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Abstract

D3.2 reports on theactivities performed during the second phase of the project in the conte
WP3. During this period, there has been mainly three different activity tracks constituting
contribution to Live+Gov, namely: a) the enhancement of the platform for mobinaated reality
and the generation of the eGoveanceaugmented layers, b) the development of a mechanism
personalized content delivery, and c) the review of methods and tools for data aggregatio
visualization, as well as the thordugresentationof the analytic tools that have been developed
facilitate the decision makers in making more informed decisions. All three activity track
presented in detail placing emphasis on the reasons that have motivated our work and the co
outcomes ofour developments.
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Executive Summary

D3.2is organized in four main sections (Sectieh)2hat are used to report on the activities
that have taken place during the second phase of the project. These sections are
complemented by an introductory section that provides an overview of the deliveeatdlea
summary section that concludes with some important insights that we have gained during
the Live+Gov experience.

In what refers to the main secti@n Sectior? reports on the improvements that we have
LISNF2NYSR AY FFTRRNBaaiAyad GKS LINRB2SOUQa NBOA:
developments that we have undertaken in order to automatically serve content across
platforms and vendors. Sectia® describes the personabion mechanism that has been
developed to deliver trafficelated information in a personalized manner. Sect{oreviews

some of the most widely established methods and tools for data visualization, while Section

5 provides a thorough analysis of the analytic tools that have been developed to facilitate

the extraction of valuable insightsr each of the Live+Gov use cases.

Finally,D3.2 incorporates a number of Appendices that provide detisut the technical
invesigations thatwe haveundertakento select themost appropriatdibraries and services
for implementing theanalytic tools.
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1. Introduction

The goal of this document is to report on the activities that have been carried out in the
context of WP3 during the second phase of the project. After the completion arldagian

of the first field trialsthe goal of WP3 has been twofollirst, to revise, extend and optimize
the platform for mobile augmented reality based on the evaluation results, the debugging
reports and the revised requirements. Second, to designiammdement the necessary tools

for data aggregation, interlinking and visualizati@and in this wayfacilitate the decision
makers in better understanding the generated data and discoversedulinsights.

In this respect, Sectior?2 departs from the revised requirements and the necessary
extensions that has been identified during the first phase evaluation and continues with the
description of thetechnicalmodifications and optimizations that have beemdertaken to
address them. Moreover, Sectiddescribes also the major developments that have taken
place in the augmented reality platform so as to automatically serve AR content across
platforms and vendors. These developments were motivated by the need to reach a wider
audience and create more impt, which demanded for having theGovernance
aurmentation layersavailable in the highest possible numberdavices The FastAR module
described in Sectio@.4was developed to address this demand. Finally, Se&iconcludes

with the description of theeGovernanceaugmentation layers that were developed to
facilitate theexecution of Urban Planning and Mobility field trials.

Thenext section of this deliverable (Secti@) is allocated in describing the algorithms and
functionalies that have been developed to address the objective of personalized content
delivery. Although our initiaintention was to incorporate tis mechanism as part of the
mobile augmented reality platform, the feedbatkat we received during the first phase
field trials prompt us to repurpose the use pérsonalization More specifically, there was a
great demand for more personalized services from the testers of the Mobility field trial. They
practicallymentioned that unless the trafficelated informationcomes in the appropriate
place and time, there is little chande helping theuserto avoid traffic congestions. On the
other hand, there was no significant demand for filtering the content presented through AR
to avoid(l KS  dréeSvhNaIingwith data. Motivated by the above, we have decided to
NBELJzZN1J32 &S GKS LISNBER2YFtATIFGA2Y YSOKIyAayY az2 |
habits instead of his content preferences. Sectdmescribes the algorithms that have been
developed to automatically learn thedD A (i A toSwyilikg profile, as well as the
functionalities developed based on this profile to deliver trafétated information in a
personalized manne

The following two Sections (Sectidnand 5) deal withthe second gal of this deliverable,
which is the design and implementation afalytictools for helping the decision makers in
gaining valuable insights. More specifically, in Secfiame go throughsome of the most
widely established approaches for data visualizat@om we review the pros and cons for
some of theexisting libraries and serviceamplementing these approaches. This review
allowed us to adopt the libraries neéing both the fitfor-purpose as well as the technical
requirements.

On the other hand, Sectiob places more emphasis on the conceptual motivation for
developirg these toolsas well as thénsights that are expected to arise through their use.
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More specifically, after defining a methodological approaohsisting othe targetuser, the
intended insight, the internal and external data involved, the processing required and the
employed visualization method, we analyze each field trial based esethspectsStarting

from the highlevel objective (e.g. improve the transportatioretwork) facilitatel by the
developedanalytics toolwe go on and address each of the aforementioned aspeletsing
particular emphasis on the intended insights. In this way, we advocate the appropriateness
of the developed toolso facilitate the city officialsin makng more informed decisions.

Finally, Sectiol® concludes this deliverabley summarizing thenost importantexperiences
that we have gained thnagh Live+Gov, as well bg providing our current understandinigr
the potential of the employed technologies.
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2. Mobile Augmented Realityor eGovernance

2.1 Overview

In this sectionwe report on theARrelated advancements that have taken plagiace the
delivery of the first augmented reality prototype described in deliverdd&1[1] of WP3

More specifically, our goal is to layout the revised requieats as derived from the results

of the first field trial evaluation and explain how the implemented extensions and
improvements succeed in addressing these requirements. While in most of the cases the
newly desired functionalities required only smltmedium effort for their implementation,

the requirement for broad reach and higher impact required the implementation of major
improvements as detailed iBection2.4.

The ARsolution that has been developed in the context of Live+Gov, although relying on a
widely establishedAR platform, it has been tailored to cover thearticular requirements
stemming from the domain of eGovernance. The basic requirement fordeneeloped
solution has been tgresent future urban plans in a realistic mannsop as to intrigue
citizens to provide their opinioge.gthe preferred location, the architecture type, the eeo
friendlinessan estimate for theusage frequencyetc). In satisfying this requiremenARhas
beenused through two typesnamely the location based AR that allows citizens to view the
3D model of the plan in its actual position atite image based AR that allows citizens to
scan a promo poster and see the futuplan on the poster. The technology developed
incorporates the latest versions of commercial AR tools for a professional quality level.
However, the need to intrigue citizens has forced us to pay particular attention on the
presentation of 3D models, theplacement in the scene andn generalthe experience
offered to the userAs a consequence, rumber of additional functionalities (i.e. dealing
gAUK GKS 202S00 @ad sehdiimit yolabript beation éhangebysre
implemented to coverthe identified requirements, which are not part of ssandard AR
solution. Moreover, tie need to broaden our audience and reach a critical mass of citizens
has been also the motivation to introduce some new developments outsideishal track

of augmentedreality solutions. All the above qualifies the Live+Gov solution as the
appropriate technology to facilitate augmented reality in the domain of eGovernance.

In the following, we start by summarizing the -Adated revised requirementshat are

drawn fromthe related descriptions of deliverabl®5.3[3], as well as the actions that have
been undertaken to address therfihen we describe in detail how the Live+Galution for

AR has been extended to serve content across platforms and vendors. Finally, we present
the eGovermanceAugmentation Layers that have been developed to facilitate the execution

of the 2" field trials.

2.2 Revised requirements and extensions compdrto the first prototype

During the first phase of the projedié ARrelated functionalities were tested in the context

of the urban planning field trial that was conducted in the region of GordeX@pain. The
field trial was conducted among a controlled group of testers that were asked to use the
application in order to view three future plans and provide their feedback. The scenario
involved the use of augmented reality for viewing the 3D modéluture plans in their

GF Oldzr ¢ t20rGA2y: a ¢Sttt Fta GKS dzasS 27
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Although the evaluation feedback in D5.3 was collected along the typical user evaluation
dimensions (i.e. usability, reliability, learnatyili utility, memorability, satisfaction and
STFAOASY OO0 Ay (GKS F2ftt2sAay3a ¢S GF1S GKS RS
ARrelated requirementsOur intentionin Table2.1 is to provide a rough description of the

changes that were deemed necessary for the second field trial. The detailed description of

the evaluation results can be found5.3[3].

Table2.1: Changes that were deemed necessary for the second field trial

Issues in the % field trial

Stability The testers experienced many crashes and-axpected
S5 behaviors in the promised functionalities. This was due to
_/‘;\ loose integration between the Albrary and the base mobil

application, as well as the existence of some problem

Improve  reliability il fnctional scenarios thawere underestimated.
offered functionalities

User Interface The menus and workflows were not sufficiently s¢
—- explanatory so as to allow users to easily navigate through
ﬂ o offered information and functionaliti® Moreover, there was
= an additional requirement for Hanguage support includin

both Spanish and the B I .
Improve Layout and mak Ofh Spanish and the Basque fanguage

labels and tags more sel
explanatory

Feedbacknformation The limited number of messages provided by the app was
sufficient forexplaining to the user the cause of crashes or

0 expected behaviors.

Offer  meaningful  usel

notifications

Localization In a nontrivial number of cases the presentation of 3D mod
through the augmented reality view failed to offer th

@ intended experience. This was due to the insufficient accu

2y (0KS dzaSNna t20FtATFGAZ2Y
Improve user location| the objects
based detection

Image recognition The nonrobust recognition of marker images caused the
’A" models to frequently disappear, or tremble.
“

Improve recognition in
image based triggering ¢
AR content

Context awareness The field trial owners decided that wwould be very valuablg
for them to obtain the context of each submitted vote (i.e. t
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location where the vote was casted)

Y9

Capture and submi

additional information

aboutthS OAGAT Sy

Bandwidth Due to the increased siZen MB9 characterizingsome of the
utilized 3D models, their downloading (especially in |

@ network conditions) caused the app to either crash or becg

un-responsive.
Improve bandwidth usage

Battery consumption Being a resourcentensive functionalitythere were many|
- cases where theontinuous use of the AR view drained t
f} SYGANB LIK2ySQa ol GiSNEOD

All aforementioned requirements were taken as input for engineering the final prototype of
the ARcomponent. Sectior2.3 describes in detail the actions that have been implemented
to address these requirements.

| 26 SOSNE | LI NI FNRBY (GKS FTF2NBYSYldA2ySR GFof S
experience, the execution of the field trial reved also the need for higher citiz&nQ
engagementMore specifically, there was a vital requirement to maximize the potential of
reaching more citizens and achieve a broader reach. The fact that, during the first trial, the
application was available onlprf Android devices limited the number of users that could
participate in the trial. Moreover, the fact that the future plans of Gordexola were only
accessible through the custom mobile app developed by Live+Gov raised a considerable
barrier for the citizes. This refers to the citizens thaalthough frequent users of mobile
augmented reality (e.g. through the widespread mobile browsers for augmented reality like
Junaio, Layar and Wikitudes RARYy QiU KI @S GKS OKFyOS G2 KSI N
mobile app developed by Live+Gd\s a consequencdhe final prototype ofthe Live+Gov

AR component was extended not only to serve content across platform and vendors but also

to semiautomate the process of creating ARews from standard weRites (see Section

2.4).

2.3 Improving the augmented reality experience

During the second development cycle théegration of the AR library with the base mobile
application become much tighter, which resulted in solving a large number of
implementation bugs. As a consequence, the AR functionality offered through the mobile
app developed for Urban Planning became muaore reliable and robust. The robustness
of the functionality was further supported by the execution of three testing cycles prior to
the beginning of the field trial. The results of this testing procedure as well as thetions

that were undertakento tackle the identified problems ardescribed inD4.3[6]. In the
following, we briefly outline some of thenodifications that have been undertaken to
improve theaugmented reality experience.
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Improved layout design:The design of the appand as a consequence dhe AR
functionality, was significantly improved allowing the user to more easily understand the
cause of the presented urban plans and the expededback The button labels were
renamedto more accurately communicate the intended message #nedinterface of both
markers and billboards wasgnificantlyimproved.Moreover, the functional workflows and
labels prompting the user for action were made consistent across both Android and iPhone.
Finally, with respect to the language, we have decided to determine the menu language
based on the language determined by the user inghene settings. On the other hand, the
guestionnaires were selected to be-lmgual so as toamply with the standard practices in

the Basque country.

Rich set of messages and notifications:large number of messages have been included in
the app with he aim, on the one hand, to warn the user about the potential -optimal
experience due to weak sensor signals (e.g. low accuracy in positioning, absence of mobile
data network or WiFi) and, on the other hand, to instruct him on how to make the situation
better (e.g. perform calibration on his compass, tam GPS and 3G for better accuracy in
positioning).

Improved AR experience of 3D models based on locati@ne of the most important
shortcomings of AR usage during the first trial was the rather pgpegence of the user in

watching the 3D models of the urban plans jumping from one place to another. This was
YIAYyfe RdzS (G2 GKS AyloAfAdGe 2F (GKS LK2ySQa
dza SNRa LRaAdAzy YI 1Ay3 c@aviables BF) tdzspécifyzhie Dt { =
dza SNDa LR2aAdGA2y 6AGK GSNE KAIK | OOdz2N)} Oed Ly
totheo5 Y2RStf 2F |y dzNBly LIy (G(KS f20FGAz2Y
location even if he is standing stilésulting in a poor user experience. In order to cope with

this issue the improved version of the AR library incorporates a mechanism to stop the
location updatesk FGSNJ 0KS dzaSNRa t20FGA2y | OOdz2N) O &
lock the locationon the first update because there might be the case when the GPS is still
searching for a good signal, resulting in a very inaccurate location. By stopping the location
updates, the 3D modeldemonstratingthe future plansare displayed smoothly eliminai

0KS adedzYLIAy3é¢ SFFSOGSE odzi NIXrA&aSa GKS AaadzS i
accurate anymore. To solve this issue the location updates need to be restarted when the

user is moving. In order to do this, we have decided to let the ressat the location himself

by shaking the device. When a shake gesture is detected the device is unlocked and the
position of the 3D models is refreshed.

Improve AR experience of 3D models based on visual recognitfarother shortcoming of

the AR functionality that resulted in poor user experience was theaqtimal performance

of the image markers in acting #ése visual recognition triggersf the 3D urban plans. The

quality of experience was further reduced by tfaet that there was no provision in the first

prototype in dynamically specifying the scale and orientation of the displayed 3D models. As

a consequence, in some cases, the models appeared oversized and heading to the wrong
direction. During the second delopment cycle the AR servewas extended to also
AYO2NLIZ NI GS (GKS ReylFYAO O2yFAIdzNI A2y 2F GK

! http://augreal.mklab.iti.gr/
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administrator of the AR platform to have full control over the appearance of the 3D model.
The orientation around ta zaxis and the distance of the object from the image capturing
devicecould beset up from the web portal with a graphic user interfa@eeFigure2.1).
Furthermore, the Metaio APl was configured so as to recognize faster the printed patterns
and prohibit(as much as possiblahy trembling effects of the 3D models.

Before New parametersdr orientation and scale After

A T -
Edit entity Do Vit

#122 General 3D Visual Recognition

Classification Tracking

Orientation

From which angle the photo was taken?
South to North

Nea symetncal e — North to South

a5 &
=== < Seale

How far is the target object from you according to the
photo?

meters ‘

Figure2.1: Enhanced configuration environments for setting thréentation around the z
axis and determining the distance of the object from the image capturing device

In both the locatiorbased and visudased triggering of the 3D models, we also had to

SyLxX 2e F aSi 2F NBFAYySYSyGa RSIftAYy3d gA0GK (K¢
GKS 06Sai dzaSNNa SELSNASYyOSo

Context awarenessThe functionality of the app was redesigned so a®® f f SO0 G KS d:
location information along withhis/her answers when submitting aguestionnaire.In this

way, eachvote is also characterized with @PS coordinate indicating the locatiamere it

was casted

Battery-consumption optimization:The prolonged use of the AR view resulted in heatipg

the phone and rapidly consuming its battegmceAR is a resouremtensive functionality.

As a consequence, the testers of the first field trial weregfiently confronted with the
situation of having their battery drained even without making extensive use of the
application. This situation was not merely a result of the resoumtensive nature of the AR
functionality, but was also caused by the fact tthhe AR thread remained open in the
background even when the user was browsing the map or the list view. Although this
strategy achieved very low response times when switching to the AR view, it was far from
optimal from the perspective of battery consutmm. The strategy adopted for coping with

this problem was to pause the AR thread when the AR view was inactive. In this way, we
were able to significantly reduce the level of battery consumption when thevagg not
showing the AR vieworeover, we havemplemented an additional check mechanism that
was configured to prompt the user to switch from the AR view, when the temperature of the
LK2ySQa ol 6GSNE SEOSSR&a wHp [/ Stairdza RSIAINBSao
Bandwidth usage optimizationThe increased size of the 3D models demmisig the

urban plans required the app to download a significant amount of content before becoming
operational. Ths size was more or less proportional to the quality of the 3D models. So,
there was a tradeoff between the quality of experience and thealmslity of the app. In
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order to improve the situation we have decided, first, to further compress the quality of the
3D models so as to reduce the size of the downloaded content and, second, to make
extensive use of caching and cliesgirver synchronizatio mechanisms ensuring that almost
90% of the necessary content is downloaded only in the first execution of the app.

2.4 Serving AR content automatically across platforms and vendors

As already mentioned one of the most important requirements that came ouheffirst

field trial was theneed for maximizing the potential of reaching more citizens and autgev

a broader reach. Motivated by this requirement we have decided to extent the Live+Gov
solution for mobile augmented reality along the following axes:

a) Next to the Android version that was used during the first field trial we have decided to
make the app available also for iPhone users as a native appli¢ateRigure2.2).

®optac T 5718 PM - ®optag = 5:18 PM - ®opéag = EUKPTA  5:20 pM -

— List Refresh € Oonstraceidn oo la passreie pestondi s6or d o Hawias

Aayxasg

Z0JOTTOG
AuneAoknmot

Medka

GSOOQAOVin] AoBeatoxwpt

Construccion de la pasarela peato...
Adecuacion de la Antigua Calzada 3
La Antigua calzada que transcurria por el municipio...

\/ Mavopapa

Adecuacién de la Antigua Calzada Kahapapia @
Una nueva pasarela peatonal sera

construida en Gordexola para
mejorar la comunicacion entre
ambos lados del rio.

1

Ogpun

) Provide Opinion
Mejora de la iluminaciéon en la Plaz...

1

Figure2.2: Screenshots of the iPhone app that was implemented for the purposes of the
Urban Planning field trial

b) Apart from the customized mobile app that was developed within the projecthe
purposes of the urban planning field triale have extended our AR server so as to serve
the exact same urban plans though three of the most widely established browsers for
mobile augmented reality, namely Junaio, Layar, and Wikitddlethree bowsers are
available for both Android and iOS systems and are already enjoying significant
popularity among mobile userslowever, a each of the aforementioned browsers allow
only for specific features through its respective API, the functionalities per browser
differ. Thesesupportedfeatures are outlined ifable2.2.

Table2.2: Live+Gov functionalities exported to widely established mobile browsers

@ Location based AR O Image based AR

Junaio(http://www.junaio.com/) Yes Yes
Layar(https://www.layar.com/) Yes
Wikitude (http://www.wikitude.com/) | Yes
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d)

Some indicative geenshots fromthe urban planning channel visualized through the
Junaio browser are shown Fgure2.3.

Q Jurlaio SCAN (ﬁ Roadway Ponton Urarte : Muni...

Roadway Ponton Urarte :

Municipality Swimming

S0, ®L
155 ft

The surroundings of the local swimming
pool is one of the selected possible
locations to build a health park. This
location has been considered for a large
park and also for a small park linked to the
Ponton Urarte Walkway.

Download the official app

By tapping on an urban pla

The Gordexola urban planning channel as visualize the user see more details and

the Junaio mobile augmented reality browser. he is prompted to downloac
the official app.

Figure2.3: The urban plans of Gordexola visualized through the Junaio mobile browser

¢2 FLEOAETAGIGS GKS ayY220K AYyGSaNrdAzy 27
already existing portal of a municipality, we have decided tpaekage this tool as a
Joomla directory that could be very easily installed and become operational lsven
non-expert. In other words, if the portal of the municipality is already based on the
W22YfIl /Ja{ a2daisSyz GKS IFTRYAYAAUNIG2N 2F
directord A GK 2dzad | FS¢ Of A0l & | yRser&b(nl Ay
terms of generating the urban plans and serving them in AR channels).

Finally next to these projecspecific actions that were primarily oriented towards
increasing the audience of the urban planning field trial, we have also decided to
complenent the AR Live+Gov solutiomith an automatic tool that could help ordinary
users to turn their weksite into a fully functional augmented realithannel

In the remaining of this section weresent in detail the implementations that haveen
undertaken to facilitate the third and fourth bullet

2.4.1 Motivation

Given that the vast majority of umicipalities have already a Content Management System
(CMS) that hosts their portal and servic®ere is a great potential to benefit from the strict
structure impsed by those systems and automate the process of generating augmented
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reality channels/layersindeed,one of the most popular CMSs is Joomla offers a back

end graphic user interface that allows easily configure web-portal and also to install rve
functionalities with a single click. The basic information unit in Joomla is an Article where
someone can write his/her content with an HTML editor. However, the Ariscke rather
abstract structure that is not sufficient for serving concrete appla@#i To treat this
problem, severalloomladirectorieshave becomevailablefor allowing the programmers to
make their own database Entry with custom fieldBhese components can be easily
incorporated within a Joomla installation and offer a certain tgpéunctionality.One of the

most popular components for Joomla that allows for new customizable fields is Sbbipro

Sobiprooffers a range of tools and wizards for simplifying the creation of a promotional
website but at the same time it imposes a rather strict structure on how the data are
organized in the database table$here are severatlirectories for Sobipro that can be
installedfor creatingthe desireddatabase schem For instance{ 2 6 A LINE K|l & (KS ¢
SANBOGl2NEREé LINBAyailalrtftSR GKFG O2yiladwellasl RI (
the style files for presenting them as a web page. There are several whglates such as

0KS awSadll dzNde§ w SSEafiINTICH SefEREBRWnG thebsgme rationale we

have decided tdONB I S GKS a! NBlFy tf | yyAig@mplawthéd A NSO
fields that are necessary for hosting the urbannslaare automatically created in the
underlyingdatabase.

In addition, faving ensured a rather strict structure on the underlying content, we were able
to proceed with theimplementtion of FastAR which has been implemented asJoomla
component that idfreely available as open source for Joomla 2.5 or later, under the Affero
GPL licenseln principal,the goal of FastARhas been toexploit the consistency of the
underlyingdata structurein order to automate theprocess of turningan ordinarywebsite
hoged by JoomlgSobiPrg into anaugmented reality experience viewed through mobile AR
browsers.The logical connection between Joomla, Sobjtine Urban Planning\RDirectory

and FastARs depicted irFigure2.4.

? http://www.joomla.org/
® http://extensions.joomla.org/extensions/directory-a-documentation/directory/16649

* http://arexporter.mklab.iti.gr
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( 5
Joomla - Mobile
FastAR Applications

Metaio
(LBS. IBS) AREL

AREL2JSON

Joomla
Database

Metaio Server
SDK Authorization

Sobipro \ Google Analytics
| APl Authorization
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lpl;:;::iﬁR External Mobile
8 Layar (LBs) Junaio Server
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£ |
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Power-user/ Center 4 Wikitude Server |
Government o World Registration

Figure2.4: Connection between Joomla, SobiPiio, ND | y ARdiregfofyd Y HY R CF & ! v

2.4.2 Existing solutions for creating and publishing ABntent

In order to rendercontent as part of an augmented reality world there are two principle
choices that have to be magdeamelyhow to publish the AR content and how to translate
your data in an ARompatible format In D3.1[1] we have reviewed the existing options
with respect to their pros and cons. In the followjnge briefly summarize the investigated
options and motivate thehoices adopted for the impheentation of FasAR.In detail, here
are four options for publishing AR content, namedy using a commercial SDK to build a
custom AR browserb) through free AR browsers provided by certain compan®sising
open source toolkits to make a custom Afwser, and finallyd) using an HTML5 based AR
browser for exploiting the web browser capabilities.

Case (c) was adopted at the early stages of the project but it was abandoreid the low
quality of the result and theexcessiveamount of required effort. Case (d) was rejected
because it leads to a solution with low rendering capabilities for 3D content and it also
requires great programming efforCase (a) on the other handresultedin a professional
application but its drawback was that it required significant amount ofeffort for
implementing the mobile application for both Android and iPhaperating systemsThus,

case (b) wasdopted in our implementatiorby making FastAR toomplywith the Junaio,
Layar and Wikitude APIg other words,upon its successful installatidfasAR will be able

to serve the website content through the AR browsers of all three aforementioned
platforms.

The next step relates to the approach used for creatingcARpatible content. In the typical
case one can rdy on the tool that is offered by each vendor so as to generate content
compatible withits AR browserIndeed, the majority of the existing platforms provide a
desktop or a web based CMS usually namedi@isidiE or dCreatog for creating AR
compatible catent. Apart from the AR vendors, third party solutions also existalnle2.3,

the existing thirdparty CMSs for AR are outlined. BuildAR is a CMS partnered witidvi

for generating content compatible with the Junaio browser. Visar is a CMS for generating
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content that is compatible with Layar. Similar is the functionality of Dimple, Hippon,
Aurasma, Catchhoom, Zapcode, Poistr and Poiz that ares @8@loped to snplify the
process of generating AR content and allow +xpert users to generate theiown
augmentation views.

Table2.3: AR Content Management Systems Review

Name License Modes Platform Content Comments Webpage
BuildAR Commercial LBS Junaio Image,Video,3D No 3D canvas buildar.com
Dimple Commercial LBS, IBS Layar Image, Sound. No 3D support dimplecms.com
Video
Feedgeorge Open LBS, IBS Layar Image No 3D support, wordpress.feed
Wordpress plugin ~ george.com
Hippo Commercial LBS Layar Image, Sound. No 3D support onehippo.com
Video
Hoppala Commercial LBS Junaio, Image, Sound, No 3D canvas hoppala
Layar, Video, 3D agency.com
Wikitude
Visar Commercial LBS, IBS Layar Image, Sound, - Visar.biz
Video, 3D
Poistr Commercial LBS Layar, Image Import from kml, poistr.com
Junaio free for less than 3C
Pds
Poiz Commercial LBS, IBS Layar Image - poiz.biz
ConnectAR  Commercial LBS, IBS Junaio Image, 3D Joomla, Wordpress connectar.com
Typo3 components

Neverthelessdespite the existence of all these toolsjs only recently where the need to
generate AR content in large scale has motivated the development of fmokutomating

this process. Feedgeorge an ARplugin for Wordpresghat supportslocation and image
based AR through Layar. One can install the Feedgeorge AR plugin in his/her Wordpress CMS
and then an AR tab appears for each post in the ok In the AR tab one can select the
AR resources such #we geographic coordinates of the post tire image or triggering the

post through vision recognitiorHowever, the drawback of Feedgeorge is that the data unit
information is noamodifiable, i.e. a post witch custom HTML co@m the same principle,
ConnectAR is a commercial plugin for several CtdSxpat data into Layar andJunaio
browsess. It supports Typo3, Joomla, and Wordpress for exporting a page, an article, or a
post, accordingly. It additionally supports 3D models with several options for rotation and
scaling as well as previewing in a 3D casv@onnectAR suffers also from the problem of
non-customizable data urst which is a feature necessary for making new field types.

Motivated by the same trend (i.e. generate AR content in large scale) we decided to proceed
with the following developments

a) ReLJr O1F3S GKS !'w {SNIBSNJ Ay TFNI &idNHzO( dzNB
tfllyyAy3d 'w RANBOG2NEE GKIFIG O2dAZ R 06S St &
of JoomlaSobiPro and offer the full AR functionality developed in Live~@ibvjust
a few clicks

b) Develop FastAR as a complementary tool that can automatically transform already
existing websites (that have been developed based on Joe8daiPro) into AR
channels displayed througtihe mobile browsers of the three major AR ptaths
(i.e. Metaio, Layar, Wikitude).
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2.4.3 Urban PlanningARdirectory

The Urban Planning AR directory was designed to incorporate the full range of functionalities
offered by the Live+Gov AR server (see 0B8]}, while taking advantage of the already
existing interfaces and functionalities offered by SobiPro. The directomybe exported to a

zip file and be installed in other Sobipro based siteszigure2.5, the fieldsincluded in the
directory for hosting the urban plansre displayed It is evident that the information
incorporated in thigdirectory (i.e. name, description, image, map with GPS coordinates, etc)
incorporates all the information necessary for generating AR entities.

£4 UrbanPlanningAR. - Ad: =

<« C M [ augreal.mklab.iti.gr/joomla3p3/administrator/index.php?optiol @ v f". =
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e . 4 Fa d J al’
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Applications
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> fa | £f
Section Template 22 fiekd_2ip v inbox details O [E. i
25 o S v inbox bot a =z i
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24 SETly v inbox details ] [E4 i
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2B v ipallery detail ] [ i
field_future_urban_plans_images sialeny =il
og g 2P Modelt v  downbad  defalls a 4 i
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Figure2.5: List of field types included in the Urban Planning Template

Furthermore, the administrator can add new fields with the GUI of Sobipro for cases that
require additional datalIn Figure2.6, the form to documentan urban plan isdisplayed
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Sobipro provides a standardized GUI based form that is widely known by Joomla users. In
this manner, the time required for training at the Urban Planningl&&ctoryis minimized.

Finally, apart from the fronrend related functionalities the tdan Plan AR directory
incorporates all necessary mechanism for serving the generated content in the appropriate
format, so as to be accessible from the majdr platforms (i.e. Metaio, Layar, Wikitude).

%4 UrbanPlanningAR - Ad: x E4 UrbanPlanningAR - Ad: x

« C # | [ augreal.mklab.iti_gr/joomla3p3/administrator, Q ¢ /. =
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Figure2.6: The form to fill for a newarban plan.

2.4.4 FastAR on Sobipro

As already mentionedhe goal ofFastARs to automate theprocess of turningn ordinary

(and already existingwebsite hosted by JoomksSobiPro, into anaugmented reality
experience viewed through mobile AR browsdt#awever, developing a software module
that could automatically export the content of a wate into an ARcompatible format was

far from trivial. This is due to theide variety of programming skilteeededfor web, mobile

and database development, as well #ee experiencerequired in using the Application
Programmingnterfaces (APIs) offered by the existing AR browderdeveloping-astARve

have faced a number of technical challenges. First, wetvaeal with the fragmentation of

the existing technologies and standards in both creating and publishing AR content. Next, we
had to analyze the functional scheme of use for Joomla and SobiPro, so as to derive the core
part of the database that remainsaltered independently of the website's nature. Finally,

we had to make the necessary adaptations so as for the AR view to be fully integrated and
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interconnected with the web view. In the following we discuss the solutions that have been
adopted to addresthese challenges.

2.4.4.1 Architecture

Theadoptedarchitecture is outlined ifrigure2.7. Joomla CMS serves as a host for Sobipro
and FastAR component$his structure is the critical feature exploited BgsAR so as to
automate the process of generating AR content. More spmdlfi, FasAR is also
implemented as a Joomla component that is capable of undertaking the following two tasks.
First, guided by the strict database structure imposed by @BobFasAR is able to read the
database entries and generate the AR entities. SEnéAR entities are necessary for
synthesizing the ARhannel/layer SecondFasAR interconnects with the servers of the
supported AR vendors (i.e. Metaio, Layar and Wikitude) that are responsible for sending the
data streams to the corresponding AR molbl®wsers. In this way, the database entries
that were originally created by the content ownef the website are automatically
transformed into AR entities thatre now visibleover an AR view and through AR browsers
that are already installed in milliores mobiles devices.

Private server app |AR vendor| | Mobile
end- |server device
points | [Tynaio

: - Junaio
JOOlTlla | XML Server :|
Sobipro AR Exporter Layar El
component component JSON | | Server e
| Wikitude -
11| Wikitude
—T|Server [ Wikitude |

Figure2.7: The adopted architecture for exporting Sobipro content to AR browsers

In implementing the aforementioned architecture there are two major technical challenges
that need to be addressed. The first relates to the generation of fully functional AR entities
out of the database entries that have been originally created to supgohhternet website.

The second has to do with structuring and exporting these AR entities to the appropriate
format so as to be compatible with the standards supported by each vendor.

2.4.4.2 Joomla standards for supporting the generation of AR content

Joomla sbres html pages in MlySQL database to present them in the web portal, also called
as frontend. Joomla is based on the modétw-controller (MMCO) scheme. Briefly, the
model defines the database schema, the controller defines the actions and view difeanes
presentation format. However, storing html pages in the database is not an efficient way of
saving content when the html pages present the same kind of content, e.g. companies
urban plans It is typical for content modules like Spim to inherit the MCV scheme and
make it more specificso as to simplify the process of generating the necessary html pages.
Sobpro stores only the fields that describe the content, e.g. the title, the description, the
image but not the whole html page. As a resultisinecessary for a website that has been
developed using Sqafrio to incorporate the same minimum amount of information for each
of unit (e.g. a product, a compangn urban plan,etc). More specifically, the type of
information for each unit consists otlg and description. The user can set other fields to be
mandatory such as telephone, website, image or add new fields such as longitude and
latitude.
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On the other hand, mobile AR works by overlaying two layers. The bottom layer is the actual
world layerwhich is visible through the device camera. The upper layer consists of the AR
entities that are computer graphics such as text, images, 2D dravangs3D modelsn a
virtual reality (VR) world. Another essential element of mobile AR is the triggering
mechanisms that determine the conditions that must be met in order for an AR entity to
appear. The most typical triggering mechanisms are based on location and the proximity
between the location of the mobile user and the AR entity (i.e. usually mentioned as
locationbased channels)Thus, the minimum amount of information that is necessary for
building a fully functional AR entity is: title, description, longitude, latitude, and logo image.

It is evident from above that the minimum amount of information perit, enforced by
SobiPro, is sufficient for creating the AR entities that are necessary to support an AR view. As
a consequence,FasAR has been designed to automatically retrieve the necessary
information from the database of SobiPro and create the Aiies. These AR entities are
subsequently organized into the appropriate structures using a set of controllers, as
described in the following section.

2.4.4.3 AR standards across vendors

This section provides details about the standards used by each vendorensthe AR
content. It also describes how the proposed design copes with the variety of protocols. AR
browsers work by placing a web view on topao8D graphics view, and both of them on top

of a camera view. In this manndhe interface is loaded in theveb view the 3D graphics

view renders the 3D models, and the camera view captures the real world. The necessary
resources are providedsing html, javascript, and css languagd®xt or multimedia data

are provided by html; javascript is used to defihe human interface actions; and css sets
the color style of the web view.

TheJunaiobrowser is authored by Metaio Company. The standard used by Metaio is the AR
Experience Language (AREL), which is comprised of: a) XML that contains the urls of the
resouces; b) javascript indicating the scenario of the graphic user interface; and c) css for
formatting the style of the interface. Javascript and css are loaded in a web view in a similar
way that it is loaded by web browsers, with the difference that thdowew has transparent
background to allow the camera preview surface to be visibdgaruses javascript object
notification (json) format for sending data. The json file contains both the resources (text,
location coordinates, image links, etc.) as veallthe actions allowed by the user during the
immersion (e.g. onClick). The user actions allowed are calls to other applications, namely
telephone, sms, @nail, url, another layer, or share via social networks (through URIs). The
user interface is stylize in the channel registration portalWikitude supports three
communication languagesa) the KML (Google Earth) that should be used for a simple
location based channgb)the ARML (OpenARML.org) which is an advanced version of KML
that can be used for a location based channel with a custom user interfaces) &Rthitect

which is the main language for allowing all features needed for either location or image
based channesl ARchitect is formed by HTML, javascript, and CSS in a way similar to the
Metaio's AREL language.

In dealing with the variability of the existing AR standards we have decided to adopt an open
architecture for our AR Exporter. More specifically, althouwgh have defined a common
structure for keeping the data that are extracted from the SobiPro database, the
transformation of these data into the appropriate AR language is being performed through
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vendorspecific controllers. Thus, our current implementatiocorporates three controllers

that export the content in three different formats, namely XML for Metaio, JSON for Layar
and HTML for Wikitude. In a similar fashion, a new controller can be implemented to provide
support for an additional vendoFasAR aitomatically generates the API Endpoints, i.e. the
URLs of the aforementioned controllers so as to be used for registration in the portal (server)
of the corresponding AR vendor. Finally, apart from the content, the controllers are also
responsible for hadling several additional parameters that are received from the mobile AR
browser. Such parameters are the longitudéitude of the device, the radius in meters
around the device of the entries to downloathe maximum number of entriesand the
keywords br searching for an AR entity

2.4.4.4 Integration of FastARwith the main application

FastAR should be installed into the Joomla framework in ordeoffer the Augmented

Reality functionality. FastAR automatically scans the Jotrari@ework database in order to

find details about the Sobipro sections available. Then, for each Sobipro section an
Augmented Reality Exportentry is created in a central pan@eeFigure2.8). In the central

panel it is possible to select one AR exporter and edit it. It consists of four tabs. The first tab
YIEYSR Fa as5FidlF &a2dz2NOS¢ O2yilAya GKS RSOFAf A
extracted.ThesecoR GF o6 yIFYSR a G5FdF 2dzillzié Syt Aad
the API Endpoints for each AR Vendor. These are the urls that should be registered in the
registry channel of the AR vendor, so as to become available through the corresponding
browsSNB ® ¢KS GKANR Gt YFEYSR |a a5FGF FASER a
S SELJZNJJSR Fa 'w O2yGSydo ¢2

GKFG akKz2dzZ R 0 0
GKFEG aKz2dZ R 6S dzaSR 2y Fy | w mihe bilbcadd dd > (G K S
0KS a5SAaONARLIIAZY ! w TASTtwRen tha dsertaps®n RoBIG0QNA LIG A 2
{AYAT I NI &> GKS a2 Sof Ay beatcessedl Wherf thieduseripiesséskhe  dzN.J

odziG 2y &/ 2y 0 A.yisSs ako/thplacwheredheduSegetsmore details about
the AR Entity in a web browserhe longitude and the latitude informatioare strictly
extracted with two options, namely (a) From plain Sobiproext fields with alias
'field_latitude' and 'field_longitude'or (b) If "geomap" field extensiors installed in Sobipro
from a map field with alias ‘field_map'.

After entering the necessary information in the FastAR central panel, the next step is to
register the APl Endpoint URL at each AR Vendor. The registdatiaits depend on each
vendor and the user should visit Juriaibaya?, and Wikitudé channel registration sites for
more details. Figure 2.9 refers to the Junaio and demonstrates the place in the
corresponding web page where the API endpoint url should be inserted.

® http://dev.junaio.com/

® https://www.layar.com/my-layers/

" http: //Iwww.wikitude.com/developer/tools/publish-in-wikitude
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P& FastAR: Editing

<« C # [ augreal.mklab.iti.gr/joomla3p3/administrator/index.php?option=com_fastar&view=f @ ¢ f". =
-4 UrbanPlanningA_ & & ~
Edit an AR exporter oomical
@ save || + save & Giose © Close
FastAR .
o Details
Central
Data source Data output Data field structure Other Mobile apps
Data source component SobiPro
Section number 54
Section name Urban Planning
2 View Site o sitors o Admin B3 o == |og out Joomla! 3.3.56 — © 2014 UrbanPlanningAR

Figure2.8: Central panel of FastARee
http://arexporter.mklab.iti.gr/index.php/installation for more information)

Figure2.9: Registration of the API Endpoint url in the Juriéveloper panel.

Third, after the successful registration of the APl endpoint url to the AR Vendors, the Sobipro
data is available as a channel in each AR browser. One should open the browser and select
the registered channel by text search or by scantihegQR code given from the AR Vendor.
After successfully opening the channel, an AR environment is shownFaguie2.10. Each

AR Entity is represented bybdlboard than contains the title, the distance and the image of
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