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Abstract

The intention of this dissertation is to develop and evaluate a Virtual Reality
technological tool for the campus of National Technical University of Athens. After
thorough theoretical research and practical investigation on virtual tour software and
applications we are going to develop an open-source virtual tour for the campus.
Using this tool, visitors will have the ability to easily navigate anywhere within the

campus, and get information regarding the most important campus facilities.



MepiAnwn

MavopauIKEG QUTOYPAYIEG I EIKOVEG E€UPEIAG YwVviag €ival QUTEG TTOU ATTEIKOVICOUV
opPICOVTIO ETTIMAKN OTITIKA TTEdia 1) OTTTIKA TTEdia eupUTEPA ATTO TO YUOIKO AvOPWTTIVO
omTiKO TTedI0 KAl PTTOpoUV va TagivounBouv o€ 3 TUTTOUG: TO KUAIVOPIKO, TO
oQaIpIKO/KUBIKO Kkal To eTTiTredo TTavopapa. Kai o1 Tpeig TUTTOI UTTopouv va givail €ite
oupBartikoi 2D, eite oTtepeookotmikoi 3D. 210 TTAQioI0 authg TNG dIaTpIBAG, Ba
EMKEVTPWOOUPE OTOuG oupBaTtikoug 2D TUTTOUG KAl TTNIO  OUYKEKPIMEVA  OTa
oQaIpIKG/KUBIKA TTAVOPAUOTA.

MavopauikéG AWEIG PTTopoUV va An@Bouv €iTe PE aVOAOYIKEG, €ITE PE WNQPIAKES
Kauepes. QoTdOO, yia TN dnuIoupyia €IKOVIKAG TTEpIynong 360°, XpnoiyoTroiouvTal
MOVO WnOIOKES QWTOYPAPIKEG PNXAVES. MTTopoUv va XpnoIPoTToiNBouv €ite aTTAéG
WYNQIOKES QwToypa@ikéS unxavés (Tr.x. DSLR) yia T Aun @wToypa@iwy Ol OTToiEG
oTnv ouvéxela Ba ouppapbouv yia va dnuioupynbolv Ta Travopduarta eite 360°
OQAIPIKES YPNPIOKES PUTOYPAPIKES uNXaveS 360° yia eUKOAOTEPN POr) EpYaTiag.

Me TIC CQQIPIKEG WNPIOKESG PWTOYPAPIKEG Unxavég 360°, n diadikacia dnuioupyiag
TTAVOPAUATWY YiveTal TTOAU TTI0 aTTAf Kal ypriyopn. XpnoIYOTIOIWVTAG KAVOVIKEG
WNQIOKEG PWTOYPOPIKEG PNXAVES, XPEIAZETAI APKETA ETTECEPYATIA TTPOKEIUEVOU VA
OUPPAPTOUV OAEG TIG QWTOYPAPEG Madi Kal va dnuioupynOEi pia €IKOVIKA TTEPIRyNon.
QoT1600, 01 CPAIPIKEG WNPIAKES GWTOYPAPIKES pnxavés 360° oapwvouv 360° pe 180°
o@alpikd TTAciola e €va KAIK Kal etTeéepyalovTal TIG €IKOVEG aQUTOMOTA PECQ OTNV
Kauepa. H e@apuoyr Tou TreEpIypd@eTal o€ aut TN OlaTpIf dnuioupynbnke
xpnoiyotroiwvTtag 1N Ricoh Theta S, pia 360° o@aipikh wyneloKh QWTOYPAQPIKNA
MNXav TTou €xel dUO KAPEPES Kal dUO aIoBNTAPESG TTOU YWTOYPAPI(OUV TAUTOXPOVA
O€ QVTIOETEG KATEUBUVOEIG.

H eikovikr) TTpayuatikdtnTa €ival pia TEXVOAOYIQ TTOU ETTITPETTEI OTOUG XPMOTEG va
aAANAeTIOpOUV e éva egopoloupevo oe uttodoyioTr TTEPIBAGAAov (Burdea, G. kai P.
Coffet, 2003). Xpnoiuyotrolei epIBAAAovTa TTOANATTAWY TTPOBOAWY yia Tn dnuioupyia
PEOAICTIKWY  EVTUTTWOEWYV Kal a1oBAcewv  (TT.X. €IKOVWYV, NAXWV KAT.) TIOU
TIPOCOMNOIWVOUV T QUOIKI TTapouaia evog XproTn Ot €va €IKOVIKO 1 QavTaoTIKO
TePIBAANoV. 'Evag xpAoTnG EOTTAICWOU €IKOVIKAG TTPAYUATIKOTNTAG €ival o B€on va
"KoITdgel yupw" TOV TEXVNTO KOOMO, va KIvnBei yupw Kal evOEXOUEVWGS VA

AAANAETTIOPACEI UE EIKOVIKA XAPAKTNPIOTIKA 1] AVTIKEIYEVA.



H Bdon TG €IKOVIKAG TTpayPaTikOTNTAG, OTTWG gu@avideTal ornuepa, dIANopPuONKE
ota TéAn TG dekaeTiag Tou 1960 kal TNG dekaeTiag Tou 1970, YE TTPWIPES EIKOVIKEG
TPpoPBoAég (Sutherland, 1965), aAAG povo ota péoa Tng Oekaetiag Tou 1980
OUVEKAIVav TTOAAEG  €I0IKEG TEXVOAOYIEG yia va OnuIoupyroouv OAOKANPwHEVA
OUCTHHATA EIKOVIKNG TTPAYMOTIKOTNTAG. 'Eva TpIodIACTATO EIKOVIKO XWPO OTOV OTI0i0
0 XpHoTng Ba utropouce va aAAnAemdpdaoel kal va XeIpioTel 3D ypa@IKa avTIKEIuEVA
ME xelpovouieg avérrTuée 1o MIT (Scmandt, 1983), evio n NASA doUAeue oTO £pyo
VIVED (Virtual Visual Environment Display) kai émmeira oto VIEW (Virtual Interactive
Environment Workstation). H épeuva tng NASA emmIkevTpwONKE KUPIWG O€ TOMEIG
OTTWG O €AeyXOG TNAETTIOKATINONG Kal N dlaxeipion MEYAANG KAIMOKAG CUOTNHATWY
TTANPOPOPIWV KAl OTOXEUE OTN OnuIoupyia SIETTAPNAG TTOANATTAWY AEITOUPYIWV KAl
TTOAATTAWY  PETa@OPEWY yia Tn OleukOAUVOn TNG QUOIKAG AAANAETTIOpaonG ME
ouvOeTa €MMIXEIPNOIAKA KaBAKovTa Kal Tnv auénon Tng euaioBbnTtorroinong Twv
QOPEWV EKPETAAAEUONG OXETIKA HE MEYAANG KAIMOAKAG auTOvVOua OAOKANPpwUEVA
ouoTtuata (Fisher, 1986). H €ikoviki TTpaydaTikOTNTa Oev €101XON OTO €UpU KOIVO
MEXPI TO 1989, 6Ttav n VPL Research kal n Autodesk Aavoapav CUOKEUEG Kal 000VEG
yia TNV aAANAETTIOpAON ME €IKOVIKOUG KOOPOUG. ATTO TOTE, n €peuva O TTOAAOUG
TOMEIG EIKOVIKAG TTPAYUATIKOTNTAG 0O YyNOE OTNV AVATITUEN EQAPPOYWYV KAl EPYOAEIWV
TTOU UTTOPOUV VA XPNOIKOTToINB0oUV o€ TTOAAG €TTIOTAPOVIKA TTEDIA, OTTWG N IATPIKN, N
XNUEIQ, N E€MOTNPOVIKN ATTEIKOVION KATT., TTpPOOBETOVTAG OXI HOVO BEwpnTIKN yvwaon
aAAG kal TTPaKTIK agia (Balaguer, 1996).

H Texvoloyia TnG €IKOVIKAG TTPayHaTIKOTATAG €XEl €EQTTAWOEI OTOV KOOMO TNng
QPWTOYPAYIaG, ME TNV QWTOYPAYIa EIKOVIKAG TTPAYHATIKOTNTAG va YiveTal Eva OAO Kal
mo OnuoIAéG uTrotredio. Opiletar wg n O1adpacTIK) TTPOBOAN TTAVOPAUIKWYV
QWTOYPAPIWV 1 BivTEo eupeiag ywviag, TTou ouviBwg KAAUTITOUV évav oQaIpIKO
Tavopaua 360° | pia oeaipik 6wn (Mohammad Hafiz Ismail, 2009). MepiAapBavel
™ Aqwn f ™ dnuioupyia, pe TN PoriBsia Tou KATAGAANAOU AOYIOUIKOU, PIAG €UpEiag
TTPOROANG WG eviaiag €ikévag, OTIWG Ba TTAPATNPEITO YE TNV TTEPICTPOPN YUpw ATTO
MIO OUYKEKPIPEVN BEon. Mia evTUTTWOIOKY TTAVOPAUIKN QwToypa@ia gival auTtr TTou
EKTIBETOI pE TPOTTO TTOU EMITPETTEI OTOUG XPNOTEG va AAANAEmMIdpoUv PeE TIG yUpw
aTTOYEIG TNG.

H €€EAIEN TNG QTOYPOPIOG EIKOVIKAG TTPAYMATIKOTNTAG €ival n oXETIKA vEéa TEXVOAOyia
TWV EIKOVIKWV TTEPINYNOEwWV. EIKOVIK TTEPIynon €ival n TTPOCOPOIWCN  MIAG

UTTAPYXOUOOG TTEPIOXNG Kal aTToTEAEITAI CUVABWG aTTd Pia akoAoubBia eikOvwy 1) BivTeo,



TTAPOUCIALOVTAG TIG YEWMETPIKEG I0IOTNTEG TNG TOTTIOBECIOG KAl TTAPEXOVTAG
TTANPOQOpPiEC HECW TTOAUPECOWY, TTAPEXOVTAG OTOUG XPROTeG £va  ouvaiobnua
TEPITTAAVNONG, TNV eviUTTwon OTI KIVOUVTal OTO XWPO Kal OTl Bpiokovtal o€
TpayhaTikd  xpoévo (Colasante Meg, 2011). XpnOIMOTIOIWVTAG TEXVIKEG  Kal
XAPOKTNPIOTIKA TTOU QVTITTPOOWTTEUOUV HE aKpiBela pia ToTToBeTia, dnAadh Tnv
akpIBf armmeikévion OAwv Twv OoVvTOTATWV (TT.X. KTipId, QVTIKEIUEVA, E€YKATOOTAOEIG
KATT.), TNV akpIPn didragn kal éva uwnAo etTitredo aAAnAeTTidpaong pe Tov XpAoTn yia
TOv €AeyXO Kal Tnv €AeUBepn TTAOynon OTO €IKOVIKO TTEPIBAAAOV, MIa EIKOVIKN
TTEPINYNON MTTOPEI VA KATAPEPEI VA TTPOCYEPEI OTOV XPAOTN MIO EPTTEIPIA TTAPOUOIN
ME TNV ETTIOKEWYN OTAV TTPAYUATIKO XWPO.

O1 €IKoVIKEG TTEPINYNOEIG divouv OTOUG XPAOTES TNV aiocbnon OTI BpiokovTal o€ Hia
TOTTO0E0ia, OTTOUBANTIOTE OTOV KOOMO, XWPEIG va TIG ETTIOKETTTOVTAI, KOl TOUG
EMTPETTOUV VA OAANAETTIOPOUV OUCIACTIKA ME TO XWPEO KAl VA QVOKOAUTITOUV
AeTTTOUEPEIEG PE €va OTTAO KAIK €vOG TTOVTIKIOU. O1 TTAVOPAMIKEG eQapuoyEg 360°
EMTPETTOUV OTOUG XPNOTEC va TTAonynBouv TTpog OTToIdATIOTE KATEUBUVON, Vva
TpoBdlouv €vav TTARPN KUKAO pIag B€0NnNG Kal va UETAKIVNBOUV KAVOVTAG KAIK OTO
uttdpyovTta hotspots. H ouvdeon Twv €ikOvwv PETAEU TOUG, ETITPETTEI TNV TTAOAYNON
o€ OAn Tn TTEPIOXA MEOQ OTNV EQAPMOYR, EVW N KATOWN TOU XWPEOU (TTX. XAPTNG)
onuioupyei éva TTePIBAAAOV QIAIKO TTPOG TO XPrOTN, EUKOAO OTNV TTAOYNON.

O1 €IKOVIKEG TTEPINYNAOEIG UTTOPOUV VA XPNOIUOTTIOINBOUV aKPIBWS WG PIa KAIVOTOUOG
TEXVIKA TTOU ETTITPETTEI OTOUG QVOPWTTOUG VA ETTIOKETTTOVTAI TO HEPN €€ ATTOOTACEWG
oe éva Ynoelako TePIBAAoV, Ot OIODIKTUOKEG €QAPUOYEG. AKOPA UTTOpoUV va
XPNoiuoTtroiNnBouv yia Tn dNUOCIOTTIOINCN EYKATAOTACEWY PECW TNG CUMMETOXNG O€
Mia d1adpaaTikr euTTeIpia. MNa 10 Adyo auTtd, kabBioTavTal éva onuavTikO NAEKTPOVIKO
epyaleio o TTOAEG Blounxavieg 6mou o TTapdyovtag TotroBecia diadpapaTicel
onMavTiKG poAo. O1 Blounxavieg TTou uTmopoulv va weeAnBouv TTEPICTOTEPO ATTO AUTA
TN VvEa TEXVOAOYIA €ival Ol TOUPIOTIKEG KAl TTONITIOTIKEG BIOPNXAVIESG, TA TTAVETTIOTAMIA,
KaBwg Kal 0 TOPEAG BlaxEipIong aKIVATWV.

O1 utrowneIol @OITNTEG €VOG  TTAVETTIOTNMIOU OAAG KAl O ETTIOKETITEG OUXVA
pTTEPOEUOVTAl pE TN OIATAEN TWwV EYKATAOTACEWV TNG TIAVETTIOTNMIOUTTIOANG Kal
datravouv TTOAU XpOvo TTPooTIabBwvTag va Bpouv TTwg Ba Trepinynbouv o€ auTh.
ApxIKQ, ouoTAPATa OOPUPOPIKNG TTAOAYNONG KAl apyOoTEPA VEEC TEXVOAOYIKEG
e¢elicelg, ommwg 10 Google Maps Tapeixav Katrola AUon o€ autd Ta TTPoRARuaATa,

aAAG ATav n €iIcaywyr] TNG €IKOVIKAG TTEPIRyNong, 0Twg 1o Google Street View, tmou
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BeATiwoe TTEPAITEPW TNV OTITIKOTIOINON KOl - XWPIKA  KOTavonon  KATTOIwWY
TTAVETIOTNUIOUTTOAEWV. Q¢ €K TOUTOU, OIODIKTUOKEG OIAdPACTIKEG  EIKOVIKEG
TTEPINYAOEIG YivovTal OA0 Kal TTIo dnUOPIAAG AOyw TnG XPNOIMOTNTAG TOUG, Kal
KaBioTaTal avaykaio yia T TTAVETTIOTAMIA VA TTAPEXOUV TETOIEG TTEPINYACEIS UE OKOTTO
TN OIEUKOAUVON TwV ETTIOKETITWY OTO VA KATAVONOOUV KAAUTEPA TO XWPO TNG
TTAVETTIOTNUIOUTIOANG.

O1  0100paOTIKEG EIKOVIKEG TTEPINYNOEIG, Xwpilovial o€ OUO TUTTOUG: OPICOVTIES
TTAVOPAUIKEG  Kal TTavopapikég 360°. Or opildVTIEG TTAVOPAUIKESG TTEPINYNOEIG
TTpoo@épouv Oyn o€ évav opifovTio dfova, EMITPETTOVTAG QpIoTEPH Kal Oegid
TTAOAYNON Yyia TIPOROAR CUVEXWV @QWTOYPAPIWY YUpw atrd uia Totrobecia. Ol
mepinynoeig 360° Trapéxouv pia TTARpn 360° Béacn (cuuTtrepIAapBavouévng TG TTPOG
TA TTAVW KAl TTPOG TA KATW TTAOAYNONG), TIPOCPEPOVTAG OTOUG XPNOTEG TTAPN EAEYXO
Tou TI BAEéTTOUV KaI TTWG GAANAETIOpOUV e TO XApTn. E¢akoAouBouv va utrdpxouv
opIoPEVA HOOOVOG ONuaciag ¢nThPaTa, OTTwG TO YEYOVOG OTI Ol BEATEG ITTOPOUV VO
Oouv MIa TTEPIOXN) MOVO aTTd MIa OUYKEKPIMEVN B€on, ammd Tnv otroia AReOnke n
QwToypa®ia, OAAG OUVOAIKA, O€ OUYKPION ME TOUG TIPONYOUNEVOUG TUTTOUG
TEPINYNONG, HMIA  EIKOVIKN TIEPINYNON TIPOCQEPEl Ui TTOAU  KaAUTEPN Auon,
EMTPETTOVTAG TOUG XPAOTEG VA AAANAETTIOPOUV pE TO TTEPIBAANOV O€ avTiBeon UE TNV
armAfl TapatApnon Tou. Opiopéva  TTAVETMOTAMIA TTOU  TTAPEXOUV  EIKOVIKEG
TTEPINYAOCEIG OTIG TTAVETTIOTNMIOUTTOAEIG OTIG I0TOOEAIDEG TOUG €ival TO [laveTTIoTr IO
Heriot-Watt, o MavemoTtAiuio Tng O&pdpdng kai 1o MavemoTtApio Tou Newcastle.

H TMoAutexveiouttoAn Tou EBvikou MetodBiou MNoAutexveiou dev €ixe PEXPI OTIYUNG
KOMIO €IKOVIKA TTEPIAYNON Kal €Xave Mo PEYAAn eukaipia va TTPOCQEPEI OTOUG
ETTIOKETTITEG TNG, TOUG UTTOWNRPIOUG KAl TOUG TPEXOVTEG QPOITNTEG TNG, MIA ETTINEANUEVN
EUTTEIPIA KAl va TOUuG BonBriocl va aTTEIKOVIOOUV TOUG €QUTOUG TOUG WG MEPOG TNG
(wNAg TG TravemmoTnuiouTtoAng. H TloAutexveioutmoAn Tou EMIN yia Tnv otroia
ONUIOUPYAONKE N €IKOVIKA TTEPINYNON BPICKETAI OTNV TTEPIOXN TOU ZwypAapou, oTnV
TOAN TG ABnvag. KartaAapBdver éxktaon 900.000 TETpAYWVIKWY HETPWVY  Kal
TepINaPBavel ouyxpova KTipia €COTTAICUEVA PE aiBouoeg dIdaoKaAiag, pyaocThpid,
BIBAIOBNKEG, KTipia SIOIKNTIKWY UTTNPECIWY, EYKATOOTACEIS QPOVTIOAS OTTOUSACTWV
Kal GAAeG Aeitoupyieg. H €IKoviKy TTEPIYNON TTou dnuIoupyAOnKe TrepIAauBavel
OAOKANpPN TNV TMOAUTEXVEIOUTTOAN €EWTEPIKA TwV KTIPIWV Kal €va OIKTUO WAKOUG
13.000 péTpwv, CUPTTEPIAAUPBAVOUEVWY TWV OPOPWY Kal TTECOOPOMIWV, TWV XWPWV

OTABUEUONG KAl TNG KEVTPIKNG TTAATEIOG.
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H avamruén g eikovikAg MNoAuTexveloutoAn tou EMIN akoAouBnoe ta TTapakAaTw
oTadia:

1. Zxedlaouo6¢ kal Afyn: katd n didpKela autou Tou oTadiou, kabopioTnkav o1 BE0EIC
atro é1ou Ba yivovTav ol AYEIS, eTTIAEXBNKE 0 EEOTTAICUOG TToU Ba XxpnoiuoTTolouTav
Kal O1euBeTABNKAV OAEG 01 AANEG AeTTTOUEPEIEG AAWNG.

2. EmAoyry AoyiouikoU: katd Tn O1dpkeElId autoUu Tou OTadiou, €peuvrOnkav Kal
eAéyxOnkav TTOAAG Bia@opeTikG epyaAcia dnuioupyiag €IKOVIKAG TTEPIRYNONG Kal
EMAEXONKE TO KATAAANAGTEPO.

3. AvdaTmrtugn kal Zxedlaouog: katd Tn didpkela autou Tou oTadiou, n €papuoyn
OUVAPUOAOYNONKE, XPNOILOTIOIWVTAG TOV KWOAIKA TTOU APOnKe a1rd TO AOYIOUIKO TTOU
ETTIAEXONKE.

H e@apuoyn ekovikAg Trepimynong NG lMoAutexvelouttoAng tou EMIN  tmou
QVaTITUXBNKE WG PEPOG AUTHG TNG €pyaciag, TTPOOQPEPEI TTOAAEG duvaToTNTES YIa
TEPAITEPW PBEATIWON KAl avaTrTugn. Eival éva TToAU xprioiyo epyalEgio TTou KAAUWE TNV
avaykn vyia TeXVOAOYIKA TTPO0B0 OTOV TOPED TNG XWPIKAG TTEpIypa@ns. QoTtooo,
TTOAEG aTTd TIG TITUXEG QUTAG TNG €PEUVOG O&iCel va €EETOOTOUV TTEPAITEPW KOl

UTTAPXOUV KATTOIEG IO€EC YIa TTPOCOETEG BEATIWOEIG KAl ETTEKTACEIG.
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1. Introduction

This dissertation aims to define and elucidate terms such as Virtual Reality,
Panoramic Photography and Virtual Tours, and to present and analyse the
development of a web-based virtual tour for the campus of National Technical
University of Athens. The purpose of this virtual tour application is for users to have
the ability to easily navigate anywhere within the campus, and get information about

the most important campus spots.

The first section of the dissertation is occupied with a small history of panoramas, the
types of cameras and ways for shooting vistas, and an introduction to virtual reality.
The second section provides a more thorough analysis of virtual tours. Various
software tools for creating virtual tours are presented and assessed, and major
virtual tour applications are described. Furthermore, the many functions of virtual
tours in various industries are discussed, and an assessment of their potential value

in marketing universities and their campuses is given.

The final section is engaged with explaining the design and development of the case
study at hand, namely the National Technical University of Athens campus virtual
tour, along with all the stages of the project, starting from the planning and the
shooting, continuing to the research for the software selection, and concluding with

the actual development process.

13
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2. Panoramas and Virtual Reality
2.1 Panoramic — 360° Photographs

The word “panorama”, according to the Merriam-Webster's dictionary, is a
combination of two Greek words, the suffix “pan” which means “all” and “horama”
which means “sight”’, and is any wide-angle view or representation of a physical
space, whether in painting, drawing, photography, film, seismic images, or a three-
dimensional model. Even though cartographic experiments during the Enlightenment
years contributed in forming an urge towards panoramic depiction, it was English
painter, Robert Barker who originally conceived the idea of a panorama, and actually
received a patent for it in 1767, to describe his style of work, which included
paintings that practically surrounded the audience (Stephan Oettermann, 1997). A
panoramic painting’s goal was a depiction of the real world so realistic that the
viewers would get the impression of standing in a new environment.

By the mid-19th century, panoramic paintings (especially large scale installations)
became a very popular way to representlandscapes, topographic views,
and historical events. But, the introduction of the Daguerreotype, and subsequent,
improved models, allowed panoramic photography to displace panoramic painting, in
the late-19th century, as the most common method for creating wide views and
giving an audience the chance to view places that they had never visited before
(Stephan Oettermann, 1997).

Photographers began assembling multiple images of a view into a single wide
image, using the camera to capture what the viewer would see if he was actually
standing in a certain spot, and what he would see if he moved his head from side to
side — thus taking in all the detail of the scene that surrounded him. Early pioneers
compiled multiple daguerreotype plates side by side, separately exposed and
processed, in order to form a panorama. Each image was carefully captured, with
the edges of its frames always noted in order to connect it with the next. Once the
photograph was taken, the camera was rotated to the edge of the frame, a new plate
was installed and the ensuing photograph was taken. The same process was
followed by photographers after the introduction of the wet-plate collodion system

that followed Daguerreotype.
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In 1890s, with the invention of flexible film and several other equipment designed for
wide-image capturing, panoramic photography was revolutionised (Eric Renner,
2008). The new models eradicated the need for multiple image shooting, covered
whole vistas in a single picture, greatly enhanced the photograph quality, and
followed, for the most part, one of these designs:

e Short Rotation (or Swing Lens): these cameras had a static, curved film and a
rotating lens that moved from side to side on a pivot system.

e Full Rotation: more complex in design, these cameras had both the film and
lens rotating from a central point, and were capable of 360° rotation, capturing
the whole scene in a single movement.

Most mass-produced panoramic cameras followed the swing-lens style, and
produced small panoramas, measuring approximately 30 cm with an 180° field of
view.

These early wide-angle cameras have, until today, kept in principal the same design,
but have received enhancements in many areas, with improved lenses, camera
bodies and film-transport mechanisms. Modern film-based panoramic cameras
continue to thrive, are of high-quality and can capture vistas with a great amount of
fine details. It should be noted, however, that unlike conventional cameras, many
panoramic ones produce distorted images as the distance between the lens and the
subject changes.

In the digital age, with the need of digital panoramas for a broad range of web and
mobile applications, the use of digital 360° cameras, using two back-to-back lenses
shooting at the same time, or conventional digital cameras, taking series of photos
and then stitching them together to create panoramas in specially designed software,

is more widespread.

2.1.1 Panoramic Formats

Panoramic, or wide format photographs are pictures that depict horizontally
elongated fields of view, or pictures that depict a field of view that is wider than the
natural human field of view, and can be classified into 3 types: the cylindrical,
spherical/cubical and planar panoramas. All 3 types can be either conventional 2D,

or stereoscopic (3D Panoramas) (Frich, A. 2007). In the scope of this dissertation,
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we will focus on conventional 2D, and most particularly spherical/cubical panoramas,

although all other types are briefly described below.

2.1.1.1 Planar Panoramas

A Planar Panorama is a panoramic photo that is produced by the combination of a
series of frames (Figure 1). This method is mainly used in cases where the other two
methods cannot be used (e.g. streets or building groups). The camera is positioned

halfway along the subject until the whole subject is captured (Carmichael, G. 2009).

Figure 1: Planar Panorama

2.1.1.2 Cylindrical Panoramas

Cylindrical panoramas, used primarily in stills photography, depict a 360° horizontal
field of view that has vertical constraints, depending on the equipment used or the
editing of the image. If flattened out, straight horizontal lines in reality become
curved, while straight vertical lines remain straight. There are two types of cylinder
panoramas. In the case of inner-cylinder panoramas the setting of the camera stays
fixed, and the picture is formed through rotating the 360° camera. In the case of
outer-cylinder panoramas the subject is kept fixed and the camera takes photos of
the whole circle of the subject. A cylindrical panorama is intended to be viewed as if
it were wrapped into the shape of a cylinder and viewed from within (Ang Tom, 2008)
(Figure 2).
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Figure 2: Cylindrical Panorama

2.1.1.3 Spherical Panoramas

Spherical panoramas are mainly used for virtual-reality purposes and they show the
entire field of view from a single point, 360° horizontally and 180° vertically, allowing
the viewer to look in every direction, including the highest and lowest point (Ang
Tom, 2008). The image is wrapped into a sphere and viewed from the centre. The
horizontal direction of a spherical panorama is distorted when flattened. The same
thing happens to the vertical direction, to a lesser extent. A spherical panorama can
be flattened and stretched to become cubic, each cube face representing a planar

image that looks normal to the human eye (Figure 3).
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Figure 3: Spherical panorama
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2.1.1.4 Stereoscopic Panoramas

Stereoscopic photos are pairs of images, taken simultaneously with two lenses
corresponding to the two human eyes, looking in the same direction. When viewed
with a stereoscope, such as a View Master, these images create an impression of
depth and solidity and give viewers the impression of seeing a 3D space (Toeppen
S.J. & Buchheim J. 2013). This can be applied to the case of panoramas of any type,
with the combination of a pair of 360° images, which when viewed with synchronized
Panorama viewers presents a stereo pair. The most popular stereoscope for viewing

stereo panoramas is a virtual reality headset (Figure 4).

Figure 4: Stereoscopical panorama

2.1.2 Types of Camera Shooting

Panoramic vistas can be captured either with analogue (film) cameras, or with digital
ones. However, for 360° Virtual Tour purposes, only digital cameras can be used:
Normal digital cameras (e.g. DSLR) can be used to shoot pictures, and then create
panoramas by stitching the frames together using specially designed software, or
360° spherical digital cameras can be used to shoot 360° photographs straight for a

faster workflow.
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2.1.2.1 Digital camera

Shooting

Any digital camera can be used to shoot photographs to be stitched into panoramas
(Figure 5). However, a tripod and a panoramic pan head should be used whenever
possible to prevent parallax and guarantee an overlap between frames to overcome
lens distortion and have enough detectable features (Kerr Douglas, 2005). Identical
exposures are also required, in order for seamless results to be produced. In order to
shoot a full 360° by 180° vista, the ensuing process is followed. Initially, the first set
of images is captured in a straight horizontal plane, each frame shot with the camera
rotated by 360 until the row is completed. Next, two sets of images are captured,
with the camera tilted first upwards and then downwards by a 45° angle (Figure 6).
Finally, another two sets of images are captured, this time with the camera tilted first
upwards and then downwards by a 90° angle, in order to depict the highest and
lowest points of the panorama and ensure a successful merging with the rest of the

images (Figure 7).
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Figure 7: Techniques of capturing images A) straight up B)
straight down

Stitching Images

The stitching process in order to create panoramic vistas, requires all the images to
be uploaded in a specially designed software (such as PTGUI, AutoStitch, Hugin).
Then, there are two stitching methods that can be used. The first method is highly
automated, with the frames being connected to each other with the help of a pattern
matching algorithm. This method works better in cases of still panoramas, as moving
scenes may confuse the alignment process (e.g. cars moving on the road, clouds

moving in the sky, etc) (Figure 8).

Figure 9: Fail automatic stitching
algorithm

Figure 8: Manual stitching
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The second method includes manual stitching of the frames, and is used when the
first method does not produce the desired results. The manual method allows the
user to select control points in the frames to facilitate the stitching procedure (Figure
9). To follow this method, two similar frames are selected, one of which is already
previously stitched to a third frame. Then, markers are assigned manually on
respective points in each frame (Figure 10 & Figure 11), and the frames are stitched
together by the software (Figure 12).

Figure 11: Placing the first marker Figure 10: Placing the second marker

Figure 12: Stitched images
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Creating Panoramas

When the image stitching stage is complete, the panoramas are generated and
ready to be rendered and extracted into many different formats, such as .jpg, .png,

.mov, .tiff, .tga, etc.

Figure 13: Example of a panorama generated by rendered
stitched

2.1.2.2 360° spherical digital camera

With a 360° spherical digital cameras, the process of creating a panorama becomes
much simpler and quicker. When using normal digital cameras there is a lot of post-
processing work involved, in order to stitch all the images together and produce a
virtual tour. But 360° spherical digital cameras shoot 360° by 180° spherical frames
in one click, and process the images within the camera. The application that is
described in this dissertation was created by using Ricoh Theta S, a 360° spherical
digital cameras which has two cameras and two sensors that shoot in opposite
directions (Figure 14 & 15).
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Figure 15: Example image of Ricoh Theta S

2.2 Virtual Reality

Virtual reality (VR) is a computer technology that allows users to interact with a
computer-simulated environment (Burdea, G. and P. Coffet, 2003). It uses multi-
projected environments to create realistic sensations (e.g. imagery, sounds etc.) that
simulate a user's physical presence in a virtual or imaginary environment. A user of
virtual reality equipment is able to "look around" the artificial world, move around,
and possibly interact with virtual features or items.

The basis of virtual reality as it appears today was formed in the late 1960s and
1970s, with the first head-mounted displays (Sutherland, 1965), however it was only
in the mid-1980s that multiple special VR technologies converged to create
comprehensive VR systems. A 3D virtual workspace in which the user could interact
with and manipulate 3D graphical objects with hand gestures was developed by MIT
(Scmandt, 1983), while NASA was working on the VIVED (Virtual Visual
Environment Display) and then VIEW (Virtual Interactive Environment Workstation)

projects. NASA research was mainly focused on areas such as telepresence control
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and large-scaled information systems management and was aimed at creating a
multipurpose, multimodal operator interface to facilitate natural interaction with
complex operational tasks and to augment operator awareness of large-scale
autonomous integrated systems (Fisher, 1986). Virtual reality was not introduced to
the general public until 1989, when VPL Research and Autodesk both offered
devices and head-mounted displays for interacting with virtual worlds. Since then,
research on multiple VR areas have led to the development of VR applications and
tools that can be used in many different sectors, such as medicine, chemistry,
scientific visualization, etc., and add not only theoretical value but also practical
effectiveness (Balaguer, 1996).

The virtual reality technology has spread to the photography world, with VR
Photography being an increasingly popular subfield. It is defined as the interactive
viewing of wide-angle panoramic photos or videos, usually covering a 360° circle or
a spherical view (Mohammad Hafiz Ismail, 2009). It encompasses capturing or
creating, with the help of appropriate software, a broad vista as a single image, as
viewed when rotating around a certain position. An immersive panoramic photo is
one that is exhibited in a way that lets users interact with the surrounding views.

The evolution of virtual reality photography is the relatively new technology of virtual

tours that is outlined in the following pages.

3. Virtual Tours

A virtual tour is a simulation of an existing area, usually composed of a sequence of
still images or videos, showing the geometrical properties of the location, and
supplying information via multimedia, giving users a wrap-around feeling and the
impression they are navigating locations and experiencing them in real time
(Colasante Meg, 2011). In using techniques and characteristics that accurately
represent a location, namely the exact depiction of all entities (e.g. buildings, objects,
facilities, etc.), the precise layout, and a high level of interactivity with the user to
control and freely navigate in the virtual environment, a virtual tour can manage to

provide the user with an experience similar to visiting the real location.
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Virtual tours give users the feeling of being in a location, anywhere in the world,
without physically visiting it, and allow them to virtually interact with space and
discover details with a simple click of a mouse. 360° panoramic applications let
users navigate in any direction, view a full circle of a location and move about by
clicking on hotspots created by the developer. The connection of images between
them, allows the navigation of the full area within the app, while the floor plan creates

a user-friendly environment, easy to navigate in.

While virtual tours can be utilised just as an innovative technique that allows people
to visit places remotely in a digital environment, namely web and mobile applications,
they can also be used to publicize facilities through engaging interactive experience.
For that reason, they are becoming a significant online tool in many industries where
the remote factor plays a big role and where location promotion is important. The
industries that can most benefit from this new technology are the tourism and culture

industries, universities, as well as the real estate sector.

The NTUA virtual campus tour application was created after thorough research on
the most successful virtual tours, namely Google Street View and Microsoft
StreetSide View, and other similar applications developed by museums, educational
institutions, real estate agencies, in order to get ideas and improve on them,

incorporate the most important tools and create an even more user-friendly interface.

3.1 Major Virtual Tour Applications

3.1.1 Google Street View

Google Street View (Figure 16) is an innovative Virtual Tour application that was
launched by Google on May 2007, can be found in both Google Maps and Google
Earth, and provides 360° horizontal and 290° vertical panorama street level views of
the surrounding area of a certain spot from a pedestrian or driver standpoint (Carrie
Ann Skinner, 2008). Photos were captured by mounting camera equipment on either
ordinary cars or Trikes (three-wheeled bicycles) depending on the accessibility of
each location. Cameras were connected with special GPS equipment that allowed

Google to keep track of image to location connection.
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The application has a user-friendly interface that allows users to easily control their
direction and movement speed using either a trackpad, a mouse or the arrow keys of
the interface. They can zoom or pan at any desired area, change perspectives by
dragging on the panorama view, and be transferred to other sites by clicking on
hotspots embedded in the picture. Moreover, users can move from one point to
another, or use a map view to surpass areas and move to different places fast by
dropping an icon and setting the position to a certain point in the map. This facilitates
the navigation around any locality. Finally, users are permitted to interact with the
tool by customizing their view by selecting features that they wish to see on the map,
deciding what happens when something is clicked and what gestures can be used
on the map.

Since its launch, this app has been used as a base tool by many organizations and
local authorities for various types of supplemental applications and tools, and while it
has generally received positive reviews and praises for its useful service, there have
been some complaints over privacy issues. Despite all this, Google’s long-term plans

involve delivering a complete coverage of any locality around the world.

Figure 16: Example of Google Street View
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3.1.2 Bing Maps StreetSide

Microsoft in collaboration with Bing Maps have built another virtual tour application,
StreetSide, which permits users to navigate in virtual panorama imagery from map
locations (Figure 17). Launched in December 2009, and with a similar user interface
as the one developed by Google, this app also works with panoramic transitions from
one standpoint to the next, a useful feature which allows users to choose how to go
about with their navigation.

StreetSide functions in a very limited area, mainly some cities in the U.S., Canada
and North Europe, for which it offers virtual walk-throughs, allowing users to pan in
any direction, providing information pop-ups for assistance and a bird’'s eye map,

which can prove very useful when combined with the 360° panorama one.
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Figure 17: Example of Bing Maps StreetSide

3.2 Software to Create Virtual Tours

Various panorama and virtual tour building software products can be used to create
media rich virtual tours. There are many web-based solutions that allow users to
upload JPEG spherical or cylindrical images and create High Definition virtual tours.
After thorough research, the web-based Marzipano software was selected for the

creation of the NTUA virtual campus tour application, as it was considered the most
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suitable and flexible for our needs. Some of the most important tools and their

features, including a brief introduction to Marzipano, are described below.

3.2.1 Marzipano

Marzipano is the tool that was used for NTUA virtual campus tour application. It is an
online, free open source tool, with a straightforward interface, where the uploading of
up to 50 photographs is permitted, and so tools are provided for the generation of a
web application tour. Marzipano was originally created for WebGL, but can also be
used on devices and browsers that do not support this system. It provides a powerful
JavaScript API, which allows users to control their operations. Marzipano is
compatible with modern technologies and standards, so that anyone with knowledge
of CSS, HTML or JavaScript can download the code and customize it according to
his needs. This flexible character is the reason why it was chosen for the creation of

the campus tour application (Figure 18).
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Figure 18: Example of Marzipano Tool
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3.2.2 Paneek

Paneek is an online, virtual tour creation tool. Users are able to upload 360° images,
create tours and then publish and share them online, without limitations to the
number of pictures or tours created. They can add information spots as hotspots for
easier navigation between them. There is a free version of the software, with all the
above features, however it includes a number of advertisements on the produced
tour, a limit to how many times the tour can be loaded, and some additional features
are disabled. Another setback is that Paneek is not open-source- the code and the
data used to build the application are stored internally in the Paneek server and

cannot be downloaded to be manipulated (Figure 19).

——

Figure 19: Example of Paneek
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3.2.3 3DVista

3DVista is a powerful set of software that offers a virtual tour suite, a floor plan
maker and a photo stitching tool too. The virtual tour suite comes at a standard
edition (200 euros), which allows a user to create a very basic virtual tour, and a
professional edition (500 euros), which includes many additional useful tools such as
Live Pano, Hotspots, Auto-Pilot, Video, Photo Albums, Floor Plans, and Immersive
Audio, for the creation of highly interactive tours. As it is not open-source and
therefore inflexible to work with, 3DVista was not selected for the NTUA virtual tour

development (Figure 20).

& 30Vista

Figure 20: Example of 3DVista

3.2.4 Kolor Panotour

Kolor offers a comprehensive range of software tools for photo-stitching and
panorama creation, virtual tour creation, and video-stitching and 360° videos
creation. Its virtual tour creation tool, called Panotour, is a cross-platform panoramic
imagery solution with a powerful hotspot editor. It automatically creates tours with a
simple drag and drop method, and allows for sphere to cube and vice versa
conversions. Furthermore, it includes modular features like maps, floor plans, image
galleries, video players, etc. that can be added to a virtual tour, according to each
user’'s needs, and many personalisation tools, such as control bars and pre-sets that

allows users to design their tour having the desired look and feel. Panotour was not

31



selected for the NTUA virtual tour development because, like the two previous tools,
it is not an open-source software, therefore not as flexible as needed. The simple
edition Panotour costs 100 euros, while the pro edition can cost up to 700 euros.
(Figure 21)
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Figure 21: Example of Kolor Panotour

There are many other closed-source, paid software tools similar to 3DVista and
Kolor Panotour. Some of the ones we initially considered were:

. Pano2VR, a relatively straightforward tool that contains a basic 360° video
editor and allows exporting to Google Street View

. Holobuilder, a comprehensive tool that creates virtual tours in a simple
manner, but contains several features that make it more complex than a typical

virtual tour creator.

32



3.3 Industries where Virtual Tours can be applied to

A variety of industries use the virtual tour technology to help promote their services
and product. For most business purposes, a virtual tour must be accessible from
everywhere, therefore a major solution is a web-based virtual tour. Over the last few
years the quality and accessibility of virtual tours has improved considerably, with
some websites allowing the user to navigate the tours by clicking on maps or
integrated floor plans. The main areas where this new technology is mainly applied is

universities, the tourism and culture sectors and the real estate industry.

3.3.1 Tourism and Culture

The virtual tour technology finds many application in various areas of the Tourism
and Culture industry. Virtual tours provide travellers with valuable information
regarding destinations, and help them make better decisions. When used
appropriately, it is an opportunity for tourist organisations and the public sector
(boroughs, municipalities, etc.) to promote facilities and destinations. In the culture
sector, virtual tours allow the virtual showcase of significant exhibits from museums
around the world, but also the navigation to worldwide places and locations that are

otherwise unable to be accessed by the public.

e Hospitality: Hotels are gradually providing their potential customers with online
tours on their websites, ranging from 360° stitched panoramas to
professionally produced video tours, in an effort to better showcase their
properties and other facilities and increase their profitability.

e Culture: Museums are increasingly using virtual tours on the spot, to guide
visitors through exhibitions and present information tailored to their needs and
interests, but also web-based remote virtual tours for users who are not able
to physically visit the site.

A recent example of a museum that has dynamically incorporated new
technologies for promotion purposes is the Acropolis museum, which has
created a virtual tour of the Acropolis monument, allowing the exploration of
the whole archaeological site in an interactive way. Additionally, it displays

selected views from the ancient walls surrounding the hill, complemented with
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descriptive information about the monuments and selected areas of interest.
(Figure 22)

Figure 22: V|rtual tour of Acropolis

Tourist Organisations: Virtual tours are becoming very effective in displaying
and promoting destinations for tourists. Several boroughs, and other tourist
agencies have lately began investing in creating virtual tours to promote their
municipalities, increase popularity and attract more tourists with the preview of
the experience, but also aid existing ones with the inclusion of landscape and
geographical conditions, tourism facilities, traffic routes, and important
landmarks (Philmoon S., Yongki L., Yongbeom K., Yongju K. & Byungjip J.
2007).
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3.3.2 Real Estate

The use of virtual tours has been increasing in the real estate industry as these
applications have proven to be an excellent online marketing tool. They can take the
form of a simple interactive floor plan that shows images of a property accompanied
by a property map and arrows demonstrating where each image was captured, or
more refined full-service virtual walk-throughs including floor plans and hotspots
interconnecting spaces. This is a very effective way of accurately presenting a

property and matching a potential customer with the right one (Figure 23).

Front Exterior

Figure 23: Example of real estate virtual tour

3.3.3 Universities

Image Gallery

Still image galleries provide exact imagery of various buildings and locations within a
campus and is one of the most common type of tours that universities utilise. It is
guestioned by many if this method should be included in the tour types, as these
galleries do not offer much information regarding the locations of the buildings within
the campus, but only a general idea of the environment. Their main purpose is to

exhibit a positive view of the campus. Universities which display an image gallery in
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their websites include the University of Liverpool, University of Bangor and the
University of Bath (https://www.bangor.ac.uk/) (Figure 24).

Figure 24: Example of Bangor University, image gallery

Video Gallery

Video galleries provide continuous imagery of a university campus, and are, to some
extent, an improvement of still image galleries as they include much richer content
and they attempt to provide some form of a campus planning. However, this type of
tour still offers very limited information and imagery, and restricted user control.
Moreover, videos are usually affected by the human factor (e.g. presenters, etc).
Universities which showcase video galleries in their websites include the University
of Nottingham, University of Portsmouth, and Kingston University
(http://www.kingston.ac.uk/) (Figure 25).
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Kingston University Statistics student Adam gives a tour of the
Penrhyn Road campus: part one

Figure 25: Example of Kingston University, video gallery

Campus Virtual Tours

A university’s prospective students and other visitors often struggle with the layout of
campus facilities, spending a lot of time trying to find their way around. Initially
satellite navigation systems and later new technological advancements such as
Google Maps have provided a certain solution to these problems, but it was the
introduction of virtual tours, such as Google Street view, that further improved the
visualization and spatial comprehension of a campus. Consequently, web-based
interactive virtual tours have been getting more popular due to their usefulness, and
it is becoming necessary for universities to provide such tours in order to facilitate
visitors and online viewers to better grasp a campus’ outline (Maines, C.L. & Tang S.
2016).

As far as interactive virtual tours are concerned, there are two types: horizontally

panoramic and 360° panoramic ones. Panoramic tours provide vistas along a
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horizontal axis, allowing for left and right navigation for viewing continuous images
around a location. On the other hand, 360° tours provide full 360° vistas (including
upward and downward navigation) similar to those of a real-world tour, offering users
full control of what they view and how they interact with the map. Some minor issues
still exist, such as the fact that viewers can only view an area from a certain location,
from which the photograph was taken, but overall, compared with the previous types
of tours, a virtual tour delivers a much better solution, allowing users to interact with
the environment as opposed to merely observing it (Maines, C.L. & Tang S. 2016).
Some universities that provide virtual tours of their campuses on their websites are

Heriot-Watt University, University of Oxford, and Newcastle University (Figure 26).

King's Gate

Figure 26: Example of Newcastle University, virtual tour
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4. The Case Study: NTUA Virtual Campus Tour

The National Technical University of Athens Campus does not so far have any kind

of virtual tour, and is missing out on a big opportunity to provide its online visitors,

prospective and current students, with an engaging and curated campus experience,

and help them visualise themselves being a part of the campus life. The NTUA

campus for which a virtual tour was created is located in the area of Zografos, in the

city of Athens.

The campus takes up an area of 900,000 sg. meters fully landscaped as an

organized estate that includes modern buildings equipped with classrooms,

laboratories, libraries, administrative services buildings, student care facilities and

other functions. The virtual tour includes the campus in its whole entirety, including

only the exterior of the buildings, and a 13,000 meters long network, including roads,

pedestrian streets, parking spaces and the central square (Figure 27).
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The development of the NTUA Campus Virtual Tour was completed in the following

stages:

1. Planning and Shooting: during this stage, the viewpoints from where the

shooting would take place were determined (hotspots), the equipment which

would be used for the shooting was agreed on and provided for and all other

shooting details were sorted.

2. Software Selection: during this stage, many different Virtual Tour Creation

tools were researched on and tested, and the most appropriate one was

selected.

3. Development and Design: during this stage, the application was put together,

using code downloaded from Marzipano.

STAGE 1

STAGE 2

STAGE 3

STAGE 4

Planning & Shooting

~Create viewpoints (hotspols)
-Shooting with Ricoh Theta S

camera

Software Selection

-Software searched and tested
-Marzipano tool selected

Development &
Design

-Using code from marzipano and
developed it

Future Work

Tour
-Extensions to Existing Virtual
Tour

-Improvements to Existing Virtual |

Application Flowchart
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4.1 Planning and Shooting

Initially a plan of the campus was generated to decide how many 360° photographs
would be needed for the virtual tour and to determine the number of hotspots and the
location of the information spots in the 13,000 meters long network. Images were
captured every 20 meters around hotspots with condensed information, where there
were many buildings and therefore opportunities for information spots (Figure 28).
On the other hand, in areas with not much activity, images were captured every 40
meters (Figure 29). In using a 20 meters distance between shots, it was ensured that

hotspots were not very far apart between them, and blind spots were avoided.

Figure 28: 20 meters Figure 29: 40 meters

Photographs were taken with a Ricoh Theta S camera. The Ricoh Theta S is a 360°
spherical digital camera. It has got two lenses and two sensors pointing in opposite
directions, to capture a full 360 view (Figure 30). Furthermore, it can be connected to
and operated by a smartphone via a mobile app, which shows the user a view of the

camera view and allows remote controlling (Figure 31).
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Figure 30: Ricoh Theta S camera
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Figure 31: Ricoh Theta S
mobile app
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The shots were taken from eye-level viewpoints, by placing the camera on a
monopod. A cardboard was placed underneath the camera, in order to cover human

presence (Figure 32).

Figure 32: Cardboard

In total, 390 photos were taken, which translated to 390 hotspots across the campus
(Figure 33). Because of personal data protection issues, all faces and car plates on
campus needed to be covered. This was achieved by using IrfanView, a fast,
compact image viewer, editor, and converter that is compatible with a wide range of

image formats (Figure 34).

Figure 33: Example of photo taken
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Figure 35: Hotspot map
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4.2 Software Selection

The first step towards the development of the campus virtual tour application, was
the Software Selection process, during which many different Virtual Tour Creation
tools were researched on and tested, and the most appropriate one, Marzipano, was
selected. Marzipano is an online, free open source tool (marzipano.net), with a
straightforward interface, and includes Marzipano View, a web library to view 360°
media online. It supports cube images, multiresolution cubic images, multiresolution
flat images, equirectangular images and equirectangular videos.

The uploading of up to 50 photographs is permitted for each tour, and other
supplementary functions are provided for the generation of such applications.
Marzipano was originally created for WebGL, but can also be extended and
integrated in a modern front-end development workflow, and support all major
devices and browsers. It provides a powerful JavaScript API, which allows users to
control their operations, and is compatible with modern technologies and standards,
so that anyone with knowledge of CSS, HTML or JavaScript can download the code
and customize it according to his needs. This flexible character is the reason why it
was chosen for the creation of the campus tour application. As the 50 images-limit
was a very big constraint, and more features needed to be implemented in the

application, it was decided to download the source code and work independently.

After opening the Marzipano tool, the simple drag and drop system allows the
automatic uploading of panoramic views (Figure 36).

Add some panoramas

Figure 36: Adding photos
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Once all panoramas were uploaded, the tool started processing them and generating
cubic tiles of all different levels and then published them on the web viewer. Those
tiles allowed the app to have multiple resolution levels and load only the ones
required for rendering. Marzipano supports tiles in a cubic projection, which can be
generated by converting each panorama into cubic view, resizing each frame into the

desired resolution and slicing it into tiles (Figure 37).

B marzi

Project Title '

€} Settings
Drag @ QTVR

Autorotate

View control buttens

Fullscreen button

& Panorama List

'y Add more panoramas

RO010131 '8

& Tave 26 hewel 2048 (1396 tles)
—

i o

Figure 37: Cubic tiles

Panoramas were automatically uploaded and presented in the upload order in
Marzipano View (Figure 38). Marzipano was then used for the transformation of
spherical images to cubic ones. The new, cubic images were downloaded along with
the Marzipano code, in order to be used independently for the development of our
virtual tour. The following figures are screenshots of how Marzipano would work, had

the application been built on the web-based tool.
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Figure 38: Managing the panoramas

After we proceeded to add information hotspots in several hotspots, to show
information about buildings and other facilities. The location of the info hotspot can

be changed with a simple drag (Figure 39).
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Figure 39: Adding information spots
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The link hotspots (the arrows used to move from one panorama to the next), can be
placed anywhere on the panoramas, simply by adding a link hotspot button, and

dragging the icon to the desired spot (Figure 40).
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Figure 40: Adding link hotspots

When all panoramas are processed and all info and link hotspots are correctly
placed, the tour, including all the files and the panoramas in a cubic form, can be

downloaded by using the Export function.
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4.3 Development and Design

As mentioned above, the NTUA Campus Virtual Tour contains 390 panoramas, way
more than the 50 panoramas Marzipano allows users to input. Furthermore, small
bugs of Marzipano and a number of functions that we wanted to implement to our
application, which were not available in the software, led us to decide to download
the code and work independently.

By repeating the code for each panorama view, and making some changes to it, the
number of photos limit was overcome. A floor map was created and connected to the
tour, and coordinates were set to each photo, to allow the user to move to any point
on campus with a simple click of a mouse. The early code had some bugs that did
not allow the user to turn at times, not to keep the right path and move in the right
direction at some points, a problem that was solved by code manipulation. Moreover,
some unneeded code was removed. The final application was designed and
uploaded to a server. Most important changes are outlined in the figure below
(Figure 41) and analysed in the following pages, including all HTML and JavaScript

files created.

)
b Data for matching scenes | Scenes' Data in Marzipano Marzipano 360°
g to Map Coordinates format Viewer Library
(coordinates.js) (data.js) (vendor folder)
st Custom code for Google
Maps integration Marzipano
Ul Handler
.controller, ,
Ul leons B UiNete *
= GMaps Google Maps
(font-awesome folder) (lndo::.mmi) \ Wrapper Library
‘-‘ TP } (gmaps.min js)
rules /
(style.css) 2 JQuery Helper
Ul image " (iquery.min.js)
Scene Images Binary JS AP
(img folder) Data kv
(
(tles folder) lapiljs)

Figure 41: Virtual tour app architecture
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4.3.1 HTML File Creation

The Marzipano application was declared as HTML5: <!IDOCTYPE html>, therefore
the web user interface mark up and the web page elements are located in the
index.html, a file that stored all the Marzipano code so that we could work

independently from the web tool.

4.3.2 Custom Scripts

Data Functions

The code for each 360° photo, including the photo’s ID, Name,
initialViewParameters, linkhotspots and infohotspots, is found on the data.js file
(Figure 42). The same code was repeated for each of the 390 photos, with different

inputs in each field.

360° photograph

id name initialViewParameters linkhotspots infohotspots

Figure 42: Photo information

"id": "2-r0010131",

"name™: "R0010131",
"initialViewParameters": {
"yaw": 0,

"pitch": 0.22086618167655736,
"fov": 1.5707963267948966

"linkHotspots": [

"yaw": 3.1056728337593658,
"pitch": 0.22086618167655736,
"rotation”: 0,

"new_scene view params": { "yaw": 3.1, "pitch": 0.16, "roll": 0, "fov": 0.3 }
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"yaw": 3.1083385648926978,

"pitch": 0.43119575858135484,

"rotation": 3.141592653589793,

“target": "3-r0010132",

"new_scene_view_params" { "yaw": 3.1056728337593658, "pitch": 0.21, "roll": 0, "fov": 0.3 }},

"yaw": -0.06942117899001943,

"pitch™: 0.3,

"rotation": 3.141592653589793,

"target™: "1-r0010130",

"new_scene_view_params": { "yaw": -0.05, "pitch™: 0, "roll": 0, "fov": 0.3 }

"yaw": -0.06942117899001943,

"pitch": 0.1,

"rotation": O,

"target™: "3-r0010132",

"new_scene_view_params": { "yaw": -0.05, "pitch": 0.11, "roll": O, "fov": 0.3 }

}
"’infoHotspots": [

"yaw": 1.3800793581297572,

"pitch": 3.34077092687285386,

"title"; "XATM - SRSE",

"text": "ZxoAnR Aypovouwyv kal Totroypdewv Mnxavikwv <br/><br/>School of Rural and Surveying Engineering"

The initialViewParameters are the fixed parameters that Marzipano has pre-assigned
to each image, and are used when opening a panorama for the first time (Figure 43).
"initialViewParameters": {

"yaw": 0,
"pitch": 0.22086618167655736,

“fov": 1.5707963267948966

The parameters are:

yaw: the yaw angle, in the [-11, 1] range. When yaw < 0, the view rotates left. When
yaw > 0, the view rotates right.

pitch: the pitch angle, in the [-tr, 1] range. When pitch < 0, the view rotates
downwards. When pitch > 0, the view rotates upwards.

fov: the horizontal field of view, in the [0, 1] range.
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Figure 43: Initial View

The link hotspots are the arrows used to direct users and guide them from one

image to the next. They represent the connection between images (Figure 44).

"linkHotspots": [
{
"yaw": 3.1056728337593658,
"pitch": 0.22086618167655736,
"rotation": 0,
"target™: "1-r0010130",
"new_scene_view_params": { "yaw": 3.1, "pitch": 0.16, "roll": 0, "fov": 0.3 }
h
{
"yaw": 3.1083385648926978,
"pitch"; 0.43119575858135484,
“rotation": 3.141592653589793,
"target": "3-r0010132",
"new_scene_view_params" { "yaw": 3.1056728337593658, "pitch": 0.21, "roll": 0, "fov": 0.3 }},

"yaw": -0.06942117899001943,

"pitch™: 0.3,

"rotation": 3.141592653589793,

"target™: "1-r0010130",

"new_scene_view_params": { "yaw": -0.05, "pitch": 0, "roll": 0, "fov": 0.3 }

"yaw": -0.06942117899001943,

"pitch": 0.1,

“rotation": 0,

"target": "3-r0010132",

"new_scene_view_params": { "yaw": -0.05, "pitch": 0.11, "roll": 0, "fov": 0.3 }
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The link hotspot parameters are:

yaw: the yaw angle, in the [-11, 1] range. When yaw < 0, the view rotates left. When
yaw > 0, the view rotates right.

pitch: the pitch angle, in the [-r, 1] range. When pitch < 0, the view rotates
downwards. When pitch > 0, the view rotates upwards.

fov: the horizontal field of view, in the [0, 1T] range.

rotation: the rotation angle, in the [-11, 1] range. When rotation < 0, the arrow rotates

left. When rotation > 0, the arrow rotates right.

Figure 44: Link hotspots, front & back view

An important bug that we faced when working with the Marzipano tool was that in
moving from one photo to the next using the link hotspots, the user was led to the
new photo in a way that he faced the previous photo again. That meant that the user
would have to rotate the photo by 180° in order to continue the virtual walk in the

right direction. We wanted the photos to follow a logical order from north to south.
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This was achieved by setting the view in the target scene before changing to it. The

relevant code is in the “createLinkHotspotElement()” function on the index.js file:

/I Add click event handler.

(‘click’, function() {

( ( )

This was modified to:

/I Add click event handler.
(‘click’, function() {
if ( . 1= null) {
var . );
(

}

Afterwards, the ‘new_scene_view_params™ was added to each hotspot object in

data.js:

"yaw": 3.1083385648926978,
"pitch": 0.43119575858135484,
"rotation": 3.141592653589793,

"new_scene view params" { "yaw": 3.1056728337593658, "pitch": 0.21, "roll": 0, "fov": 0.3

Information hotspots are the points where we have added additional information

regarding buildings, facilities, or other areas of interest (Figure 45):

"infoHotspots": [

"yaw": 1.3800793581297572,
"pitch™: 3.34077092687285386,
"title": "ZATM - SRSE",

"text": "ZxoAnR Aypovouwyv kai Totroypdewv Mnxavikwv <br/><br/>School of Rural and Surveying Engineering”
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Figure 45: Information hotspot

Map Functions

A map.controller.js, a JavaScript file to handle map widgets, was created. with the

following functions:

initMap function
A new Google Map was created (Figure 46), along with a hide/show map button
(Figure 47 & 48). This is a useful feature that helps users keep their orientation and

know where they are at all times.

= function() {
this. = new ({
: '#MapContainer',

:-12.043333,
1 -77.028333
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("#HideMap").on("click", function() {
(this);

("hidden™)) {
("#MapContainer"). 0;
("hidden"). ("visible");
(".fa"). ("fa-map-0"). ("fa-map");

else {

("#MapContainer").hide();
("hidden"). ("visible");
(".fa"). ("fa-map"). ("fa-map-0");
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Figure 48: Hide map button
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fitToBounds

Map bounds were calculated so that the map is automatically zoomed to the level
required for all markers to be displayed. This lets users have a more comprehensive
visualization of the area covered in the virtual tour.

= function() {
var =1

for (var i in
var =

var =
.push(

addSceneMarkers

Using data from coordinates.js stored in global variable _scenesToCoordinates, red
markers were added to the map corresponding to each hotspot.

= function() {
for (variin _
this.
}

addMarker

Using the gmaps library (third party), the red markers previously added to the map
now function as automatic navigators which propel users to the corresponding
hotspot (Figure 49).

= function(
var

this.

: 0.3,Y
: "limg/dot.png",

: function(e) {
var

window.
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Figure 49: Hotspot marker

findSceneByName
Scene data from data.js were searched in order to obtain scene entries by name.

= function( ) {
for (var i = 0; i < window._ Jength; i++) {
var = window. [0;

if . . ) return

}

return null;

updateCoordinates

Using a function (code), scene coordinates were matched to corresponding scene
markers. Markers for the corresponding scene were set to full opacity, while all
others were set to 0.3 opacity, in order to highlight the hotspot where the user is

located.

this. = function( ) {
var = this.

for (var i = 0; i < this. . length; i++) {
var = this.
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findSceneCoordinates

“Scene to coordinates” entries in the related array stored in global variable

(coordinates.js) are searched for, by matching scene name and entry name.

= function(
var =
var =

return

Coordinates

Data for matching scenes to map coordinates which are, finally, shown on our map,
are located in the coordinates.js file (Figure).

var ={
' R0010128": [37.975245, 23.780840],
'R0010129": [37.975291, 23.780611],
'R0010130": [37.975341, 23.780439],

B

Sim L——1 | Opot Xpnong | Avapopa C@alliaTos xaptn)

Figure 50: Markers coordinates
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4.3.3 User Interface Design

Some user interface elements, such as the Marzipano upper tool bar (Figure 51),
were removed, as it was offering information that was not considered relevant or

useful for our application.

ROD10131

Figure 51: Marzipano tool bar

The font of lower toolbar was modified.

rel="stylesheet" href="font-awesome/css/font-awesome.min.css"

A hide map button was added.

href="#" id="HideMap" class="viewControlButton right-controls control-3"

class="fa fa-map"

Some user interface elements, such as a map, were added, using a div element

named "MapContainer".

id="MapContainer"

The same procedure was followed in order for a LoaderContainer to be added
(Figure 52).

id="LoaderContainer"
class="loader"

Virtual Campus Tour of ational Technical University of Athens Loading
Images, please wait!
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Virtual Campus Tour of

National Technical University of Athens

Loading Images, please wait!

Figure 52: Loader container

References to our custom scripts were added.

The integrity and crossorigin attributes are usually used for Subresource Integrity
(SRI) checking. This allows browsers to ensure that resources hosted on third-party
servers have not been tampered with. Use of SRI is recommended as a best-

practice whenever libraries are loaded from a third-party source.

src="https://code.jquery.com/jquery-3.2.1.min.js"

integrity="sha256-hwg4gsxgFZhOsEEamdOYGBf13FyQuiTwIAQgxVSNgt4="
crossorigin="anonymous"

Google Maps JavaScript API was loaded

src="https://maps.googleapis.com/maps/api/is"

A third-party library for interacting with google maps was added

src="gmaps.min.js"

A script for our coordinates was added

src="coordinates.js"

A script for handling Map Widget was added
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src="map.controller.js"

var

4.3.4 Third Party Libraries
index.js

The index.js contains a script for handling web user interface functions, in which:

loading screen hide timeout was added

(function() {

("#LoaderContainer").

}, 15000);

some unneeded functions were removed

Global variables (allScenes, activescenes, switchFnction, viewer) were added, so

that our map controller has access to them

switchScene function was modified so that global variable _activeScene is kept

updated and map.controller handles the coordinates update
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function

window.

window.
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5. Conclusions and Future Work

This chapter discusses this project’s findings and contributions, points out some of

the applications’ limitations, and outlines directions for future research.

5.1 Conclusions

The aim of this dissertation was to evaluate some aspects of virtual reality
technology, especially the virtual tour technology, and to analyse the development of
a web-based virtual tour for the campus of National Technical University of Athens.
The purpose of this virtual tour application was for users-visitors to have the ability to
easily navigate anywhere within the campus, and get information about the most

important campus spots.

The first section of the dissertation was occupied with a small history of panoramas,
the types of cameras and ways for shooting vistas, and an introduction to virtual
reality. The second section offered a more thorough analysis of virtual tours. Various
software tools for creating virtual tours were assessed, and major virtual tour
applications were described. Furthermore, we discussed the many functions of
virtual tours in various industries, and gave an appreciation of their potential value in

marketing universities and their campuses.

The final section was engaged with explaining the design and development of the
case study at hand, namely the National Technical University of Athens campus
virtual tour, along with all the stages of the project, starting from the planning and the
shooting, continuing to the research for the software selection, and concluding with

the actual development process.

To conclude, a web-based virtual tour was created for the National Technical
University of Athens, which provides a realistic ‘'walk-around' through the campus,
link hotspots for quick transfer between images and info hotspots for information

regarding facilities.
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5.2 Future Work

The NTUA Campus Virtual Tour application that was developed as part of this

project, offers many possibilities for further progress. It is a very useful tool that has

covered a need for technological progress in the field of spatial outlining. However,

many aspects of this research deserve further consideration, and there are some

ideas for additional improvements and extensions

5.2.1 Improvements to Existing Virtual Tour

There are several improvements that can be made to the existing application.

The display transitions that are now very abrupt, giving the impression of
jumping from one hotspot to the next, can be modified to create an effect of
gliding through hotspots, similar to the way that Google Street View functions.
A compass can be incorporated to the virtual tour, connected to the map, and
radars can be placed on hotspots to improve orientation.

Keyboard navigation can be added (arrow up: next image / arrow down:
previous image) and a search form can be inserted to allow users to text the

name of the hotspot where they want to jump to.

5.2.2 Extensions to Existing Virtual Tour

There are two important extensions that would add value to the application

developed.

Campus Indoor Virtual Tour: The application developed was focused only on
the outdoor campus, including only the exterior of buildings and other
facilities. This can be extended to the campus’ indoor spaces, including the
interior of all buildings such as offices, classrooms, laboratories, etc. Similar
hotspots, link hotspots and info hotspots can be added for each building; a
floor plan can be created and connected to the existing map; and the indoor
space virtual tours can be linked to the outdoor space ones.

Pedestrian Navigation Network: As the NTUA Campus is mainly used by
pedestrians, it would be a good idea to include to our application a pedestrian

navigation network. While navigation in general is a very dynamic research
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area, most research is dedicated to car navigation improvements. Creating a
pedestrian network would tender many opportunities for further study in the
fields of route calculations and facilities detection. ArcGIS Network Analyst
extension, and especially the Dijkstra’s algorithm, can be used for best route
calculations on a network datasets. ESRI's Network Analyst extension, which
uses a multiple-origin, multiple-destination algorithm based on Dijkstra’s

algorithm, can be used for closest facilities detection.

5.2.3 Other Future Work

In general, the marzipano software proved certainly helpful in converting spherical
panoramas to cube images, and generating tiles for all different levels that were
needed, as well as in providing the basic necessary code for creating a virtual tour
app. After modifying and personalizing the code according to the project’s needs, a
next step in order to entirely detach the tour from Marzipano would be to build an

application that converts panoramas into either sphere or cube projections itself.
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