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Abstract

The literature has indicated that libraries in developed countries are fast growing early
adopters of Radio Frequency Identification (RFID) technology. The adoption of RFID in
supply chain has reported superior growth, spurred by mandate compliance from global
retailers such as Wal-Mart and Target. Numerous tests have been performed in a variety of
supply chain environment to determine the performance requirements, physical
characteristics and limitations to achieve a near 100% read rate. However, the literature is
sparse on reports of performance testing in a library setting, and results from supply chain
testing should be reluctantly applied to other environments. Based on the above, this study
addresses this gap in the literature with the execution of test cases to examine the operational
efficiencies of the inventory reader and the self-check station. The study was conducted at a
university library with a test sample of 200 books of different types. The factors examined
include tag placement, reader orientation sensitivity, read distance, and metal and other
possible sources of electromagnetic interference. Each test case was executed repeatedly and
the accuracy rate was recorded. Additionally, a spectrum analyzer was used to monitor
possible sources of interference. The preliminary findings suggested that mobile phones and
wireless computers have no effect on the performance of the self-check station or inventory
reader. In addition, the preliminary results also suggest that metallic shelves affect the
performance of the inventory reader with reduced read rate accuracy.

1. Introduction

Radio Frequency Identification (RFID) is an automated data-capture technology that can
be used to electronically identify, track and store information on groups of products or
individual items. Industry and public interest in RFID technology took a major leap in 2003
when Wal-Mart mandated its largest 100 suppliers to commence using RFID tags on shipped
items at the pallet level by 2005 [1,2]. The literature [3, 4] highlighted that the individual tag
prices are expected to fall to 5 cents per unit threshold by 2008. This anticipated price should
be a catalyst to increase the adoption and diffusion of RFID technology in a number of
applications.

Libraries are fast growing adopters of RFID as the technology promises to relieve
repetitive strain injury, speed patron self check, reduce pilferage and provide accurate and
timely inventory management. It has been suggested that library RFID applications may be
the first major deployment of item level tagging [7, 8]. The library provides the panorama to
study the operational issues of RFID tagging at the item level.

While the literature has discussed a number of perceived and expected problems with
RFID in the supply chain, it is sparse on performance and reliability of RFID library systems.
The implementation issues highlighted in the supply chain include failed or erroneous reads
[9], handling of large amounts of data generated by the tags [10, 11], lack of mature standards
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[4,6,12], collision [13,14,15] and failure in the presence of metal and liquid based products
[16,17,18]. Investigation of RFID in the library environment is important, as it is decidedly
different from a distribution or manufacturing environment. This study will collect data from
library that has recently implemented RFID and undertake testing assessment of the
equipment, namely, self check stations and inventory reader.

The outline of the paper will be presented as follows: Section 2 will provide a brief
overview of the RFID technology in libraries; Section 3 and 4 will discuss the purpose of the
study and background of the problem respectively. Section 5 will state the research questions
examined in the study; Section 6 will discuss the theoretical foundation, which forms the
premise on which test cases were developed. Section 7 will discuss the literature on the
performance factors and the methodologies used in the testing. Section 8 will discuss the
preliminary findings on mobile interference and effect of metal shelves on performance.
Section 9 will provide a conclusion and future work.

2. Overview of RFID library system

RFID is a sensor-based technology consisting of three key elements: RFID tags
(transponders), RFID readers (transceivers), and a data collection, distribution, and
management system (middleware) that has the ability to identify or scan information
with increased speed and accuracy [19].

In library systems, the tag is designed as an RFID label which comprises of four
elements, namely, the chip, the antenna on a foil, the cover paper or plastic label and
the silicon liner [20]. Passive tags, typically used in library application, gain electric
power through an inductive field generated by a reader. This is chosen, as they are
smaller, cheaper and have a longer shelf life compared to active tags. The standard tag
used on books can be described as flexible, paper thin label approximately 2”x 2” in
size that can be attached inconspicuously [21]

There are variations of readers, and the types include: handheld, mobile mounted,
fixed and combination reader/writer. In a typical library, readers are configured to
identify tags for purposes of circulation, which include inventory management and theft
control. Readers in the library are either fixed or handheld, as listed below by [22]:

a) Staff workstation at circulation: used to charge and discharge library
materials

b) Self check station: used to check in and out library materials without staff
assistance

c) Exit sensors: to verify that all material leaving the library has been checked
out

d) Book-drop reader: used to automatically discharge library materials and
reactivate security

e) Sorter and conveyor: automated system for returning material to proper area
of library

f) Hand-held reader: used for inventorying and verifying that material is
shelved correctly
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The information stored by the tag is interpreted by the reader and sent to the server,
which communicates with the Integrated Library System (ILS). In terms of frequency
range, library systems operate in high frequency (HF) band at 13.56 MHz.

3. Background of the problem

Radio Frequency Identification is slated to replace barcodes in library applications
[23]. The barcode system used in libraries is extremely time consuming and labor
intensive. This problem results in delayed inventory management and physically
demanding practices and procedures for staff activities in handling and processing
materials. In contrast, RFID provides a solution to effectively collect, manage and
distribute books. This is achieved by automating the loan and return of library materials
through real-time visibility of inventory [6,7]. While there are over 500,000 RFID
systems installed in warehouses and retail establishments worldwide, RFID systems are
still relatively new in libraries [7]. This is supported by [24] which reported that
approximately 120 million media and books in about 500 libraries are already attached
with RFID tags. Hence, although RFID has become increasing popular in libraries, it is
still in its infancy as expressed by [25].

A report by [26] articulated that there exist aspects of RFID in libraries that require
further investigation, namely performance and operational efficiencies. This is a gap in
the literature that will be addressed by this study. To date, only two small studies [27,
28] have been conducted on RFID in libraries. Both studies provided limited detail on
performance issues, and the results were inconclusive. The issues that require testing in
library systems include the precision of the inventory wand in identifying missing and
misplaced items, metallic and electromagnetic interference, and operational issues with
self check stations and security gate.

Academic and management research on RFID performance and reliability issues in
the library is necessary for further growth and adoption of the technology. These
sentiments are also expressed by [29] which stated that it is paramount that the library
community conducts a comprehensive technology assessment of RFID to enable
librarians to make the best possible decisions involving the use of the technology..

4. Purpose of the study

As industry adoption of RFID increases coupled with the reduction in cost of tags and
establishment of standardization bodies, it is essential to comprehend the technical and
operational issues of item level RFID tagging.

The purpose of this research is to investigate and test the performance and reliability of
RFID system in libraries. This study aims to address the gap in the literature as studies [27, 28,
30] on RFID library system have not addressed the performance and reliability of the
technology. However respondents in the aforementioned studies and anecdotal evidence
based on interviews with RFID users highlighted performance issues with inventory wand,
self-check systems and security gates.

This study will examine RFID operational issues as it relates to performance of the
inventory reader and self check station to obtain optimal accuracy rate. The results will help
to determine best practices for the use of the technology. In addition, the methodologies
outlined in Section 6 can be applied to performance testing for other vendor solutions.
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5. Research question

The library is deemed as a suitable test setting as it provides a closed environment with
circulation of items. In a library application, open loop RFID system would include the
movement of tagged books between libraries such as inter-loan of materials. On the other
hand, closed loop RFID applications involve the processing of books internally to an
organization solely. On discussing open vs. closed systems, [31] argued that closed loop
application offers greater flexibility in terms of hardware selection and the standardized
protocol utilized.

This study focuses on the testing of RFID library system in an academic institution
that has tagged the majority of the library materials by conducting tests on the
performance and reliability of the system. The research questions are as follow:

1. What is the read performance difference at varying angles of the inventory
reader with respect to the tag?

2. What is the accuracy read rate based on distance between tag and reader for inventory
management?

3. Do metal shelves affect the performance of the RFID inventory reader?

4. What is the effect of mobile devices such as cell phones and computers on the
performance of the system?

5. What is the average check-in/out rate with near 100% accuracy with multiple books
(1, 3, 10, and 20) and multiple mixed types of books (paper back, hard cover, metal
binding, etc)? What causes erroneous reads/failures?

6. What is the optimal location for tag placement on books?

6. Theoretical foundation

Performance testing is an integral aspect of RFID application, with users’
anticipation of near 100% accuracy rate. Tag read rates have been a publicized
challenge for the technology. This study will execute test cases and record data on the
performance of RFID library system, namely self check stations and inventory reader.
Despite the fact that there exist theories for hardware reliability and software reliability
[32] and [33], this research hypothesize that the testing of RFID system cannot be
isolated to either, as there is no distinction between the hardware and software for the
RFID library system. It has been argued by [34] that the key distinction between
software and hardware reliability is the difference between intellectual failure
(software) and physical failure (hardware). However due to the fact that the researcher
has no access to the RFID library software and the hardware cannot be disaggregated
from the software, it is posited that the system reliability will be examined.

Performance testing [35] is characterized as a methodology that examines the
behavior of a system under a particular workload. It also validates and verifies other
quality attributes of the system such as reliability. Although performance testing is a
software engineering concept, as mentioned earlier, the testing of RFID system cannot
be isolated to either hardware or software.

The evaluation or testing of RFID system as outlined by [36] can be executed as
benchmark test, laboratory test or field test. Benchmark tests are used is to discover the
advantages and disadvantages of products by comparing and analyzing the features and
performance of each product. While, laboratory tests are performed to check the degree
of recognizing selected tags and readers in the laboratory. The last type, field test is
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performed for developed products in an actual site after laboratory tests. This study will
perform field test, based on the advantages suggested by [36] which include the
prospect to test the recognition rate, study the optimal recognition rate, and to discover
issues that occur when the RFID is applied to processes in the actual environment. The
strategy applied in performance engineering process has been modified to reflect the
testing of RFID system as outlined in Figure 1.

Evaluate system

\ 4
Develop Test Procedures

Inconclusive
Y results

— Execute Test cases

Conclusive ¢ Identify i
exploratory i
tests i

Analyze Results

\ 4

Y
Complete System testing

Figure 1. RFID System Testing

As highlighted by [37], test cases/processes should follow logical steps to identify
those variables that would most affect a particular client’s simulated RFID model.
Furthermore, it is important to understand the interplay of these variables, and to ensure
that tag placement is optimized for greater performance. This study will apply
performance testing to measure variables including tag placement, reader orientation
sensitivity, read distance, and metal and other possible sources of electromagnetic
interference. The methodology applied to test the above variables will be outlined in the
next section.

7. Methodology

The test environment chosen was an academic library with a fully implemented RFID
system and approximately 120,000 tagged books. The inventory reader and the self
check station was used in this study. The test sample consisted of 200 books including
paper back, hard cover, and metal binding of varying sizes. For each test, the reads
were performed and recorded 40 times. An analysis will also be performed on the type
of books that experience reading problem. Based on each test, a hypothesis was
examined that correspond to research questions listed earlier. This section will discuss
the literature on the variables tested followed by the test cases that were executed.
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Whilst the literature has outlined different testing procedures to measure
performance variables in the supply chain, this is not the case in the library
environment. Hence this section will briefly discuss testing in the supply chain with
focus on library system. Each discussion of the performance variables will be followed
by an outline of the test procedure used in this study.

7.1. Tag location

As many RFID pilot tests have indicated over the past year, tag-reader inaccuracies
are a major challenge the new technology has faced, with one of the biggest challenges
being tag placement for item tagging. RFID technology does not require direct line of
sight (as with barcode) between the reader and tags, hence there are a host of potential
tag placement options. Determining the correct tag placement in the supply chain is
time consuming and impractical due to the wide variety of goods (packaging) and
environments. Tag placement options in library applications are not as wide compared
to the supply chain.

Testing on proper tag location has reported different results in the supply chain. For
example, at the pallet level, a consultant in [38] suggested that one-way pallet (that is,
forks can enter the pallet from only one direction) could be tagged with one RFID
device. However with four way pallets, the pallet had to be tagged on each side to
ensure readability. On the other hand, RFID manufacturers in [38] argued that the
tagging the shrink-wrap could impact performance in terms of metal and water
interference. Some RFID manufacturers recommend tagging the last carton, whilst
others argued tagging the conveyance. Hence there is no consistency on tag placement
for pallet shipped items.

There are no empirical findings of similar testing in the library environment.
However, the literature has shown dissimilar views on the effect of tag attachment
position on RFID library system performance. It has been argued by [39], that the
inside of the back cover is the recommended location because it is fastest for right
handled tag installers to reach. A library vendor [40] suggested that it is generally
recommended that tags be placed at the bottom of the inside book as close to the spine
as possible. The vendor also noted that strict consistency should be avoided and actual
height of the tag placement should be staggered in approximately four different
positions. [41] concurred with the inside of the back cover as a suitable location, with
specification that the tag be placed 7 cm above the bottom. The author also suggested
that the tag be attached to the spine. On the other hand, [39] highlighted that a vendor
proposed that three locations should be selected to reduce the possibility that the tags of
two or more books will align exactly on top of one another and cancel signals.

7.1.1. Test procedure:

Objective: The objective of this test is to evaluate the effect on tag location on the
performance of the system. As a result, the location sets will be used in all tests that
will be discussed below.

Test:

a) The tags were placed at two locations, namely inside the front cover, and the inside of the
back cover (approximately 6 inches above the bottom) as shown in Figure 2. Tests were



International Journal of Multimedia and Ubiquitous Engineering
Vol. 3, No. 1, January 2008

also performed on a three sets of tagged books, front only, back only, and mixture of front
and back.

A

Inside Front Inside Back

Figure 2. Tag Location

b) The tag placement described above was used in all subsequent tests to ultimately determine
the effect of location.

7.2. Reader orientation sensitivity

The literature on the supply chain focuses primarily on tag orientation sensitivity.
With tag orientation, it is argued that the radiation pattern of a RFID tag antenna
determines the ability to read the tag in any orientation [42]. This focus is due to the
type of tag antenna used in UHF systems (used in supply chain). It has been suggested
that with UHF tags and microwave passive tags, conventional dipole-like antennas are
employed which has orientation sensitivity issues. The issue of tag orientation
sensitivity is not prevalent in high frequency systems as the tag typically uses coil
antenna as related by [6]. Hence tag orientation was not examined in this study.
Hereafter, reader orientation will be discussed.

It was articulated by [43], that the size of the transmitting and receiving antenna is
largely a function of the frequency of transmission. Since the function of the RFID
antenna is to transmit and receive electromagnetic (EM) radio waves, the antenna
design should be optimized for the particular frequency, polarity, and directionality
desired. It was noted by [27] that the typical RFID-based library system has internal
antenna within the readers. This section of the experiment focuses on the directionality
desired for the inventory reader to effectively scan books.

In a report by [44] on “RFID handheld reader benchmark”, it was stressed that
orientation sensitivity contributes significantly to the ergonomics of a mobile reader. It
was also highlighted that if a reader is highly orientation sensitive, it is likely that the
user will be forced to twist his or her wrist by ninety degrees to capture tag data,
depending on the orientation and the type of tag being read. Therefore, the report
argued that the orientation sensitivity of a reader is directly linked to the polarization of
the reader antenna.

As noted by [45], although some antennas try to capture all tags within a regular
hemisphere, most are designed to have gain in a particular direction. It was also argued
that directionality enables the reader to focus its energy in a region of interest, whereas
the narrowness of the beam determines the angular accuracy. It was highlighted by [46]
that HF readers are highly orientation sensitive, imposing requirements on package
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orientation, which also impacts read reliability. UHF readers, on the other hand, can be
easily configured for optimal readability and orientation indifference.

It was also highlighted by [50], that the polarity is very important because it affects
the quality of communication between the interrogator and tag. Linear polarized
antennas transmit in a straight line, and their orientation to the RFID tags is critical.
Whilst, circular polarized antennas radiate in a 90-degree pattern and are less sensitive
to the tag's orientation on the package. It has been recommended that the interrogator's
antenna and the tag's antenna should have the same polarization to increase read range
[47]. A study by [44] concurred with the above sentiment and argued that many RFID
tags are linearly polarized hence the reader should be oriented in the same direction for
optimal communication. This in forces the user to turn the unit ninety degrees to be
effective

Hence we posit in the null relating to research question 1:
Ho,.Orientation sensitivity does not affect the performance of the inventory reader

7.2.1. Test procedure:

Objective: The directionality of the reader, that is, the angle of reader’s antenna may
affect performance of the system. The objective of this test is to determine the
orientation sensitivity of the inventory reader.

The Test

a) While noting the tag and reader polarization, the directionality of the reader was
tested at four angles, 0° (X), 30°, 60°(Z) ,90°(Y) (See Figure 3)

%%
ST

X

Figure 3. Reader Angle Measurement

b) The three tag placement sets were measured and recorded at each reader position. At each
angle, the reading distance between the tag and the reader will be kept constant at the best
read range

7.3. Reading distance

Read range refers to the maximum distance at which RFID reader can detect signal
from the tag. The literature articulates that read range is sensitive to tag orientation, tag
location, and the propagation environment. The Friis formula is used to measure read
range [48]
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where, G, is the gain of the tag antenna, A is the wavelength of the EM RF waves, P" is the
minimum threshold power required to power an RFID tag, Oy is the angle made by the tag
with the reader plane, and s” is the power reflection coefficient, which is the ratio of reflected
power to incident power by the tag.

It has been argued by [42] (which conducted testing in the supply chain) that the read
range claims by RFID vendors are unverified and fail to mention the deterioration of
tag performance with distance. It was also articulated by [49] that although its
manufacturer generally labels the maximum data rate supported by an RFID tag on the
tag, it varies significantly from the actual read rate. It was further noted by [49] that
their experiment and others show that data rate is affected by the distance and
orientation between the tags and the readers. In a test by [9], the same sentiments were
echoed with the range of the tags falling between 2 and 18 inches, as opposed to the
specified range by vendors, which was 8 to 80 inches.

It has been suggested by [42] that there are two fundamental properties of RFID
performance: the number of tags that respond at any read, and the speed in which it
responds. The former metric is estimated by the ratio of tag responses per time, and the
latter is estimated by the number of responses per time. For library applications, [23]
argued that the full tag value of RFID in libraries can be read at a range of 8 to 18
inches. [39] also argued that anecdotal evidence suggests that detection rate is almost
100% whenever a reader is within 12 to 14 inches of tags, but there appears to be no
statistical data to support the claims.

Hence we posit in the null relating to research question 2:

Hop, Reading distance does not affect the performance of RFID inventory system
7.3.1. Test procedure:

Objective: To determine the maximum distance at which the tag is readable by the
Inventory reader

The test

a) The reading angle with optimal performance in the reader orientation sensitivity test was
used to experiment with the different read distances.

b)Each set of tag placement was initially read at distances (d) from 8 to 12 inches as specified
by the vendor. Distances outside of the specified range were also experimented with. A
ruler was attached to the reader to ensure that the distance was kept constant at each
measurement. See Figure 4 for test set up.
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Figure 4. Test set up to measure read rate at varying distances

7.4. Metal interference

In the supply chain, much testing is performed on metal interference as it has been
argued UHF systems experience difficulties in accurately read tags on objects with or
surrounded by water or metal [42, 50]. Metals reflect electromagnetic (EM) waves and
scatter them in all directions, which reduce the power needed by tags to respond [9].
However regarding HF systems and library applications, reports on effect on metal
shelves on system performance are sparse.

In a document by [51], it was stated that the performance of HF is affected by the
environment in which it operates, as the presence of metallic objects can interfere with
communication between tag and readers. High Frequency absorbs metal and is more
susceptible to attenuation. In library application, it was noted by [41] and [52] that
metal shelves can cause possible interference, and may be avoided by properly locating
the tag. However there has been no statistical data supporting the above. [53] suggested
that the location of tags on the inside back cover near the spine is more suited as the
inventory reader can be held right up against the book, which minimizes possible
interference from metal shelves. It was not stated whether the conclusion was based on
experimental results.

Hence we posit in the null relating to research question 3

Hys;.Metal does not affect the performance of RFID inventory system

7.4.1. Test procedure:

Objective: To determine the effect of metal shelves on performance of inventory reader.

The test

This test was carried out in two stages, with and without the spectrum analyzer. The two
approaches are discussed below:

a) All test variables (reader orientation sensitivity and read distance) with the different
placement sets were performed on wood and metal shelves, and results compared.

b) A test bed was setup where the spectrum analyzer is placed at a distance of 24 inches
from the RFID reader. The analyzer was set to center frequency of 13.56 MHz and a
span of 10MHz, and the value of the maximum signal strength was recorded in dBm
(unit for expression of power level in decibels with reference to a power of 1 milliwatt).
The steps are as follows:

10
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1. The first test recorded the RFID reader’s output in free space.

2. The second test recorded the RFID reader’s output with books placed between the
reader and the antenna.

Metal Shelves

3. The third test recorded the RFID reader’s output on a metal shelf. The reader was
placed in front of a metal shelf without books and the antenna was placed behind
the shelf. The distance between the reader and the antenna was kept constant and
the maximum reading was recorded.

4. The fourth test recorded the RFID reader’s output when books were placed on
metal shelf. The reader was placed in front of a metal shelf with books and the
antenna was placed behind the shelf.

Wood Shelves

5. The fifth test recorded the RFID reader’s output on wooden shelf. The reader was
placed in front of a wooden shelf without books and the antenna was placed behind
the shelf.

6. The sixth test recorded the RFID reader’s output when books were placed on
wooden shelf. The reader was placed in front of a wooden shelf with books and the
antenna was placed behind the shelf.

7.5. Interference from mobile devices

There exist other sources of electromagnetic interference between the tag and reader
communication. According to [9] and [58] a proliferation of wireless devices such as
cordless and mobile phone, and wireless computer or network can cause interference.

It is important to note that even though these devices may operate at a higher
frequency than the library RFID system they may cause harmonic interference.
Harmonic interference is the unintentional radiation of signal components whose
frequency is a multiple of the intended signal. Depending on the type of equipment, the
harmonic components may sufficiently lessen or attenuate which causes interference to
the RFID signal operating at or adjacent to the frequency of the harmonics. They may
also cause interference due to intermodulation. This is caused by the mixing of
transmitted signals in close proximity to generate additional signal of other frequencies,
which may interfere with RFID signal. There have been no reports of mobile phones
and wireless computers causing interferences in libraries, hence this is an area that will
be examined.

Hence we posit in the null relating to research question 4:
Hos-Ubiquitious devices items do not affect the performance of RFID inventory

System

11
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7.5.1. Test procedure:

Objective: To determine the effect of mobile phone and wireless computer on
system performance.

The test

a) For this experiment, the spectrum analyzer was used to monitor interferences from cell
phone. Four (4) mobile phones and wireless computers were placed at varying distances
from the shelves as inventory is performed at different tag placement sets.

b) The read distance, and the reader orientation were held constant.
7.6. Accuracy rate-self check station

The literature has suggested problems reading certain types of books. It has been
argued by [55] that it may not be possible to accurately check out a stack of items that
are particularly thin such as journals and children’s books. As suggested by [40], the
anti-collision features of the tags and the self-check system are stipulated at 20 items to
be processed. However, [20] argued that the thickness of the items determine the
number of items that can be checked out within the read range. It was noted by [30] that
even though the number of items may be vendor dependent, other factors that should be
considered include the strength of the RFID signal, the strength of the RFID reading
technology, and the size of the items (which determines the distance each tag is from
the reading pad).

Hence we posit in the null relating to research question 5:
Hos- Type of book and stack amount does not affect the performance of self-check

station.

7.6.1. Test procedure:

Objective: The objective of the test is to the checkout rate with a near 100% accuracy rate
for varying number and mixed type of books.
The test
a) This procedure tested twenty (20) books in multiples of 5. The stacks were compiled using
different types of books (paper back, hard cover and metal binding) at varying sizes.

b) For the combination of the three types of book, permutation (a mathematical principle) was
used. Permutation (P) provides the number of ways to arrange elements in a definite order.
However due to time constraints and the large number of combination that are derived,
only 4 combinations was used to represent each stack of books.

On executing and evaluating all the tests, the study will determine research question 6,
which was posited in the null:

Hos- Tag placement does not the affect the performance of RFID library system

12
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8. Preliminary results

The analysis of data collected was not completed in time for the publication.
However, provided below are some preliminary results for metal and mobile (cell phone
and wireless communication) interference.

8.1. Metal interference

With respect to the type of shelf, it was observed that the signals transmitted from
the reader were significantly absorbed by wood based on power levels recorded by the
analyzer with a reading of -68.51 dbm (See table 1) On the other hand, the metal
shelves absorbed less at -56.42 dbm. It should be noted that the stronger the power level
the less the material (wood or metal) absorbs.

The above readings were recorded with tagged book on shelves. To eliminate the
effect of the books as a factor, the readings were recorded without books. The results
for wood and metal shelves were -65.24 dbm and -61.98 dbm respectively. The readings
show that the difference in the power level between both shelving type with and without
books was not significant.

Table 1. Power levels of metal and wood

Free Books | Metal Metal Wooden Wooden shelf
space only shelf shelf with shelf with books
/dBm no books books no books /dBm
/dBm /dBm /dBm
-57.28 | -51.09 | -61.98 -56.42 -65.24 -68.51

Hence, it can be argued that metal shelves with books reflect the radio signals at a
higher rate than wood. This is a possible cause of erroneous reads. Based on the
readings of the spectrum analyzer, there was no other source of interference in the
operating environment. Therefore it can be concluded that the reflective nature of the
metal can cause misreads. The overall statistical data is to be analyzed to determine the
actual performance difference in the system with metal and wood shelves.

8.2. Mobile interference

The spectrum analyzer was used to conduct a frequency scan of the RFID reader to
confirm frequency of operation at 13.56 MHz. Activities were examined and seen in
broadcast bands (97 — 107MHz), 800MHz cellular bands and 2.4GHz bands (See Figure
6 and 7).

13
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Figure 7. Broadcast and Very High Frequency (VHF) band

However the tests showed that with the inclusion of cell phone and laptop computers
during reads, there was no observable effect on the RFID transmission and reception. It
should be noted that the similar results were observed with the self-check station.

9. Conclusion

The preliminary findings of the study examine the effect of metal shelves and mobile
equipment of system performance. With regards to metal interference, the study sought
to examine its effect on performance and to note the similarities/differences compared
to the supply chain. However, the data has not yet been analyzed to determine the
extent of the effect. The analysis will compare readings obtained from both wooden and
metal shelves. During testing, it was observed that books closest to the metal separator
or to the metal upright were consistently misread. These books had to be physically
removed from the shelf to obtain a reading. As a result, a possible recommendation is
the use of wooden shelves to enhance performance.

While persons have argued that a proliferation of mobile devices may cause possible
interference, our test, using only 4 devices did not cause any interference. While the
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number of phones used in the testing cannot be classified as a proliferation of mobile
devices, it should be noted that cell pones are prohibited in most libraries, and therefore
should not generally cause interference in this environment. However, it is
recommended that future research should include a larger number of devices to
determine the effect on performance.

For future study, the researchers will use the methodologies outlined in this paper to
perform benchmark tests on a group of different RFID library vendor solution. The
results will compare and analyze the features and performance of each system.
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