSLR-captured models that wegenerated successfully. |
believe that this may have beie result of the wet textures
and dark lighting conditiongresent at the site on these
mornings.



Figure 4\.15:\Qays 35 illustrate the articulation o
thenorthwest (bottormost pit seen in Day 5
image) and the sbutbwest pits (top right pits of
Day 5) of the house structure. It is easy to see
how the excavation area\l‘se\xpanding from the
previous seasonds wer
2. The basement of the house is \7[8Lb|e by an
excavated wal(circledyellow). N

~
~
~
~
~

Note: The Day 3 photographereaccidentally

lost during a data transferring error. As a resul
the LGG3 smartphone photographs were usec
generate the imageenhere. Dudo thepoor
guality of these imagesnly one side of th®ay
3 model could be generated

~
~

~
~



Figure 4.5: TheDay 6-8 models illustrate the
horizontaldevelopment of the excavation area
(Dougherty 2017)Several of the archaeological pits
are clearly visible ilDay 7. The depths and areas ol
these pits can be easily revisited and measured in
virtual reality. Day 7 is the second of only two DSLF
generated modetbat weresuccessful.
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Day 6:




Figure 4.7: TheDay 9 to 11 models were generated on bright
mornings. The horizontal morning sunlight often made it difficu
to avoid capturing my own long shadow in many of the
photographsl was -able to work through this problem and did n
generate any of my own shadows in any models. An aerial dr«
would mitigate this problem by flying over the site and capturil
photographidata from the top down. This approach would avc
creating long shadows from the ground and wawlerlap more
image datdetween more photographs -

~
~

An excavation holécircledyellow) in the uppe\r\micjdle image
Dayllwas digiti zed deangetenstNMERP
users can easily explore this pit in virtual reality as users can

measure it and view it up clase N
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Day 9:
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Day 12:

Figure 4.B: Day 12 was backfilled and concluded the excavation of the Nassau Mills
Field School.

Day 12(Figure 4.B) was the final excavation day and consisted of backfilling the
site.Following this much of the wall features seen in previous days are visiblyiesl
afterthe collection of all archeological data from these areas. These recording methods
may help students and NMVRP users study egacavation processésrough timeas
these technologies allow for theversl anddissecion of destructive excavation
processesp closeFuture VR applicationmayallow users to compare 3D excavation
models with virtual site note§hese may includeigitizing excel documents, context
sheets, andaily excavation diaries as virtual documewtsich mayprovide

supplementary excavation damaVvR.
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4.6 Discussion

4.6.1 Impact of climate

| found thatprecipitation andighting affected the generation of DSkiRademodels. For
exampleDays 0, 5, and producedsuccessfumodelsas they shareideal overcast and
dampconditions The effects of weather and outdoor light hgeeto be tested using
other case studies and photogrammetric softwileat was consistemtas the
effectivenes®f the GoPregenerate®D models, which wersuccessful for every
excavation day. What was consistent with these models was thidextere quality

increased as more photographs were used (see Section 7.2.10).

4.6.2 Camera technology

Overcast days (Total Photos taken)

Day 0 DSLRcameras - GoPro Cameras =623
Day1l LG G3cameras =355 GoPro Cameras =618
Day 2 LG G3 cameras =585 GoPro Cameras =513
Day5 DSLR cameras =1,208 GoPro Cameras =476
Day 7 DSLR cameras =1,442 GoPro Cameras =469

Table 43: This table shows the total photographs captured using a Nikon DSLR and
GoPro camera during overcast days.
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Brighter days (Total Photos taken):

Day3 LG G3cameras =1,147 GoPro Cameras -
Day4 DSLR cameras =1,471 GoPro Cameras =801
Day 6 DSLR cameras =1,323 GoPro Cameras =236
Day 8 DSLR cameras =2,105 GoPro Cameras =493
Day9 DSLR cameras =1,649 GoPro Cameras =729
Day 10 DSLR cameras =2,210 GoPro Cameras  =1,037
Day 11 DSLR cameras =1,974 GoPro Cameras =941
Day 12 DSLRcameras - GoPro Cameras =1,215

Table 44: This table shows the totalimber ofphotographsapturedusing aNikon
DSLR and GoPro camedhuring brighter days.

The total number of photographs taken during each excavation day are displayed
in Tables4.2and 4.3 The use of hundredsd thousandsf photographs at a time
required that | create different chunks for different sections of the site, as aligning too
many chunks at a time resedtin a software crash. These chunks were edited separately
andaligned using editing tools in Agisoft Photoscan and were ofterdonsuming to
edit and difficult to align. | found that the GoPgenerated models did not have the same
alignment issues as the DSIgenerated models as their photos captured more nidta a
more visuamarkersfor the software to recognize and generate into 3D moskets (
Section 7.2.4 7.2.5).Although once again, | would recommend only using the GoPro as
a secondary camera after a DSLR with manual camera settings and a fixed lens (see
Section 4.3.1)Since | wasnitially using the GoPro Hero 4 as my backup camespent
less timetaking these photos. The photos taken on Day 6 are an example Biatthis.

anticipated the success of models generated with the GoPro camera, | woulddthite
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as my primary camera, and used the DSLR as my secondary camera. | did not have
access to the DSLR camera on Days 0, 3, and 12 as it was being used for artifact
processing by another MA student.

Each Nassau Mills model result varied when followingse Agisoft steps (see
Sections 7.2.2 7.2.10). These modgjeneration results are directly impacted by the
quality and lighting conditions of the photographs (Agisoft LLC 2018: 9). One thing that
| was surprised to discover was the effectiveness ofjubmwideangle GoPro camera
as | found little instruction for using this camera lens for photogrammetry online. | found
that all of the GoPro models were generated successfully through good photo alignment,
which may have also been enhanced by the griddhotography method as it captures

data sequentially from a tegown view (see Sections 7.2.4.2.5).

4.6.3 Field data capture

| recommend the gridding method over the stitching method to capture photographs, as
this technique ensures that all data has been acquired in a logical process and can be
reproduced by researchers at any archaeological site. Gridding establishes gn orderl
datacapturing process, which may prove beneficial for photogrammetry software for
registering significant visual points between photographs. This process helps generate
more accurate models, both through the vadgle lens which captures more data {sin
between photographs, and through the uniformity of the gridding method, which
hypothetically creates a more predictable method of pentdgnition between

photographs. This hypothesis is supported by twelve models which were successfully

created by wid-angle GoPro cameras (Day204-12), while only two models were
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effectively created using photographs taken using a standard lens from a DSLR camera

(Days 5 and 7).

4.6.4 Advantages vs disadvantages of 3D model generation
| have identifiedsevenadvanages to creating photorealistic 3D models of daily
excavations at archaeological sitEeese will be revised in Chapter 5 in a discussion
the major advantages of using innovative 3D and VR technologaéshaeology. In
summary, the six advantages qoise:
1. Enabling researchers to reverse and closely study destructive excavation
processes
2. Enabling researchers to quickly and effectively capture data in difficult
climatic regions.
3. Providing greater access to archaeological data remotely during aldime
the of year
4. 3D photogrammetry may be used as an effective and modern recording
technique that is complementary to traditional recording processes, such as
technical drawing and photography.
5. VR can be used for efeason VR field schools. It may beedgo teach
students archaeological procedures remotely, to help them develop skills for
summer field schools. It may also be used to prospectively save students and
researchers thousands of dollars in travelling costs, by studying sites on

campus in clagsom environments.
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6. VR may be used as a safe solution for students and researchers interested in
visiting and studying archaeological sites in remote or dangerous locations.

7. And finally, 3D and VR technologies may be used to share archaeological
data more effectively, as entire archaeological sites and virtual site datasheets

can be downloaded as PDF documents and viewed in VR.

There are also some challeng&khough the Agsoft photogrammetric process is a quick
and efficient way to creafghotorealistic models of archaeological excavations using
digital photographs, this process can require editing to increase the accuracy of 3D
models when needed (sBections 7.2.4.1 7.2.7).Subsequentlythere are a number of

tools forediting 3D modes$ in Agisoft Photoscamvhich may be used toorrect

alignment sparse cloudand dense cloud erranghich canlead to poor model generation.
The first tool is marker alignmenthiscan beamplemented manually to correct Agisoft
models which have misaligned when generating a sparse or dense clobec(sae
7.2.4.2).This process allows users to place visual cues on selected photographs to allow
the photogrammetry software lbetter recognize unigue points throughout each
photograph which aids the realignment procA#though often tedious and time

consuming, this process can salvage photogrammetry projects captured with standard
lenseswhich areoftenused to photograph draeological siteddigher accuracy between
photographs is achieved as more markers are added between photographs. This process
can become exponentially tireensumingas each marker must be exactly placed on
selected features witheachphotograph to ense continuity. Asa resulf this method

allows for most data to remain in 3D modeécausét does not require deleting any
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points from the Agisoft models, which occurs through the Gradual Selection editing
process (se8ections 7.2.6 7.2.7).

Thetool for editing modelss the Gradual Selection Tgavhich can baised to
evenly edit multiple cloud pointscross a single 3D model (s&ections 7.2.7 7.2.8).
This tool is effective for more accurately shaping 3D models with disrupted dense clouds.
This process will stabilizéhe 3D model but will lead to a loss of texture clarity as a
result of deleting a higher amount of cloud points. Overall, this process is recomimended
but can result in thdeletion of numerous points which are required to imgrtbe
overall shape of the 3D model. Although this tool can be used to improve the mesh shape
of the 3D model, it sacrifices texture quality whisls u per i mposed onto t he
mesh in later stages of modwkation. Otherwise, texture quality miag béter

conservedising the marker alignment tool if more editing timavailable.

4.7 Future opportunities

4.7.1 Integration of GPS coordinates and Ground Control Points (GCPs)

| plan to increase the accuracy of future 3D modelstagrating measurement data and
other relevant mapping data into these mqdeithey are generated. This data includes
GPS coordinates, ground control points, and measurement(®gksft LLC 201%: 9,

68; Agisoft LLC 2019b).This data can be intedeal from total station data,

measurements from excel documents recorded at archaeological sites, and meter sticks
which can be placed in photographs for referdsee Section 4.3.1As a general rule
theoverallaccuracy of 3D modelsnproves as more photographs alata pointsare

integrated intat. These data types will be integral for creating more accurate models
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than those currently generated by Adis?hotoscanof archaeological sites to improve
measurerant capabilities by integrating exatimensionsThese types of measurement
tools, and other earhgtage analytical tools, are demonstrated in Chapter 5 of this thesis

(Agisoft LLC 2018:9, 64-66).

4.7.2 VR Integration

During this projectl collaborated with a VR developer (Sean Bruce) to explore the
possibilitiesof transitioning the 3D models | created into a prototype VR environment.
Much of the content of thiitial Nassau Mills Virtual Reality Project (NMVRP) was
created by Sean Braaunderthe direction of Jeremy Brooki® demonstrate the
functional uses of VR for archaeolodynity (version 2019.1.4f1; URL:
https://unity3d.com/unity/whatsew/2019.1.3was chosen as théR editing software

for this project as it is a common editing software for professional VR develaperg

is freefor use by nofor-profit users.

€ Unity 2018.3.12f1 Personal - AVROD_Prototype.unity - AVROD,_ Master Project File - PC, Mac & Linux Standalone <DX11>
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» | GLOBEROOM E
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https://unity3d.com/unity/whats-new/2019.1.4
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Figure 419: The NMVRP project is organized and edited from a number of windows in
the Unity suié.

TheNMVRP Unity project editing sugtis explained in Figure 49. A list of 3D
models, or assets, are labelled in the bottom left hand ogrigéfightedgreen) and
displayed in the bottom middle windowighlightedyellow). The HierarchyHighlighted
red) displays much of the project logic, 3D assets, and workflow, while the Scene
window (highlightedpurple) displays the VR project for editing.

Playmaker Visual Scripting software, created by Hutong Games, was used to
establish the conditi@al logic statements in the Unity NMVRP application. Playmaker
uses fAfinite state machineso, or FSMs for
Unity application. FSMs wsa series of visual cues to generate statementseiblace C#
scripts whichwould normally be written ito programs such as Microsoft Visual Studio
to execute logic structures. This software was used by Sean Brudestdute théogic
statementsonstructed in C# to build the NMVRP projeStnce neither Sean nbare

programmers, we decided to use this software to create the NNIxdRt.

ToRun ToWalk

Run Walk
stop

stopQuickly

ToDie

Stop Quickly 8
Fall Over randomFall Ml
FINISHED FINISHED FINISHED

Recover Balance

k. Respawn
3 FINISHED

Figure 420: This image demonstrates the logic flow of the Playmaker software used to
substitute C# script(mage sourceSmith 2015).
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Figure 420 demonstrates howdifferentFSMlogic statements are drawn together to
establish what would otherwise be C# commanalgten as scripts. This type of
software allows developers with no programming experience to creapedydets such

as the NMVRRimagesource:Smith 2015)

4.7.3 Photogrammetry and VR software costs
The costs of the various photogrammetry and VR software are outlined below:

Photogrammetry and VR software costs (CANdollars):

Agisoft Photoscan Professional $717
(educational license)
Unity T VR Editing Software -
Playmaker Visual Scripting Software $80

Table 45: The costs of Agisoft, Unity, and Playmaker software (2019).
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Chapter 5:

Applications and Case Study
5.1 Introduction
The purpose of this chapter is to demonstrate the analytical value of using Structure from
Motion (SfM) photogrammetry to study excavation datgirtual reality environments.
Thisisindicated hr ough t he fiNas s aruojMicltlos caegb MM RIP)I R
study. The NMVRP will be also referred to interchangeably as AVROD for the
remainder of this thesiThe NMVRP has been developed as the proof of concept project
for a larger Archaeological Virtual Reality Online Database, or AVRODBort. This
chapter will begin with an outline of the analytical tools and functions of the NMVRP as
a demonstration for how VR may be used to improve archaeological research and data
disseminationlt will close with a discussion of AVROD and its futg@als as
prospective international VR databaaed online platform for archaeological data

visualization and dissemination.

5.2 Current uses of the NMVRP

The NMVRP6s primary function is tab enabl e
selected poits of time during their excavatioft also provides a number of working

analytical tools that allow users to study data in new ways. These tools were created to
enhance the way scienti@ttudy and learn at virtual archaeological sites to establish the

NMVRP as a viable tool for generating new scientific insight. Virtual tools are accessed
through the Leap Motion hand sensbedpMotion 2019, whi ch det ects user:

movements in real time. Tools are activated by making ,amMsth opens the tool Ul
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(userinterface) located at ¢hbottom of the wrist (Figure 5.1Users may thepinch and
drop the multicoloured balshaped tool icons in front of themhich will activate the
correlating toolsThis is a simple and effective thed to accessing the tools required to
navigate and work in the NMVRP space.

Different types olusershave been able tuccessfully navigate the NMVRP tool
Ul.ltisasi mpl e tool to | earn and understand as
in the real world which creates aigk learning curve. This idea is derive\dm the
theory of affordancess discussed in Chapten@ich demonstrates how users best
learn based on how their virtual tool$aafl learning (Chapter 3:-2). Thetools shown

here will be explored further in detail throughout this chapter.

controller.

5.21 Data-measuring tool

The datameasuring tool is currently the most analyticalgiuable tool in the NMVRP

tool list as the remaining tools are solely conceptual to demonstrate future applications
within the NMVRP and AVROD workspace. The measurement tool is visible in the
image below as the yellow ball tool (Figure 5.2, circled yellow). This tool is activated by

pinching and dropping the yellow ball from the wrist Ul into any space in front of the
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user. When released, the measurement tool will appear as a mock metre stickiWhic
display a measurement number in meters and will have a yellow ball on either end of the
stick.

The measurement toocan be used at any archaeological site such as Nassau Mills
and Zaraa uul, Mongolia as searfFigures 5.2, 5.4, and 5(8ata proviled courtesy of
Lisa Janz). This measurement tool remains in place when released and activated by users
even after users have teleported around the site. Users may also haldeoatw of the
measurement tool and teleport to another location of thevkitd will remain with them
to measure long distancdshis tool was tested against the metre stick shove #araa
uul (Figure 5.4) as the NMVRP models did not have any visual measurement references,

such as the metre stick, present on site when thgamwere taken in the field. This tool

is accurate within 5¢cirand may become more accurate through later revisions.

Figure 5.2: he measurement to@ircled yellow)is being selected at the digitized
archaeological site, Zaraa uul, Mongolia. The burial displayed here is collectively

catalogued with other burials as Z2X05 (data provided courtesy of Lisa Janz).
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The measurement tool will become more accurate withdsrtee yellow balls on
either end of the measurement stick provide a slight error due to their size. This factor
will change as further measurement tools are added to the tools to avoid such errors. |
plan to develop laser pointers that can display measemts between two points, and

other tools to mitigate these challenges in future. This virtual tool may be used at any

digitized archaeological site, such as Nassau Mills or Zaraa uul.

Figure 5.3: Examples of measuring with the tddlis modelwasgeneated from a sparse
cloud which is why it is not as sharplatermodelsgenerated from dense clouds (see

Sections 7.2.4.2.8).

The measuring todFigures 5.3-5.4) may be used to measure archaeological
features, such as pits and walls, and can beprsetically for a number of purposes
throughout virtual archaeological sites. An infinitemberof these tools may be
activated at any time, while the measurement values are always displayed towards the
user inmetres inorange text, aseenin Figures 53 and 5.4This measurement tods
being demonstrated aZaraa uul, MongoligFigure 5.4) and is currenthccurate within

5cm and will become more accurate in fut(data provided courtesy of Lisa Janz).



78

Figure 5.4:Site featurexan be measured with the NMVRP measuring tool which is

adjusted by pulling the ends of the virtual metre stick apart.

5.22 Teleportation tools

Teleportation tools are required to enable user navigation throughout the NMNRP
spacesSearBruceand | developed two separate forms of teleportation to allow both

new and experienced VR users to easily navigate the virtual locations. These included the
Teleporter tool and the Local Map teleporter. The Teleporter tool allows users to travel to
any locaion that they choose in a virtual space. It does require some getting used to as it
involves a lot of wrist control and spatial understanding of the blue raycasting beam that
outputs from the left wrist. This teleportation method will likely change ie tas |

receive user feedback regarding user comfort and teleportation preference. As a user who
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has beemperatingthis tool for several months now, | can very quickly and easily
navigatevirtual sites | anticipate that teecBavvy generations afsers wil be albe to
adapt to its style very quickly

Although it has many benefits, this teleportation method may be more difficult for
users to learn as it requires some haye coordination to operat8pecifically, t
requires users timcus the pointing méer in threedimensional space, while
simultaneously closing their other hand to jump to a specific destination. This movement

canfeel abrupt for users with little or no virtual reality experience as it instaldports

users to another locatiam red time.

Figure 5.5: The tel eport erharddoby activating the e

button on the right.

s el
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The eleporertool (Figure 5.5)s being used &araa uulMongolia Upper two
image$ and Nassau Millsigwer imagé. Theblue aycast beanemitsf r om t he user o
left hand. It can be directly pointed or arched onto specificémeasers. The beam is
deflected off an invisible eykevel barrier which Bows usesto arch it in arout of
verticalservices, such as excavation pits.

The Local Map teleportation tool was created using orthophotos generated from
Agisoft Photoscan forach model. These photos waneegratednto a teleportation Ul
which can be navigated by touching any Go button on the map. | have found that this
teleportation tool helpgrevent motion sickness as users are forced to focuspot @n
a mini map thats visually locked to their head movements. As such, users are often
focused on touching a particular Go button on a map and do not notice when they have
teleported until after teleportation has occurrtthis point,the Local Map
automaticallycloses infront of them. This theory has been consistent with users from all
demographics, as older users generally prefer to use a touch-atydegmap to navigate
their surroundings.

Although this teleportation type does not offer as much freedom as the rfetepo
tool, it does offer a quick and easy solutiondeersnew to VR These types of users
often either havdifficulty using new VR teleportation contrglsr theymay be
susceptible to VR motion sicknesfiich occuramostfrom quick and frequent

teleportation.
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Figure56 The Local Map teleportati o-handW.o |
The Local Map teleportecifcled oranggcan be accessed on the left wrist Ul by closing
the hand. It is activated by pressihg power button icon located under the location icon

in the centre (both circled orange).

- ‘hﬁ l/'

Figure 5.7: Users can teleport arowmndual sites by selecting the Go buttons present

throughout the minmap.
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When activated, the Local Mdpigure 5.7)will appear directly in front of the user and
will display a number of Go points (circled yellow) on the mini map. These points can be
touched to in@ntly teleport userto the exact location of the Go button on the ntapce

used, the map willleactivateafterthe user has teleported.

5.23 The NMVRP pavilion

Figure 5.8: Mock avatars are present to represent the-nseiticapabilities of the
NMVRP. Corresponding photographic and thdémensional model data are displayed

for each excavation day.

The NMVRP PavilionFigure 5.8)is designed to allow users to revisit Nassau
Mills as it changed through time. It enables users to cycle through ezebagrn day
separately by selecting exact days numbered 0 through 12. Day 3 is missing due to a data

transferring error that resulted in loss of the DSLR photographic data for that day.
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Figure 5.9: The excavation days numbered zero through tee NVIVRP Pavillion.

Daysllandl2were later added and day three was removed as the model for this day

failed. Users may touch the numbered buttons to cycle through each day.

Thedays are shown from 0 to {Bigure 5.9) These were later changed to accommodate
for Days 11 and 12, whilBay 3 was removed due to a data loss which debilitated the
generation of the model for that day. These Ul buttons operate like piano keys which can
be individually selected by pressing on them. As such, the surrounding photographs and
3D model locatedbelowh e user 6s feet will change to
corresponding dayrhe NMVRP Pavilion(Figure 5.9)and the NMVRP measurement

tool (Figure 5.4) demonstrate how VR can be used to reverse and study destructive
excavation processeshis datas accurately represented as thdemensional models

which can be studied, manipulated, and measured in VR. This is significant as this data
accessibility provides researchers with a means to spatiatyerpret primary field

observations after excawats have been completed. These virtual tools may allow
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researchers to develop alternative interpretations of the primary excavation data which

can be compared to the literature.

Figure 5.10: Thethred i me nsi on al model s c hasuaizthbel ow t

excavation progress for each day when selected.
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The NMVRPPavilion (Figure 5.10xan be usetly multiple users in the NMVRP
and AVROD space. As such, it is a simple solution for visualizing this data for multiple
users at a single time in angaging way and can be used for teaching field school
seminars to multiple groups of studesitsiultaneouslyMultiple avatars are illustrated in
this space to demonstrate hthis virtual spacenay be used teupportmultiple users.
Days 1, 9, and 12 are being selected by the user which can be seen by the changing 3D

model s | ocated under the userds and mock p

Figure 5.11: A user selects Day 7 of the NMVHRRe floating blue mesh provides users

with a visual representation of each model

A mock professor stands behind the day selection l{&a&ydre 5.11Y0 demonstrate
how it may be used as a teaching space for teachers and multiplestiitie blue
surface seen in the cente of the i mage 1is

feet. This acts as a map and gives the observer a sense of scale and shape of the site.
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The experience created by the VR environment is similar tq besidea
museum or lecturing spacé/e created thigeelingby buildinga dark, overhead ceiling
with photographs surrounding the inter{eigure 5.12) We can alter these imagesany
sizesto make usexfeel that they are staring at hfgzed excavation images. Users may
also teleport irffront of the pictures to observe the data both as it was in the original
photograph and as it is displlleeyeenmthgeas a 3D
change foeach excavation day that is selected, providing an easy teaching space which

can accommodate groups of virtual students to illustrate excavation processes and data

through different visual mediums.

Theexcavation imaged-igure 5.12)re displayed in frarof users. Therange avatar
presenin boththetop right and bottom lefhand imagess life-sized and provides a

scale for the size of these photographs.
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5.2.4 The NMVRP datavisualization workbench
TheNMVRP DataVisualization Workbencprovides an easy solution fehowing
archaeological data in the form of graphs and 3D models of archaeological contexts.

Archaeological context data can be visualized in the form of bar, pie, and dot graphs

(data provided courtesy of Kate Dougherty).

Figure 5.13Mock avatars are demonstrating the Ddisualization Workbench

The DataVisualization WorkbencliFigure 5.13)s located next to the NMVRP Pavilion

It is a conceptual demonstration of how complex data sheets, such as excel sheets, can be
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visualized for visual learners and students who have difficulty learning from large data
sets. As such, these kinds of collaborative visual technologies provide a supplementary
teaching approach to teaching complex data to a wider range of student feag

types. This workbench was designed by Sean Bruce to demonstrate how déxaplex
documents can be used to visualize archaeological context sheets through graphs and 3D
models. | created each graph for this table by converting this data into charts in excel to
ensure their accuracy. Following this, | overlaid vector® each graptype which

would then be converted into 3D models for use in virtual environments (Chaptg}.3

H ©- s CHART TOOLS
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DESIGN FORMAT Jeremy Brooks - ,ﬂ
hE ol @0 o oKl o - 1
Add Chart Quick  Change| _ _"__ W = : __'____ . 2| SwitchRow/ Select ~ Change  Move
Element - Layout~ Calors ~ Column  Data ChartType Chart
Chart Layouts Chart Styles Data Type  Location A
Charts = I v
A B C D E F G H 1 J K L M N o -
1 |0Al
2 |Context1
+ | architectural = 7 OA1: Context 1 - Architectural
5 |Brick 3 8.3
& |Concrete 10 29.4
7 |PaneGlass mixed 4 11.8]
8 |Mortar/Plaster 14 41.2
9 |Ferrous nails; cut 3 5.9
10 nails; wire 1 29
11 |Total 34 100.0
12 |Food and Beverage
13 |Bone faunal remains 13 30.2
14 |Ceramic ironstone; molded 1 1.6
15 RWE; transfer print 2 39 = Brick Concrete Pane Glass mixed
16 stoneware 12 19.0 Mortar/Plaster  m Ferrous nails; cut  w Ferrous naiks; wire
17 |Ferrous Crown caps 3 4.8
18 sanitary can 1 1.6
19 |Glass bottle; amber 2 3.2
20 bottle; colourless 5 7.9
21 bottle; manganese tint 1 1.6
22 |Other styrofoam cup 2 3.2
23 |Plastic film plastic 15 238
4 » .| OAl-S OAl-4 QAl1-3 OA1-2 OAl1-1 OAl oAg [okt: OA3 OAd QA5 0A6 ... -i-:‘ Kl >

Figure 5.14: An archaeological context sheet from the 2018 Nassau Mills Field School.

First, the archaeological context datg(re 5.14) from NassaMills is
converted into different graphs using Microsoft Excel (data courtesy of Kate Dougherty).
These graphs can then be processed for VR by superimposing vectors over the 2D data

(Carter 201798-99).
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MORTAR AND PLASTER

.27

PANE GLASS

WRZ

LEGEND

uNITS 2017

Figure 5.15: A digitized pie chart of archaeadt@l context data is visualized in the

NMVRP.

TheArchitecturalpie graph data (OAL: Context 1) from excel has been converted into a
virtual graph for visual analysis. This pie graph is one of three graphs which can be

selected to visualize the sami@&a Figure 5.15).

CERAMIC  FERROUS
0Al-l
LEGENDR

DOT BAR

)@

Figure 5.16.44: Users can visualize data from an archaeologlcal context sheet as a pie

3

chart, bar graph, or dot graph at the Ddisualization Workbench.
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The vectorized charts amicrosoft excel document are visualizedvimtual
reality (Figures 5.16). Mock avatars are displayed around the data visualization table to
demonstrate how multiple users can study and visualize large data sets at a single time.
These avatars are demonstrating how multiple users, such as teachstsdents, may
teach and learn complex data sets in virtual environments. Mock archaeological contexts
(Figure 5.16.4) have also been generated to demonstrate how this information may be
spatially referenced at a site to demonstrate how archaeologitakts are excavated,

categorized, and studied at archaeological sites.

5.3 Developing uses of the NMVRP

5.3.1 VR group teleportation

Thereare many safety concerns that must be addressed when developing a virtual reality
apdicationfor many firsttime VR users. Sean Bruce and | havasideredlifferent

group teleportation methods to allow teachers to manage the way VR user groups
navigatevirtual environments. Some of the safety concerns associated witvdRe

how users physically move in a space while wearing a headset that obstructs their vision.
Many firsttime users may naturally want to walk around these spaces while wearing a
headet and can trip or step on the cable that the headset is connected to if it is not
vertically rigged to the ceiling. There is also the possibility that users may step on the
cable accidentally which can jerk their head backwards, possibly injuring &uods,ras

the cable often runs behind usad  larel dodvn their backs towards the floor.
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To avoid circumstances such as these, student users meyuired to work in
pairs changing partnemftertwenty to thirtyminutelong seminar intervalsStudents
may wrangle the cables ftreir seminar partnessearing headsetand can be briefed on
the safety procedures of working in VR before seminars begin. To mitigate student
movement, Sean Bruce has developed a conceptual group teleportation procedure that

allows teachers to control how groups teleport around virtual areas, as almw:

VIRTUAL POSITIONS

Multiplayer - LAN

The following method is applicable during a LAN experience when there are multiple people in the same room. Students
should be advised to remain inside their “safe zones™ during the session to prevent real-life collisions. The teacher
however, should be given some freedom of movement. The teacher controls the “Group Teleporter” and selects the
target position.

STUDENT 3

ACTIVATE TELEPORT

When the teacher has initiated the teleport a “Teleport Warning” appears in front of the students or as a “HUD” graphic

a {1 TELEPORT TIMER

TELEPORT WARNING

TEACHER AVATAR

When the teleport warning timer has elapsed. The Teacher and Student Group are instantly teleported to the new
group position. Their “safezones” reappear and the Group Teleport is complete.

3

FINAL POSITION
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Multiple approaches may be used by seminar groups for teleportatiown here is a

LAN approach(Figure 5.7), proposed by Sean Bruce for unified grdejeportation

(photo courtesy of Sean Bryc&ean has proposed an instrugloven teleportation

system that may be used to guide students in groups to selected areas in the NMVRP.
Though thismethod has not yet been implemendsdyet, it is worth exphing as a

possible solution to guiding multiple users in unison.

5.32 Beta

Figure 518 Beta can be grabbed and manually mayigght). He will appear infront of

the user when called using tBeta Buttod ocat ed on t he (laitser 6s ri g

Beta fAfemdey f el p emently appears at the start of the NMVRP demo
(Figure 518.1-2). He isseen with a green Trent Exdaié logo on his chesHecan be
grabbed and moved by wusers with their hand
with the controls manual w,famddidplayedswhem bec e s s e d
is called using the Beta Ul Bigute$5dN1t41 ocat ed

provide a demonstration of this.



93

PLAYER MENUS
RETURN BUTTON CLOSE YOUR HAND WHILE IT'S FACING YOU TO

OPEN THE P E =
Rty N e PLAYER MENUS. EACH MENU
0] £ UNCTIONS. HOLD THE
ENU OPE =
YOUR HAND To cLose TZENHE':EJLAX

HOLDING THg GERN TO THE AVROD 1HQ BY POSE TO KEEP
=FT

OBE BUTT,
WRisT ' ON ON

POSE
PQSE

LEFT HAND MENU

WHEN THE LEFT HAND MENU IS OPEN TAP
THE POWER ICONS TO TURN THE FUNCTIONS AN A T o, QUICKLY CLOSE ,:,'-‘D
ON O OPEN YOUR RIGHT HAND TO TELEPORT.

RIGHT

TELEPORTER
LOCAL MAP n
—’\ 4
carene gl @ 1 » a
™

Leer
Figures 5.19.1-4: Beta displays the NMVRP controls when called using the Beta Button.

Users may return to the NMVRP/ AVROD Home location by selecting and holding the

Gl obe button | ocated uwhdak=ggnisvisiblenFgsesr 6s | eft
5.19.1-2. Users may use their left hands to access two teleportation basled on their
preferencéFigure 519.3). These are labeled as the Teleporter and Local(Mgpre

5.19.4).
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Figure 520.1-2: The NMVRP Home Buttofleft) and the Beta Buttofright) are located

under the user6s wrists.

Bet abds dFRgurée52®2uitst olnocat ed undewandt he user €
displays his face. Users may call Beta by holding this button with their fingers until the
white circle spins completely around his fdcecled green)Once this circle is
complete, Beta will appear in front of the user. At this time the user can cycle through the
Ul instructions to learn the haysgnsor controls. Users may call Beta at any time using
this call button. Users may also traback to the AVROD and NMVRP Home screen by
selecting and holding the Gl obe (Bguret on ( ci

5.20.1).

5.4 Conclusions:

This chapter hadiscussedhe analytical value of SfM photogramme#ry a recording
tool to digitize and studgxcavation datan virtual reality environments. This has been
demonstrated through NMVRP case study. In conclusion, | believ8fikat
photogrammetry, through virtualakty, may become a standardized supplementary
recording method to traditional recording processes, such as technical drawing and
measuring, as this data is recorded through this process. These newolléatang
standards may help mitigate data biaseprbyiding full access to primary excavation
data (Evis et al. 2016: 171779; Higginbotham 1985:-84).1 also believe that SfM
photogrammetry is an affordable and highly accurate digitization technique for
archaeologists and archaeology students, prayitiat they follow correct digitization

approaches (see Section 4.3.1) and use educatibicaliged software (see Table 4.5).
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Chapter 6:

Conclusions and Recommendations
6.1 Discussion
6.11 The NMVRP: a case study forre-examining destructive archaeological
practises
This thesishas demonstratetie analytical value of usingrtual realitytechnologieso
digitally record and virtually revisit archaeological sites as they were excavated through
time. It has contributed to the accessibility of archaeological researchnthtzas
establishedhefoundatiors of a visualization platform thagtrovides reseahers with
greater access to primary field observations from archaeologicall$ie=e technologies
permitresearchers to fexamine and revaluate, and even reinterpnetimary
excavation data, observations, and requisented in site publicatioriBhis thesis has
shown hownew threedimensional recording techniques may become more efficient,
more practical, and more accurate than traditional fwaitten and handirawn
recording methods as they enable researchtrseverse and dissect destructive
scientificexcavation processes which are traditionally recorded ontalinvensional
surface (Evis et al. 2016: 17779).This has been demonstrated through the Nassau
Mills Virtual Reality Pavilion whichletsusers aagratelyand systematically review the
photogrammetric progress of daily excavations over the course of twelve field days.
These days are represented fromgxeavation Day 0) through to the backfilling of the
site Day 12).Consequentlythere arenanyexcavation approaches thanlead to
inconsistencies in datacquisition (Higginbotham 1988-14). Concepts and ideas in this

section are drawn from the following sourc@8bertini et al. 2017: 3, 8Austin 2014:
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13-19, 23;Coughenour et al. 2014; Douglass et al. 2015: 138, 143, 146,;1Gdeen et
al. 2014: 173, 181Hixon et al. 2018: 53;erma et al. 2010: 500, 5605; Olivito et al.
2015: 31; Peng et al. 2017: 1, 3, Simith and Levy 2014: 16667;Yilmaz 2007: 423,
429).

Differing excavation practises can potentidégd tothe misrepresentation of data
in theacademic literaturdor these reasonphotorealistic datecapturing technologies
may be used as significant tools for mitigating potential research biases, as they provide
researchers unrestricted access to digital primary excavation data. These technologies
may allow researchers to view exation methods virtually in stelpy-step intervals,
allowing students and researchers to virtusilydy over the shoulders of excavatass
they worked in the field. These processes are significant as they allow researchers to

closely follow how sites chmyed through time.

6.1.2 Accessingnewtools throughvirtual reality

Researchers hagminedaccess to new analytical tools for studying digitized
archaeological sites remotely through the NMVRRjital measuring tools may be used

as insightful tools for generating new scientific dialogue and access td tate tools
enable researchers to virtually travel back to an archaeological site during a designated
period of time tqrospectivelyremeaare datahat the initial site excavators may have
missed As such, these processes may help fill data voids which may be important to
research. The measuritapl letsresearchers measure archaeological features and pits,
enabling thento remeasure andsess all forms of spatial dafBhis data maynclude

archaeological features, context pits, and all forms of excavation methodologies, to name
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a few.Users may also collaborate with other users in these environments to gather
reliable spatial attributesdm 3D models which can be accurately buding

photogrammetric software and ground control points gpae:5.4).

6.1.3 VR as a solution for difficult climates

VR technologies also offer controlled virtisldyenvironments for researchers. This is
especially significant for researchers working in difficult environmeFtigse methods
will offer researcherthe ability to study archaeological sites remateligh the power to
interact withtheir environments to study atmlview archaeological data as they choose.
Researchers may choose to manipulate environmental variables $igbitirag, colour,
and precipitation, to name adeThese variables can be easilgnipulated and

mimicked using environmental physics in gaming softwsumeh aghose found irUnity.
With these technologies, researcheasvirtually return to archaeological sites in
difficult environments without worrying about collecting all theuiegd data correctly in
the field. Difficult and dangerous climates can make traditional recording techniques,
such as technical drawing and measuramgl even seeing, hard to conduct in the field
These environmental challengen lead to potential maagment biases as a result of
working under stresfesearchermay beprovided with a virtual alternative to
completing these tasks edfte in controlled settingsllowing them more favorable
opportunitiego correctly acquire data which may have beteiwvise difficult to acquire
in harsh environments or under time constraifités technology also provides

researchers the opportunity to digitize and revisit any previously excavated sites from
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earlier excavation field seasogiifshey had sufficient pbtographic data to generate 3D

models through photogrammetry.

6.1.4 Visualizing and teaching data

The NMVRP has demonstrated how large d&ts may be visualized and taught in

virtual environments to teams of archaeology students through the NMVRP Data

Visualization WorkbenchThis may beaised infuture by archaeologists to quickly and

effectively study these dasets holistically at virtual sitggsee Figure: 5@. These VR

tools visualize data sheets to create new mediumeffaomationtransmission for visual

learners through interactive grapitiese graphs can be accurately recreat®dRin

directly from Microsoft Excel and other computational software. These tables may also

be used in future to visualize and teach howet@@ive and dig archaeological contexts;

concepts and skills which can be difficult to teach and execute in the field, depending on

stratigraphic visibility and soil types. Finally, the workbench may be used to teach data

provenance to groups of VR studeatround a virtual table with a 3D model of the site,

that can be turned, highlighted, and manipulated by instructors (see Figure.5.16.4)
This thesis has alshownhow virtual environments may operate as fully

interactive collaborative teaching tools gpatially teaching and learning daily

excavation procedures and visualizing complex data sets for groups of archaeology

students, yearound. This is achieved through combining spatial tHuliegensional data

with original site photographs in spatial emviments to better understand excavation

procedures used at different archaeological slileese forms of spatial data allow

students to develop understandings of the size and scale of archaeological excavations,
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sites, and featureShese environments maysobe used to teach phenomenadad)
approacheby providing users with the ability to visualize entire archaeological sites and
landscapes from multiple perspectives (see SectionlB.Rjture, students may be able

to study artifact provenance, spilofiles, and archaeological contexts in virtual seminars
conducted at universities. Finally, this VR project provides a safe and affordable solution

for researchers wishing to study archaeological sites in remote and dangerous locations.

6.1.5 Data-disseminationand archaeological teaching

Virtual archaeology projects, such as the NMVRP and AVROD, may be used as
solutions for better disseminating archaeological data to scientific and public
communities in both Canada and abroad. Specifichlfsd technologies may be used to
remotelyengage an international general public in archaegkgyto educate them

about the significance of best archaeological practises and site preservation techniques in
different countries and regionemotely throgh online informational modules

(Hamilton Archaeology Management Plar2)L This is significant as these innovative
technologies may be used to grow and educate international audfemcesl
demographicsabout the importance of correct daggordingtechniques and data
dissemination and analyssndto educate users about the basics of archaeology as a

science geeChapter 3Scientific Guidelines for Data Digitizatin

6.1.6 Project assessments
This sectiondiscusses and reviewlse results of the project and contributiomghlights

project flaws, future AVROD developments, gmdvidesrecommendations for future
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MA theses in the field of virtual archaeolo@his thesis contributea new analytically

useful VR technology whicbxceeds current VR experiences of archaeological cultural
heritage sites such as Google Earth VR, and other-ghanebased technologies,

which often only offer passive VR watkrough experiences. These VR experiences are
limited as they only enable &1s to see and walkthrough cultuinaritage sitesand rarely
archaeological sites. More importantligese platforms do not allow users to record
archaeological data using measurement tools, spatially manipulate 3D archaeological data
with other users imeal time, or revisit archaeological excavations as they changed

through time.

6.2 Projectchallenges andsolutions

6.2.1 Agisoft DSLR modeicreation

The DSLRbasedAgisoft models were not all generated successfuliyn not able to

fully explain why this occurrethoughl tried correcting these models in several ways
and even tried generating the models as several chunks before aligning them, as they
were generated from hundreds of DSLR photographis. may be dueotissues in data
collection techniques outlined in Sections 4-8.3.2 in this thesisGenerating these
models proved to be a long and frustrating process as | found that the models that were
successfully generated underwent the same photographic andicbos processes as

the models that were unsuccessful. Editing these models proved extremely time
consuming as this process requinednual placement @everal markers over numerous
photographs for multiple models. This process not only took severakaldgst but often

failed at different points over the construction process, resulting in inconsistent and
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unpredictable patterns of failure for each model. As a rdsulis very happy to have
used a GoPro Hero 4 as a secondary camera to capturelyhexdavation dateas these
models were successful and required little editimgitside of using the Gradual
Selection Tool which was used to edit models with heavy vegetatioS¢stien 7.2.Y.
In spite of this, | would still highly recommend capturing image data with a DSLR

camera (see Sections 4.3.B.2).

6.2.2 Coding the project

In hindsight, it appears that coditite project using C# scripts instead of using

Playmakewisual scriptingwould have yielded better outcom&&sual scripting software

can be problematic as these filesare notsupgdoyUni t yd6s pr oj ecgt buil c
which is required to build and export profat independent Unitiles. This is

necessary for transfémg the NMVRP/AVROD project to other \lReady computers so

that it may be used by multiple usdxeitherl nor my technical sourc&eanBruce,are
programmersandwe are incapablef coding the numerous scripts required for trast

of theproject to function. | intend to bagiearning C# following the completion of this

thesis so that | may expand the functionality of the AVROD progaxtalso work

closelywith programmers tancorporate new toolandimprovethe utility of the project

6.3Recommendations for future VR applications
6.3.1 Multi-user approaches
There is enormous potential f/dR archaeology seminars for universigvel learning.

This idea was first proposed to meDy e nt U nDeanefrEducdtion,tDs. Cathy
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Bruce. There are a number different approaches to creating scalable VR seminars
which can be used for an evexpanding virtual database of archaeological skes.
example VR seminars may be used to create learning spaces for multipleéhrseigh
bothLAN (Local Area Networksand highspeed internet connectivityhese seminars
couldbegin with LAN(Local Area Networks) users learning in a central physical
location and may extend up to countless users through internet connetheityigh

data requirements can be manage&®bgton networking serviceBhoton networking is
a scalable solutiowhich can sustain both local users in a single physical location and

heavier online user traffig®®hoton 2019)

Figure 6.1: A mock professor is manipulating 3D excavation data to teach a mock student

excavation techniques in the NMVRphoto courtesy of Sean Bruce).
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To illustrate, Figure 6.1 showsaock teacher and student working W& data at

Nassau Mills (pbto courtesy of Sean Bruc@)his professor isnanipulating sections of

3D excavatiordatato demonstrate excavation techniques to students. These types of
datamanipulation mechanics are not possible at real archaeological excavations
demonstratinghe many advantages of manipulating 3D data in virtual teaching spaces.
Student Ais shown asking a question. Although these users are communicating and
experiencing each otherds pr egseeSecdonj us't
3.3), their physical loations may be based anywhere on the pldres is significants
userscan be separated by vast distances and still collaborate as if they were physically

present at theamearchaeological site

6.3.2Future VR prospectsi AVROD

This thesis hademonstrated how virtuatality can be used as an analyticaliable tool

for studying and disseminating archaeological data. | believe that VR may be used to
create new standards in datequisition and publication as excavators may be required to
collect daily photogrammetric excavation data which may be published in the form of
PDF documents alongside scholarly articles. These 3D swdgl be downloaded as

PDF documentsvhich may be viewed in both VR and on computer scragerigeate a
spatial mapdr data discussed in provided articles. These new standards will create a
permanent digital record of all archaeological excavatibhsse in turmay be housed

in virtual databasesuch as AVRODwhich stands foArchaeological Virtual Reality

Online Datbase
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AVROD may be used by students to learn virtual field seminarsrgead to
prepare foffield schools during the oeasonTwenty to thirtyminutelong seminars
could be designed to evaluate studentso6 sk
quizzes and tests, and may be tailored for visual and experiential learners. This
technology may be best used for archaeplagdergraduate students who are developing
interests in archaeology, and who are first learning archaeological field practices through
visual and interactive learning environmefitsese types of remote learning technologies
may improve student learning bffering a safe and affordable solution for researchers
interested in studying excavations from remote or dangerous archaeological sites. This
has been especially relevant to my research as | was unable to excaviltekdit Tepe
inthek a n | pravincké af Turkey, due to the 2017 conflict in Syria. As a result, |
decided to participate in a Neolithic field school in the Struma Valley of Bulgaria instead.
It was during my experience in this field school that | became interested in using VR as a
safe andaffordable solution for students, such as myself, who are interested in studying
archaeological sites located in remote or politically dangerous areas.

VR technologies may offer an economicaligble and safesolution for academic
research and travel #seyallow users to meet and study data with other users remotely.
This technology may be usedpmspectivelysave undergraduate and graduate students
thousands of dollars in airfare and living expenses abkRadnay also allow students to
better balane summer employment opportunities, which are often required to pay for
school, by offering undergraduate students an alternative means to participating in
summer field schools.hough integral for learning archaeological excavation processes,

field schoos often demand weeks or months of potential summer employment time and
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can become extremely costly to students as a result. Consequently, virtual excavation
environments can offer new educational opportunities to studtrtging archaeology
either out ofinterest, or to fulfill part of the requirements of their undergraduate degrees.
Technologies developed through Virtual Reality may also save professors and
researchers thousands of dollars in travelling expenses and time. These technologies may
be usedd allow researchers to remotely study digitized artifact collections from distant
museums and universities, and attend virtual conferences held in distant cities or
countries. | believe that technologies such as virtual reality may offer countless avenues
for enhancing the ways in whielichaeologists learn and work with archaeological data,
and | am excited to contribute to this new and growing scientific tool.
AVROD is currently astartup tech company based in digital innovation
technologies. Itvasdeveloped in partnership with the Innovation Cluster (Peterborough
and Kawarthas) and Fleming Coll egeds Appli
to the development of the databasetworking, and VR development. AVROD has
receivedsupportfront he Cub s L aiQompetiidni(2018andt resu rBieaalr 6 s
Lair Entrepreneurial Competition (201@nd received expertise and resources from
Trent Universityand Fleming Collegto assist in its development. AVROD seeks to
create an international database of digitized archaeological sites for scientific study.
Specifically, this project is dedicated to digitally preserving and disseminating 3D models

of archaeological sites froarourd the world
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Figure 6.2: The 2018 AVROD logo.

AVRODOG 2018 logo Figure 6.2) AVROD stands for, Archaeological Virtual Reality
Online Databasdt is a developing statip company and prospective global database
dedicatedo housng digitizedinternationalrchaeological sites. The globe in the centre
of the Odemonstrates the global capabilities of creating a single virtual archaeology

databasgand multiuser platform.

MONGOLIA NASSAU MILLS

Figure 6.3: These images were made from the digitized NassauWiisr righy and
Zaraa uulupper left and bottojrarchaeological sites to promote AVROD at the 2018
Bata Library reopening ceremonyeld at Trent University (see Section 8 ghd¢tos

courtesy of Sean Bruce).



