> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 1

RSSI Measurements for RFID Tag
Classification in Smart Storage Systems

Alice Buffil, Andrea Michel?, Paolo Nepa?, Bernardo Tellinit

1 Department of Energy, Systems, Territory and Constructions Engineering, University of Pisa, IT-56122 Pisa, Italy
2 Department of Information Engineering, University of Pisa, IT-56122 Pisa, Italy

Abstract—This paper presents a measurement method for tagged item classification in radio frequency identification (RFID)-based
smart drawers. Specifically, the amplitude of the signal backscattered by the UHF-RFID passive tags attached to the items inside the
drawer is used to identify at which of an assigned set of drawer subregions each detected tag belongs. The received signal strength
indicator (RSSI) may be acquired by almost any UHF-RFID commercial reader chipset compatible with the Electronic Product Code
(EPC) Classl Gen2 protocol. The RSSI model in terms of the position of the tag inside the drawer is introduced, and its selective
properties are discussed through both numerical data and measurements. The cases of a single reader antenna measuring during
natural opening/closing operations as well as of multiple reader antennas measuring when the drawer is static are investigated. The
measurement method performance is shown through an experimental analysis in a realistic scenario, where the RSSI values are
collected by using commercial UHF RFID hardware components, and then used as the feature vector of the classification algorithm. As
an example, two different classifiers are used to map each detected tag to one of the regions the drawer is subdivided into. The
classification performance of the method based on a single antenna exploiting the drawer natural sliding movements is comparable to
that achievable with multiple reader antennas, while representing a cost-effective and easy-to-implement practical solution.

Index Terms—Antenna near-field region, classification techniques, radio frequency identification (RFID) tag classification, received
signal strength indicator (RSSI) measurements, RFID tag indoor localization, RFID-based smart drawers, RFID-based smart storage
spaces, UHF-RFID measurements.

1 INTRODUCTION

N the context of the Internet-of-Thing paradigm, the UHF radio frequency identification (RFID) technology is gaining

increasing attention for item-level tagging in smart spaces [1] such as smart cabinets/shelves and smart fitting rooms [2]-[5].

In addition to automatic real-time inventory, the UHF-RFID passive technology can be used to implement low-cost
radiolocalization techniques for item localization in indoor scenarios [6]-[10]. In this context, a measurement system locating a
tagged object in shelves/drawers allows developing additional capabilities, as, for example, to avoid misplaced items in
pharmaceutical or retail environments [11] (e.g. items left on the wrong shelf by the customers, products forbidden or lost in the
fitting room).

Basic solutions suggest localizing tags based on their presence/absence within the reader antenna read range; thus, tag
localization is possible just in a specific region within the area of interest and with a low-coarse grained resolution. Such a
principle is that exploited in the HF system in [12], where a multi-antenna arrangement is applied to distinguish among tagged
items within four separate regions inside a drawer. To apply the same approach at higher frequency (UHF band), the
measurement system must be designed with ad hoc reader antennas, which can radiate a spatially confined electromagnetic field
[13], [14], by exploiting the near-field coupling [15], [16] between the reader and tag antennas.

For a more accurate localization in UHF-RFID smart spaces, measurement systems exploit both amplitude [received signal
strength indicator (RSSI)] [17] and phase [18] of the tag backscattering signal. Above measurements can be employed as in
positioning techniques for wireless sensors networks [19], [20]. However, in scenarios where the tags are close to the reader
antenna (namely, tags does not lie into the far-field region of the reader antenna) it is difficult to define a simple analytical path-
loss model. Indeed, the RSSI behavior is significantly dominated by near-field coupling phenomena, which strongly depend on
the specific antenna layouts and the obstacles located around the two antennas.

Rather than the tag spatial coordinates, in practical scenarios with a large amount of tags, it could be reasonable to determine
just the spatial region the tag belongs to [21]. This represents a classification issue, analogously to that addressed for
discriminating among moving and static RFID tags [22], for person activities recognition in ambient assisted living applications
[23], for imaging recognition [24] or for smell recognition [25].

In such a framework, the basic idea of a new measurement method to determine the belonging region of tagged items within
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UHF-RFID smart drawers was presented in [26]. RSSI measurements were acquired during the drawer opening/closing actions
and employed to extract some useful features for the tag classification procedure. In [26], preliminary results were presented
showing the validity of the method for a two-region classification.

This paper presents a methodology to make more selective the approach suggested in [26] for tag classification in smart
storage systems. The basic requirement for an effective classification of the tag belonging region is the creation of a set of
different tag interrogation field distributions in the area of interest, so that the vector of the corresponding RSSI values can be
used to setup the feature vector of a certain classification algorithm. A number of reader antenna configurations are considered,
resembling the cases of multiple reader antennas with a static drawer and of a single reader antenna with a sliding drawer. The
reliability of the adopted RSSI model is shown through experimentally results for a three-region classification, when the RSSI
data are acquired by a commercial reader.

The paper is organized as follows. The RSSI model is introduced and discussed in Section 2. Then, the performance of the
classification approach is described in Section Il1, when a set of reader antennas are used to acquire the RSSI in a static drawer
scenario. The classification performance of the configuration exploiting a single reader antenna and the natural sliding
movements of the drawer is presented in Section IV. Finally, concluding remarks are given in Section 5.

2 RSSI MoDEL

In an RFID system based on passive (battery-less) tags [Fig. 1(a)], the reader sends an interrogation signal to the tag, which is
also used to energize the tag itself. If the power absorbed by the tag is higher than the RFID chip sensitivity, the tag is excited
and it is able to send back its unique identifier through a backscattering modulation principle [27]. Specifically, the backscattered
signal is modulated by changing the impedance load of the tag antenna between two different states, which usually correspond to
a conjugate matching impedance load (Zcw) and a short circuit (Zsc) [28]. At the reader side, the amplitude of the demodulated
signal is made available by the RSSI.

Let us consider a 2-D drawer scenario where the tag is located, with a reader antenna positioned at a certain point along one of
the drawer sides. The coordinate pair (X, y) allows to indicate the tag position with respect to the reader antenna, and d is the
reader-to-tag distance. By referring to the equivalent electric circuit in Fig. 1(b), the received signal strength at the reader side
can be expressed in terms of the difference between the reflection coefficients corresponding to the two above tag impedance
load states, T',, and T, . Actually, any commercial reader compliant with the standardized Electronic Product Code (EPC)
Classl Gen2 protocol makes available a digital value that is proportional to the power level of the received signal, which is
known as the RSSI. Then, by denoting with Z;, the input impedance seen at the connector of the reader antenna and assuming
that K is a constant independent on the tag location, the RSSI can be expressed as:

RSSI = K|FCM(X,y)—FSC(X,Y)|2 @
with
Z  —-R
robl ST @
& Z,tR,

where R, is the characteristic impedance of the reader antenna feeding line, b, and a are the complex amplitudes of the

reflected and incident voltage waves, respectively, at the reader antenna port. The reflection coefficient T" depends on the tag
antenna load and on the electromagnetic coupling between the tag and reader antennas. Since in the drawer scenario the tag
cannot be assumed as being in the far-field region of the reader antenna, the Friis formula for evaluating the differential radar
cross section [28] does not work. The latter assumes a path-loss law of -40dB/decade that is not valid in the antenna near-field
region.

Therefore, using a full-wave numerical model is mandatory to estimate the mutual coupling between tag and reader antennas.
Specifically, any numerical tool able to solve the Maxwell’s equations with the proper boundary conditions can be used to derive
the impedance matrix (3) of the two-port system made by the two antennas (modelled with the actual size and components) and
any object and obstacle that could be located inside the region among them:

M e D
VZ = |2 ZZl ZZZ |2

with Z,, = Z,, being the network reciprocal. The impedance matrix entries of the two-port network can be numerically evaluated

for any position of the tag inside the drawer. It is worth underlying that by definition the impedance matrix is independent on the

tag antenna load. Then, the input impedance at the reader side can be evaluated, depending on the tag impedance load state
2
Zin :X:ZM_L
Il ZZZ +Z

chip

Q)

where Z,. =7
absorbed by the chip or Z

* (the chip input impedance is equal to the conjugate of the tag antenna input impedance to maximize the power

«ip =0 (the short circuit loading allows to maximize the amplitude of the tag backscattered signal).
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Fig. 1. (a) Schematic representation of a tag equipped with an antenna, an RFID chip, and a reader, the latter consisting of an antenna, a circulator, a power
amplifier for the transmitted signal (forward link) and a low noise amplifier for the received signal (backward link). (b) Equivalent impedance matrix
representing the reader antenna, the tag antenna, and the propagation channel between them. To generate a modulated backscattering, the tag antenna is
connected to either a conjugate matching impedance load (Zcwm) or a short circuit (Zsc).

Let us consider the interrogation field radiated by a reader antenna when it is located at different positions along the longer
side of a drawer (Fig. 2). Depending on its position, the antenna excites a different electric field distribution within the drawer.
As an example, a numerical analysis of the field radiated by the reader antenna was carried out by considering an 80 cm x 40 cm
drawer and a square patch antenna. The latter is a quite typical antenna layout used in commercial UHF RFID systems. The
commercial software CST was been used to design the patch antenna as well as the get the field radiated by the antenna inside
the drawer region. The patch antenna is printed on a 1.53-mm-height FR-4 substrate (relative dielectric permittivity & = 4.4) and
its resonating side is 8.3 cm long, which corresponds to around half wavelength at the operating frequency of f, = 865.7 MHz.

L, L, Ls
1
> ] | 3 y (cm)
> 20 40 ' 80
10 //60 -
20
40
X (cm)

Fig. 2. 80 cm x 40 cm drawer with the reader antenna placed at L; (x=0cm, y=20cm) or L, (x=0cm, y=40cm) or L; (x=0cm, y = 60 cm). Note that the
origin of the coordinate system is at the left up corner of the drawer.

The relevant electric field distribution is represented in Fig. 3(a) and (b), when the reader antenna is located at positions L
(x=0cm, y=20cm) and L, (x=0cm, y=40cm). A remarkable variation of the field amplitude along the y-direction is
apparent, while the variation along the x-direction is slower. Since the amplitude of the tag backscattered signal is proportional to
the amplitude of the incident field radiated by the reader antenna, this suggests that the acquired RSSI values relevant to a set of
different reader antenna positions (each one creating a different field distribution within the area of interest) could be used as the
feature vector of a classifier for determining the belonging region of a tag within the drawer.
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Fig. 3. Normalized electric field (dB) radiated by a square patch reader antenna placed at different positions of the drawer scenario in Fig. 2. (a) Ly (x=0cm,
y=20cm). (b) L, (x=0cm, y =40 cm).

For a better understanding of the RSSI behavior for different positions of the tag with respect to the reader antenna, the
differential reflection coefficient appearing in (1) was evaluated by considering the above reader patch antenna and a commercial
tag: the dipole-like UH100 from LAB-ID [Fig. 1(a)]. The elements of the impedance matrix of the equivalent model in Fig. 1b
were calculated by the commercial software CST. Such a full-wave simulation tool can account for any orientation and relative
position of the tag antenna with respect to the reader antenna, as well as for any obstacle or item located within the space around
the two antennas. It is worth noting that the adopted RSSI model is valid for any distance between the two antennas, even when
such a distance is as small as a few millimeters [29]. The numerical results for the differential reflection coefficient in (1)
(namely, the RSSI normalized to the constant K) were evaluated versus the reader-to-tag distance, d, and for a set of different
directions from the antenna, and they are shown in Fig. 4 (see the geometry of the problem sketched into the inset of Fig. 4). It is
worth noting that the normalized RSSI approaches the trend 1/ d* (corresponding to a linear behavior when a log scale is used
along both axes, with a - 40dB/decade slope) only when the reader-to-tag distance is larger than the free-space wavelength
(around 33 cm, at the UHF-RFID ETSI band of 865-868 MHz). Indeed, when the reader-to-tag distance is less than around one
wavelength, the tag is located in the near-field region of the reader antenna, where the radiated electric field structure is quite
complex and includes terms proportional to 1/d, 1/d* and 1/ d® [30] . On the contrary, at larger distances from the reader
antenna, namely, into the far-field region of the reader antenna, the radiated electric field can be approximated with a local plane
wave whose amplitude decreases as 1/ d . In this case, the RSSI amplitude in (1) (which is a power level) will be proportional to

1/d*, as both the forward link (reader to tag) and backward link (tag to reader) must be considered [31]. Moreover, if the tag is
in the far-field region, the RSSI can be easily expressed in terms of the gain of the reader and tag antennas, through a
conventional radar equation including the differential radar cross section [28].

Several indoor localization techniques were developed where an RSSI model (or path-loss model) proportional to 1/ d* was
assumed [32]-[34]. In more sophisticated models also accounting for the effect of multipath phenomena, a more general
1/ d" model has been assumed where the path-loss exponent n is heuristically estimated on the basis of extended measurement
campaigns or numerical simulations. Unfortunately, as demonstrated by the numerical results in Fig. 4, above simple RSSI
analytical models are useless in RFID-based smart storage spaces, as the distance d cannot be considered larger than the free-
space wavelength. It follows that tag localization cannot be performed through a deterministic approach, and statistical
classification techniques can be a valuable alternative.
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Fig. 4. Amplitude of the differential reflection coefficient in (1) as a function of the antenna-tag distance (d) for different directions of the tag with respect to the
reader antenna (angle 6 defined in the inset).

The effectiveness of a classification method to determine the tag belonging region inside the drawer is related to the actual
capability of getting different RSSI vectors for different tag positions. As an example, the amplitude of the differential reflection
coefficient is shown in Fig. 5, for different positions of the tag with respect to the reader antenna (the reader antenna is at the
origin of the coordinate system). A set of curves is obtained when the tag lies on different lines at distance x from the reader
antenna (x=1, 3, 5, 10, 30, 50 cm), while the y-coordinate varies between -40 cm and +40 cm. Even if the tag is located within
the reader antenna near-field region, quite large variations of the normalized RSSI are evident as long as the reader-to-tag
distance is less than 40-50 cm, with a peak amplitude when the tag is at the minimum distance from the reader. For drawers
larger than 40-50cm, an additional reader antenna can be added on the opposite side.
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Fig. 5. Amplitude of the differential reflection coefficient in (1) as a function of the antenna-tag position (x, y).

When referred to a 80 cm x 40 cm drawer like that in Fig. 2, above results suggest that the belonging region of a tag inside the
drawer can be estimated by using a set of RSSI values received by a number of reader antennas aligned along the longer drawer
side. In a real implementation, a single reader can be used to sequentially feed all the antennas, as most of commercial RFID
readers have a multiport output.

As an alternative implementation, a single antenna sliding along the drawer side can be used to profitably exploit the
differential reflection coefficient variations in Fig. 5, namely the RSSI variations. A different RSSI profile will be acquired
during the interrogation sequence, depending on the actual tag position inside the drawer. In a real implementation of the above
technique, the relative movement between the single reader antenna and the tag can be obtained during the natural
opening/closing operations of the drawer.

The classification performance that can be achieved by using a set of static reader antennas or a single reader antenna sliding
with respect to the drawer are analyzed in Sections 3 and 4, respectively. Although the quite remarkable differential reflection
coefficient variations shown in Fig. 5 would suggest an expected 100% overall accuracy by almost any basic classification
algorithm, it is apparent that in real scenarios the performance can degrade due to several factors. Among them, it is worth
mentioning the non-linearity of the tag chip, the interference from nearby tags, the effect on the backscattered signal of the
material/shape of the tagged item, the multipath phenomena and the tag orientation with respect to the direction of the incident
electric (polarization mismatching). In the RSSI model in (1), above effects can be modeled through an additive random variable.
Some of the above mentioned random effects can be mitigated by averaging the acquired RSSI values, or by resorting to more
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sophisticated filters [35], [36].

3 CLASSIFICATION WITH MULTIPLE STATIC ANTENNAS

3.1 Measurement Setup

The RFID measurement setup was realized with the commercial reader R4300P ION by CAEN RFID. The reader is able to
detect up to 200 tag/s and the conducted output power was set at 27 dBm. Experiments were performed in the ETSI RFID band
(865-868 MHz). The measurement campaign was carried out in a real indoor scenario, thus the effects of environmental clutter
and multipath propagation were present. However, it is expected that multipath does not affect significantly the method
performance, since reader antenna and tags are very close each other.

Three linearly polarized reader antennas (model WANTENNAXOQ7 by CAEN RFID) were considered. They were placed
beside a wooden drawer of 80 cm x 40 cm, in positions L1, L, and L3 as shown in Fig. 6, and they are sequentially fed by the
reader. The drawer was filled with forty-two drug boxes of different sizes (Fig. 7), each one tagged with a tag UPM Raflatac
Rafsec G2.

The tags stand vertically, in a polarization matching condition with respect to the reader antennas, and they are uniformly
distributed within the drawer.

READER

Fig. 6. 80 cm x 40 cm wooden drawer filled with forty-two tagged drug boxes arranged in a 7 x 6 grid. The three vertically polarized antennas located along the
longer drawer side are sequentially fed by the reader.

Y (cm)

Y (cm)

(b)
Fig. 7. Drawer scenario with forty-two tagged drug boxes subdivided into (a) M =2 and (b) M = 3 drawer regions. The six reference tags can be noticed in the
middle of the drawer.

For each useful tag reading (successful tag detection), the reader output logfile contains the EPC, which is the unique code
identifying the tag, the index of the antenna that detected the tag, the reading time instant (timestamp) and the RSSI value
expressed in dBm.
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3.2 RSSI Measurements

The RSSI measured distribution within the drawer was investigated for a tag arrangement in a 7 x 6 grid as shown in Fig. 7.

To filter out fluctuations due to thermal noise and other uncontrollable environment effects (such as varying multipath
phenomena related to persons moving inside the room), an RSSI value averaged on 20 measured samples was considered for
each tag, and they are shown in Fig. 8.
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Fig. 8 RSSI (dBm) distribution for a grid of 7 x 6 tags, as measured by a reader antenna located along the longer drawer side at (a) L; (x =0 cm, y = 20 cm) and
(b) L, (x=0cm, y=40cm).

The RSSI values measured by the antenna L are relatively high for tags close to the antenna in the left area, then they
gradually decrease for tags farther away from the antenna [Fig. 8(a)]. The RSSI values measured by antenna L, are high for tags
in the central area and they decrease along the lateral directions [Fig. 8(b)]. Such measured RSSI distributions shows a behavior
that matches with that can be argued from the simulated values in Fig. 5, while also accounting for the effect of the mutual
coupling among nearby tags, the package material of the tagged item and the multipath phenomena of the real scenario.

3.3 Scatterplot analysis

A scatterplot analysis was carried out from the measured RSSI values, to explore the possibility for distinguish among tags
belonging to M = 2 regions (rear region R and front region F) with 21 tags in each one [Fig. 7(a)]. By considering the RSSI data
acquired by one antenna only, either the antenna in Ly (RSSIy) or that in L, (RSSI,), a partial overlapping of the markers can be
observed [(Fig. 9(a) and (b)]. By considering the whole RSSI data acquired by both antennas, L1 and L, (RSSI; and RSSIy), or Ly
and Lz (RSSI; and RSSl3), the point clouds start to separate [Fig. 9(c) and (d)]. A better discrimination can be obtained by
employing RSSI values acquired by three antennas (RSSI;, RSSI,, and RSSIs) as shown from the well distinct point clouds
appearing in Fig. 9(e).
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Fig. 9 Scatter plot of RSSI values measured at (a) antenna #1, (b) antenna #2, (c) antennas #1 and #2, (d) antennas #1 and #3, and (e) antennas #1, #2 and #3, by
using sequentially fed reader antennas beside the drawer. Forty-two tags are within the drawer, uniformly distributed in M = 2 regions.

Similar considerations can be done by employing a drawer subdivision into M = 3 regions (rear region R, central region C, and
front region F), with 14 tags in each one [Fig. 7(b)]. Even in this case, it is possible to clearly distinguish three point clouds (Fig.
10) when employing all RSSI data acquired at three antennas.

Such analysis confirms the possibility of employing the RSSI measurements from multiple static antennas as features (input
parameters) of a classification algorithm, to determine the region the tag belongs to.
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Fig. 10 Scatter plot of RSSI values measured at antennas #1, #2 and #3, by using sequentially fed reader antennas beside the drawer. Forty-two tags are within
the drawer, uniformly distributed in M = 3 regions.
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3.4 Classification method

The possibility to distinguish among tags in a number of different drawer regions M, is here investigated for N static antennas
besides the drawer, by using N measured RSSI values, namely N classification features. In particular, N = 3 RSSI values (RSSI;,
RSSI,, and RSSIs) were employed to classify tags in either M = 2 drawer regions [R and F regions in Fig. 7(a)] and M = 3 drawer
regions [R, C and F regions in Fig. 7(b)].

In order to show the effectiveness of the proposed classification technique, two well-known classification algorithms were
applied: the linear discriminant analysis (LDA) [37] and the Naive-Bayes algorithm [38].

The LDA method is a supervised classification algorithm [37], where classes are known a priori (the latter are the regions the
drawer is subdivided into). For the training procedure, up to six reference tags were considered within the drawer, three for each
region when a drawer division in M = 2 drawer regions is considered [Fig. 7(a)], or two [Fig. 7(b)] when M = 3 drawer regions
are considered. Thus, the classifier employs RSSI samples measured from the reference tags to learn about class characteristics.
It is noteworthy that this training process is done simultaneously with the classification process since both reference and target
tags are detected during the same inventory phase. Therefore, a preliminary calibration procedure is not required.

System performance was evaluated in terms of the normalized confusion matrix. Each matrix element corresponds to the
number of tags actually belonging to region i and classified as belonging to the region j, normalized with respect to the total
number of tags belonging to the region i. The diagonal terms of the confusion matrix represent the producer’s accuracy [39], PA:
number of tags correctly assigned to region i

- — (5)
number of tags belonging to region i

Such parameter gives information about the classification accuracy for each class (i.e. drawer region). To get the overall
accuracy of all classes OA, an average operation of the above producer’s accuracies can be applied; since tags are equally
divided into two/three regions (equal populations for each class), and the hypothesis of equal prior probability classes is
assumed:

PA, =

_ total number of correctly classified tags
- total number of tags ©)

Table 1 shows the normalized confusion matrix related to eigth repeated tests obtained by randomly changing the tag position
inside the drawer; the region indexes are {F, R} for the two-region drawer, and {F, C, R} for the three-region drawer. When
considering the case of M = 2 drawer regions (three reference tags per region), an average overall accuracy OA=0.88 is reached
(Table I) with a producer’s accuracy PAg = 0.91 and PAr = 0.85, for the rear and front regions, respectively. On the other hand,
when considering M = 3 regions (with two reference tags per region), the average overall accuracy is 0A=0.81 (Table I1) and the
worst producer’s accuracy is that one of the rear region (PAr = 0.69).

OA

TABLE |
NORMALIZED CONFUSION MATRIX RELATED TO THE STATIC DRAWER MEASUREMENT SETUP IN FIG. 7. (@) (THIRTY-SIX TARGET TAGS AND SiX REFERENCE
TAGS) AS RESULT OF THE LDA ALGORITHM FOR EIGHT REPEATED TESTS:
N = 3 FEATURES AND M = 2 DRAWER REGIONS

Predicted class

F R
Actual F 0.85 0.15
class R 0.09 0.91

TABLE Il
NORMALIZED CONFUSION MATRIX RELATED TO THE STATIC DRAWER MEASUREMENT SETUP IN FIG. 7. (B) (THIRTY-SIX TARGET TAGS AND SIX REFERENCE
TAGS) AS RESULT OF THE LDA ALGORITHM FOR EIGHT REPEATED TESTS:
N = 3 FEATURES AND M = 3 DRAWER REGIONS

Predicted class

F C R
F 0.84 0.15 0.01

Actual C 0.08 0.90 0.02
class R 0.21 0.10 0.69

Besides, a Naive-Bayes classifier algorithm was considered, which is a supervised classifier based on applying Bayes’
theorem [38]. This algorithm was tested for the static scenario as for the LDA algorithm, with 36 target tags uniformly
distributed inside the drawer and six reference tags, three for each region (the classifier was here applied only to the two regions
case M =2). The same RSSI data sets as for the LDA algorithm performance were used. The classification performance is
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shown in Table Ill. For the case with M =2 drawer regions, an average overall accuracy OA=0.875 can be reached, with a
producer’s accuracy equal to PAg = 0.84 and PAr = 0.91, for the rear and front regions, respectively (Table I11).

TABLE Il
NORMALIZED CONFUSION MATRIX RELATED TO THE STATIC DRAWER MEASUREMENT SETUP IN Fig. 7(a) (THIRTY-SIX TARGET TAGS AND SIX REFERENCE
TAGS) AS RESULT OF NAIVE-BAYES ALGORITHM FOR EIGHT REPEATED TESTS:
N = 3 FEATURES AND M = 2 DRAWER REGIONS.

Predicted class

F R
Actual F 0,91 0,09
class R 0,16 0,84

Although just a basic implementation was considered for both classification algorithms, the overall accuracy achieved with the
two procedures confirms the selectivity of the measurement method by using sequentially fed reader antennas besides the
drawer.

4 CLASSIFICATION WITH A SINGLE ANTENNA AND THE SLIDING DRAWER

The measurement setup with the sliding drawer was realized with the same hardware as for the static configuration described
in Sect. 111, but only one reader antenna was used (Fig. 11). To get enough RSSI measurements, the drawer sliding natural action
was exploited, as the distance between the reader antenna and the tags varies during the opening/closing operation. The use of a
sliding drawer was already proposed in an HF-RFID system [40], but it was applied just to improve the inventory performance,
namely to detect all the tags inside the drawer, and not for tagged item classification.

The antenna was placed at the front part of the drawer, at around y = 70 cm [Fig. 11(a)]. During the opening action, all tags
pass in front of the reader antenna; the configuration with the drawer completely open is illustrated in Fig. 11b. The antenna
relative displacement is of around 60 cm along the y-axis. The drawer motion was made with different sliding times (or sliding
speeds).

¥ (cm)

‘Antenna-tag
dlsta ce y (‘ m)
126
'h ‘

X (cm),
