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1. INTRODUCTION

A bus passenger dislikes uncertainty in his trangelif he could get instant, personal, and reaétim
bus information traffic or solutions that help himake decision to reduce the travel time to hisidason,
he would have much less uncertainty to deal with.

Previous work on bus route information had proposadnge of features for route planning and
direction problems. Such features include usingtimoldal integrated data that provided by governnjght
[2] and participatory sensing technique [3]. Weoaldready developed "Taipei BusRoutePlanner”, an
android application that can be used to make aeliray plan and get the correct buses by provide
information about bus route and bus arrival timg However, all these information are provided éxtt
based map view. This application do not provideitamtthl information to make sure the user can gth®
correct nearest bus stop or route path that apigicauggest, so it is difficult to understand thé&m the
person who does not know the place and can caasgstr confuse and fail to find the destinatioreesgly
for foreigner. According to Taipei data, 65% ofdimn visitors go to the service centers for seelhmy
directions to their destinations [5].

Recent improvements in the capabilities of smadngls are making the location-based augmented
reality services a reality. AR is a powerful usaterface technology that augments the user’s iéal |
environment with computer generated data. The oy of AR is studied in a variety of areas foeow0
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years [6]. The interest of those studies is mo¢igaty a wide range of applications that producadh ss
entertainment [7], social media [8], geographicoination system (GIS) [9] and navigation [10]. The
location-based augmented reality view providesractliview of reality enhanced with additional corgru
generated data, as opposed to a conventional ntagh provides an abstract view from above.

In this paper, we have proposed a robust, lightitedgnd computationally inexpensive Augmented
Reality system that can support the information tisr get. This system name is “BusAR”, the ARUea
that provides information such as objects of bopstand detail information that are overlaid omas
phones camera view. BusAR is obviously contributimgmprove the usability of public bus transpaaat
and that will be a big help for a bus passenger argonot good at reading maps to understand aidocet
the nearest bus stop to destination.

2. RESEARCH METHOD

There are many methods available for marker deteciind tracking in Augmented Reality,
Taketomi et al [11] describe a robust outdoor timgknethod that uses two stages. In the initiallio#
stage, a landmark database is constructed frortgteufrom motion data and laser range finder imfation.
After this database is constructed, landmark tragkian be used in a non-line stage to provide aige-
outdoor tracking for mobile AR applications. StepHgiVerdi uses a vision-based approach for origmat
tracking [12]. It tracks the camera orientatiorréal time and simultaneously creates an environmet by
calculating the optical flow between successivemfia. These measurements are refined with more
computationally expensive landmark tracking to dvdie drift that frame-to-frame feature matching
introduces. But this approach can’t run on phones @ high computational costs, because the method
requires extensive GPU. Sensor based tracking rolgiad-location information by the fusion of several
different sensors like GPS, magnetometer and lineaelerometers to determine where annotationsléhou
appear in the camera view. AR also needs an irtteommection to receive data for the informatioyeta

Current commercial solutions for AR browser on dnyanone that use sensor based tracking
approach are Wikitude [13] and Layar [14]. The sermased approach is used to this project, bedaise
focused on the device’s location and orientatidmis Theans if user are in a particular place andtpw the
device in a particular direction, it shows only thgual bus stop annotations that correspondintad place
and direction that matched with user radius distaartd bus stop coordinate on the database

Location-Based AR provides a direct view of reatityhanced with additional computer generated
data, as opposed to a conventional map, which gesvain abstract view from above. The core funaimh
also the common goal of BusAR is simply to disptagstly textual computer generated data annotatloats
are registered in database to anchor points subbsastop places or objects in the real world. flisé thing
in every AR app is the camera to capture the i tive environment, Orientation Sensor (magnééici
sensor and accelerometer sensor), Gyroscope (®otitection), Global Positioning System (GPS).

2.1. Requirements Analysis
To extract the information which could be useful douser, we performed a survey based on [15] to
get some feedbacks and user experiences aboutraotype. The following information requirements ar
needed for BusAR application :
1. Location-Based Augmented Reality View
Map View route planning give user information abalitbus stops that available in one particular
route. If the user is foreigner or new people tha¢sn’t know the area and compass direction, h& can
find the bus stop location that show on the mapraagl loses his way to the bus stop or go to thengro
bus stop. A big help for a user who is walkingtie bus stop would be to show him which bus stops ar
close to him and how far the distance from hisfimsiin an intuitive way. To develop augmented itgal
feature, we need data from several sources. As g¢fathis experiment scope we only dealt with
information from Taipei Bus Company API and Googlel. This application must provide the bus stops
as augmented reality entities called Point Of kge(POI) that could be displayed as well as detil
these entities like the details of the bus stopeyaiiistance from user, route name, upcoming busnam
and type of bus (low chases or normal) and alsmatt time when bus will arrive in specific busysto
The POI's shape should be transparent so thataiimer@ view is not completely covered. The POI must
respond user touch event with show the detail médion about corresponding POI. In addition, P@bal
update their data in real time while all possilderumovements.
2. Guidance Service
There are many bus stops that close to user posgimuser need to know the information about the
nearest bus stop and the direction to go thereARushould be swapped for information about the
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direction and step by step hint to nearest bus ttapinform user when to turn left or turn righitlvout
change his application screen.

3. Navigation Service Integration

In addition to enriched the guidance service, thoenddd be another perspective, which is activated

when users choose which direction that they warfibltow in instruction list view and then pointirthe
camera of the smartphone to the ground. A compassebarrow could be shown in this view. According
to the device’s orientation it always points to thser direction waypoint. Show basic descriptionhis
waypoint, as well as the distance of it, so usabie to get the most important information to rete
next waypoint with just a quick look.

2.2. System Architecture

This system use 3-tier architecture for data tretitsas. It involves three key concepts: use web
service as data service, modularity in softwareettgment, for superior performance and portablility
separate the components of application serversctmaining business logic functions and databeseess
that containing databases physically into differéets/layers. There are thousands of route in 8iagmd
each route have many bus stop objects, this apiplicanly generate the augmented reality POI objétt
one route that chosen by user. System architeandealata flow of this application are shown in Fegll.
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Figure 1. System architecture of BUsAR environtreent

Data sources are from our database that referentaipei Bus APl and Google Direction API that
provide the direction data. In order to make thistesm computationally fast, web services are usqubat of
this core system. Response that provided by the seetice then decoded by client applications into a
object that will be further processed in the andlidient application to render an augmented POkerar

2.3. Marker Extraction

In order to display a POI marker to user accuratidis application need to convert the raw data
from database to POI data format then generateliect marker based on user smart phone orientation
Web service is used as a bridge between clientsaner. Michael C. Daconta [16] define web serwiare
software applications that can be discovered, destr and accessed based on XML and standard Web
protocols over intranets, extranets, and the letensually called Application Programming Interfgéél).
This system use JSON (JavaScript Object Notatiertha data transfer format because that JSON tisrfas
and uses fewer resources than XML [17]. JSON ighaweight data-interchange language, text basasly e
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to read, and have high compatibi with many populaprogramming languages such as C, C++, Cva,
JavaScript, Perl and Python ]. This method works on the following principles: thecess begins wit
collect current smart phone location and orientatigsing smart phone sensors then perform data st.
Web service is used to process the client requastdetermine the data source. Next, response data
web service will be computed and transformed tonarged reality marker in client side. Finally, -
generated marker will be displayed basedmart phone sensors value. The complrocess flow is shown

in Figure 2.
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Figure 2. Process flow of BUsAR system

2.4. Marker Detection
When the application running, augmented reality BBjects of bus stops are overlaid on can

screen. The marketetection process L the method as shown in FigureThis AR application send reque
to server and then generate the POI based on matatabase. After the application get response aladi
phone location, it syncronize the POI with smarbipd oriettation and movement sensors data. So the
marker can be displayed accurately in smartphoreenadhat overlaid the view of real world obj
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Figure 3. Marker detection process
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2.5. Calculate the Distance

This application have used the Great Circle Hamergiormula to determine the distance between
POI marker and user location. Great-circle distaaa method known from spherical geometry to dateu
the distance between two points on a curved sutfeedhe earth. The distance is not measured baseal
line through the sphere, but related to the surfddbe sphere. On computer systems with low flagpoint
precision, Haversine formula is numerically bettenditioned for small distances [19].

A AA
6 = 2arcsin| [sin? (T) + cos ¢, cos ¢ sin? (7) (1)

D= 0x6371km 2

Here, A corresponds to the position of the userBurid the one of the POI. Furthe€rdenotes the
latitude and\ the longitude of one of these positions. Finally, = ¢B — ¢A corresponds to the difference
between two latitudes anxh =AB - LA corresponds to the difference between two lomigitu Parametets
A, Ad, and AL must be available in radians to calculate the @@idletween these two points. To determine
distance Dp must be multiplied by the radius of the earth 6Ri#L

3. RESULTSAND DISCUSSION

As described in IEEE standards [20] [21], validatioeeded to check whether all software
functionalities have satisfied the requirements.eValuate the feasibility of our approach, we impdated
several case studies on top of android platfornthénfollowing, we introduce several functions afs&\R
like searching nearest bus stop, inform a detadldiap information, and guidance assistance to dsiraie
the usability of the application.

3.1. Searching Nearest Bus Stop
MapView function allow the user to see his currieation and location of available bus stops in
particular bus route that chosen by user. Thisufegbractically provides an abstract view from ahdvigure
4 shows the detail map view of bus stops functidser can use this map function to see availablestns
in particular bus route that chosen by user.
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Figure 4. MapView function of BusAR application

Location information from this map-based view fuantcan be used to create an augmented reality
function that supports the user to understand the imformation by show the direction and step leyp stint
as POI markers. This application generates the aotgd POI of bus stops annotation based on uséiopmos
and direction. It also calculates the distance betwuser current location and POls location. Figuseows
that POI can guide user to the nearest bus stapfoym him when to turn left or turn right withoahange
his application screen.
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Figure 5.Augmented reality view of BusAR application

3.2. Guidance Assistant and Bus Stop Information

BusAR enables users to intuitively find the neabest stop. Additional information for user curr:
routing instruction segment are displayed on tgptrcorner ListView. User can choose one next waypt
to his nearest bus stop. In addition, BusAR naiogaservice activates a comp-based arrow that alwa'
points to the next waypoint when user pointingdhenera of the smartphone to the ground. The le& sf
Figure 6 shows the detail view of this feature. The gation services are propagated in real time ma
based on user location to ensure a user can anra@rect bus sto

Using the Taipei Bus API integration service, aliskdata in Taipei can tshared to all of this
application users. The user can get the detaitimétion while on travel to bus stop. The right sidé-igure
6 shows the detail bus stop information functiorewhuser touch a bus stop POI marker on the scliker
bus stop nameapute name, upcoming bus name and type of bus ¢ltages or normal) and also estin
time when bus will arrive in specific bus st

Instruction 2
Turn left

Bus Stop 1

Stop Name = Liancheng Bannan Rd.
Bus 1D =431-FU

Bus On Stop = On Going to Stop
Bus Type = Normal

Destination will be on the left

Enter Turn left

GoBack = To Drive Bus

Destination wi
the left P b on RouteName= 243

Figure 6. Augmentecnavigation function (leftand detail information inside P (right)

3.3. Result of Performance Testing

The quality and the efficacy ofusAR application wasomparatively evaluated usi data usage
parameter.Proposed architecture and software development Imiodéhis paper works quite well
compared to the other similar applications. Figui@nd 6 show that our application is more usenttig as
compared to earlier systems (Fun Travel in Taippahd EusRotePlaner [4]). It can help user to intuitiv
find the nearest bus stop according their loca

In IEEE standard valation [2]], data usagementioned as one of indicator for efficiency ¢
correctness, so we use data communic usage as efficicy indicator in comparison with other proje
To calculate data usage, this application have baein 5 rounds with time durations are 5 min,ndid, 15
min, 20 min, and 25 min in each round. The raw expent data then transformed to result dati
categorize them by duration time and then takeaimrage value on each category. Figure 7 show
peformance of proposed application, this applicatiomuch better in terms of data usage as comparta

LocationBased Augmented Reality Information for Bus Roldaring Syste (Komang Candra Brai)



148 O3 ISSN: 2088-8708

earlier systems. This because the proposed systsnimplemented using RESTful web service technology
with JSON as data exchange format, so differerfqglas clients can access information in an easy via
lightweight web API. Data usage in bandwidth mesicvarious applications and the overall perfornesae
summed up in Tables 1.

——0—BusAR ——FTiT ==f=BusRoutePlanner

1600 1469.4
1400
1200
1000
800
600
400
200

Data Amount (KB)

Time (min)

Figure 7. Data usage comparison in several times

Table 1. Average value in bandwidth metric
BusAR (KBps) FTiF (KBps) BusRoutePlanner(KBps)
0.25 0.30 1.04

4. CONCLUSION

This paper proposes an augmented reality applicéiopublic transportation. A bus passenger can
understand the exact location of the bus stop ahwerld intuitively with this application. In adibn, the
passenger can see all bus stop information in oa rsuch as route name, stop name, incoming lpes ty
arrival time and fare when select one of POI maikethe screen. This system have been tested in an
uncontrolled environment and a real time environhmanwell. The results show that this system isemor
robust when compared to the other similar systétageal time augmented reality application so nsakke
improve the usability of bus transportation. Iaiightweight application that takes 0.25 KBps dagage in
average to operate.
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