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Abstract: - This study examines the best way of placing RFIDs into a company and also the impact of radio-
frequency identification technology on the inventory control practices. This study was conducted for analyzing 
the present mode of operation, procedural documents, need and use of RFID technology for tracking, 
monitoring and locating items. Results indicate that in a retailer and supply chain environment, RFID 
technology could act as a loss prevention mechanism, an enabler for locating misplaced stock, and make a 
significant contribution to the overall improvement of the delivery process. 
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1 Introduction 
Radio-frequency identification (RFID) is a 
technology that uses radio waves to transfer data 
from an electronic tag, called RFID tag or label, 
attached to an object, through a reader for the 
purpose of identifying and tracking the object. This 
technology is defined as a wireless automatic 
identification and data capture (AIDC) technology 
and is increasingly considered by many scholars as 
the “missing link” in the supply chain management 
[1]. For example, the technology could allow the 
identification of any tagged item in real-time in a 
given supply chain or in a retailer with minimum 
human intervention. When integrating into a firm’s 
business processes, the RFID technology allows 
“any tagged entity to become a mobile, intelligent, 
communicating component of the organization’s 
overall information infrastructure”[5], thus 
improving supply chain information flow and 
supply chain and retailers efficiency.  

A basic RFID system is composed of a tag that 
contains a microprocessor, a reader plus an 
antennas, and a computer equipped with a 
middleware program, in which business rules are 
configured to automate some decisions [6]. Despite 
the high potential of the technology as an enabler of 
the supply chain transformation, the current 
adoption rate is still fairly low mainly because many 
technological and business questions are still to be 
answered. For reducing this knowledge gap, in this 
paper we want to study and few topics. First of all, 
we want to examine what is the impact of RFID on 
loss prevention and if using RFID technology can 
help in identifying products theft. Also, another 

topic addressed in this paper is the impact of RFID 
technology on the delivery process in a small-to-
medium retailer store or in a supply chain. It is 
studied also how RFID can help in locating 
misplaced stocks. The physical characteristics of an 
item can influence the reading rate of RFIDs and in 
this paper we will present a short study of the 
element that are influencing it and how. More 
precisely, the objective of this paper is to document 
the results of a proof of concept (PoC) that 
examines the impact of RFID on inventory control 
and also how the placement and labeling of RFID 
tags can influence inventory control. There are 
presented RFID simulations and re-engineered 
business processes that demonstrate whether the 
RFID  technology can operate within the retail and 
supply chain industries. Another point is to illustrate 
the anticipated impact of RFID on business 
operations. Finally, ways of improving and 
optimizing RFID tags placement are presented. 

 
 

2 Background and context of the 
study 
The current study uses the proof of concept 
approach to assess the feasibility of RFID 
technology in retail stores and also in supply chains. 
Most early studies on the feasibility of RFID 
technology have mostly been conducted using this 
approach and pilots projects. A proof of concept is 
used to illustrate whether a proposed system or 
application is likely to operate or function as 
expected [7]. Using, data from “Wal-Mart RFID-
enabled stores” over a period of 29 weeks, the 
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conclusion was reached that RFID-enabled stores 
were 63% more efficient in replenishing out-
ofstocks than stores without RFID, thus leading to a 
reduction of out-of-stocks by 16% over that 29 week 
period [8]. In a more recent study, [9] examined 
data collected over a period of 23 weeks from eight 
test stores equipped with a new “RFID-based 
perpetual inventory adjustment tool” and a 
corresponding set of eight control stores (without 
RFID), and found that “RFID is making a 
difference. Understated perpetual inventory 
inaccuracy declined by about 13% in the test stores, 
relative to control stores, with no additional labour. 
Furthermore, manual adjustments declined in the 
test stores” . Finally, the outcome of a study by [10], 
who used a PoC in a laboratory setting, was that 
process optimization can be achieved when the 
RFID technology is integrated in intra- and 
interorganizational information systems 
applications. All these studies have been largely 
conducted in large firms and we will focus more on 
medium retailers and supply chain organizations. 
 
 

3 Methodology 
The research studies documented in this paper 
involve few cases examining retailers and supply 
chains, for optimizing the label and tag placement of 
RFIDs for better inventory monitoring. A case study 
method has been employed as it is ideal for 
investigating contemporary events and is able to 
take into account a wide variety of evidence [11]. 
Data has been gathered through the collection of 
procedural documents, semi structured interviews 
and participants observation in different scenarios. 
This paper presents the data collected from different 
research papers the, as well as revealing the 
business process flows (through flowcharts) of the 
organizations in order to determine whether RFID is 
a feasible automated data capture technology for 
retailers and supply chains.  
Inventory accuracy is one of the keys to an efficient 
and effective supply chain. Forecasting, ordering 
and replenishment, for example, are based on an 
accurate inventory count. Most retailers rely upon 
automated ordering and replenishment systems or, 
at least, information from a system to provide 
insight into what, when, and how much to 
order. For these systems to be effective, retailers 
must have records of their on-hand inventory. 
Previous studies have found that retailers only have 
accurate inventory information, known as perpetual 
inventory (PI) or what the system thinks is on hand 
in the store, on about 35% of their items.[11] This 
means that ordering and replenishment decisions are 

based on a number that is more often not accurate 
and this one of the reasons why inventory accuracy 
is often referred to the “missing link” in retail 
execution. The use of RFIDs and the correct 
placement of the tags is proved to be a good solution 
in most of the cases, that improves the accuracy of 
the stock. 
 
 

4 Inventory Control 
In this paper are presented RFID enabled scenarios 
that will analyze how and where it is most efficient 
to place RFIDs for better inventory tracking and 
control optimization of products. The study focuses 
on the scenario for RFID enabled loss prevention 
simulation, delivery portal simulation, tag 
environment simulation and RFID enabled locating 
misplaced stock stimulation. The results of the 
simulations are documented qualitatively, 
discussing read rates as well as any other technical 
issues experienced in the following section. 
 
4.1 RFID for loss/stole prevention 
A study for analyzing the losses and theft of 
products has been made and is detailed below. A 
fixed RFID reader with one and then two antennas 
will was placed above (it can be places also around) 
the entry/exit of the store with the aim of identifying 
any tagged item or product that passes through the 
entry/exit. Items that have been tagged with RFID 
labels were moved past the reader in order to 
determine if the tag was interrogated and identified 
successfully. There were tested also multiple items 
that were carried out through the entry and exit in 
order to see if the reader identifies multiple tagged 
items. Initially, a fixed reader was set up with one 
antenna which was positioned above the entry/exit, 
2.1 metres off the ground. The antenna was 
orientated at a 45 degree angle, sloping inwards 
towards the interior of the store. The participant 
walked towards the entry/exit with an RFID tagged 
item held 1.5 meters off the ground. Five different 
items of stock were used in this simulation, each 
being RFID tagged in a different configuration. 

Two of the items had tags wrapped around them 
so the tag was overlapping itself, one item had its 
tag wrapped around it but was not overlapping, 
another  item was labeled with a tag that was folded 
in half and the final item had a tag applied to it in a 
general flat configuration. The tagged items were 
passed through the RFID monitored entry/exit 
individually in plain view of the reader, then 
concealed under the jumper of the participant and 
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finally all items were passed through the entry/exit 
simultaneously in a plastic basket.  

The results revealed that items which had RFID 
tags wrapped around them and were overlapping 
could not be detected by the reader when passed 
through the entry/exit. It was also found that 
concealing items had an effect on whether they 
would read or not with a single concealed product 
being identified compared to the three tagged items 
which were identified when they were passed 
through the entry/exit in plain sight. Once this 
simulation was carried out another antenna was 
attached to the fixed reader and a small portal was 
created to see whether it was more accurate to 
identify tagged products from side-on than from 
above. Figure 1 illustrates the configuration of the 
portal. 

 
Figure 1 Configuration of the loss prevention 
Portal 
 
The participant once again walked through the 

doorway with items held 1.5 metres from the 
ground. The items that had RFID tags wrapped 
around so they overlapped were still not able to be 
read in this variation of the simulation, but three 
tagged items that had been concealed were 
identified compared to the one item identified in the 
previous variation. The range of the antennas was 
also tested with items being passed through the 
portal held above (1.8 metres from the ground) and 
below them (30 centimetres from the ground). The 
three tagged items that were identified initially were 
also read when they were passed above and below 
the antennas at the entry/exit to the store. 

The results of this simulation revealed that RFID 
experienced poor to average read rates when 
implemented for loss prevention. It is perceived that 
if RFID was applied in retailers without anything 
additional,  for loss prevention purposes, theft may 
be reduced but the reliability of the technology 

could not be guaranteed; unless orientation issues 
are resolved and read rates are improved. 
 
 
4.2 RFID for tracking delivery  
This simulation involves RFID tagged items 
being placed on a pallet then onto a delivery vehicle 
at the loading dock of the hardware store. A portal 
will be created at the loading dock, equipped with 
two antennas originating from an RFID reader 
which will be used to identify the products and 
stock that are moving in and out of the premises. 

To test the RFID delivery portal, a flat top truck 
is reversed into the loading bay of the organization. 

Seven products that are commonly delivered to 
or by the organization are RFID tagged, including a 
wooden pallet which the items are placed on. The 
truck is reversed in and out of the loading bay on 
five occasions and the read rates are recorded each 
time. Three of the tagged items including a piece of 
treated pine, a roll of foam joint and the pallet are 
successfully interrogated on each of the five times 
the truck is reversed. 

A tagged piece of treated pine is also identified 
on the first and the last time the vehicle is backed 
into the loading dock. The other three items on the 
truck are unable to be identified at all, most likely 
due to the back tray of the truck, sitting higher than 
the antenna (all the RFID tagged products on the 
truck were situated above the antenna). 

Another vehicle, a utility that is used by the 
organization to deliver products is then employed in 
the simulation with the same products and pallet 
being placed in the vehicle’s tray. The tray of this 
vehicle is at a more suitable height for the RFID 
antennas, as it sits 80 centimeters off the ground. 
The read rates experienced when products were 
placed on the utility were far superior to those 
experienced when the flat top truck was employed, 
with read rates ranging from 71% to 100% of all 
items and products tagged.  

Whit this simulation it is illustrated that if an 
RFID portal was constructed appropriately by 
considering the conditions and vehicle used by the 
retailer it could effectively monitor stock being 
delivered to the business and stock being delivered 
to customers of the business. 
 
 

5 Problem Solution 
As presented before, the solution for most of the 
controlling and monitoring part of equipments in 
retailers and supply chains are radio frequency 
identifiers tags. 
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Figure 2: RFID tag Attributes  

RFID tags are divided into two general types, 
active and passive depending on their supply of 
electrical power. Passive RFID tags have no internal 
power supply. Instead, a small electric current is 
created in the antenna when an incoming signal 
reaches it. This current provides enough power to 
briefly activate the tag, usually just long enough to 
relay simple information, such as an ID number or 
product name. Because passive RFID tags do not 
contain a power supply, they can be very small in 
size, sometimes thinner than a piece of paper. These 
tags can be activated from a distance of ten 
millimeters to over 6 meters away. [2] 

Active RFID tags do contain an internal power 
source, which allows for a longer read-range and for 
a bigger memory on the tag itself. The power source 
also makes it possible to store information sent by 
the transceiver. Active RFID tags are larger than 
passive tags, usually slightly bigger than a coin. 
They can be read from many meters away, and 
generally have a battery life of about ten years. 
Advantages of active tags include accuracy, 
reliability, and superior performance in adverse 
environments, such as damp or metallic. 

Being cheaper to manufacture, most RFID tags 
are of the passive variety. Analysts predict that ever-
lowering costs and growing demand will eventually 
lead to the widespread usage of RFID technology on 
a global scale. This is also one of the reasons why 
RFID labeling fails for some operations, as if we do 
not use the best RFID tags available, most likely we 
won’t have the best results. 

As shown in the above scenarios, RFID tags are 
used for both identifying and tracking an item and 
are one of the most feasible solution used for 
retailers and in supply chains for tracking their 
merchandise. 
 
 

6 Optimizing RFID enabled label 
placement 
Presently, various retail chains and others are 
implementing the use of RFID tags in many ways. 
However, there are large numbers of packaged 
goods that are not yet tagged with RFID tags, as 
they should have. Furthermore, new types of 
packaged goods are designed all the time. At present 
there is no automated process for determining the 
optimal tag type or tag placement for those 
packaged goods. Because there is a great deal of 
variability in the radio frequency (RF) properties of 
packaged goods, and because at present, packages 
are not designed with RF properties in mind, this 
has created a pressing need for RFID tag placement 
systems and methods. 
 Currently, determining the optimal location to 
place a particular type of RFID tag is done 
manually, in the far-field of the packed good, by 
placing a tag or several tags at various locations on 
the surface of the packaged good. A human 
measures the read range of the tag in free space for 
that particular tag placement or measures a read 
count at a fixed 3Q read range. If multiple tag types 
are considered for use on a particular packaged 
good, each tag type is applied to the packaged good. 
Given the proliferation of different tag types, this 
makes the current practice even more time 
consuming and inefficient. This process is slow, 
costly, and prone to inaccuracy or human prejudice. 
Furthermore, no widely accepted formal method has 
been described for designing new types of 
packaging, or variations of existing packaging, that 
are specifically designed for use with RFID tags. 
 A new method was discovered by a group of 
specialists[4] that includes 2 steps. The first step 
consists of analyzing the interrogation zone where 
an RFID apparatus (the device used for scanning of 
RFIDs) is deployed, and the second step consists in 
identifying the readability of RFID tag associated 
with different sets of placement on a target object 
inside the interrogation zone. Finally, the last step is 
used for selecting the best deployment alternative 
based on the analysis result of the interrogation zone 
attained in the first tep and all the readabilities of 
RFID tag associated with different sets of placement 
identified in the second step. Method is discussed in 
more depth further, in the continuity of the chapter. 
 In various aspects, the invention features 
methods and an RFID apparatus for determining the 
location to place an RFID tag on a packaged good, 
and optionally for placing a tag on that good. In one 
embodiment, an electromagnetic field is scanned 
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around the packaged good in the near field, and the 
far field behavior of one or more candidate RFID 
 tags attached to that packaged good are estimated 
and optimized based on this near field measurement, 
coupled with a model of the behavior of each 
particular tab. 
 In a specific embodiment, the placement 
apparatus scans an electromagnetic field around the 
packaged good, and the device derives a relative 
indication of the suitability of any given location for 
that particular tag, based on a near-field 
measurement of the packaged goods' RF properties, 
which are extrapolated to an estimate of the far-field 
properties if a particular tag type is employed. 
Typical RF properties to be measured as an 
indicator of near-field behavior include, but are not 
limited to, the permeability, permittivity, or loss 
tangent of the packaged good, or the impedance or 
complex return loss given a particular probe 
antenna. The scanning may be either electrical (as 
by the use of a phased array antenna, or an array of 
many independent antenna elements), or 
mechanical, in which either the packaged good is 
moved with respect to the placement apparatus or 
vice versa. 
 Other aspects of the automatic RFID tag 
placement system feature using the measurement 
gathered by the placement apparatus as a component 
of a computer modeling or Computer Aided Design 
(CAD) system for designing new packaging 
materials and package designs. [4] The CAD system 
incorporates near-field measurements in simulating 
the far-field behavior of a tagged packaged good. 
 In one aspect, this features a method of 
determining a location to place an RFID tag on an 
object. The method includes scanning an object, 
with a scanning device having an antenna in the 
near field of the object, to measure at least one RF 
property of the reflected signal from the object and 
analyzing the reflected signal to determine a 
suggested location for placement of an RFID tag. 
In various embodiments, the method includes 
calibrating the scanning device prior to scanning the 
object. In further embodiments, the calibrating 
includes reading calibration data stored with an 
antenna element that is part of the scanning device 
and executing a free-space calibration routine. In 
some of these embodiments, the analyzing includes 
generating a ratio of the reflected signal to the 
calibration signal and generating a figure of merit of 
location quality. 
 This method can also include indicating a result 
of the analysis to the end-user of the scanning 
device. In further embodiments, the indicating 
includes displaying a suggested location for placing 

the RFID tag, providing an audio alert to the end-
user of the scanning device, and marking the object 
in the location suggested for tag placement. 
 Another feature is an apparatus for scanning an 
object in the near field. The apparatus includes a 
housing that encloses an RF source, a transmitter in 
communication with the RF source, an antenna in 
communication with the transmitter, and a receiver. 
The apparatus also includes a controller in 
communication with at least the RF source and the 
receiver. The controller generates a scan signal that 
results in irradiation of an object, receives a 
reflection signal of the irradiated object, and 
analyzes at least one property of the reflection signal 
to determine a suggested location for placement of 
an RFID tag. Method works very good and tests 
showed that it improved the accuracy of the 
scenarios tested above for RFID placement. 
 This invention was done by a group of 
researchers from the United States and is currently 
used for optimizing the labeling and placement of 
RFID tags across different items in different 
countries. 
 

 
7 Conclusion 
Items with overlapping RFID tags wrapped around 
them could not be detected by the reader when they 
passed through the entry/exit. This mean items 
could be easily stole. RFID cannot be used 100% for 
stole prevention. It was also found that concealing 
items had an effect on whether they would read or 
not with a single concealed product being identified, 
as compared to the three tagged items which were 
identified when passing through the entry/exit in 
plain sight. Moreover, the results showed that RFID 
experienced poor to average read rates when 
implemented for loss prevention. It is perceived that 
if RFID was applied in the small companies for loss 
prevention purposes, theft may be reduced but the 
reliability of the technology could not be 
guaranteed. 

Also, if an RFID portal were constructed 
appropriately, taking into account the conditions and 
the vehicle used, it could effectively monitor the 
stock being delivered to the business and the one 
delivered to the customers of the business. The 
study also revealed that the readability of RFID tags 
was not affected when applied to products of 
varying compositions, except for metal products – 
which were identified only once on six attempts. 
RFID tags were able to function after being stored 
outdoors and exposed to the elements over 
five nights. These results provide strong support to 
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previous studies on RFID technology [13] and 
highlight the fact that RFID technology is mostly 
product driven, and therefore, the best performance 
of the system heavily depends on the type of 
product, the context of implementation, the level of 
tagging, etc. 

Consequently, a scenario building, 
validation and demonstration of RFID-enabled 
process optimization is highly recommended prior 
to any large RFID technology deployment [14]. To 
our knowledge, this study is among the first studies 
to illustrate that RFID technology could be used 
within a  retailer in real-life settings to monitor the 
positioning of products within the store, to help  
retailer prevent in-store stock losses, enhance 
delivery process and improve the process of locating 
misplaced stock within the store. However, further 
work need to be done in order to assess the impact 
of RFID technology at the supply chain and retailer 
level. 
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