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ABSTRACT

One of the challenging problems of pervasive computing is to lipkyaical
object with digital information because many of the pervasivepatimg applications
require manual inputs or complex image processing to obtain infomatiated to a
real object. The use of 2D barcodes eliminates such excessgrarto acquire the
needed information. The 2D barcodes have high capacity to store ea@ssaprone
to human input error and act as a tool to acquire information on igiteutvnetwork
access. The currently available solutions use 1D barcodes to empismamic
information residing in a database and use 2D barcodes to rdpmsgnstatic
information that also encode only URLs. In all such applications, thecesaafr
information gets restricted to either a database or the stath encoded inside a 2D
barcode. None of such solutions takes advantage of 2D barcode dagabildollect
information from different sources and attach it to the real wemtdty. Moreover, a

2D barcode can also represent and categorize complex text information.

Our approach integrates the capabilities of 1D barcode into 2D batcode
represent and classify the complex digital information colledtedh different
sources. We design and implement an information management sysieimandheld
device that has image processing and barcode decoding cagmlditaddress the
above-mentioned problem. Our prototype provides a generic framewal&ctale
either 1D or 2D barcode, parse the complex information (both dynancgicstatic)
inside the 2D barcode, differentiate the complex information basedrdant types
and classify the image based on the barcode format. It alistsassers in decision-
making and information analysis. An example system applicatiorbealeployed in

grocery stores as a part of the enterprise information reamag system.
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CHAPTER 1. INTRODUCTION

In this section, we describe the overview of technological rambraent in
mobile applications and barcode technology, motivation behind wark,

applications of the system, objectives and contribution.

1.1 Overview

Due to recent technological development and integration of mobile and
barcode technologies, several new mobile applications are developgctheweand
then. Nowadays various barcodes are used in mobile applications othethéha
traditional commercial systems. Digital barcodes provide eatgmeans to store
information in a portable way. Barcodes represent machine-readéii@ation that
can be easily stored, transferred and processed. Barcodes hawvap#idity to
improve the productivity and reliability of nearly all applicatiosstiaey are printed
and processed by machines. They are processed faster than human data entey and hav
a higher degree of accuracy. Barcodes have many applicationseanthialy used
for product identification, inventory marking, shipping container marking,nanch
more. Barcodes not only provide a simple and inexpensive method tatpieszse
commercial data, but also improve mobile user experience by regdingir manual

inputs [1].

The barcode technology has been further developed with the cre&tiin
barcodes to increase the data capacity of 1D barcodes. Witintdgration of
cameras, mobile phones act as scanners, barcode readers aneé pattlstorages
and maintaining network connectivity. When used together with suchraghenes,

2D-barcodes work as a tag to connect the digital and physichl {8pr Today most
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of the mobile applications encode a URL or a website address am&Debarcode to
visit a web page containing a video clip or a document that candessed from a
mobile web browser. A 2D barcode can also represent a business acard
advertisement coupon, product information and it can be used in vigpsdgnaphy.
Since it can encode a variety of text information, several lsn@lentric systems can

be developed to manage information belonging to different domains including
manufacturing industry, government organizations and public sectogcturate

asset tracking, healthcare, system logistics etc.

1.2 Motivation

Over the years, many applications are developed in home automeg®n a
assisting especially elderly and people with special needs in theilitiil®ne of the
primary concerns for elderly is how technology can assist thdmying food items
and medicines as well as notify them about what to take. Moreinemformation
must be easily accessible anytime from anywhere. Geypecall phone is the best
platform to create applications that can handle such kind of inform&ione cell
phone is portable and easy to handle, almost everyone carrieshiuarzhh be easily
used by elderly people. This opens a new doorway of applicationsh Widuses on

providing healthcare related information on cell phone [4], [5].

Since barcodes can carry a lot of information either bgriiefy to the source
of information or by encoding all the information in it, they areduse several
applications likepoint of sale,inventory control, shipping, packaging and data
collection. Medical and dental practices rely on complex pat@ns and barcodes
can help in entering the detailed information in the computer, makany éasy task

of gathering large amount of information. It also reduces datactioh costs and
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better services are the results. Barcodes are primarily fosezhtering data into a
system, efficiently and reliably, thereby improving the productily Nowadays 2D
barcodes can embed a lot of data which can be used to provide usefobirda. 1D
barcode does not provide such static information; rather it rébermn external
database to collect the information. However, 2D barcode containsnatfon,
which cannot be updated but the information referred by 1D barcodbecaasily
modified. Therefore, if we use barcodes for carrying informatiersiould come up

with a way to get the benefits of both the 1D and 2D barcodes.

RFID is another technology that can bsed for information management.
However using RFID is not cost effective especially for idgmigf the different
products in the market and in the applications that can assist ingbpyoducts,
sharing personal information, directing and guiding people on theiraveyme place
located geographically distant or near, performing surveys, fiiiigne forms etc. In
these cases, a barcode can be easily scanned because of dheamsera and the
barcode scanning applications on the cell phones [1], [7], [8], [9]reskeRFID
requires a RFID reader to read the information. Most of the 2D barcodes &iRbde
which can further lead to a web page or website. Moreo\&, barcode can encode
much more information than a URL and can contain large amount ohtesthation.
Therefore, there should be some applications that can encode niifkénels of

information inside a 2D barcode and use it for different purposes.

Currently, there is no application, which can take the bengfii and 2D
barcodes to manage information not only related to medicine or foodbbut a
anything and any domain and categorizes it accordingly. In addguch system can

provide a way to assist the cell phone user including elderly lectiolg and viewing
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the information, provides functionalities according to the type fofmmation, which

would be of great public use.

There is definitely a need to create an application thatr@amage not only
health and food product related information, but can also assishamaging
information related to our daily activities. Now the problem is how we catecseich
a system that is easily available to everyone and can prawtieksd of information

in the best possible way.

In order to address the aforementioned concerns and the related praklem
propose to design and implement an information management systenil Dsargl
2D barcodes and cell phone technologies. We build an information nmagaige
system consisting of a cell phone based subsystem as wellnas axternal
subsystems (which may be required depending on the functions the usgr has
perform). The cell-based component can access information encoddd thsi
barcodes and can refer to the external sources for more infonm@his component
can decode 1D and 2D barcodes and parse the information gatheredllftbm a
sources collectively to present to the user according to theofypgormation and

user choice.

The information management system is developed on Google Android
platform suited for Google cell phones (Gphones). It is built in JawaeaAndroid
platform supports Java-programming language. It also consistseohaixservers and

databases to which the Android applications run.
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We will describe below the proposed technique in detail and thetwalves

the problem:

1. The system provides a generic way to access any kind ofniexmation
encoded inside 1D and 2D barcodes. It also encodes 1D data inside a 2D

barcode therefore taking the benefits of both kinds of barcodes.

2. It differentiates the information encoded inside the barcode depeadiitg
content type. Since the information encoded in 2D can be any text not
necessarily a URL, this technique can categorize the informstidhat the
user would know the type of information. For example, a 2D barcode can
contain a calendar event; by decoding it, the user can see teatcype. He
can decide whether he wants to see the complete informatidedrétait or

not.

3. It provides different functionalities to the cell phone user depgndin the
content type of information. For instance if the barcode contains tontac
information the application will provide the option to save the data itacbn

book but if it contains a URL, it will ask the user to visit the web page.

4. It can collect information not only from barcodes but also fromreate
sources and can process all the information to generate meamesgflilthat
can further help the user in information analysis and decisionngnakior
example, it can help elderly at the time of grocery shopping aidite
whether to buy a particular food item or not, after scanning treotaron the

product based on this technology.
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5. Itis a portable, easy to use system and may not even regoagsdo Internet
if used in a certain way. Since it is user friendly, anycare use it to access

and comprehend the needed information.

6. The information, visible to the user remains private and confidexstiing as
the user puts restrictions on the usage of his cell phone. Uhkessér does
not give his cell phone to others and let them scan the barcodesjsther
way to access the information inside the barcode as well astfi@mxternal
sources, which need user authentication to access the data anchenly t

authorized user can know about it.

1.3 Potential applications

There are many uses of such system, out of which some ofaiteermplemented
as functionalities provided by the system and some can be added e¢aigtirg

system:

1. One of the most important applications of the system is in gretenyping. It
can assist people in making decision about what to buy and what heh &V
user goes to a grocery shop, he can scan the 2D barcode on the geocery
and store it in the cell phone. We implemented the above functioigli
allowing the user to store the images of the barcodes in thedsditarcan
scan more than one barcode, store it and then use this applicatiorotie de
and parse all the images stored. The user will then getadd afitthe barcodes
that he scanned. He can click on one of the barcodes to see the fitlorma
available from the barcode. For example, it will list the@agents of the food
item and then he can check whether he is allergic to sunhoitenot. He can

also check if any of those is in conflict with other food item¢ taa lead to
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some ailments or disease. Moreover, the user can also deeessrent price
at the grocery store other than the price mentioned in the 2D bakedan
also calculate the total price of all the items he putfencart before buying
so that he would know the total cost before going to the billing eoukie

can remove some of the items in case if the total price exceeds his budget.

. Another possible usage of the application can be in buying medicines.
Currently the system does not implement this but it can be addeel $gstem

without a lot of change in the code.

. Another application is in saving the contacts to the address book phoeié

and knowing the image formats of all the images that are decoded.

. Other applications include calling the phone number if the information
encoded inside the barcode shows telephone number, asking the user to
generate a calendar event to notify if the encoded infaomadi of calendar

event type.

. Another benefit is that one can think of some more applications anddchn
them as a part of the overall system. Especially those applisatan be
easily added which may not require Internet access and card eibbdata
inside 2D barcode just as we did in grocery shopping application. Moreover
one can also encode more complex text information inside the barcodseand
the system for decoding it. Since we also propose the way to esoctie
information in this project, one can easily use this mechanism tmlenmore

and more complex information in a certain format.
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1.4 Objectives

The system is designed with the following objectives:

1. To show what kind of information a 2D barcode can encode and how that

information can be put to use in the application context.

2. To illustrate how one can make several applications centered am@DD
barcodes and can assist people in making decisions, information aralygses

data comparisons.

3. To demonstrate how a 2D barcode can be used to encode informagion of

product

4. To show the importance of using 2D barcodes for encoding not only food item
relevant information but also any product related informationbroad sense

and the possible applications based on the usage.

1.5 Contributions

The main contributions of the system are:

1. Existing solutions do not integrate the capabilities of 1D and 2D barcodes, nor
take advantage of all the capabilities like high data density, on site data
collection, no manual input entry of a 2D barcode

2. Our solution takes advantage of 2D barcodes to handle not only simple but
also complex text information by defining its format that can be used for
encoding, differentiating the information based on its content type

3. Our technique presents a method to handle information from various sources,
process the information to present meaningful result for decision-making o

cell phone platform which is portable and compact
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1.6 Road Map

The rest of this thesis is organized as follows. Chapter 2sistane of the
related work and the technologies used. In Chapter 3, design ofystemsis
explained and illustrated. Chapter 4 describes the implementatiaits detols used

and system evaluation. Chapter 5 concludes the thesis and discussesdtkure w
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CHAPTER 2. RELATED WORK AND EMERGING TECHNOLOGIES

This chapter discusses the technologies used in designing tha.syétealso
describe the literature survey for the topics of barcode technologbile and
pervasive computing applications. We start with the work done in barcode
technology, then in the mobile applications using barcode technologyvéall by

healthcare applications and smart home technology.

2.1 Technologies

1. Android: Android is a software platform that includes an operatirgjery,
middleware and crucial applications for mobile devices. It is based.inux
operating system and developed by Google and open handset alliance. All
Android applications are written using Java programming languagdrol
relies on Linux version 2.6 for core system services such asitgecuemory
management, process management, network stack, and driver modkeriéle
also acts as an abstraction layer between the hardware ardttbéthe software
stack. The Android SDK provides the tools and APIs necessary to develop
applications on the Android platform using Java [10].

2. ZXing: ZXing (pronounced "zebra crossing") is an open-source,i-fouhat
1D/2D barcode image-processing library implemented in Javes Utsed for
providing APIs to decode barcodes, which can be scanned by bugtriera on
mobile phones [11]. This library is divided into several components; amest
actively maintained and supported:

i. core: The core image decoding library, and test code
ii. javase: J2SE-specific client code

iii. android: Android client, called Barcode Scanner
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iv. androidtest: Android test applications
v. android-integration: Supports integration with our Barcode Scanner
app via Intent
vi. zxingorg: The source behind zxing.org/w
vil. zxing.appspot.com: The source behind our web-based barcode
generator
3. Barcodes: Barcodes are a way of representing informatiorghwki machine-
readable. They allow collecting data quickly and accurately. Barcandsecread
by optical scanners called barcode readers, or scanned from ga lipapecial
software. They are of two types: 1D and 2D. The 1D barcodesrfoldhation
about a product item such as a product code or any other ID. QdgiD
barcodes are used in shops and supermarkets where there i®de b@mceach
product. The barcode is read at the checkout to retrieve the poeaficentral
database and update customer and stock information. 2D barcodes allew mor
information to be stored in small amount of space. They are dignesad in
storing name, address, and other information on business reply cardelasite
or web page address to connect to a particular site.

i. Barcodes are much quicker, more efficient entry of information and are
inexpensive and easy to implement. As barcodes are printed and
processed by machines, they are processed much faster thamdstanda
human data entry and with a much higher degree of accuracy.
Barcodes have the potential of dramatically improving productivity
and reliability of nearly all applications. For an example, on aragee
it takes 6 seconds for an operator to enter 12 characters oWtiata,

as scanning a 12 character barcode takes only 300 milliseconds. The
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error rate for typing is higher than scanning barcodes. A datg ent
error will translate into additional costs for a business thrges from

the cost of re-keying the data to shipping the wrong product to the
wrong customer [6].

There is another technology termed as RFID technology othetltan
barcodes, which is used for carrying information. Radio frequency
identification (RFID) uses radio waves as means of identidicafi he

most common way to use RFID is to store a serial number that
identifies a person or an object, and perhaps a few other pieces of
information, on a microchip that is attached to an antenna. The chip
and the antenna together are called a RFID transponder or a &J-1D t
The antenna enables the chip to transmit the identification inflarmat

to a reader that converts the radio waves reflected back froRFie

tag into digital information. This information can then be passe@ on t
computers that can make use of it.

The primary difference between the two technologies is that barcod
scans a printed label with optical laser or imaging technolatple

RFID reader interrogates a tag using radio frequency sigBarcode
requires a line of sight where as RFID does not. Barcodes caadbe r
only in a smaller range but RFID tags can be read at 4 mueater
distance. RFID tags have a read and write capability but besamah

only be read. Barcodes may be easily damaged but RFID are more
durable. Cost and privacy are two big concerns with RFID. For
instance, a RFID implanted in running shoes could be used as a

tracking device.
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Barcodes are used to efficiently and reliably enter dataarggstem

with little or no human interaction, effectively eliminating the laumm

error element from data entry. For instance, if the user rteedsit a
website on his cell phone he can easily do it by scanning and decoding
a barcode containing a long URL rather than typing which mesd |

to some errors. Barcodes, as machine-readable representation of
information in a visual format, can be easily stored, transferred,
processed, and validated.

Barcodes have countless applications and are widely used for product
identification, inventory marking, shipping container marking, and
much more. 2D barcodes are almost like 1D barcodes - They identif
an object uniquely. The big difference is that 2D codes can be used to
virtually identify anything. Barcodes are extremely common el

be found in all types of industries, government organizations and
public services. Barcodes provide a simple and inexpensive method of
encoding text information which can be easily read using elactr
readers. Barcode technology and processing provide a fast and accurate
tool to enter data without keyboard data entry.

The traditional barcodes are called one-dimensional barcodesisThis
because they are scanned, or "read", in only one direction -
horizontally. The vertical height of the barcode makes for easy
scanning, but in itself does not add any additional information. The
next generation of barcodes is generally referred to as 2D, two
dimensional, barcodes. These new style barcodes get their names fr

the ability to be read both horizontally and vertically, theeefor
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increasing the density of information that can be encoded in the same
amount of space.

1D barcodes hold a limited amount of information (generallytless

40 characters although there are exceptions) while 2D barcodes can
hold considerably more (in some case up to 2000 characters). A 1D
barcode only encodes data along the width of the barcode, while 2D
barcodes encode data along both the width and height. 2D barcodes are
therefore much denser than 1D barcodes and encode much more data
in the same space. 2D barcodes are also much better at desmcting
correcting errors in damaged barcodes.

However, 2D barcodes require more expensive barcode scanners to
read the barcode, and in many cases, such scanners do not operate
through the computer's keyboard input - and so may not interface
readily to your specific application. Many 1D-barcode scanners
(known as keyboard wedge scanners) connect in series with the
keyboard - so, from an application's point of view, scanning a barcode
is just like typing on the keyboard [12], [13], [14].

A one-dimensional (1D) barcode is used to reference an external
database. Essentially, the 1D barcode contains no meaningful data,
e.g. a packet of cornflakes is scanned at the checkout in a &ire, t
reference number contained in the 1D code is checked against an
external database, and only at this time do we get a descpioen/

for the article. A 2D code typically contains the data. There is no need
to reference an external database, so a 2D barcode has muah highe

data capacity, and therefore it is not mandatory to refemmexternal
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database. A 2D code can serve as a portable data file. While 2D
barcodes are much more powerful than 1D barcodes and are able to
encode more data in the same space, some applications may not require
the added functionality that 2D barcodes provide. 1D barcode is often a
cheaper alternative to 2D barcode and is easier to printiaddass

dense than 2D barcode. 1D barcode scanner is typically less expensive
than 2D barcode scanner [12], [13], [14] .

Xx. Two dimensional codes offer higher data capacity, a better finy
spaces (matrix symbols) and depending on the scanning device, the
ability to be read without regard to orientation. Even with these
advantages, 2D symbology developments may not replace most linear
bar code applications. The scanning performance tradeoffs should be
weighed when choosing 2D over 1D. In general if the application
requires encoding less than 50 characters or space is limigeditch,
linear codes should be considered unless a supplier compliance
directive to use a specific 2D symbology is either stroegigouraged

or required.

2.2 Related Work

2.2.1 Barcode technology

Significant work has been done on the topic of barcode technology and mobile
applications. With the advancement of technology, a new technigque tcaemhance
the capability of 1D barcodes especially in data capacity [1'Bheid as 2D barcodes.

2D barcode can carry a lot more information and can act as & moatd of a
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database itself without requiring any data access. It hasapacity to encode

alphanumeric data [1].

Just like 2D barcodes, another technology that gained popularityars Isamd
held device with high computing capabilities because of the sidepartability.
These mobile phones act as pervasive computing tools and they aye alwa#dable
to the users, provide connectivity and also one can access thetlfitéindlowadays
mobile phones come with variety of sensors like acceleromef$, Gamera etc.
Camera has now become a very powerful sensor to interact withcglhgbjects

including two dimensional barcode [16].

2.2.2 Barcode and cell phone technology

Earlier a lot of work regarding the recognition of 1D barcodes usamgera
phones has already been made. Steffen et al [17] had presentedrithnaldor
recognising 1D barcodes using camera phones which was highly relgasting
image distortions. Barcodes are ubiquitous and are powerful wayktinformation
and services with physical world. Although, the demand of RFID tecppahas
increased in recent years but using this technology for product fidatdin and
labelling especially using RFID tags on retail products isy wemlikely in the
upcoming years. Robert Adelmann [8] describes the work with theoda
technology and built in camera that enable a simple and fastcinberaf user with

every day products while shopping.

As mentioned before, cell phones with camera can capture imdgerecess
it, therefore many 2D barcodes have also been developed for mobile peanlis
H. Hahn and J.K. Joung came up with an algorithm to decode 2D-bacode PDF-417

[18] in 2002. In 2004, E. Ohbuchi et al [19] presented an algorithm fodoherQR
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code. 2D barcodes can store data in both vertical and horizontalaiseahd have
the capability for error detection and fault correction. Thare many different
barcode symbologies in use today and many of them are introduceficafigdio

achieve higher data density such as PDF417, MaxiCode, Data Matrite 49 and

Quick Response (QR) code [1].

Robert Adelmann et al [20] created a free, easily usablerans$t barcode
recognition system for mobile phones, together with an open resordangework
that facilitates rapid prototyping and deployment. Madhavapeddy. §21] used
SpotCodes for enhancing human computer interaction by using a ephogra as a

pointing and selection device.

Seven 2D-barcodes namely QR Code ,VeriCode, Data Matrix, mCaiegglV
Code, ShotCode and ColorCode are used nowadays for camera phonei@pplicat
The first four barcode in addition to their higher data capaciteen enhance the
reading robustness of the codes by error detection and correapability. Hence,
these 2D-barcodes can operate as robust and portable data filethéshbarcodes,
users can access the information they need at anytime, ameywiegardless of
network connectivity. As for the last three 2D-Barcodes, they foou® on robust
and reliable reading, taking into account the reading limitatiofsii¢tifin cameras in
mobile phones. They differ greatly from the other barcodes in tefrdata capacity
[3]. H. Kato and K.T. Tan identified three key factors to improvertimistness of
2D-barcode reading, the range of the reading distance and tHaystdlihe readers
[3]. Teoh Chin Yew et al. [22] conducted a study which performsad@mnalysis on
several 2D barcodes using various size data sets. In additiorotkealso includes
the analysis of several compression applications which can be useihimizing

barcode’s size.
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The combination of barcodes with mobile phones opens a door way for new
applications. Tsung-Yu Liu et al. [23] constructed a 2D barcode and Hdndhe
augmented reality supported learning system called HELLOhdkhield English
Language Learning Organization), to improve students’ Engigtl.l Mobile phones
with Internet capability are very popular among students in Japéha@mi Fujimura
and Masahiro Doi [24] implemented a classroom support system szicsiudents’
degree of comprehension of course content using mobile phones. They dewised thi
system to offer better ease of use for both students and teadhar&ekimoto et al.

[25] describes examples of augmented reality applications loes€yberCode, and
discusses some key characteristics of tagging technologiemtisitbe taken into

account when designing augmented reality environments.

With the swift increase in the number of mobile device users, mioetess
information services and mobile commerce applications are neésleg.Zeyu et al.
[1] discuss 2D barcode concepts, types and classifications, mdjaotegy players,
and applications in mobile commerce. They also report a regeanjelct to develop a
2D barcode processing solution to support mobile applications. S. Lisa, G.
Piersantelli describes the features, applications, functionaditiddenefits of the 2D
barcodes, pictorial machine-readable representations of informattrlaa [26].
Jonathan M. McCune et al. [27] present and analyse Seeing-leviBg] a system
that utilizes 2D barcodes and camera phones to implement a cisaahel for

authentication and demonstrative identification of devices.

2.2.3 Healthcare technology

A lot of research work in ubiquitous computing area has been done on

improving health care technology. Katie A. Siek et al. preseatraative study that
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examines what, when, and how participants in a chronic kidney disd¢age &
population input food items into an electronic intake monitoring apitat
Participants scanned food item barcodes or voice recorded fooslthey consumed
during a three week period. The results indicated that a learning was associated
with barcode scanning [28]. Furthermore, visually-impaired peoplengl
independently face problems in determining the contents of packaged lhotust
home and when shopping in modern, ‘self-service’ stores. So a projdmtdrasione
by R.l. Damper et al. [29] which was aimed at assessingetgbility of using
product barcodes as an aid to the identification of package contermtsnicas
feasibility has been addressed by production of a prototype barcaalees featuring

synthetic speech output.

Martin Lopez-Nores et al. [5] introduce an intelligent mediaabinet as a
new element of a residential network, acting as a secure faatore sensitive health
information, and there from access a range of interactive heaiéhapplications.
Their paper describes the functionalities related to monitorirgy ittiake of
prescription and over-the-counter drugs, harnessing recent advancemart

medicine packaging and home networking.

Smart Homes, with modern technology designed especially faldedy and
persons with special needs, have been a research subject in fhw lgsars. One of
the areas in which the elderly and persons with special nheeds waddssistance
from the Smart Home is in their medicine intake managemené MoReyes Alamo
et al. [30] present the Medicine Information Support System (WMN8fch integrates
the patient’s information to assist with the prescriptions managenThe system

checks for conflicting medicines, health conditions and food items. Thee da
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generated is used to feed other subsystems in the Smart Homasstlee calendar

reminder and medicine inventory.

2.2.4 Cell phone and healthcare technology

Mobile and wireless devices have penetrated the healtlseet@ due to their
increased functionality, low cost, high reliability and easy-tonsare. However, in
such health care applications the privacy and security of the tteagsnmformation
must be preserved. DasunWeerasinghe et al. [31] propose a pfoto ML based
security between a patient and the health services that builds aipmobile
communication environment. Murugaraj Shanmugam et al. [32] presentiah) yat
a novel, approach to transfer the medical records of an individuaeouse way by

using the existing infrastructure to mobile operators.

Anotherresearch project, known as MIMOSA, initiated by J.M. Quero et al.
[4], aims to make Ambient Intelligence applications. It talks aboutimgi health
care applications on mobile phone centric smart sensor network.r@yinesystem
proposed by Patrick E. Lanigan et al. [33], aims for cost-@ffectassistive
technologies to provide an independent grocery-shopping experience fomthéli

leveraging barcodes and networking diverse embedded COTS devices.

All the above mentioned works include the concept of ubiquitous computing
along with mobile technology or barcode technology or their combingiome of
the work also includes health care and mobile technology. However nahenof
discussed about the impact of combining all the three different texiesinamely
barcode, mobile and health care (technology to assist in daily)livm@ur project,
we created a system that belongs not only to a mobile-baseddbatechnology

application but also a pervasive computing application that cant geple In
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managing information. Since information system can be relatedatthheare, food
(grocery shopping), geography, website so it provides a much mordcgen§ to
interact with the user to access information belonging todanyain in a secure way.
Trinetra [33] uses 1D barcode to collect information from public datb&rough
the Internet but does not use 2D barcodes as well as the stabas#ato access
information. The information available from the Internet may notva@able for all
grocery products and updated frequently with the latest changbs orite of the
product. Although our system is not meant for blind people, it provideora m
efficient way of collecting information even if it is recgntipdated. It is also built on
the MISS [30] as one of its subcomponent performs conflict and iabectpecking,
not only on the basis of the name of the food items but on the babkis iogtedients

of the items.
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CHAPTER 3. SYSTEM DESIGN

This chapter describes the overall design of the information maeagem
system developed in this project. Firstly a brief overview abbet $ystem
components is given. It then explains in detail the usage of barewadkeXML
technologies in building the system followed by the detail desmmipdf all the

components used in development of the system.

3.1 System overview

The overall system consists of a cell phone based component and some
external components through which the mobile-based system intéoaperform
certain operations and to gather data. These external compoaeriie on the same
or on different machine and their number can vary. The interaction éretithie cell
phone and external component is just like a client-server interactiorhich the
mobile-based system acts like a client while the extesystlem like a server. The
client sends a request to the server to get data, processeatdahand display the
result to the user. However, the connection between the mobile-hasech @and the
external server is temporary and is built only when some esetniggered. The
mobile-based system requires human intervention to trigger thoses.elrerdther
words, the cell phone based component interacts with a user andstreggevent

depending on the user chosen operation.

The mobile-based system is designed to decode a variety of barcod&eprov
information to the cell phone user about the barcode, its type andntonte

Furthermore, based on the content of the encoded information, the amplicab
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distinguish between the different functionalities that can be pedvid the user. It

can perform different operations depending on the content type.

Our focus is on creating a generic system in which one carhadipérations
to the existing system depending on the content type defined in dréacas and

classes and adding new interfaces and classes for a new functionality.

In order to define the usage of such system, we have divided teensygo
sub-components based on the operations it performs. These subcomponeés-are i
related and can have overlapping functionalities. By dividing theemysnhto
components, we can emphasize on the main functionalities that are gdrbyiéach

of them and what can be the possible applications of the components.

One of the sub-components of the cell phone based system describes the
importance of this system by showing its usage in real wdndugh a small
application in which a 2D barcode encodes information of a food product. Any mobile
user can use this sub-component installed on his handset at theftignecery
shopping to decode the barcode and perform intended operations. Since the
component has a practical application for assisting user wittegrashopping, we
term it as a grocery-shopping assistant. This component of skensyghows how a
2D barcode can be used to encode information related to differ@shighs. It can
assist any mobile user in shopping and gathering interested atfomto the user

and displaying result of the computation.

Moreover, the system has the capability to decode information ey} of
different content types like URL, contact information, calendarpbelee number,
email and any other text information and depending on the content ityp|

provide different functionalities. This module is termed as gemertent processor.
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Another important component of the system is that if a barcode corgairtact
information, then the system will detect the barcode’s content, tgplay the
content type to the user and provides him an option to save the cortattatidn in
the contact book of the cell phone. This sub-component is named ast Gaviag

application.

The server-based system consists of a request processor aubshst
handles the request sent by the mobile client and generates respomsequest
processor processes the request sent and interacts with theselatabaector for
further processing. The other component, termed as database conc@mubects to
the external database to query the database for the approptatasétad by the

request processor and sends the results back.
3.2 Usage of Barcode and XML technologies in system design

In this project, we try to emphasize on how digital barcodes candpran
effective means for mobile E-commerce application. Our systantdecode both 1D
and 2D barcodes. We use Qrcode (2D barcode) for encoding food product
information as well as 1D barcode data displayed on the food product taeorovi
useful information to the user of the system. We embed the slstaiated with 1D
barcode along with the other information in a 2D barcode. So a 2bdsnot only
represent static information embedded inside it but dynanoennation (the one that
can be obtained from external sources) as well. It is dynbedause we can use the
1D barcode data for accessing the external database. Se wet anly providing the
user with contents encoded inside the 2D barcode but also the saif@ntan be
accessed from external sources through the use of data enosidiedliD barcode.

For accessing the data from outside, we may or may not connig toternet and
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depends on the location from where we are trying to accessfanmation. If we are
trying to access the food item related data inside the gretere then we may not

require Internet otherwise we need to.

3.2.1 Barcode generation and decoding

In order to test whether the system properly decodes the barcode, ove
used some online free barcode generators to generate barcgds.iifiaere are many
free generators available in the market some of which are aaideothers can be
downloaded. These generators allow you to encode data of your choite i
barcode. Some of them also generate image of any type in 2D.orOne of the

online generators that we used is [34] and the other one is [35] for 1D barcode.

We also used another generator provided by ZXing from Google toagener
2D barcode images and of QR Code type. This is the one, which ibesaty in the
development and testing of the system. The advantage of this QR Guatatgeis
that you can encode information belonging to certain categorxoflt@rovides the
user an option to choose the content type or the kind of information nieeelecbde.
These options include calendar event, contact information, URL, emaiésaddr

geographical location, phone number and text that can be anything [36].

Depending upon the option or the content type chosen, the generatdneasks t
user to enter certain information that can be encoded. It thertsséhec specific
standard format for that particular content type, formats thendtion entered by
the user according to the standard, encodes it inside the barcode and createfea barc
Once the barcode is created, image can be easily downloadeaRaple if the user
selects contact information, the generator will automatiqaibyides text boxes for

the user to enter data for name, address, phone number and then hisedathtto
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create a specific format. This specific format is visiblhen we decode the barcode
image. Since the options available to the user for the contentigyfpeed, the
generator knows how to format the contents according to the stendargarticular

content type.

Moreover, if the user selects the content type as text, he rcades any
information and there is no specific format used by the generatmctule the data.
One can see the same data after decoding without any fornesiefdre, in this case,
the user has to come up with his own way of formatting the contemntsthen
providing the formatted information to the generator to build a barcodge. Since
the generator provides a single textbox to enter data for tex@rtotype, one can
enter data of any complexity as well as in any format. Inpsoject, we used the
“text” content type to encode the complex information type. We laés@ defined
some categories to represent such complex information and camghupur own
standard of formatting this information. This formatted informatian lbe fed to the

generator [36] to generate the 2D barcode image.

There are many barcode decoding softwares available in tiketndro build
this project we used the APIs provided by Google known as ZXing [14]. A
mentioned before, ZXing is a multi-format 1D/2D barcode readerarijbr
implemented in Java. Out of all the packages of the APIs we uaneg
com.google.zxing, com.google.zxing.client, com.google.zxing.common,
com.google.zxing.oned, = com.google.zxing.datamatrix, = com.google.zxing.qrcode

packages in implementing the system.
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3.2.2 Barcode contents

2D barcodes encode text, generally, but that text can represegtthiags.
2D barcodes can encode many types of actionable text. Texsespng contact
information, when recognized, could trigger a prompt to add the coatantaddress
book. However, this only works when readers understand that text ercmdast
information. For this, we need standards too. There are somergtaattaady in use
to encode URL, email address, telephone number, contact informatignmem<tc.

[37].

As mentioned earlier, we define a new category of informatimehdecide its
format. The new category that we defined is for embeddingnrdtion of a food
item in a barcode. Typically, one can see information like nutrfacts, percentage
and type of vitamins and minerals, calories, ingredients, price, atgpir date,
manufacturing location, 1D barcode label, website and contact informan any
food product item that is available in a grocery store. All tifigrmation needs to be
included inside a 2D barcode for a food item. We use all the abovéesmeht
information for creating a 2D barcode. To represent this infoomat a meaningful
way, which the system can understand, we define a specifr@foyVith this specific
format, we create the barcode image and then use our systersdapd decode the

image.

We use XML format for encoding the product related information.XMé

file contains the following elements:

1. FP: It stands for food product and is the root element of theSitee the
barcode contains information of only a single food product, the XML file

contains information of only one product and not more than one. Therefore,
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the root element is termed as FoodProduct to represent one tngldtialso
removes the need to create a child element of the root to repoesefod

item and repeat it for several items. It has NF, C, E, P, ,@nd T as the
child elements. We will describe each of them in detail.

NF: This element is the direct child of the root element and stands foramutrit
facts. On any food product item, we always find a table that ¢geevihe
nutrition facts of the item. This table contains information abouttheunt

per serving, calories, nutrients, vitamins and minerals and somgoadti
information at the bottom of the table. To represent such informatonsed

the following elements like s, Ca, N, Vi, M, e respectively las thild
elements of NF.

. S: It stands for starting text and is the child element of INBpecifies the
amount per serving and some additional information about the product. It is
usually found on the top of the table of Nutrition Facts on any food item.

. Ca: It represents calories. It is also the child elemeMFofit specifies the
number of calories in the food item and is generally represented as a number.
N: It is the child element of NF and represents nutrients. dviges the
information about the name of the nutrient and the percentage or thenam
(in milligrams or grams) of carbohydrates, proteins and fatee item. Since
this element can represent any of the nutrients from carbategdrproteins
and fats, it repeats itself by specifying the data assstiwith it as either
carbohydrates or proteins or fats and a child element to reptaseatount

of the corresponding nutrient. It also has an id attribute which incremerits itsel

each time the element repeats.
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6. v: This is the child element of N and stands for value. It considgtsee amount
information for any of the nutrients. For example, if the amount of
carbohydrates in a food item is 27grams then this element codlaiasas
279.

7. Vi: It stands for vitamins and is the child element of NF. bhvies the
information about the name of the vitamin and the percentage ofit#uain
in the item. Since this element can represent any vitamiapdats itself by
specifying the data associated with it as the name of theaimitand a child
element to represent the amount of the vitamin. It also has attrilalite
which increments itself each time the element repeats.

8. a: This is the child element of Vi and stands for amount. It cenefsthe
percentage of a particular vitamin (represented by the pdemeset) in the
food product. For example, if the percentage of Vitamin B in a food igem
4% then this element contains data as 4%.

9. M: It stands for minerals and is the child element of NF.rdtviges the
information about the name of the mineral and the percentage of mineral in the
item. Since this element can represent any mineral, it epealf by
specifying the data associated with it as the name of therahiawed a child
element to represent the quantity of the mineral. It also had aftribute
which increments itself each time the element repeats.

10. g: This is the child element of M and stands for quantity. It cansisthe
percentage of a particular mineral (represented by the palement) in the
food product. For example, if the percentage or quantity of lodine in a food

item is 2% then this element contains data as 2%.
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11. e: It stands for ending text and is the child element of NF. It gesvsome
additional information about the product. One can put some important notes or
remarks in this field.

12. C: It stands for contents. It is the child element of FP. Itcatds the
ingredients of the food item. It has one child element, which repisalisand
represents the name of an ingredient.

13. I: It stands for ingredient and is the child element of C. &mdood item
contains more than one ingredient, therefore this element repselfs it
contains the name of the ingredient and has an id attribute affiieute
increments when the element repeats itself to represent rhare dne
ingredient.

14. E: It stands for expiration date and is the child element of e can
represent date in any format for this element.

15. P: It is the child element of FP and stands for manufacturing price.

16. L: Itis the child element of FP and stands for manufacturing location.

17. O: It stands for 1D barcode information. We keep the barcode number
represented as a 1D-barcode label on the food item as one ofrtientsief
the food product.

18.U: It stands for URL and is the child element of the food produspecifies
the web address of the manufacturing company of the food product. This
information is optional.

19.T: This stands for phone number and is the child element of the foddqtr
It provides the contact number of the customer support offered by the

manufacturing company of the food item.
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We used XML file to encode the barcode information because it proades
generic way to represent information and any one can useraate ¢t easily by
referring to the XML schema. It also provides all the advantafjéeing an XML
file. It is easy to understand as compared to a text forma&ixtfdrmat can vary from
one developer to the other and one needs to learn the format toluisealso hard to
understand the exact conventions that one has followed to represemibtheation
unless it is standardized. XML has become a standard fornsagasy to learn and it

is well formatted as it is written in a simple way.

It becomes difficult to represent very complex information ikt fermat, as we
have to come up with lots of new convention that can again decrease the readability of
the information. We also have to write our own parsing mechamigrarse the data
but in case of XML, we do not have to write our own code for parsirgcsv use

the already developed and available parsers (the SAX parser ) fongpghdL file.

All the elements that we describe in the XML file have very short nawedried
to give simple names to all the elements so that they do not oeclgbyf space as
barcodes have some limitations on the amount of data that can be cemtside
them. The number of characters that can be encoded inside a barfiedd snd
depends on the format of barcode. The barcode generator will nottgeadrarcode
image if the number of characters exceeds the maximum Tim&efore, if we use
too many characters for naming the elements then we wibenable to represent the

actual data completely.

Moreover, when we use a generator we need to make sure that thdilgxM
contains no spaces between any elements. We tried avoiding wargcase of

spaces between the elements to prepare the file as this algmesca lot of space.
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We can use that space to encode data because there is @hnutathe number of

characters that can be encoded inside a barcode.

On the contrary, if we use a text format instead of XML fderepresent the
information then we can represent a lot more data than an X&]Lcénsidering the
maximum limit of the data that we can keep in the barcode. Howievext format
we need to make sure not to provide spaces between different data.dh general,

if there is a lot of data to represent we can use a text format instead of XML.

Along with this XML file, an initial tag is placed before théVX file to specify
that the information inside the XML is about a food product. This taghedp the
program to understand that the XML file belongs to a particutagoay. In this case,
it represents food item. However, one can use the XML file noode any
information. For example, one can encode information related to aineedicthe
form of an XML file and can use a tag named as “Medicinethie first line of the
XML before the content of the file start. For instance, the dmdralow shows the
information that we can encode inside the barcode or the format tdatigoroduct
information. It contains a tag named as “FOOD” with a colon lpe$ore the XML

coding starts to represent a food item.
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FOOD:<?xml version="1.0" encoding="UTF-8"?=

<FP xmlns;xsi="http://www w3.org/2001/XMLSchema-instance”
xsi:noNamespaceSchemaLocation="FoodProductXMLSchema.xsd">
N[>

<g>Serving size 8 1 oz, Servings per container 8, Given below Amount Per Serving</s>
<Ca=110</Ca>

<N id="1">Fat<v>0g=</v=></N>

<N 1d="2">Sodium<v>15mg=</v></N>

<N id="3">Potassium<v>450mg</v></N>

<N 1d="4"=Carbohydrate (Sugar 24g)<v=2Tg</v></N>

<N id="5"=Protein<v=2g</v=</N=

< Wi id="1"=Vitamin C=a>120%</a></Vi=

=Viid="2">Vitamin B6<a=4%</a></Vi=

<M id="1">Calcium=q=2%</q=</M>

<M id="2">Thiamin<q>10%</g=</M=>

<M id="3">Niacin<q=2%</q></M=>

<M id="4">Folate<q>15%</g></M=

=M id="5">Magnesium=q=6%</q></M=>

<g>Not a significant source of calories from fat, saturated fat, trans fat, cholestrol,dietary fiber,vitamin A and iron.</e>
</NF>

<>

<l id="1"=0Orange Juice</l=

<l id="2"=Aspirin</1>

<l id="3"=Alprazolam</1>

<l id="4">Atorvastatin calcium=/1>

<l id="5">magnesium=/1>

<1 1d="6"=>Sertraline hydrochloride</1>

<1 id="T7">pectin</]>

<1 1d="8">Choline</I=

<l id="9">Water</I>

<l 1d="10"=lodine</I>

<l id="11"=Biotin</l=

</C=

=E=luly 8, 2008 (7-10 days after opening)</E=

=P=8§7.00=/P=

<L=Atlanta, GA 30313 USA</L>

<0=2500002606</0=

<U=http:/f'www.minutemaid.com=/U=>

<1=1-800-888-6488=</T=

</FP=

Figure 1: Encoding format

It is clear from Figure 1 about the way we create the XN An XML
schema is defined for the XML file and is called as FoodProduct3dhkema.xsd
(refer to XMLSchema mentioned in the APPENDIX). By defining gwhema,

anyone can use the schema to create its own XML file with the proper standard.

In the above figure, the file does not contain any space and orm®marthe

content from the figure and feed it to the generator to genéatearcode image for

the food item. In order to show with clarity how the XML file lodkse, one can

Ol LAC U Zyl_i.lbl
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refer the sample file shown below in Figure 2. It shows the figure of an H#&with

all the elements that are used to create the file.

<?xml version="1.0" encoding="UTF-8"7>
<FoodProduct xmiIns:xsi="http://www w3.org/2001/XMLSchema-instance”
xsi:noNamespaceSchemalocation="FoodProductXMLSchema.xsd">
<NutritionFact=
<startText/>
<Calones/>
<Nutrients id="">
<value/>
</Nutrients=
<Vitamins id="">
<amount/>
</Vitamins>
<Minerals id="">
<guantity/>
</Minerals>
<endText/>
</NutritionFact>
<Contents=>
<Ingredient 1d=""></Ingredient>
</Contents>
<kExpDate/>
<MfgPrice/>
<MfgLoc/>
<Oned/>=
<Url/>
<TelephoneNumber/=
<{FoodProduct>

Figure 2: Sample XML format file

The XML file in Figure 2 shows the same format as the oneguar& 1. The
one in Figure 1shows the file with a tag “FOOD”, before the XM starts. This tag
is used to distinguish different types of information stored in thd_XiM. We use

the file shown in Figure 1 to generate the barcode imagehwhe system can use

for decoding the information inside the image.
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3.2.3 Use of XML in server response generation

In this project, we have used XML file not only for encoding inforamat
inside a 2D barcode but also for dynamically generating responsedie®ifre of the
subsystems. The system, depending on the operation, can request dse of
subcomponent to process the data and generate a result file itna{NH. format.
Several result files are generated and are categorized dependitige operation
performed and the data it contains. One of the files is tersmedrdlictRecords file,
the other one as allergiesRecords file and the third one as proStm&Records file.

All these files must be generated for proper functioning of gstesm. We will
explain how the files are generated and its detail in ChapWe4vill describe below

the format of each of these files that are generated on demand forcspexfses.

1. allergiesRecords

<?xml version="1.0" 7>

- <AllergiesRecord=

- <record 1d="1">
<User>Troy</User=
<allergic_ingredient=aspirin</allergic_ingredient>
<severity=high</severity>
<note /=
</record=

- <record id="2">
<User=Troy</User>
<allergic_ingredient=biotin</allergic ingredient>
<severity=high</severity>
<note /=
</record>
</AllergiesRecord>

Figure 3: XML recordsof user and allergies
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The above diagram displays information about the user and his edlefdie
element allergic_ingredient represents the ingredient in theifewdwhich the user

is allergic to.

2. conflictRecords

<?xml version="1.0" 7>

- =ConflictRecord>

- <record id="1">

<ingredient=alprazolam</ingredient=
<conflict_ingredient=magnesium<=/conflict ingredient=
<conflict food=Cabbage</conflict food=

</record>

<record id="2">

<ingredient=alprazolam</ingredient>
<conflict_ingredient=magnesium<=/conflict _ingredient=
<conflict food=Grape</conflict food=

</record>

<record id="3">

<ingredient=aspirin</ingredient>
<conflict_ingredient=magnesium<=/conflict ingredient=
<conflict food=Cabbage</conflict food>

</record>

<record id="4">

<ingredient=aspirin</ingredient>
<conflict_ingredient=vitamin e¢</conflict_ingredient>
<conflict food=Cabbage</conflict food>

</record>

<record id="5">

<ingredient=aspirin</ingredient>
<conflict_ingredient=magnesium<=/conflict ingredient=
<conflict food=Grape</conflict food=

</record>

</ConflictRecord=

Figure4: XML records of conflicting ingredients

The above diagram displays the conflict between the ingredients. The
ingredient element represents the ingredient in the food item Hmhwve want to
know the conflicting ingredient, which is denoted by the element configtedient

in the file. The element conflict food represents the food in whichcaimdlicting

ingredient is present.

oL fyl_llsl
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3. productAtStoreRecords

<hxml version="1.0" 7>
-<onedproductbarcode>
-<record 1d="1">
<oneDBarcode>2500002606</oneDBarcode>
<productName>MinuteMaid</productName>
<category>Beverage</category>
<toragelnfo=Refrigerated Beverage, Consumed between 7 to 10 days after opening,
Optimun temperature 1s 33F to 40F</storagelnfo>
<torePrioe>$8</storePrice>
<expDate>20une2009</expDate>

<[record>

<Jonedproductbarcode>

Figure5: XML record of product information

The above figure displays the information of a particular food g&red in
the local store database. The element oneDbarcode represents thdavnede
number associated with the food item and is used by the storefeio to the

information stored in the store database.
3.3 System components description

We will describe each of the components of the mobile-basedrsygsig¢ the

server based system in detail in the following subsections.

www.manaraa.com
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Figure 6: System Architecture

Grocery shopping assistant:

This component is designed to show how a 2D barcode can be used to encode
information of a grocery product and how it can assist in grodeopsng. We

describe below the working and design of the component:

If a 2D barcode is present on a food product, it can be scanned andrsaved
the sdcard of the cell phone. The image can then be decoded and cay thispla
useful product related information to the user. It can also informifusershould buy
the product or not in case he is allergic to the ingredienteeofdod product or it
might contain some ingredients, which can cause certain ailmdrgn vaken in

combination with the other food item or medicine present at his home.

A food product related 2D barcode encodes the following information:

nutrition facts, nutrients, vitamins, minerals, calories, ingrediemanufacturing
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related information like price, expiration date, manufacturing iocatlD barcode
text, website and contact information. All this information isidtired by using an
XML file and then providing this XML file as an input to the 2D dxade generator to

encode the file in a barcode.

We fix the format of the information encoded so that after degothe
barcode, the information can be processed based on the contemtafmesif we
keep calories and its value as well as the mfg price andalue, we need to
distinguish these two different fields and for that we needfinelsome tags that can
be parsed later, or we can create an XML file to keep allddwa and the

corresponding values.

Functionalities provided by the application to the mobile user anthabie
operations that the user has to perform to use these functionaigeslescribed

below:

1. Application can decode the data inside the 2D barcode and disptayhe t
user so that the user can get access to all of the above itiormoa his
handset. He does not have to access even the Internet for this purpose. S
the barcode contains food product information, it displays the engredient
list to the user after decoding.

a. Assumption: It is assumed that every item in the grocery store has a 2D
barcode along with a 1D barcode. The 2D barcode is placed on the
food product at the same time as the 1D barcode is placed.

b. Operation performed by user to access the functionality: Sihtleeal
grocery item related information resides on a 2D barcode,raonge

has to scan the barcode, stores it in the sdcard and stanpplicataon
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by clicking on the scanning button. User needs to be present inside the
store to scan the barcode however after he saves the image,usecan
the application at any time and from anywhere to decode the
information.
It also provides various options to display the decoded information biduer t
the ingredient list like nutrition facts, nutrients, vitamins, mahecalories,
manufacturing related information to the user.
a. Operation performed by user to access the functionality: Ussfsto
click on the menu to see the options and then click on various options
to get the desired content.
User can perform conflict checking for ingredients. Since titieecingredient
list is visible to the user, this list is used to find condliatith the ingredients
present in the other food items at his home. If any conflict is folea user
can see those conflicts and will get cautious about not eatngoattflicting
food items together. By conflict, we mean that one ingredienbeamarmful
to take with another ingredient and might cause some ailmenie tbotly.
Therefore, it is necessary to check if any of the ingredignetsent in the food
item can cause some disease when taken with some other emggedi the
other food items and one should avoid eating such combinationsisTioé |
such combination of conflicting food items can help the user to decide whether
he should buy it or not and if he buys then which of the food itemsefgras
his home) he should not eat with this item.
a. Operation performed by user for conflict checking: User onlytbas
click on the menu option for conflict checking and he will be able to

see the results on the screen. Moreover, he can perform conflict
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checking while buying the item as well as after buyingitem and
keeping it in his house. Since the barcode image resides inside the
sdcard of the phone, one can use the application at anytore fr
anywhere whether inside the grocery store or at his home to déwode
barcode to check the conflicts. This way it is easier for him to
remember about the food conflicts.

4. User can also perform checking of allergies with any ofrigeedients inside
the food item not only for him but also for the family members. The
information containing the set of allergic ingredients from fihnod item can
be visible to the user on the screen.

a. Operation performed by user: Just like in conflict checking, user c
click on the menu for accessing the allergy related informainahcan
access the information from the database at his home or stdiee
However, it is better to check for allergies in the food iterthattime
of buying inside the store rather than after buying.

5. Application also provides the user to get the product related infiomiaxed
by the grocery store like the latest and the discounted pioee 8e price of
a product can vary from one store to other, therefore it islgestiat the
price mentioned inside the 2D barcode at the time of manufactuaimdpe
different from what the store has decided as the selling pracén Srder to
know the actual and the current selling price as well as ottiermation
related to a product that can vary from one store to other, thearserse this
information.

a. Operation performed by user to access the functionality: The only

prerequisite is that the user should be present inside the gsioesy
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then only he/she can access information using this application. He has

to click on one of the menu options to get the desired result.

The information encoded inside a 2D barcode corresponding to a food ite
can be in XML or text format. When the format is XML, the dexbdahformation
needs to be parsed with an XML parser to display the contents.h8o,the mobile
user saves the barcode image in the sdcard, the application decoo@stitke from
the image location and then parses it without connecting to amaixsarver. Since
the parsing is done by the sub-component on the cell phone (clientts&te)js no
need to access the Internet or any other network. SAX pargsedsfor parsing the
XML file. Once the parsing is done, all the data corresponidirige different tags in
the XML file are stored in the corresponding data fields of #va bbject and some
data is displayed to the user. In the case of food items, iegtsdaire shown on the

cell phone screen while for other contents the data for display can be different.

When the user selects an option from the menu an event is tdggeieh in
turn display some result based on the event after some background pgpceldse

options provided to the user are categorized into three groups:

. General information about the product: This includes getting the bdsitnation

like nutrition facts, price, location, nutrient, vitamins, mineralsomas of the food

item. In other words, all of the information present in the XML &itel stored in the

Java object can be retrieved and displayed to the user through this option. For instance
if the user selects the option for knowing the nutrition facts oftéme, an event is
triggered in which a method is called to get the data fromaha dbject and display

it to the user.
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2. User specific information: When a particular user seleggsoéthe sub options from
this group, the information displayed after the triggering of eventelated and
relevant only to him and may change from on user to other. Unlikeygheral
information group, where the information displayed to the user #fierevent
processing is only about the product, this group displays content thegteadent on
the food item as well as the user, therefore may not be feareeery user and varies.
The operations provided include conflict checking, checking alledfiesparticular
user and all his family members.

a. The system requirements are

I. User will have a home database and a server setup.

il. The home database will contain information about the conflicting food
items, food items that can cause allergies for the user arfdrhily
members.

lii. User has already provided the address information of the honer ser
to the application, which will ask the user for the server infaonat
when it starts for the first time to connect to the servers Ihot
necessary to connect to the Internet to access the datbbaseiser
performs these operations at home and has a network setup to whic
the mobile client can connect.

b. Conflict checking: In this operation, the entire ingredient listhef food item
scanned is checked for conflicts against the food items stordu atser’s
home.

i. When a user selects the option for this operation, then the appilicati

contacts the home server where information about the conflicting food
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items and ingredients is stored. It sends a request containing the
complete list of ingredients to the server.

ii. Server first retrieves the conflict list from the home databasvhich
each item in the list contains the combination of conflicting
ingredients. Then it compares one of the ingredients from the
combination with each ingredient in the ingredient list sent by the
client. If a match is found, the server stores the combination in an
XML file. Thus, this XML file contains a list of such combinations.

iii. Server then sends the generated XML response file to the cell phone
client, which parses the XML file using SAX parser and display
result to the user.

c. Allergies checking: In this operation, the entire ingredienilithe food item
scanned is checked to find out if the user and his family membeeedlargic
to any of the ingredients present in the food item.

i. First, the application sends a request containing the completef lis
ingredients to the server.

ii. On receiving the request, server connects to the home database and
gueries the database for getting the set of ingredients td wiecuser
is allergic and which are present in the ingredient list sent by client.

iii. Once the server gets the result of the query from the datalias
generates an XML response file containing the results of the query.

iv. The client then receives the XML file, parses it and displaggésult
to the user.

3. Product related information at the store: This option provides themmers present

inside the store to get the product related information, whichvagyfrom one store
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to the other. The product related information becomes accesgiblelbding the 1D
barcode data inside the XML or text used for encoding information in a 2D barcode.

a. Significance of 1D barcode along with the 2D barcode: By keepind.he
barcode text information inside the 2D barcode, one can use the 1@odata
query the product related information residing inside the groceme’st
database. Since the database at the grocery store savesodh@réduct
information based on the 1D barcode number, which is unique for every
product, one can access the data related to a product by usitig beecode
number.

b. 1D barcode and the store database: In practice, 1D barcodemaned and
used to determine the current selling price offered by the yrestere on
every item in almost all of the grocery stores. It can &ls used to retrieve
other information related to an item, which is liable to changené store and
can vary from one store to the other. This information can be only known and
accessible to the store staff from the database owned lgrdbery store to
which a normal user does not have permission nor a way to abeedatta
residing inside the database.

c. Permission from the store: In the current situation, one can athkess
information only if grocery store agrees to expose some useful predaied
information like current price, expiration date to the user from the datdloss
can still restrict the access to the repository. This seéers quite feasible to
be done by the store and in turn provides a way to interact vathoegtomer

without the intervention of people working in the store.
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d. Mechanism to access the data at the store repository: We pep@seto get

access to the store’s database in a way that it stiitenas the privacy of the

information owned by the grocery store.

In this case, the store can create its own private network waoge

is within the store and no information is visible outside the storie suc
that the user can connect to the network once they come insidet but ge
disconnected automatically when they are outside.

This private network would have a server that exposes certaiamihta
functionality in the form of a web service to any mobile client.

Any mobile client can use the web service to get the desired
information. In this way, the database remains private and therse
can expose some of the data of the database through its wele servic
component.

Once the user connects to the network, the mobile client can
automatically ask for the server address information and can ¢donec
the server. Another alternative would be to scan a barcode containing
the server address and then the mobile client can connect touee ser
This would require the user intervention as the user has to scan the
barcode that is placed somewhere inside the grocery store and save
on the cell phone, which can then be recognized by the application to
connect to the server.

The user can then easily access the information by clickingh@n t
operation listed on his handset to view the product information at the

store.
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vi. Internally, when the user clicks to get the product information, the
client sends a request to the server containing the 1D barcode number
of the product. The server processes the request and sendfidack t
response for that product which can be used to display the rethst to

user.

Contact saving:

The other sub-component of the system is decoding the contact infownzatd
saving it to the contact book of the cell phone. Once the barcode is dedsde
contents are stored in a Java object as its data members. Use¢helicks on the
option provided by the system to save the contact information, tbhisnafion in the
Java object is stored in the contact book. Similarly, if the barcodtains a URL, it

will ask the user whether he wants to connect to its website.

3.3.2 External server based sub-system

Request processor:

It listens for request and if needed performs data progesBie mobile-based client
sends a request by setting up an HTTP connection with this compomed. itO

receives the data, it connects to the database and generatesogoeding to the data
sent by the client. It queries the database, receives thediekita from database,
generates an XML response file by filling the data resgbifrom the database in the

file and sends the response back to the client.

Database connector:

It is used to create connection between the server and the éatbaglatabase can

be present at the local machine or it can be accessed remotely.
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Database:

It contains the data that is required by the application torgeneesults. For instance,
the database at grocery store will contain the product relatednation like price,
expiration date. On the other hand, the repository at home will cortairuder

specific data related to allergies and conflicts for food.

www.manaraa.com




49

CHAPTER 4. IMPLMENTATION AND EVALUATION

This chapter describes the implementation details of the sydteaiso
describes the tools used for the software development and the ssteification.
The system implementation describes the interfaces, claksestatic and dynamic
relationships among the classes and interfaces with the use grard&a The
evaluation part includes an experiment and its result, testisgstédm functionalities,

measurement of usefulness of system through software quality metrics.

4.1 Tools used and technical specifications

The tools used for the development of the project includes eclipsgr@dn
Version 3.4.2, Apache Tomcat v6.0 and Tomcat plugin for eclipse, Android1ISbK
(android-sdk-windows-1.5 rl), eclipse ADT 0.9 plugin for Android, ZXind AB,
MySQL 5.1, MySQL GUI tools 5.0, barcode generator software and modelahg
named as Visual Paradigm along with SDE version 5.0 for EclipseiséteMySQL
for creating the database, Java servlets to represent exsermal component and
Android platform to develop the mobile-based system using Android aral Jav

programming. We also used barcode technology, XML and web services.

The system requires Android software stack to run. It also eyWi-Fi
capability. Therefore, the cell phone must have the Android plathatima built-in
camera and Wi-Fi in order to use this system. The total steragef the application

is 456 kb in which the application size is 452 kb and data size is 4kb.
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4.2 Implementation

For implementing the system we grouped the components intoakever

packages, each package contains Java classes some of which are relatedtt@eac

Cell phone based component:

The cell phone based component must be installed on the cell phone amdlexte
servers need to be up and running for the proper functioning of gtensyThe
starting point of the cell-based system is an activity class kno&siagT estActivity.

This is the main class from where the Android application starts.

The ZxingTestActivity can start two other activities: OsdJiserSettings and
the other is ZxingActivity. If the system is run for thesfitime on the cell phone, it
will ask the user to enter the address information of the ssetarp at home. This
information can then be used to connect to the server. Therefor@efdirst time,
ZxingTestActivity will call the UserSettings. Once thgstem has stored the server
information, every time it starts the application with the ZxiesfActivity class it
will check if the information is already stored or not. If not,will start the
UserSetings otherwise ZxingActivity.

One <can also modify the server address information through
UserSettingModify classes. ZxingActivity provides user with dp&ons to modify
the settings or to decode the barcodes in the sdcard. The decodirgs [mtaces with
the BenchmarkActivity class. Every barcode image stored in sikatecoded and
the barcode related information like the encoded text and barcodatfare stored in

an object of type Benchmarkltem.

The BenchmarkActivity can have more than one Benchmarkltem typetsbj

depending on the number of images in the sdcard. These objects ateseabelny
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barcodes decoded the form of a lis on the user screen.Mgn a user clicks on ai

of the rowsof this list, depending upon the content type of the barcode enthg

system decides what to display on the next sci
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Figure 7: Decoding of information and assigning content type
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When the user clicks on one of the listings, the text encoded imtage is
passed to ContentProcessor, which processes the content and dependitigeupon
content type stores it in an appropriate object of interface t@ummtént”. Every
barcode image can store text data but text can be anything.becaURL, telephone
number, contact information, a message or all of them combined iimage, so to
distinguish between the different kinds of text information a stanidandat is used
which is already defined for some of the content types like U&&phone number,
contact information [37]. However, for encoding information related to a food product
we define our own standard. By defining a standard, we can encoderapiex text
information. With the use of a standard format, the ContentProcessoead the text
and can categorize the information to a certain content g example, if a URL is
encoded in a barcode, the text will always contain “http” as th#td standard to
define URL. ContentProcessor will process the text and checkohtains “http”. If

it does, its content type is URL.

Once the ContentProcessor distinguishes the text informatiom decade to
either store the text or parse it depending on the content typdeamdrmplexity of
information. It might have to parse the entire content and thenisior@ Java object.
For instance, if the contact information is encoded inside a barcoden@rtcessor
will recognize its content type as “Contact”. After recagmy its content type as
contact, it knows that it contains various fields like name, telephonderumith
different tags to differentiate each of the information. Sitheeformat of encoding
information of any content type is fixed and standardized, theréfi@rdormat of
encoding contact information is also standardized and fixed. Theatffdion food
related information is also fixed, although it was not pre definefriat to encode

the food related information is defined.
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Since the format is fixed, ContentProcessor knows how to parse thhe da

depending on the content type. It uses a parser, which parses tleecohtdnt and

stores each of the information of different fields in differeata types. This kind of

information is complex and needs a parser to parse the informatsed lom the

format.

ContentProcessor uses a parser class for parsing the comifgexation.

This parser class is termed as ComplexltemParser. Congpiedtrser is an abstract

class that defines abstract and non-abstract functions to hedpsimg the data. This

class is sub-classed to parse the information belonging toetiffeomplex content

category. If the category is of content type contact, the parser vgb fae¢ data based

on different tags present in the information. Similarly, for food prodine parser

will parse the data based on different tags. The tags used iseefing food product

information will be different as compared to the tags useddmjact informaing

methodology will be different. Therefore, we define two sub-clssalled as

FoodProductParser and ContactParser to parse the differerdrgadégnformation.

One can easily add a new Parser class by making it a las®-of the

ComplexltemParser class.

ComplexitemParser

+abstract parseDatal()
+String[] subString{}

R e B

FoodProductParser

-XMLParser xmiParser
-FoodProduct foodProduct

ContactParser

+parseData()
+parseXhL()
- parseText()

- Contact contact

FparseDatal)

Figure 8: Class diagram representing the subclasses of ComplexltemPar ser
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Since the information encoded is of a particular format, it might follow some
conventions in text format or it can define an XML format to encode the information.
In the latter case, one encodes the whole XML file inside the 2D barcode while in the
former case the information can be a user defined text format. Contact fasss
the data specified in text format while the Food product Parser parsesahe dat
specified in XML format but it can also parse the data in text format ietddrmat
is defined appropriately. We have defined the XML format for encotiedotod
product and defined the parsing method to parse the content of the file by dteating
class FoodProductParser and a parsing method to parse. FoodProductParser also
exposes a parsing function for parsing the data in text format, thisdiureetn be
used to define one’s own method of parsing.

FoodProductParser uses the SAX parser for parsing the XMLTfile.SAX
parser parses the XML document based on events like therslaghd of document,
start and end of element, reading the characters betweeratharst end tag of the
element. An XMLEventHandler_FoodProduct class is created to infoemSAX
parser about how to parse the document. It also stores the elem#redite in the
corresponding data fields of the Java object. Therefore, it$idunis to extract the
data from the file and put it inside the Java object. Herddkia object belongs to the
FoodProduct class, which stores all the information related toothee groduct like

nutrition facts, ingredients, price in the data members of its object.
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Figure 9: Classification, parsing and display of information

Once the information iparsed, we store the complex texXormatior in Java
object because thénformation is complex andcannot be represented throt
primitive types For instance to represent the contact informatw® need :
corresponding ava object that can stothe informationabouteach of the fields
(name, phone numbr. Therefore, we defineertain classes that can represent ¢
complex information and provides interface, which is implement by all such
classes. The interface is a marker interface terraedConten The classes
implementing this interface are FoodProduct, Cdntasd StandardText where t

FoodProduct class stores information for food pobduContact stores conte
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information and StandardText stores information representing agytihrer than
FoodProduct or Contact. It can be any text belonging to eithgresior complex
category and all the information whose format has not been defihedryde stored

in the object of this class.

One can add new classes to the existing set of classegrésent a different
category, for example, one can store the product related informatem electronic

gadget in a separate class by implementing the same interface Content.

winterfaces
Content
o T e
| | |
| | |
| | |
| | |
____________ T
| | |
| | |
| | |
| | |
| | |
| | ]
StandardText FoodProduct Contact
-String text -HashMap<String, String> ingredientList -Siring name
- -3tring FoodContents -3iring phone
+5tring gel Text() +HashMap=Siring, String= getingredieniList() [+ String getMame()

Figure 10: Classdiagram representing the interface Content

The DisplayContent class uses the information stored in the Jaaet tdj
show the contents encoded inside the barcode on the user screere bf t@sd
product, content processor parses the content and stores the inforimadkierclass
FoodProduct. The DisplayContent class will then display the ingreduérthe food
item on the screen. One can display any information related to that product orrthe use

screen. Accordingly, a menu is also created to provide user with various options.
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In case of standard text, an option to get the information relatde barcode
like barcode type and format is provided. For contact information, oneicaddit
option to save the contact is provided. For food product, there are threeoptmns
namely general information, user specific information and productniaioon at

store in addition to the option of providing the information about the barcode.

When the user clicks on the user specific information, he betsption to
choose one of the several operations. When he chooses one of the dpgons,
corresponding method in UserSpecificinfo class is called. Allorerations defined
in this class require a connection with a server and theygeesponse data from the
server once the method is executed. The response data is in Xkt fand needs to
be parsed. The method calls the XMLParser class to handle theTtiat response
data is parsed with the SAX parser in the same way asdldepfoduct information is
parsed. For each operation provided as the sub-option to the user there is a

corresponding class, which is used by the SAX parser to parse the information.

For instance, for checking conflicts there is a class called
XMLEventHandler_Conflict class that the SAX parser uses fosiparand storing
the elements of XML in another Java object belonging to the class
FoodConflictRecord. The response file generated is termed as tRedards file
and a copy of the file is shown in Figure 4. If the XML filentains more than one
record where each record is mapped to one Java object of class Fdiotiecdrd
then a hashmap is used to store all the objects represerffergrdi records. This

hashmap object is passed to the class that displays the information to the user.
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FoodConflictRecord
-String ingredient
-String conflictinglngredient
-String conflictingFood

1 ~foodcorflictRecord

XMLEventHandler_Conflict xmiEventHandler_Conflict XMLParser

e — -XMLReader xr
pFoodConflictRecord foodConfliciRecord XMLEventHandler Conflict xmiEventHandler Conflict

Figure 11: Class diagram showing relationship among the classes for conflict
checking

Similarly,  for  checking allergies, the SAX parser uses
XMLEventHandler_Allergies class and FoodAllergiesRecordsciasused to store
each XML record as a Java object. The response file genesateermed as
allergiesRecords file and a copy of the file is shown igufe 3. For finding the
product-information at store, XMLEventHandler_ProductAtStore classsesl and
each XML record is stored in ProductAtStoreRecord object. Thponse file
generated is named as productAtStoreRecords file and a copg file is shown in

Figure 5.

The XMLParser class parses all kinds of XML file dependinghennumber
of elements present in the file and the structure of the Xiefined. In the diagram
given below, Figure 12, we can see there are many event hadeliemed for

different XML files to extract the data from the files.
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XMLEventHandler_Allergies

(-HashiMap=String, FoodAllergiesRecord> HashMapObj
-FoodAllergiesRecord foodAllergiesRecord

XMLEventHandler_Conflict UserSpecificint
HroodCanfictRecord foodConflictRecard seropeciiein®
-InputStream in
=XMLParser xmiFarser

-FoadProduct foodProduct

XMLEventHandler_ProductAtStore

-ProductAiSioreRecord productAlStoreRecord
[HHashMap=String, ProductAtStoreRecord= HashMapObj

q xmiEventHandler Confiict -xmiEventHandler_Allergies
. -wrrfParser
-xmiEventHandler_ProduptAtStore XMLParser
XML Reader xr q
FXMLEveniHandler_Conflict xmlEventHandler_Conflict
1
1 -xmiEventHandler_FoodPraduct 1 miParser | ~xmiParser
XMLEventHandler_FeodProduct FoodProductParser ProductAtStore

FHashMap=String, FeodProduct= HashMapObj CXNILParser xmiParser HnputStream in
[FoodPraduct focdProduct | String data L ¥MLParser xmlParsar
-Mutrition Fact nutritionFact +FoodProduct foodProduct -FoodProduct foodProduct

Figure 12: Class diagram showing relationships of XML Par ser

When the data from the XML file is parsed, it is stored inabreesponding
Java object and all such objects are stored in hashmap. Thepblséchfo class
retrieves the hashmap object after the method execution and rétarf&shmap
object to the calling intent class. The intent class is the dmehvis called when the
user clicks on one of the operations. It prepares the GUI to gidpadata once the
operation triggered by the user is performed. Therefore, thistiol&ss further calls
the methods defined in the UserSpecificinfo and waits for the resnoitit. Once it

gets the result, it displays them on the screen.

Server based component:

The request processor component of the system is a serviéiatidies the
request. Since data is sent in the form of http Post requedgfime the post method

of server properly to generate the response.
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The Database connector component is a Java class, which comnduots t

database through a JDBC connection and returns the connection infornmation t

request processor.

The databases are used to keep different sets of data mairigiddterent

groups of people and can be present in different locations. A datedasepresent a

home database or database at store. In case of home databagdap#sedmnsists of

family member’s information, their allergies, information aboutiotes food items

and their ingredients, information about conflicting ingredients.

Toesept the

home database, we have created the following tables in the databbadeas conflict,

food, ingredient, food_ingredient, allergies and family see Figure 13.

food

conflict

PK | Ingredientld
PK | Conflictld

food_ingredient

PK

Foodid

ingredient!d

PK | Foodid

PK

Ingredient!d

PK |Ingredientld

family

allergies

PK |userKey

PK | Ingredientld

PK | userKey

Figure 13: Entity Relationship diagram for home database

In grocery store database, the information stored is about theus&ood

products. We have defined a relation known as onedproductbarcode in the store

database to represent the data related to the product, whick franeone store to
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the other. The table contains the following information: oneDld, oreCitle (1D
barcode data), productName (name of the product), categoryqoateEgood item)
example beverage, snacks, storagelnfo (temperature of the stdragethe item is

kept), storePrice (price at the store) and expDate (expiration date).

4.3 System evaluation

The system is developed by using Android SDK 1.5 and tested on the
emulator provided with the Android SDK. The testing of the systeperformed
iteratively starting from a small module to the whole compongmtng the

development phase and after the implementation is completed.

Experiments are conducted in order to evaluate how the systerhandle
different sorts of images. Some software quality metries used to evaluate the
system and test cases are created to test the functemalticomplete system testing

is performed to check whether all the components are working properly or not.

We analyzed the response of the system with respect toediffearcode
images given as input. These barcode images vary in theis, tgpe, source of
generation and the complexity of information. Based on the analfythe result and

the inferences made from the result we showed the following:

a. The best possible source of generating barcode images that can be used
by the system.
b. The appropriate size range of the barcode images for effiose of

the system.

Response Analysis of the experiment conducted:
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The ZXing API provides the code for scanning and decoding barcodes. S
we are using Android SDK, we cannot scan the images ratherepetlke images in
the sdcard and then use the API to decode the images. Several optiensedeto
see how the API decodes the barcode images and what kind okinfégeerformed
experiments with a variety of 1D and 2D images of barcodes ¥amous sources
and fed to the system to see if they can be decoded or not. Welwakigow how
the scanner should work so that it can decode any kind of image obtamedrfy
source. We also needed to know how the mobile-based content diffe®bedveen
the different content types and the response of the systemhircase. We provided
different sorts of images and checked whether the mobile bastemsywvorks

properly and generates the correct response or not.

I nfer ences made from the experiment:

1. Most of the 1D images generated from different sources get dedodeul.if
the image is little unclear and faded then also it is decodedeXaonple, the
images shown below are taken from a camera. Even these iarag#scoded

by the system.

o 7 6 87 & T

Figure 14: 1D bar code images captured from camera

2. Some of the 2D images captured from camera give error while sanmot

decode. Only the image named as three_35 2.jpg and three_34.jpg are

decoded. If we compare these images with the one, which has largestes

see the following pattern: three_3.jpg > three_35_2.jpg > three_34lpg
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means that the size of three_34.jpg is the smallest. So ikegp on

decreasing the size there is a possibility that the image can be decoded.

3. The images whether 2D or 1D obtained from barcode generater Smaall
size. Most of them are less than 10KB. While the images capftoed
camera have larger size. The 2D image that has the size oB&%Fuses
memory error. As we increase the image size, the probability of ingedEsy

decoded decreases. The table below shows the result

Decoding Decode and Cannot decode | Error in decoding
categorize the the image the image
image

Image Size 10-100 100-150 150-200

(KBs)

Table 1: Effect on decoding with the change in image size
4. The other observation is that when we decrease the width wgiageto crop the
white border on both the sides of the barcode. The more we crop thebmfulesr

the more the possibility that the image can be decoded.

three 3.jpg three 35 2.jpg three 34.jpg

Figure 15: Difference among the 2D bar code images

The width of the image three_35 2.jpg (1176*1131) is optimal in the
sense that if we increase the width by allowing a littleranwhite space

around the barcode, then it will not decode. However, we can stidéakrihe
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width to remove the white border completely. In the above diagraune-icp,
three_3.jpg (1680*1260) has a lot of white space around the 2D image, which
is cropped in three_35 2.jpg (1176*1131) and further cropped in three_34.jpg

(1111*1110).

5. Moreover, as the complexity of information increases the timeakis to
decode the barcode also increases. For instance, the time to dbeeode t
barcode containing food product information is more than the time it takes
decode an image encoding contact information. The decoding tiroe als
increases with the number of images present in the sdcard. ®ree the
images, the more time system will take for decoding anceptiesg) it to the

user. The number of images that can be stored in the sdcard is also limited.

Conclusion:

We can see from the observations mentioned in the inferencesfnoadne
experiment that the best barcode images that can be decoded dygtta are the
ones that are generated from the online generators rather tpamedafrom the
camera. Moreover, if the sdcard contains only one such imageteweryhe system
is used for decoding then the size range of the barcode can wvany5#KBs to
100KBs for the proper functioning of the system. However if thenrease than one
image in the sdcard then one need to ensure that the total sik¢hefimages stored
in sdcard does not exceed the size limit of the card. It isyalwatter to use the

images of small size than the larger ones.
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Some of the software quality metrics to evaluate the system arebaesioalow:

Availability
The system has a 24/7 availability as the mobile client &lletston the cell phone
and is easily accessible all the time. One can use it frywheere and at any time.

All the external components are always up and running.
Security and Privacy

The information obtained from the barcode cannot be modified, neither the
information on the barcode can be changed. The information obtained fromm hom
database is only for viewing purpose and it cannot be changed. Moreover, the user can
access this information from anywhere but the most secuce pita access the
information is the user's home. Since the home server need not hayedarected

to internet and can be a part of user’s private network, the usbe @wner of the
network can easily connect to the private network without accgisninternet. The

owner must be at home to connect to the network and access the data in a secure way.

The system also maintains privacy of information obtained frostoee
(grocery store) because the store has its own private netwotkentormation can
be accessed only through that network. One has to be inside théostmeess the
information. The information available to the user from the starenot be modified
on the cell phone. It cannot be accessed directly from store datsddke database
remains secure and confidential. The web services or the semnveragng an XML
response file is the only way to read the information. There istimer way to read

and modify information by connecting to the server.

www.manaraa.com



66

Our assumption is that the database present at the storet &oshe or
anywhere is protected by the private network and it is behinktannal server to

which the access is restricted. The server is also protected from unauthocizesl a

Maintainability

The business logic is clearly separated from Ul to allowewsfit user to develop
interfaces in the future. Android provides the flexibility to develojgedefine the
layout or view of the Ul in an XML file. Therefore, anyone can change theitbut
making changes to any of the business logic code. One can add nelanfumetd
operations by creating a new activity class, defining itemdl business logic without
modifying the existing code. One can define its own class tesept the information
encoded inside the barcode and define a new content type in one ofistiege

classes.

Modules are as independent as possible so that changes in one mbbchde wi
produce exceptions in another part of the application. The extermgloment and the
mobile client are separate modules and anyone can be replabedtvaffecting the
other. Moreover, the services offered by server include generatiXgla response
file that can be accessed by any client not necessarilplilenclient. The web
services can also be used by any client. If the servers go fdowome reason, it will
not affect the major portion of the client functionalities althoughesmctions may
not work properly. The database can also be replaced easily wetinemging a lot of

code on server side.

It will not be difficult even to use the system as a desktopcgbipn with a
desktop client rather than a cell phone based client. The only codeetds to be

changed will be the Ul code, the activity classes that leefindamental parts of
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Android application. The rest of the classes are plain Javeeslasgl can be used
without many modifications in the code. The decoding API provided bggle
known as ZXing also support javase client component and its core pacBains
pure Java classes. So, one can easily create a javase Bysepnesent a desktop

client.

Portability

This software is for small computing devices so it is extremely portable.

Usability

The system is user friendly. The contents on the screen sitg emdable as not
much data is displayed on every screen. User does not have @ lgjp® perform
any operations. The functionalities are very simple to operatecangprehend.
Moreover, the time of scanning and decoding the images may varydilegpem the
number of images present in the sdcard. The system informs theahmé the
scanning process by displaying a screen indicating that #mmisg process is going

on.
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CHAPTER 5. CONCLUSION AND FUTURE WORK

5.1 Conclusion

This work describes an information management system, whichbasesde
technology and is implemented for the cell-based platform. It shba/potential
applications of using digital barcodes to carry useful information,theveystem can
be helpful in providing information to the mobile users as it is implaed for the
cellular platform and how it can help the users in making &ss This system is
designed as part of a ubiquitous computing application as well asenbaisiéd
commercial system. Since this system can help people in ghdkiisions and assist
them in their daily activities involving shopping, eating and takingionee, it does
fall under the category of pervasive computing system. dt ades the advantage of
mobility of cell phone, importance of a hand-held device, use of powsafidor like
camera to create a cell based application, which manages aedg@®dénformation.
Therefore, it can be viewed as a powerful information managerysteins, which is
handy and mobile. Lastly, it introduces the use of barcodes thavesyapopular

technology nowadays to use along with cell-based applications.

Recently many applications have been created that expieifeatures of cell
phones like camera and Wi-Fi along with the barcode technology to sproce
information. However, the information management system developdusinvork
converges the impact of not only mobile-based application and thevdearc
technology but also the pervasive computing application into one. It stiwvs

advantages of combining the different realms of technologies to handle infarmati
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In this work, we develop a system that not only decodes infanmbtt also
categorizes it. It gathers information from different sourcekiding the 1D and 2D
barcodes, from the user and user information repository and from thenadx
catalogs or databases containing information of a specific do#er gathering the
information, it processes and presents it to the user in a meanweay, which can
help the user in decision-making. The best application of such systengrocery
shopping which assists the user to buy the items, what to buy aadceahat not,
what combination of items can be eaten together and what dae batal price of all
grocery items in the cart prior to purchasing. However, thigst one application; the
same idea can be used when buying medicines also. Other thahdlsat,provides
the application user to perform different operations based on tiveniation encoded

and its content type.

Moreover, the packages developed in this work include some Javesciasb
interfaces, which are reusable and can be used for a desktopatplitt provides
some APIs that are completely independent of the other code. Omrésoaadd new
APIs to the existing system to use it in other software developmentsiSkamce, one
can come up with a new content type and formatting scheme aaswaedw sets of
operations for that content type to extend the scope of work. Thegesckam both
the mobile-based system and server-based system can lead lapohere of other

newer applications in future.

5.2 Future work

Currently, the system holds the information associated witthéineode as

long as the barcode is stored in the sdcard. Once the barcadidetsd, the
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information also wipes away. In future, there could be some mecrhatevised to

store the information efficiently either in the cell phone or in the externddatsa

Future work also includes extending the components for grocery shopping
application to provide functions, which are dependent not only on confentbiyt
also on time. For instance, during the time of sickness sperés can be sent to the
user. The user database can have information about the different ¢oosl and
medicine a user can have during sickness, what to eat, what combicati be
harmful in illness, etc. There is a time dependency involved bas#dtedime when
the user is sick or in good health, the application can provide nggahresult to the

user.

Moreover, in future the system can be enhanced to gather datamiaom
independent external sources rather than only from user owned database orreycompa
owned catalog. These external sources can include global remssii&ke Google
health database for collecting medicine or food information, catdhay contain data
collected through web search results and other global datalzas#aining

information from different domains.
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APPENDIX

XMLSchema

FoodProductXMLSchema

<?xml version="1.0" encoding="UTF-8" ?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:element name="a">
<xs:complexType mixed="true" />
</xs:element>

<xs:.element name="C">
<xs:.complexType>
<xs:sequence>
<xs:element ref="1" maxOccurs="unbounded" />
</xs:sequence>
</xs:complexType>
</xs:element>

<xs:element name="Ca">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="e">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="FP">
<xs:.complexType>
<xs:sequence>
<xs:element ref="NF" />
<xs:.element ref="C" />
<xs:.element ref="E" />
<xs:element ref="P" />
<xs:element ref="L" />
<xs:.element ref="0" />
<xs:.element ref="U" />
<xs:.element ref="T" />
</xs:sequence>
<xs:attribute name="id" type="xs:NMTOKEN" use="optiona" /
</xs:complexType>
</xs:element>

<xs:element name="[">
<xs:complexType mixed="true">
<xs:attribute name="id" type="xs:NMTOKEN" use="requiréd"
</xs:complexType>
</xs:element>

<xs:element name="L">
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<xs:complexType mixed="true" />
</xs:element>

<xs:element name="M">
<xs:complexType mixed="true">
<xs:choice>
<xs:.element ref="q" />
</xs:choice>
<xs:attribute name="id" type="xs:NMTOKEN" use="requiréel"
</xs:complexType>
</xs:element>

<xs.element name="N">
<xs:complexType mixed="true">
<xs:choice>
<xs:element ref="v" />
</xs:choice>
<xs:attribute name="id" type="xs:NMTOKEN" use="requiréd"
</xs:complexType>
</xs:element>

<xs:element name="NF">
<xs:complexType>
<xs:sequence>
<xs:.element ref="s" />
<xs:element ref="Ca" />
<xs:element ref="N" maxOccurs="unbounded" />
<xs:element ref="Vi" maxOccurs="unbounded" />
<xs:element ref="M" maxOccurs="unbounded" />
<xs:element ref="e" />
</xs:sequence>
</xs:complexType>
</xs:element>

<xs:.element name="0">
<xs:complexType mixed="true" />

</xs:element>

<xs:.element name="E">
<xs:complexType mixed="true" />

</xs:element>

<xs:element name="P">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="q">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="s">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="T">
<xs:.complexType mixed="true" />
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</xs:element>

<xs:element name="U">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="v">
<xs:complexType mixed="true" />
</xs:element>

<xs:element name="Vi">
<xs:complexType mixed="true">
<xs:choice>
<xs:.element ref="a" />
</xs:choice>
<xs:attribute name="id" type="xs:NMTOKEN" use="requiréel"
</xs:complexType>
</xs:element>

</xs:schema>
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