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Abstract. RFID technology is to automatic identification and collects their data
(auto-ID). It allows an object or person to be automatically identified at a
distance using an electromagnetic exchange. In comparison to other wellknown auto-ID technologies such as the barcode, RFID offers the following
advantageous characteristics for the user. RFID technology is composed of an
RFID tag and an RFID reader linked to a computer system. In this process,
RFID become a useful technique. Therefore it is very important to know what
the important factor in RFID is and what the quality and their relation for RFID
is. This research aims to identity the quality for RFID system and makes a QoS
model considering RFID’s characteristics.
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1

Introduction

Radio frequency identification (RFID) is an automatic identification and data
capture technology which is composed of three elements: a tag formed by a chip
connected with an antenna; a reader that emits radio signals and receives in return
answers from tags, and finally a middle ware that bridges RFID hardware and
enterprise applications [1]. Actually, in RFID, the first publications date back to 1948,
it has only recently come to the awareness of the public. New auto-ID technologies,
most notably RFID, have drawn the attention of many companies due to factors
including: the need for more efficiency and security in supply chains, enhanced
technologies, cost pressure, standardization initiatives, and prominent promoters such
as Wal-Mart,Metro, and Tesco. When the Society of Information Management (SIM)
conducted its last survey of IT executives, RFID was rated among the top 20
developments in application and technology [2]. Also this technology has great
promise for diversified use in many industries with numerous practical applications.
Much great potential have been realized and many are being explored. Predictably, a
vast amount of academic research is being carried out in this field. Now, the time is
right for an in-depth review of this technology, the academic research and the
potential future use [3]. The purpose of this paper is to identify the quality attribute of
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RFID system in industrial area and make their QoS model. System quality is defined
as the degree to which a software component or system meets specified requirements
and specifications. It is measured in terms of characteristics such as maintainability,
reusability, etc. With the complexity of systems on the rise, there is an increasing
need for measuring such quality characteristics at an early stage of the system
software development cycle but this is not possible before the system is deployed and
used for a certain period of time. However, the quality of system has attributes that
can be used as good indicators of its characteristics. For example, reusability is one
system quality characteristic that cannot be directly measured and complexity and
volume are system attributes that can be measured and used as indicators of it. Several
metrics have been proposed for measuring system attributes [4]. Very often, in
correspondence of a service specification, several services may exist that match the
specification. This means that there are several services offering the same piece of
functionality, e.g., booking an hotel or returning a city temperature. The choice of the
service to be invoked can be dictated by non-functional properties, i.e., a set of
Quality of Service (QoS) attributes. One may decide to choose the cheapest service,
the fastest, or maybe a compromise between the two. According to Std. ISO 8402
(ISO, 2002) and ITU (ITU, 1994), QoS may be defined in terms of attributes such as
price, response time, availability, and reputation. Moreover, it may be possible to
have some domain-specific QoS attributes: for example, an image processing service
could have QoS attributes such as image resolution and number of colors [5].
Proposed QoS model to extract quality attribute from exist international standard
and the other research model was considered with RFID characteristics. However,
nowadays, this area research was much lacked. Therefore we extract their attributes
from system qualities’ and work to fit on RFID characteristics. The rest of the paper is
organized as follows: Section 2 discusses about the RFID and exist quality attribute
from the standard, Section 3 describes the proposed quality attributes for RFID and
their QoS model, and Section 4 discusses about the Conclusion.

2

2.1

RFID and system quality attributes

RFID technology

RFID is a technology for automatic identification and data collection (auto-ID). It
allows an object or person to be automatically identified at a distance using an
electromagnetic exchange. In comparison to other well-known auto-ID technologies
such as the barcode, RFID offers the following advantageous characteristics for the
user [2].
• Unique identification: Applying, e.g. the “Electronic Product Code” (EPC)
standards, RFID tags can identify classes of products as well as individual
items.
• No line of sight: RFID tags can be read without direct line of sight even if the
tag is covered, dirty or otherwise obscured from view.
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• Bulk reading: If they are in range of a reader, multiple RFID tags can be read at
the same time.
• Storage capacity: RFID tags can store significantly more information than just
an identification number.
• Dynamic information: RFID tags with read–write capability allow information
to be updated or changed whenever necessary.
RFID technology is composed of an RFID tag and an RFID reader linked to a
computer system. The tag is the part that collects real time data and then transmits
that data via radio waves.

Fig. 1. Antenna power patterns of RFID tags
The tags usually have two parts, a small chip and an antenna. Information is
stored and processed by the chip while the antenna is used to receive and transmit the
information. The chip, in most applications, is used to store information about a
product or a shipment. The object, product or shipment that is being tracked, is
provided with a unique identifying number. This number is a part of the information
that is stored in the chip that is embedded in the tag. All the relevant information
about the object is gathered and stored in the chip. This information is read by an
RFID reader when a tag passes by it. The information stored in a RFID tag is detected
and recorded by the reader. The reader thus tracks the physical movement of the tag,
and thereby that of the object to which the tag is attached. The reader, thus, can track
the tag’s movement in real time and pass its digital identity and other relevant
information to a computer system. Currently, two types of RFID tags are in use: an
active RFID tag which contains its own power source like a battery, and a passive
RFID tag with no battery. For the passive RFID tag, the power comes from the signal
transmitted by the antenna. The active RFID tags, on the other hand, have their own
internal power source, which is used to power the chip and to broadcast the signal
back to the RFID reader. Generally, the active tags have larger memories than the
passive tags and have a much larger range of operations. Naturally the passive tags
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are cheaper than the active tags [3]. Fig 1 shows an example of RFID tags usage for
antenna power patterns [6].
2.2

System quality attributes

Much work has been done since about 1976 by a number of individuals to define a
system quality framework. A quality model is defined as the set of characteristics and
the relationships between them, which provide the basis for specifying quality
requirements and evaluating the quality [7].
Table 1. ISO9126 quality model
Criteria
Sub-criteria
Functionality
Suitability
Accuracy
Interoperability
Compliance
Security
Reliability
Maturity
Recoverability
Fault tolerance
Usability
Learnability
Understandability
Operability
Efficiency
Time behavior
Resource behavior
Maintainability
Stability
Analyzability
Changeability
Testability
Portability
Installability
Conformance
Replaceability
Adaptability
Quality measurement has also matured to the point at which a standard has been
defined for this activity. The ISO standard for system software quality measurement
defines the characteristics of system software quality as: functionality, reliability,
usability, efficiency, maintainability and portability [8]. The ISO 9126 is part of the
ISO 9000 standard, which is the most important standard for quality assurance. In this
model, the totality of system software product’s quality attributes is classified in a
hierarchical tree structure of characteristics and sub characteristics. The highest level
of this structure consists of the quality characteristics and the lowest level consists of
the system software quality criteria [7]. An attribute is a quality property to which a
metric can be assigned, but not all attributes have to carry a metric. According to the
complete list of the ISO9126 quality model depicted in Table 1, there are six major
criteria, namely functionality, system reliability, usability, efficiency, maintainability
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and portability, along with their associated sub-criteria Functionality expresses the
ability of a system to provide the required services and functions, when used under
specified conditions, while reliability is an indication of the confidence that the
system software will live up to the expectations. Usability indicates the
understandability of system software as well as the easiness to learn and operate it.
Efficiency is related to the performance of system software and maintainability to the
means provided by the system software to be tested, upgraded and customized.
Finally, portability indicates the level of adaptability/installability of system software
product to different environments, as well as its conformance to related standards [9].

3

System quality attributes for RFID

Particularly, the sub-criteria was from Lee, Ho and Lau’s model [10], such as Read
range, Read accuracy, Identification, and Interference of Functionality, Data capacity
of Efficiency, and Cost of Business. Data capacity has 100’s-1000’s of characters. In
Read range, Passive RFID case has Up to 25 feet and Active RFID case has up to
100’s of feet or more. Read rate has 10’s, 100’s or 1000’s simultaneously. Read
accuracy has 90% depends on relative orientations of reader and tag antennas and
their polarizations. In Identification, it can uniquely identify each item/asset tagged In
Interference, like the TSA (Transportation Security Administration) and some RFID
frequencies do not like metal and liquids. It can cause interfere with certain RF
frequencies. Cost normally has Tag 5¢ RFID startup kit with RFID reader, antennas,
alien gateway software, startup kit tag and power supply/power cable USD 2595. In
this research, we extract the criteria from ISO 9126 and Behshid et al.,[7] in order to
identify the system quality attributes for RFID as shown in Table 2.
Table 2. Proposed system quality attributes for RFID
Criteria
Sub-criteria
Functionality
Suitability
Read Accuracy
Read range
Read rate
Identification
Interference
Reliability
Maturity
Recoverability
Fault tolerance
Usability
Easy to use
Understandability
Operability
Efficiency
Time behavior
Resource behavior
Data capacity
Maintainability
Stability
Analyzability
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Business

Changeability
Testability
Cost

 Functionality: This sub-criterion indicates the ability of system software to
perform according to its specifications. It measures the level to which the
services and functions of the system software satisfy the users (system
developers and re-users). In addition, the functionality characteristic attempts to
evaluate the ability of system software to be reused (interoperability) and its
ability to offer secure service according to user needs. It directly matches with
the functionality criteria of ISO9126 but with different sub-criterion.
 Reliability refers to the system service developer’s ability to successfully deliver
requested service functionality. This ability can be quantified by the probability
of success in a service execution, but it is usually evaluated through the service
failure rate. This rate is calculated as the ratio of execution time and mean time
between failures (MTBF). Similarly, there are also conflicting views on the
execution time. From the service requester’s perspective, the execution time
should include both the duration of executing the system service and the time
spent on functionality delivery. However, this definition is debatable because the
service developer is not responsible for sustaining the entire network. Hence, it
is reasonable to measure the execution time as the duration of executing the
service only.
 Usability: Usability is “a set of attributes that bear on the effort needed for use,
and on the individual assessment of such use, by a stated or implied set of users”.
 Efficiency: Efficiency is “a set of attributes that bear on the relationship between
the level of performance of the system and the amount of system resources used,
under stated conditions.” The efficiency of the time and resource behavior is
distinguished. The time behavior describes for instance processing times and
throughput rates while resource behavior means the amount of resources used
and the duration of use.
 Maintainability: Maintainability is “a set of attributes that bear on the effort
needed to make specified modifications.”
 Business: Price is the cost of service for a request. It is always associated with
the value of the system service’s functionality, i.e. the more a service costs, the
more complicated functions it provides. Typically, a non-free service is
associated with service level agreements (SLA), which are legally binding
contracts that guarantee the delivery of the functionality with promised
performance.
Through this model and the criteria in Table 2, we make a QoS model for RFID as
shown in Fig 3. This diagram shows that each attribute affect the other attributes.
Example is, the Reliability can be improved when the Functionality is good.
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Fig. 2. Proposed QoS model for RFID system

5

Conclusion

RFID technology is an automatic identification using RFID tags and sensors.
And it allows an object or person to be automatically identified at a distance using an
electromagnetic exchange. In comparison to other well-known auto-ID technologies
such as the barcode, RFID offers the following advantageous characteristics for the
user. In order to efficiently use RFID system, it is necessary to exactly know what the
quality attributes are and what their relation is.
In this research, we proposed quality attributes for RFID system and make a
QoS model considering their relation. Proposed model consists of 6 criteria:
Functionality, Reliability, Usability, Efficiency, Maintainability and Business. Each
criteria was extracted from ISO 9126 and Behshid et al.,[7] considering RFID
characteristics. By this attributes, we make QoS model with each relation.
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