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Abstract. The use of RFID technology for identification has grown in many
parts of the world. Its applications cover different economic areas ranging
from student cards, inventory management until control robotic systems. But
the difficulty in finding software commonly used to control RFID systems has
also increasing. In this paper we present the development stages of software
able to communicate with UHF RFID’s systems offering functions able to
remedy difficulties encountered in the literature and commercial applications.
The results will be used in developing applications on identification and
location of objects.

1. Introduction
Pervasive computing can be defined as the computing branch who is present in an
environment, interacts with the ambience as if it was part of it, but it is not perceived
when used [Santini, 2008]. Intertwined with this context, arise the Ubiquitous
computing (UbiComp), defined as the integration of mobility with distributed systems
mostly, intelligent and highly integrated with computers and their applications for the
benefit of final users, becoming invisible for those them. [Weiser, 1991]
[Satyanarayanan, 2001].
One of the technologies that are strongly related to these concepts are those
based on radio frequency communication. RFID stands for Radio Frequency
Identification. Basically it uses radio waves to perform the communication between a
moving object, containing labels, commonly called Tags, and a reader [Santini, 2008].
RFID have been gaining ground on the world stage as identifiers that use radio waves to
collect, modify and transmit information ensuring a rapid flow of data in a short period
of time.
RFID readers are classified according to their frequency band of operation. Its
application will have relationship with that characteristic. Thus, there are LF readers
(Low Frequency readers) which have a frequency range of 30-300 kHz and are
commonly used for identifying animals and close reading of items with high water
content. HF (High Frequency readers), operating in a frequency range of 3-30 MHz and
used for access control to buildings. UHF (Ultra High Frequency readers) operating in
the range of 300MHz-3GHz and used to identify boxes and cases. Finally, Microwave
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having a frequency range of 3GHz and used for vehicle identification [Glover &. Bhatt.
2007].
One of the most important components in an RFID system is its software. This
component is responsible for managing the information trafficked by the duty cycle of
RFID. Such software should work as a middleware. That is, provide a communication
interface between the reader and user with maximum possible transparency. The
interface of an interactive system comprises the entire portion of the software in which
the user holds conceptual or physical contact during its use [Barbosa and Silva, 2010].
In theory, the user doesn‟t need to possess a working knowledge about the RFID
system components, but does need to know how to operate the software.
However it is not difficult to find testimonials from people talking about how
hard is to work with software responsible of hardware management, such as done with
RFID systems. This difficulty is caused by several factors. Either by the deployment,
having as main objective, specific functions of the equipment used, either by excessive
restrictions on the functionality of the system. Develop a software interface with
technical languages hinders the software dissemination capable of hardware controlling
systems between users with little or, even, none specific knowledge for this computing
branch.
The main goal of this paper is to present the stages of development software
called LCCAReader. Such system is capable of performing communication with radio
frequency identification readers and able to remedy difficulties encountered in the
literature and commercial applications where RFID plays an essential role in the
management and data transferring.

2. Related Works
In the literature we can find some article involving the development of software for use
in hardware systems, such as RFID, and applications that are similar to the proposed
paper. Trindade & Sobrinho (2008) presented the stages of software deployment able to
control tires. The authors also show its application. In the research it was proposed to
use the system for assets control by the carriers. Trying to avoid malicious exchange of
new tires for old and worn. The operation of this system is achieved by the Tag
identification located on the tires of trucks and monitoring the status of them through a
database.
Many studies have been conducted in order to seek innovative and creative applications
for RFID. An example is the intelligent use of RFID as done by Luimula et al., (2010).
This research was conducted in three different stages and was used RFID to control
robots through identification of ways that the robotic system should make, only using
the computer and the RFID system to control the machine. The survey showed all stages
of development an RFID system, from conception (literature review), deployment of a
robotic control system, until the effective control of the robotic platform. The results
showed that these systems can be used to control robots efficiently.
To achieve the goal of developing management software for hardware, such as the
purpose of this paper, RFID equipment analysis involved in its deployment is required.
In literature we can find some work involving this topic. Ramakrishnan (2003) verified
the performance of Tags identified by passive UHF readers having as protocol
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identification EPC (Electronic Product Code), in different environments. Including
measurement of maximum reading distance, orientation sensitivity, read rate and
performance variation. In the results, Ramakrishnan concluded that the system, used by
him, recorded a reading beam on average 18 meters.
All studies previously reported have shown results that make possible the development
of software whose purpose is to cater to a context or specific application. Even though
the studies in the literature showing us good results about the integration between
hardware and software, the difficulty relative to location of researches involving the
development of ubiquitous computing systems, more specifically talking about RFID
systems, enabling its use for other needs or welcome other realities is large and stumble
into obstacles that slow your progress. Therefore, such questioning was used as
motivating agent for improvement of found studies and development new research
related to these topics.

3. LCCAReader: Design and Development.
Most of the computing area and, in particular, the sub-area of software engineering, is
interested in building interactive systems more efficient, robust, error-free and easy
maintenance [Barbosa & Silva, 2010].
The LCCAReader, name of the proposed software, is a system that has as main
feature the communication between personal computers (PC) and UHF RFID devices,
manufactured by Think Magic Company. This software has to perform this information
exchange using the RS232 port of the computer. This is because the reader that has
greater identification range, used in this study, identifying the world's most used radio
frequency's communication protocol (EPC Global), is the Mercury 5e, manufactured by
this company. The system also uses an API that provides communication with the serial
port described above and consequently the reader desired.
Observed the key attributes required by other RFID systems, the software should
have the following features: restricting access to the system, data and objects
registration, user registration, RFID readers communication (produced by Think Magic)
and reading/writing Tags. The description of each function is given below:







User Registration: Registration of all users who have access to the system.
During the registration, will be asked some information, such as password and
login name
Restricting Access to the System: Being an extension of the functionality
„User Registration‟, the user will need to supply username and his password to
proceed with system access.
Data and Object Registration: The LCCAReader will have, as one of its
proposal, the function to record data and objects which is related to a Tag
number. As the user performs the identification of these labels, the information
contained in the database will be displayed on the screen for him.
RFID Readers Communication: The proposed system has the capability to
perform communication with the reader desired, provided that it is compatible
with the software developed.
Reading/Writing Tags: Besides the function of communicating with the reader,
the system can identify Tags and submit information, if any. Another important
feature
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is the writing Tags. If the Tag identified is for the type Active (able to store data
about an object within it), the system will provide an interface to perform data
update contained within this Tag.
Graphic Interface: Interface in which the user will requirehis actions to the
system.
Database Communication: The proposed software will have access to the
database in which user's data, objects' data and Tags' data will be stored and
available.

We used, as process of software development, the method Incremental
Development. In this method the system is divided and developed in parts (called
increments). Immediately after the specifying software requirements for each increment,
the architecture of the system is designed, that is, their behavior is specified such as call
model function, distribution of package, among others. Following the flow model for
structuring software, we have the stage of development and validation. All increments
are validated to be integrated with the rest of the system. If there is any error in the
validation of the system altogether, the whole process is redirected to the stage of
development. This cycle continues until all the software meets the initial system
requirements.
In order to improve the understanding of the entire system, we developed some
UML diagrams (Unified Modeling Language). UML is a set of notations that are
intended to support the modeling of object-oriented systems, providing a partial
representation of the system. We develop two diagrams that enabled a greater
understanding of the LCCAReader's functioning. They are Use Case diagram and
Sequence diagram.
The sequence diagram (Figure 1) represents the sequence of the system's global
behavior detailing all the steps that a particular user needs to run to access or require
any function. In the figure, we can see that it's necessary present information to the
system in order to validate this access for a given user.
The Use Case diagram (Figure 2) shows the functions that can be controlled and
managed by the user. We can quote as an example, the role of "Managing Tags". This
functionality according to figure 2, comprise remove, insert, update, and retrieval data
associated with the Tag numbers recognized by the system.
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Figure 1. Sequence Diagram

Figure 2. Use Case Diagram

The LCCAReader was developed using the programming platform NetBeans
IDE 7.0.1 and Java Development Kit (JDK) 1.7_01. The communication with the reader
Mercury 5e was based on a Think Magic's library equipment. The serial communication
functions were implemented using the C programming language, We decided to do that
because of the fact that this language is more flexible for information exchange with the
RS-232 port than the Java language.
The development was divided into four increments representing all four main
system functionality: user registration, Tag registration, RFID Readers communication
and read/write Tags. All increments were developed in parallel, properly validated and
finally incorporated into the system source code. For a better understanding, we divided
the software development in four primary steps described below.
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Serial Communication: This phase was focused on develop an algorithm
capable of performing serial communication with external devices. The
algorithm execute the following steps: first it's looked for a directory with all the
DLLs (functions used by programs to perform tasks) necessary to communicate
with the RS-232 port. This is required so the software can continue with its
execution. Soon after this check, the code makes a call to system native methods
(functions implemented using C language) and provides the information
exchange through the serial port. If this process is not, by some reason, running,
failures in connection with the port may be one of the reasons for this error, the
algorithm returns a message stating the problems and possible causes of the
error.
RFID Reader Connection: Main function of the LCCAReader software, the
algorithm of the connection with the reader has the following operating cycle: a
Java class named 'Reader' is called and instantiated. In order for this to occur, it's
necessary the instantiation of one specific method named "create" (contained
within this class). This function requires a parameter to execute its role; this
variable is the URI, port address where the reader is located.
Thereupon, there's a call for the method 'conect' (also contained within the class
'Reader'). This new incoming call is performed so that the software can achieve
the communication with the reader. If the answer is positive the algorithm makes
another call for method, this time for one named 'paramSet'. Such function
required as parameter, the region to be identified. Think Magic's manufacturer
readers claim a specific region ID to perform the identification. After these
processes, the reader should be connected successfully. If there is any error
during the process, the execution is stopped and an error message appears.
Reading/Writing Tags: The reading/writing Tags algorithm, subdivision of the
connection code with the reader showed above, was developed in this increment.
After making sure that the reader is connected, this being the first step of the
algorithm, the method 'read' (implemented in class 'Reader' discussed earlier), is
called passing, as parameter, the reading time. If the reader is not connected an
error message is sent to the user alerting him about event. For the
accomplishment of writing, the process is the same. As the information that will
be displayed on the screen include data contained within the Tags, if the user
wants to change them, just edit the desired field and the algorithm makes sure
that the changes will be saved.
Graphic Interface: The graphical interfaces developed for the software is
presented through the figures 3, 4, 5 and 6. The figure 3 shows the screen
corresponding to the function of Tag registration. Once the user accesses this
screen you can navigate through sub-functions related to registration functions,
such as insertion, update and search for Tags.

The LCCAReader allows the user to edit some connection information related to
the reader. This function is illustrated through figure 4. In this function the user can
update the name of the reader as well as specifying what type of Tags the system can
identify. The main function of the software is shown in Figure 5: reader connection. At
first, this frame will show the possibility of running a function: communicate with some
reader. At the time that this communication is established, other functions will be
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presented to the user such as reading Tags, information verification in the database,
among others.
Finally, the figure 6 shows the Unit Tests for registration functions present in the
software. Through these tests it was concluded that the system meets all the functions
satisfactorily, since, during the execution of the evaluation, the database was being
monitored, as well as the execution of each command.

Figure 3. Tag registration screen

Figure 4. Setting
screen

creen

Figure 5. RFID Reader
communication screen

Figure 6. Unit tests screen

4. Final Thoughts
In this work was presented all stages of development of software capable of performing
the communication interface with an RFID system respecting usability requirements
necessary to ensure communication between users and system. During the planning and
requirements gathering, was considered others RFID software with specific applications
and even software available by manufacturers of readers. This research allowed us to
have clarity of running good software for this computing branch.
As development process, we adopt the incremental method. This decision was
made based on the fact that the RFID hardware uses various artifice, in a way,
independent of each other. We adopt the parallel development of software. In this type
of development, the deployment of the increments is performed simultaneously.
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Therefore, the incremental method didn't delay the development process, on the
contrary, has showed an improvement, since the validation of a test served to increase
the system completely. The validation of a given increment, for example, the Tags
registration has the same results when the system is fully tested. This feature is possible
because the software includes modules for communication, in a way, independent of
each other. What communicates all portions of the system is the access to the database.
In this way we can advance the implementation schedule.
On the other hand, the system programming presented difficulties on its
communication reader step. This occurred because the reader, chosen by us, has
protocols for information exchanging through serial port of the computer and doesn't
have knowing algorithms messaging. It was necessary to study the entire API used by
this equipment, searching for knowledge of its operation. this problem identified took us
the need to divide this increment in development units even smaller than we usually
did with the aim of reducing the problem in minimum increments and find individual
solutions for the errors identified. The LCCAReader presented a satisfactory response to
events it has undergone. At the moment the system is in the testing phase and usability
issues such as efficiency of algorithms should be remedied in future versions of the
software.
The difficulties in the adoption of RFID systems exist, but they are not
insurmountable, says Wu et al. (2005). Like most technologies increasing nowadays, is
simply a matter of time until the promises of RFID becoming a real thing.
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