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Abstract— We propose a new algorithm for estimating the
location of an outdoor RFID node, based on the received signal
strength (RSS) of a transmitted message by a set of readers with
known locations. The algorithm supposes omni-directional
RFID readers that are prevalent for outdoor long range RFID
systems. The method does not require knowledge of the Effective
Isotropic Power (EIPR) of the transmitting tag, and bounds the
position of the node within a small delimited candidate area. Our
simulation results demonstrate that the Received Signal
Compensation Based Localization (CBL) method outperforms
other compared RSS-based methods in improving the precision
of the bounded area.
Index Terms—Localization, RFID, RSS

certain confidence. The RSS value at each RFID reader is used
to estimate a probable range of distances of the emitting tag
from each reader. The new algorithm, called Compensation
Based Localization (CBL) is based on distance ratios of a tag
from two or more readers. The algorithm does not need
assistance from the active tag in estimating its position.
Neither does it require knowledge of the Effective Isotropic
Power (EIRP) of the transmitting tag that may be affected, for
example, with the state of its battery.
The rest of the paper is organized as follows: the next
section discusses some related work. Section III presents the
proposed approach. In section IV we present the simulation
results and their analysis. Section V concludes the paper.

I. INTRODUCTION

II. RELATED WORKS

Radio Frequency Identification (RFID) technology is
increasingly pervasive. Passive RFID tags are inexpensive and
thus are the most prevalent form of RFID technology. Passive
RFID poses, however, a number of limitations. The radio
range of the reader does not exceed a few meters.
Communication can be disturbed by materials such as metal,
human body, walls, water, etc…Tags are parasitically
powered by the energy from RFID readers, and usually
employ linearly polarized antennas. If the angle between a
reader and a tag is not within certain values, it may result in
false negative readings. Most exiting works on RFID-based
localization suppose a directional reader/tag antenna. But
recently, omni-directional antennas for passive RFID are
gaining much interest [1]. Active or semi-active RFID
technology uses battery powered tags and can reach distances
up to 200m. Typically, long-range active RFID technology
uses omni-directional antennas and is targeted towards longer
range indoors applications. For example, Montreal city has
recently adopted an active RFID-based solution where RFIDtagged buses and RFID-enabled bus stops provide increased
transit visibility [2]. Transit managers have a real-time view
on bus dispositions and riders can wait sheltered from frigid
weather temperatures while viewing real-time information
about their bus expected time-of-arrival.

Generally, radio frequency localization can be implemented
by following one of two approaches. In the first one, most
employed, the mobile node is the emitter and its location is
computed at a central setup. In the second approach, the
mobile is the receiver and its location is computed at its own
level, like it is the case for GPS-equipped devices. Three
methods are commonly used with RFID-based localization;
Triangulation/Trilateration [3], Fingerprinting [4] and
Landmark [5]. The majority of triangulation techniques use
the first approach. Fingerprinting may use one or the other.
However, most of RFID-based localization schemes presume
a directional antenna model for the reader [6]. Ferret for
example uses the location and directionality of RFID readers
to infer the locations of nearby tags [7].

In this work we focused on network-based location
estimation mechanisms for outdoor RFID nodes assuming
omni-directional RFID readers. Given an RFID message
emitted by a tag, the Received Signal Strength (RSS) collected
at readers situated within the radio range of the tag is used to
pinpoint the position of the emitter in a bounded zone with a

If we presume an omni-directional antenna model for RFID
nodes, different works have been proposed to locate general
wireless nodes based on some collected signal information.
Time-of-Arrival based approaches such as in [8] need that all
transmitters and receivers be precisely synchronized and have
fast processors to eliminate the delay due to processing. This
might not be feasible for RFID tags. Some relative RSS
localization mechanisms were also described [9], [10] where a
node collects the RSS values it receives to calculate its
position. This again might not be practical in the case of RFID
tags. RSS variations are taken into account in other works to
construct a minimum and maximum distance annulus between
the receiver and the emitter but the methods require
knowledge of the emitter EIRP [11], [12] which might not be
feasible if there are variations in the transmitting tag power.
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According to Friis’s free space transmission equation;

III. RADIO PROPAGATION MODEL AND LOCALIZATION
TECHNIQUE

(5)

An obvious RFID-based localization system requires the
setting of a tag on the mobile node and two or more RFID
readers at fixed locations. RFID tags may be attached to
vehicles or carried by people. When a signal is received from
a tag, some metrics are acquired and used for the distance
estimation. CBL algorithm is based on the collection of RSS
by a set of receivers. An RSS indicator eliminates the need for
additional hardware in small receivers, and exhibits favorable
properties with respect to power consumption, size and cost.
Because of its attractiveness, the research community has
extensively considered the use of radio signal strength. Since
the attenuation of the emitted signal strength is function of the
distance between the emitter and the receiver. The target can
be localized with at least three receivers if the corresponding
signal path losses due to propagation are known. RSS-based
localization methods are appropriate for localized outdoor
areas with no severe effects influencing propagation such as
multipath, fading or shadowing. Several empirical and
theoretical models [13], [14], [15] have been proposed in
literature to correlate the difference between the transmitted
and the received signal strength with distance. One main
drawback of most RSS-based techniques is the need for a
measurement-based training phase during which the radio map
of the environment is created. The process of generating a
radio map is not only costly and sensitive to changes from one
area to another, but also unrealistic for application with a
projected high deployment.
In the proposed Compensation Based Localization method,
we rely on using an appropriate propagation model instead of
generating a radio map of a zone. A few reference tags are
placed in the area where targets localization is to take place.
To determine the position of a target, CBL uses the
propagation model and signal information collected by the
readers from the reference tags and the target tag at a given
time. The received signal strength decreases by a value of free
space Path Loss (PL) proportionally to the distance to the
sender as stated by [16].
(1)

Where
And
are the power of the receiver and the
and
are the gains of the receiver and
transmitter, and
transmitter antennas respectively.
is the path loss which
is a function of distance separating the emitter from the
receiver, calculated as in the following equations:
(2)

10

(3)

Where is the path loss exponent that indicates the rate, at
is the close-in
which the path loss increases with distance,
reference distance which is determined from measurements
close to the transmitter. The value of depends on the specific
propagation environment. In free space, is equal to 2, and
when obstructions are present, will have a larger value.
The PL of the reference RFID tags is calculated using the free
space path loss formula as follow:
10 log

10log

(4)

Where is the wavelength. In practice, this method requires
an accurate and continual determination of the value of to
mitigate the dynamic change in the environment. For this
reason, has to be calculated at each signal emission based on
the reference RFID tags placed in specific coordinates in the
detection area such as shown in Fig. 1.

Fig. 1. Reference tags location.

The localization errors observed with this technique in real
environments are quite large. They are due primarily to the
random nature of the received power. Indeed, (2) shows that
a
the received power is dependent of the random variable
zero-mean Gaussian distributed random variable (in dB) with
considers
standard derivation (also in dB). The variable
the effects of propagation channel variability due to many
factors such as fading, shadowing, reflection etc…
Computations of probabilities that involve Gaussian processes
require finding the area under the tail of the Gaussian (normal)
probability density function as:
√

(6)

Where m and x are respectively the mean and the current
value of PL (dB).
For a selected confidence level C, X lies in the confidence
C
and can be
interval [-zσ dB; +zσ dB], where z
Φ
obtained from a Normal distribution table. Reference tags are
used to continuously calibrate the propagation parameters n
and σ specific to the environment and can vary during the
process of localization. To further reduce the effect of the
error caused by variable , we consider the ratio where
and are the distances between the transmitter target tag and
and
respectively. For a signal transmitted by the
readers
and
same source of power two values of signal strength
are recorded by both readers. As we suppose all readers to
be identical (same gains):
d
10 log
d
d
10 log
d
(7)
Knowing parameters of (5), we can deduce distance
separating the node from each reader with known coordinates.
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A. Trilateration
The Trilateration method [3] is based on the fact that the
location of an object can be determined if the distances to
three references are known. It differs from triangulation,
which is based on the measurement of the angles of the
received signal. With three readers, the target can be
approximately located in a given area as shown in Fig. 2. The
dotted circles are constructed using the real distances between
and ) and their
the target and three fixed readers ( ,
intersection gives the actual position of the mobile RFID tag.
and
) are larger
Generally, the estimated distances ( ,
than the real distances and their intersection gives rather a
region of uncertainty (the shaded region) around the node. A
variety of statistical direct or iterative techniques can be used
to locate more precisely the target in this region of uncertainty.
Note that in cases where at least one of the three estimated
distances is less than the actual distance, the area cannot be
determined because there would be no intersection. So to
increase the accuracy of this technique, generally more than
three receivers are used.

Fig. 2. Illustration of Trilateration and CBL methods.

B. Compensation Based Localization
To remediate to errors of trilateration, CBL considers the
of distance to two given readers. Since we cannot
ratio
assume that deviation can be canceled from one side to the
other of the tag, we consider the two extreme situations to
delimit the area where the target may be located. The first
),
situation considers deviation in the R1 side at its minimum (
), then;
and at its maximum on the R2 side (
10

(8)

And the second situation considers the deviation in the R1 side
be at its maximum (

) and at its minimum on R2 side (

10

(9)

,

Let’s

), then;

and

being the distance to RFID

readers
, and the distance between them (see Fig. 3)
and
. The target position relative to two readers
represents a point with Cartesian coordinates
and y
belonging to the set of points constituting the solution of the
following second degree polynomial equation:
0

(10)

If both readers are at the same line parallel to x axe’s, so
and
, then;
1

2
2

2

1

1
1

1

2

Otherwise, if both readers are in the same line parallel to y
and
, then;
axe’s, so
2

1
1

2

2
1

Fig. 3. Illustration of triangulation and CBL methods.

To accurately estimate the target position, it is necessary to
determine the intersection area between two hyperbolas. Each
hyperbola represents the estimate of distance separation from
two readers by compensation. So to determine the position of
a target, three readers at least are necessary. For example, with
3 readers, 6 hyperbolas can be plotted to minimize the region
of uncertainty around the mobile tag. To ensure a solution in
every case, annuli obtained by (8) and (9) are used by CBL.
Each annulus delimits an area that can contain the target with
a distance ratio calculated with respect to a pair of
and . The minimum bound of this area is the
receivers
ratio between the nearest possible distances from the target to
still further from . The maximum area bound is the ratio
between the farthest possible distances from the target to
even closer to . The target node is located in the area
between the minimum and maximum distance range ratio to
and
called Δ , as shown in Fig. 4.
In order to track the mobility of the target tag, CBL
determines the successive bounded areas at successive times
and proceeds iteratively. A regression line correlating best the
points bounded by the areas calculated at each iteration, helps
determine the trajectory of the target, as illustrated in Fig. 4.
Along the iteration process, the number of calculated points
increases and the trajectory becomes clearer. The position
returned by CBL, at each iteration, will be situated on the
regression straight line or nearest point. For the first iteration,
the position of the closest reader (with the strongest RSS) is
considered as a point of population.

1
1

2
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In the second part of the set of simulations, CBL method is
compared first to the Trilateration method and second to the
the RSS Localization method described in [17].
For the Trilateration method, the layout is depicted in
Fig. 5. Let (x, y) represent the coordinates of the real target T,
and ) distances estimated from ( , ,
and ( , ,
and ) based on Friis’s equation with the same value of
standard deviation σ. For each estimated position, one circle
is plotted with the reader coordinates as center and the
estimated separation distance value as radius. The grey area
shown in Fig. 5 measures the gap between the distance
estimated via the RSS Localization and the real target
position.
Fig. 4. Target Tracking Approach.

The line of least squares also called regression y function
of x represents the trajectory:
(11)

Where:
∑

And

∑

∑

is total number of points,

∑

and

A simple linear correlation coefficient | R | close to 1 means a
good fit between all points and a better identification of the
target trajectory.
∑
∑

.

(12)

. ∑

Fig. 5. Intersection area with the Trilateration based localization method.

IV. SIMULATION RESULTS
In order to validate the features of the CBL, a set of
simulations were performed in MATLAB environment. The
scenario illustrated in the figures depicts an example where an
RFID tag is attached to a person or a vehicle moving within
the zone of a road intersection. Localization in this scenario is
performed with four receivers, located on a 10 m × 10 m grid.
The transmitter location is simulated randomly inside the grid.
The simulation assumes a frequency of 915 MHz, a reference
distance d of 1 m, with a path loss exponent of 2.69 and a
shadowing standard deviation σ of 3.43 both determined
experimentally in an outdoor setting. An EIRP of 50 dBm
determined experimentally is assumed for computing the
simulated RSS values at each receiver. For each execution, the
minimum and maximum amount of signal shadowing is added
to the RSS values along a Normal distribution, with mean zero
and standard deviation σ. The minimum and maximum bound
hyperbolas are then traced between each pair of receivers. The
RFID tag localization is performed for confidence values
C = 0.92, 0.95 and 0.99. The area (z) of the bounded zone
calculated by CBL is shown in Table1.
TABLE 1
Relationship between intersection area and C values.
Z (C %)
Intersection zone
area ( )
Intersection zone
vs. total zone

1.66 (C=92%)

1.96 (C=95%)

2.44 (C=99%)

9.544

13.7732

23.1642

9.55%

13.77%

23.16%

Fig. 6. Intersection area with a RSS Based Localization method.

For the RSS Localization method, two candidates’
and
are plotted to limit the
hyperbolic bounds
and with the
location of a target T between two readers
same confidence level C and the same standard deviation σ.
and
for the pair of
Two other hyperbolic bounds
and
are computed in the same way to get the
receivers
intersection area colored in grey shown in Fig. 6.
Finally, the CBL method is used for each pair of receivers
and
defined as the minimum and
( , ) with
maximum bounds, respectively, of the compensated distance
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difference range between and
level C as shown in Fig. 7.

with the same confidence

have known global positions and can aggregate information
about the received RSS from the target node.
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