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Abstract—The Forthroid is a location-based system that “aug- application that enables users to build interactive jolsrttzat
ments” physical objects with multimedia information and enables  associate multimedia files with locations on maps and share
users to receive information about physical objects or regast this information with other users.

services related to physical objects. It employs computerision o . . .

techniques and QR-codes. We have implemented a prototype on T_he contnbuuo_n of this paper is twofold: |t_ presents the
Android platforms and evaluated its performance with systens design and architecture of the system, and its performance
metrics and subjective tests. We discuss our findings and cha evaluation using subjective tests and system metrics, such
lenges in prototyping on Android OS. The analysis indicateshat  as the delay, distance estimation error, battery consompti
the network and the server are the main sources of delay, wtel and CPU load. Moreover, it discusses some of the main

the CPU load may vary depending on the specific Forthroid hall that ft f h d lopi
operation. The preliminary subjective test results suggdsthat CN&'€NGES thal programmers often face, when developing

users tolerate these delays and the offered services can beSimilar applications.
particularly useful. This paper is organized as follows: Section Il presents

related work, while Section Il focuses on the architectofe
the system. The performance of the system and the user study
The emergence of wireless networks and their continuoage discussed in Section IV. Finally, Section V summarizes
deployment world-wide has triggered a fast growth of lamati our main conclusions and future work plans.
aware and pervasive computing services and applicatioes. W
designed and evaluated the Forthroid, a location-basedrys Il. RELATED WORK
and set of services, that enables users to obtain multimedid@he community has developed several exciting location-
information about specific points of interest using theirit® aware and mobile computing applications. For example, the
phones and provides users with services related to physiCalolTown project [7] of the HP labs is a location-aware
objects (e.g., a printing service). The Forthroid can bélyasubiquitous system that explores opportunities provided by
deployed and used in indoor and outdoor environments, suble convergence of Web technology, wireless networks, and
as museums, campuses, and metropolitan areas. portable client devices to support “web presence” for peopl
The Forthroid uses QR-codes, which are two-dimension@ahces, and things. The web technology is used in order to
barcodes that can encode various types of information. QRovide ad hoc access to services, based on techniques of
codes can be attached to physical objects. Already in s@mbedding and recovering URLs in visual codes located on
eral metropolitan areas, such codes have been placed, aljects and in places.
in stores, at the entrance of buildings to provide floorplan Several mobile computing applications have been using
information, on walls for announcing upcoming events. Abarcodes [1]-[5]. For example, Ljungstraetchl. [3] proposed
example of usage of the Forthroid is illustrated in Figure 2.barcode stickers, which can be attached to physical objects
The Forthroid architecture consists of QR-codes (assetiaBarcode stickers map web pages to physical representations
with physical objects in proximity), Forthroid clients,a@hrun and enable users to access the web by scanning an attached
on Android smart phones, and the Forthroid multi-threaddxrcode.
server. A Forthroid client may scan QR-codes (associatedA comparative performance analysis of several vision-thase
with a certain point of interest) and communicate with thdistance estimation algorithms is presented by Maidal.
Forthroid server via the Internetin order to retrieve nmétia [8]. The authors developed a hybrid approach to distance
information or request services associated with that point estimation, that mixes an iterative and an analytical netho
interest. for pose estimation. Their approach is compared to several
Although the community has proposed similar QR-cod&ophisticated vision-based algorithms. The executior toh
information access systems [1]-[5], to the best of our krnowtheir hybrid approach is 11& for one pose estimation and
edge, there are no real-world studies that evaluate their pthe mean distance error is 7.2mm for a distance of 1m.
formance. Several systems that use distance estimation algorithths wi
The Forthroid builds on our earlier work, the PhotoJournélinctionality similar to the Forthroid have been proposed.
[6]. The PhotoJournal is a novel location-based media s8hariSony developed a new type of marker named CyberCode [1],

|I. INTRODUCTION
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Fig. 1. (a) A typical QR-code. (b) The main components of a ¢@Re.
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Fig. 3. The Forthroid architecture.
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Fig. 2. (&) A user scans a QR-code in order to retrieve inftiona The Forthroid architecture employs the client-server
about a point of interest at the Telecommunications and biésvLaboratory  paradigm: it consists of the application that runs on theifeob
(FOR_"!'H). (b) A screen snapshot of the information returnec ser for a gevyice (client) and the server. The client uses the meg API
specific point of Interest. and the Barcode Scanner open-source application provided
by Google, for scanning and decoding QR-codes. The server

along with a visual tagging system with tracking capaleii consists of two modules, namely, the information retrigval

Ordinary mobile phones can easily recognize CyberCode ta Qd, thel d;]stance es(tjlmalltlon module. T; subpport r:nformatpn
enabling the estimation of the 3D position and orientati ﬁtneva,t e server deploys a MySQL database that cositain

of the camera relative to the tag. TRIP [2] is a comput ?formation regarding all points of interest, while the @@&/

vision system which uses printable 2D circular markers f t;amewqu IS lqsﬁd t% %erfordm tgle distance estlmat_|on+. The
the identification and location estimation of objects. Eaion servc;r 'Sfmll.J u-t /rea ed and able to support a significant
results indicate that the recognition is successful on 98% [umber of clients/requests.

the cases and the average error is less than 3cm. TRIP cafigure 3 illustrates the general architecture of the Foithr
identify entities within 3 meters distance. A user holding an Android smart phone points to a QR-code

Rukzio et al. [4] proposed the idea of user interactioffwhich is associated with a point of interest, for example a
through a mobile device with services that are related RINting). The Forthroid mobile application detects the-QR
a poster. The “interaction” between a mobile device and@@de and decodes its unique identifier locally. A query for
poster uses cameras and near-field networks (e.g. WLARRat point of interest is formed, containing the identifidr o
bluetooth), or user input. Roles al. [5] utilized 2-dimensional the specific QR-code and the captured image. The client
visual codes, similar to QR-codes, in order to retrieve cibje S€NAS the query to the server via the Internet. The server
related information and functionality. Their recognitiafgo- €C€ives the query and determines the type of the QR-code
rithm can detect multiple codes simultaneously and compitgsed on the enclosed identifier. If the type corresponds to
the coordinates of the target in the coordinate system iiu@" information-aware QR-code, the information retrieved a
by the code. However, none of these papers provide awystance estimation modules are invoked. The information

performance analysis study of their proposed system. retrieval module accesses the database to retrieve theg@ppr
ate information and the distance estimation module pedorm
[1l. SYSTEM ARCHITECTURE camera calibration. The server forms a response that centai

The Forthroid utilizes QR-codes, which are entities of thé&e multimedia information about the point of interest and
Forthroid architecture, and their main components, nantiedy the estimated distance (between the smart phone and the QR-
finder patterns, timing patterns, alignment patterns, dred tcode). Finally, the response is sent back to the client.
encoding region (as shown in Figure 1). A unique identifier In the case of an action-aware QR-code, action-specific
is encoded in each QR-code. The Forthroid defines and usegrations are performed by the server. Currently, we have
two QR-code types, namely, the “information-aware” andesigned and evaluated the printing service: when a uses sca
“action-aware” QR-codes. The information-aware QR-codesQR-code, which is attached to a printer, a list of all thenfwi
are attached to points of interest and associate them tdfispeof interest he/she has visited is displayed. The user cam the
multimedia information, while the action-aware QR-codeshoose an item from this list and information about this item
map the corresponding point of interest with certain sewicat the Forthroid server will be sent to the printer. In order t
that can be provided to users. support the printing service, the Forthroid needs to keagktr



TABLE | . . ipe
VARIOUS EVENT TYPES THE TERM T INDICATES THE TIME THE EvenTs 1Tt identified. Once correspondences are extracted, therza

WAS RECORDED AT THE CORRESPONDING MONITOR matrix M can be estimated using several methods for camera
calibration, such as Least Squares Methods [10], nonlinear

Time . Event description estimation methods [11], and iterative algorithms [9].

L client successfully decodes a QR-code The corners of the finder patterns were used as the cali-

T client unicasts the query to the server bration pattern. 36 correspondences are created where each

1 server receives the query correspondence reflects to a corner of a finder pattern square

T server sends back the response The upper-left corner is used to define the origin of the world

Ts client receives the response from the seryer coordinate system.

Te client displays the response to the user We divided the camera calibration process into two parts:
TABLE Il the intrinsic parameters calibration, which is carried only

DIFFERENT DELAY TYPES AS MEASURED BASED ON THE RECORDED ~ ONCe, and the extrinsic parameter estimation. The intrinsi
EVENT TYPES camera calibration was done using the MATLAB Calibration
Toolbox [12]. When a query arrives at the server, extrinsic

Delay Time parameter calibration is performed in order to estimate the
Server Ta— Ty distance of the smart phone from the QR-code. This process
Network || T5 — Ty + 15 — T consists of the following steps:
Andr;';:af"em T 7;1 +;6*T5 First, the image is rotated counterclockwise so that the
6 — 11

position of the finder patterns in the image matches the
position of the finder patterns in the actual QR-code (lines
) , . . i . passing from the centers of the finder patterns forml'a “

of the points of interest each client visits. Each time aml'eshape). The angle of rotation is included in the client query

sends a query requesting information for a point of interegf i estimated by inspecting the position of the centershef t
the server creates a new entry in the database with the IPﬁﬂEer patterns in the captured image

the client a_nd the |d_ent|f|er of the pom'g of interest. Sines | Then, the corner detection procedure is carried out in order
are dynamically assigned and a new client may have the same

IP as an old one who “left” the network, these entries expire create the world to image correspondences. The Harris
. . . ' Pi&rner detection algorithm [13] is applied in the three finde
after a certain period of time.

. ) . . atterns of the QR-code. Specifically, Harris corner detect
_T_he main operations of the Forthrmd take place during N‘F expected to find the twelve corners that correspond to the
distinct periods, namely, the preview, and the query perio

During th . iod. the Forthroid client the iteob orners of the three squares inside each finder pattern. The
uring the preview period, the Forthroid client uses the resulted correspondences are then used for extrinsic péeam

camera focontinuously scan the area in order to detect an%stimation. After the extrinsic parameters are succdsgsful

decode a QR-code. The query period includes the cIienEserYo nd, the camera center C (i.e. the 3D world coordinates of
communication and the display of the results on the screentﬂﬁ Ioé:ation of the camera) can be determined by [14]:

the smart phone.

The distance of the smart phone from the plane that the QR-
code is attached is estimated by camera calibration teabriq C=-R"t ©))
Camera calibration addresses the problem of determining
matrix M of Eq. (1), that projects a 3D point P from the world The distance of the user from the QR-code is estimated
coordinate system to a 2D point p in the image coordinatsing the Euclidean distance from the camera center to the

system [9]: origin of the world coordinate system.
p=MP (1) IV. PERFORMANCEANALYSIS
where M is the 3x4rojective or complete camera calibration  To evaluate the performance of the Forthroid, empirical-
matrix. Eq. (1) can be further decomposed into: based measurements and subjective tests were performed.
Specifically, first we measured the delay, the distance esti-
p = K[R|f]P @ P Y Y

mation error, and the battery consumption of the Forthroid
where K is the 3x3 matrix of thentrinsic parameters, which running on the Android device. Then, we performed a prelim-
are camera specific parameters gitlt] is the 3x4joint inary subjective study in the premises of our lab.
rotation and trandlation matrix, which constitutes the matrix ~The testbed includes an HTC Nexus One smart phone that
of the extrinsic parameters. Extrinsic parameters describe thens Android 2.2 and a server, which is a 2.66 GHz Core 2
position of the camera in terms of orientation and transtati Duo Dell Desktop with 2048 MB RAM and the Linux Ubuntu
with respect to the world coordinates. In order to estimhée tOperating System. The server is connected via FastEthernet
extrinsic camera parameters, correspondences betweets pand the smart phone (client) is connected via IEEE802.11 to
in the world coordinate system and in the image must blee ICS-FORTH infrastructure network.
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As itis illustrated in Tables | and Il, the overall delay (j.€ the preview and query periods.
total delay) that a user experiences consists of the fotigwi
components:

1) Server delay: it corresponds to the total time elapse@ends to the Forthroid server a number of concurrent simu-
between the reception of a query by the server and tlaged queries for points of interest. We varied the number of
transmission of a response. Its dominant components aancurrent requests from 5 to 50 (step of 5). Each experiment
the distance estimation and the database access partfPbf specific number of concurrent requests was repeated 10
the information retrieval. times and the total and server delay were measured (as shown

2) Network delay: it includes the network and propagatiorin Figure 5). A prominent increase in the delay occurs when
delay. the number of concurrent requests is 40 or more, due to the

3) Android client delay: it consists of the delay for the substantial increase of the memory required for processling
query generation and the delay for displaying the réhe requests (reaching the available one). As a result, some
ceived data on the screen. threads may have to wait for others to finish, increasing the

Specifically, to measure these delays, the events sho@@fver and the total delay.

in Table | were defined. When a specific event occurs, ogr Distance estimation

software invokes a system call in order to get the current . o
system time in milliseconds. The various types of delays areT0 test the accuracy of the distance estimation module, a
then estimated according to Table II. range of distances from 40cm up to 2m was chosen. A QR-

In the first evaluation phase, a Forthroid client scans &fde is scanned at every 10cm in this range. The QR-code size
information-aware QR-code. This process was repeated i30L1x11 cm. The distance of 40cm and 2m correspond to the
times. The resulted delay measurements are shown in Figuréunimum and maximum distance, respectively, for which the
The median values for the total, server, network, and addraiXing library was able to detect and decode the QR-code. The
delay are 5.68, 2.68, 1.99 and 1.01 seconds, respectiviedy. following scenarios were used for our measurements:
variance is relatively small (as shown in Figure 4). « Scenario A The user is located in front of the QR-code,

To study the impact of the number of simultaneous requests holding the camera parallel to the surface that the QR-
on the server and total delay, we used a desktop PC that code is mounted.



TABLE Il . ) .
QUESTIONNAIRE OF OUR PRELIMINARY SUBJECTIVE STUDY the wireless interface consumes no battery. The consumptio

due to CPU is much higher during the preview period com-
Question 1 || Easiness to get familiar with the Forthroid and use if pared to the query period, since during the preview period,
Question 2 || Experience w.r.t. delay to obtain the information abqut the client devicecontinuoudly tries to detect and decode a

the point of interest QR-code (which contributes to a great amount of CPU load).
Question 3 || Usefulness of the application in general Note that fine level conclusions about the battery conswonpti
Question 4 || Easiness to successfully scan QR-codes cannot be easily drawn, since the consumption due to OLED
TABLE IV operations depends on the specific content gnd color display
PERCENTAGE OF USERS THAT PROVIDED A SPECIFIC SCORE IN EACH on the screen [16] We also observed that in a few cases the
QUESTION battery consumption due to OLED operations is significantly
lower than the median value (as shown in Figure 7). In
Question 1 Question 2 those cases, at the query period, the content changes from
Trivial 66.7% Excellent 40% the specific image captured by the camera to an almost black
Very Easy 33.3% Very Good 33.3% screen, where the retrieved information is displayed. [doee,
Satisfactory 0% Satisfactory | 26.7% camera previewing is still displayed with small intensBych
Very Difficult 0% Not Satisfactory | 0% cases occur when a user holds the mobile device in such a way
Too Difficult 0% Bad 0% that the content changes rapidly, while reading the regdev
Question 3 Question 4 information.
Trivial 26.7% The CPU usage of the Android device during the preview
Very Useful 73.3% Very Easy 40% and the query period was also measured. To measure the
Useful 26.7 % Satisfactory | 33.3% CPU usage we implemented a more lightweight version of the
Not That Useful| 0% Very Difficult 0% Linux top command. Top displays a listing of the most CPU
Too Difficult 0% intensive tasks of the system. We altered the top command,

so as to measure the CPU usage on shorter intervals than

the original top tool (top measures CPU load every 1 sec).

« Scenario B The user scans the QR-code holding thBuring the preview period the total CPU usage was 89.6%
camera from different angles. of the CPU power, while the one caused exclusively by the

« Scenario C The user holds the camera with arbitrarjorthroid process was 67%. During the query period the total
rotation. As a result the QR-code is rotated in the captur€@PU usage was 49.6%. During this period, our system uses
image. The user can stand either in front of the QR-codaly 27.7% of the CPU, a percentage much lower than in the
or at some random angle. preview period.

Each scenario was repeated three times. Figure 6 illustrate o
the error between the reported and the actual distance. €he f. Subjective study

dign error for scenario A is 1.3 cm, vyhile for scenarios_B and \\e performed a preliminary user study to evaluate the user
C is 2.6 cm. Moreover, the application can report a distanggperience running the Forthroid application. The usetistu
estimation at 94%, 84% and 87% of the cases for scenariofas carried out in the Telecommunications and Networks
B and C, respectively. The distance estimation procedul® 4 gporatory at FORTH. We attached four information-aware
when t_he correspondences are not correctly identified, duedr.codes in various posters and one action-aware QR-code
blurry images caused by accidental movement of the camei@ to the printer for the printing service. At first, we
when taking a picture. briefly presented the functionality of the Forthroid to the
C. Battery consumption 15_co||eagues, mostly students of th(=T _Institgte of Computer
Given the energy constraints of mobile devices, a develo Scéet?](;i itsigﬁl;\l-e"mwthoofsgﬁﬁ: ;(;/Stae r:rllc;g?;et I;; g:tr ijger;isr:llfei

should consider the efficient memory allocation and CP t the end, each user answered a questionnaire and evaluated
usage. The battery consumption and the CPU usage of the ' q

Forthroid were evaluated. The following experiment was Carls/her_expenence using the system. The questionnaire s
shown in Table Il , while the scale/score for each queston i

ried out: A user was holding the mobile device for some tim%own in Table IV. Table IV shows the percentage of users

during the preview period and then an information-aware QR- . o :
code was scanned. The battery consumption during the t\%@t provided a specific score per question. Most of usersdou

periods was recorded using the PowerTutor application. [1 sy to use the Forthroid and scan QR-codes and tolerated the
The experiment was repeated 90 times. In each run, the patter
consumption due to the wireless interface, OLED display, a% Discussion
CPU was measured separately. '

The median consumption of the wireless interface is 0.17We faced several challenges while developing the Forthroid
mW/ms during the query period (as shown in Figure 7). Sin@ the Android platform related to the camera API, the screen
no wireless communication occurs during the preview periodnd GUI.



During the preview period, the screen of the mobile deviamline social networking experience. The Forthroid tedbgyp
displays the area viewed by the camera. The preview resalutivill be integrated with the PhotoJournal to create various
may vary from 176x144 pixels to 1280x720 pixels. Thisnultimedia journals of the users’ visits [6]. Finally, theeaux
resolution differs from the picture resolution, which isethstudy will be extended to a larger user population, for lange
resolution to which a picture is taken by the camera. Typicperiod of time, and in different set of premises, in orderdgé
picture resolutions vary from 640x480 pixels to 2592x19520re conclusive results about the quality of user expeeienc
pixels. The preview and picture resolutions depend on the
specific model and brand of the device. The relatively low
preview resolutions constraints the application. Cametia ¢ The authors would like to thank Manolis Surligas for
ibration procedures require high resolution images in ordgis help during the implementation of the lightweight top
to provide accurate results. We overcame this problem B9mmand for the evaluation of the CPU usage. Thanks also
capturing two pictures, one in the preview resolution fae thgoes to Google for their equipment grant with Androids smart
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process of QR-code decoding, and one in the picture resalutPhones (Google AndroidEDU programme).

for the distance estimation. When a QR-code is detected, the
application invokes the takePicture() method of the Camera
API in order to capture a picture with the highest resolution™
available from the picture resolutions.

As in the case of most portable mobile devices, Android
smart phones have relatively small screens. Inevitably, al?
mobile application developers come across the challenge to
fit all the graphical content on such small screens. Moreoveig]
the GUI should be user-friendly to be easily used without any
special training. We attempted to keep the GUI simple and
provide a Help button in the menu in order to guide users tha]
are unfamiliar with technology or similar applications.

V. CONCLUSIONS ANDFUTURE WORK (5]

This work focused on the Forthroid, a location-based infor-
mation retrieval system, and analyzed the delay, the distan[6]
estimation error, and the battery consumption of the system
The performance analysis indicates that the heavyweight im
age processing functions result in a significant increagbef [7]
total delay. Moreover, the network delay is also considierab
due to the overheard induced in the network from transngittin
large-sized images. On the contrary, the efficient hardwarél
and software of the HTC Nexus One smart phone result in
relatively small processing delays. A significant amounthef  [9]
total CPU is “utilized” by the preview period. In contragtet
corresponding CPU load during the query period is smalldt”!
However, during the query period the wireless interface anm]
the OLED are the main sources of energy spendings.

We also performed a preliminary subjective study to eva[ll-2
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