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Abstract—Radio Frequency Identification (RFID) is an information
exchange technology based on RF communication. It provides solution to track
and localize mobile objects in the indoor environment. Localization of mobile
objects in an indoor environment garnered a significant attention due to the
variety of applications needing higher degree of localization accuracy. RSS-
based localization techniques are the major tools for tracking applications due to
their simplicity. In this paper, a trilateration method for indoor localization is
proposed. This method provides a solution for the drone tracking problem by
collecting the RSS values between RFID tagged drone and reader, and estimate
its location. The localization method is implemented in MATLAB by multiple
readers; 4 RFID readers and 8 RFID readers. The performance of the localization
method is also compared with other RFID localization previously reported in the
literature. The simulation results in the case of 8§ RFID readers demonstrate more
accurate results than 4 RFID readers by minimizing the localization error from
0.84606 to 0.40079m. The results also indicate an improved localization
performance of tracking a tagged drone in indoor environment by 42.8% when
8RFID readers are placed in the localization area.

Keywords—RFID, Indoor Localization, Trilateration, Received Signal
Strength.

1 Introduction

In the last decade, the wireless sensing technology has led the development to
implement the RFID in a wide range of application such as supply chain management
[1], industrial automation [2], mining securities [3] and localization and tracking system
[4]. Many systems of tracking and localization of a mobile object have been widely
studied in the literatures. However, most of the techniques such as GPS are not suitable
for indoor applications due to the weak signals. Therefore, the issue of a drone
localization system that uses RFID tags in indoor environment has been one among the
interesting topics for research.

Yang, et al. [5], proposed an object tracking algorithm in an indoor environment,
consisting of locating RFID reader with passive RFID tags used as landmarks in the
environment. Thus, they used a hybrid method that combines PF and WCL to reduce
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the localization error at much lower cost, however, if the object speed is kept low. The
simulation is performed in the scenario in which the tag spacing is set to 0.27 meters,
the reader space is 0.3 meters and the average localization error is 0.062 meters. In [6]
examined the issue of indoor navigation system that allows the user to independently
move to the grid of UHF RFID tags for localization. The experiment is conducted in a
laboratory environment. UHF RFID tags are placed on the ceiling at a height of 3 meters
and constitute a square mesh area of 1.2 meters space, then localization error achieved
is less than 0.5 m.

In this paper, we study the problem of localization which can be used to localize the
tagged drone using 4 and 8 RFID readers in indoor environment. The RFID readers are
attached to the ceiling of the coverage area and their corresponding coordinates which
are measured in advance. The RFID reader captured the RSS values from the tagged
drone which are used to calculate the distance between the reader and the RFID tagged
drone by using trilateration approach. The remainder of the paper is organized as
follows. Next section provides localization system model. Section 3 shows the results
where actual and estimated coordinates are presented. Finally we conclude our work in
section 4.

2 Localization System Model

The RFID based localization system consists of three components: RFID reader,
passive RFID tags and environment infrastructures [7]. Figure 1 shows the localization
system that is connected by RFID readers and antennas. Assume there are n number of
passive RFID reference tags which are used in the coverage area and RFID readers, the
localization system estimates the position of the drone per interval of time ¢ It is
assumed that there is no dead zone of the reference tags, the reader antenna within the
coverage area collect the set of known reference tag IDs and the set of the RSS values
measured for each reference tag [8].

RSS values of the reference tags which are attached to the ceiling are interfered with
the drone flight because it is assumed that the drone flies at a low height from the
ground. The height of the drone can be measured by the ultra sound sensor that is
available beneath the drone. The localization method continues to make the reader, for
certain duration of time, for collect and identify the reference tags IDs and the RSS
values. Whenever the drone moves near to the reference tags or away from a reference
tag, the trajectory of the drone are produced. In this way, the method can track the
position of the drone by selecting the reference tags which are mostly captured by the
drone. With the use of the coordinates of the RFID readers which are stored in advance,
the method can analyse the variation of the RSS values for each reference to track and
estimate the location of the drone. Therefore, this paper proposes the trilateration
method based on RSS technique that uses estimation distance to localize the target
drone.
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Fig. 1. Localization System Model

2.1 RSS based localization

The RSS based localization basically applies an appropriate path loss model to
localize the target RFID tag in indoor environment, there are different RFID systems
which are used for the localization of the RFID tags. Some of the RFID systems use
number of measurements of reads per second as a distance measure, considering that
the RFID tag is often read when it is close to the reader. The target RFID tag location
can be estimated based on the measurements of multiple readers at different locations
by combining the distance measurements of three readers in a fixed location with the
help of trilateration method. The target RFID tag location estimate can be influenced
by the errors in the antenna location, changing of the reader output power and the
measurements of the distance. [9].Equation (1) shows a direct relation between distance
and the received signal strength (RSS) measured in decibel (dB). The RSS is an
indicator, consistent with non-physical characteristics of received signal difference,
which is the actual power level.

A—RSS

D =10 1o~ (1)
Where D is the distance between reader and tag, » is the propagation path-loss and
A is the received signal strength at one-meter distance.
2.2 Trilateration method

The localization algorithm proposed in this paper is the RSS based trilateration
method. This method presumed that all the readers in the localization area are at fixed
locations. Each of these readers transmit the RF signals to the target tagged drone, when
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the tagged drone detects the RF signal it becomes active and the antenna of the tagged
drone reflects back the RSS to the RFID readers. Each of these readers converted the
RSS to distance by using Equation (1). The coordinates’ locations of each of these RFID
readers are known in advance. The location of target tagged drone is calculated based
on the measurement from readers in the localization area. At least three measurements
of readers distance from the tagged drone are needed in order to estimate the target
tagged drone. Figure 2 shows the requirement concept of trilateration method, the
intersection of three spheres determine the location of unknown tagged drone in
localization area where the radii of the spheres are the distances from each reader to the
target tagged drone and the respective location of each reader is the centre of each
sphere.

Rx1
(X1,v1,21)

Fig. 2. Trilateration method

The relationship between the fixed location of the three readers and the target tagged
drone are obtained after approximating the distance between them, are shown in
Equations (2), (3) and (4).

D} =(x=x) +(y=2) +(z-2) @
D, =(x—x,) +(y=y,) +(z—2,)° )
D32:(x—x3)2+(y—y3)2+(z—z3)2 4)

where (x, y, z) is the tagged drone coordinates to be estimated, (x;, y;, z:) is the location
of three readers and D; are the predicted distance from the tagged drone to the three
readers. Consider all the readers located on the same plane, by letting z = 0, the three
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readers vertices (1, 2 and 3) have distances (D, D2, D;) to the target object, as shown
in Figure 2.
Equations (2), (3) and (4) can further be expanded to the following equations:

Dl2 =x’ +x12—2xx1 +y2+y12—2yy1

©)

2 2 2 2 2
D, =x"+x,” =2xx,+y" +y,” =2y, ©)
D32 =x° +x32 —2xx; + y° +y32 -2y, (7)

Equations (5), (6) and (7) are independent non-linear equations which cannot be
solved mathematically. However, [7] proposed method which can be used to obtain the
intersection point of the sphere, equation (7) was subtracted from equation (6) to obtain
the following equation:

D22—D32=2x(x3—x2)+x22—x32+2y(y3—y2)+y22—y32 (®)
D22 _D12 =2x(x, _x2)'|'xz2 _x12 +2y(n, _y2)+y22 _J’12 )

Further subtracting equation (5) from equation (6), yields the following equation:
Rearranging the equation (8) to get a new equation and a new variable as follows,

V) 22 22
X(x3—x2)+y(y3—y2): (Dz _Ds)_(xzz_xs)_(yz _y3) =y,
(10)

Rearranging the equation (9) to get a new equation and a new variable as follows:

X(X1 _x2)+(y1 _yz): (Dz _Dl )_(xzz_XI )_(yz —h ) =V,
(11)

Solve the equations (10) and (11) to obtain the intersection point x and y as follows:

N —y(y;—1,)
(x3_x2) (12)

X

V(05 —x,) = v (o — x;,)
D =120 = x,) = (13 = 1) — x,) (13)

y:

The values of x and y provides the actual location in the localization area for the
tagged drone.
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2.3 Procedure for estimated drone location

The structure of a localization area for estimating the drone location is shown in
Figure 3. Considering that there are four RFID readers and n reference tags in the
localization area, each reader is located at fixed position on the same plane. The
locations of the readers form a rectangle, and at least three readers locations are needed
in order to apply the trilateration method and one reader must be at the origin.

The tag R; has RSS values Si1, S21, S31, S41 from the four readers and its corresponding
coordinates are (x;,y:). However, for the localization system that consist of m readers
and n reference tags, the values of RSS are recorded as RSS = [Si1, Si2, Si13,...., Sial,
where S; is the RSS value of readings from m readers of the in reference tag, and their
corresponding distances are denoted as D = [D;, Dz, Dj, .....,.Dn], where Di is the
distance of the m readers to the ith reference tag. Figure 3 shows the flow chart of
proposed method of drone localization.

24  Algorithm

Step1: Start procedure at Readers

Step2: Repeat, Move to a new distance for each D =1 to 10
Transmission of information including its coordinate at the time until finish
Step3: End procedure

Step4: procedure at Tagged drone

Repeat

Receive information from readers

Calculate D according to equation (1)

Until finish

Set the readers information MAN at time ti

For all information MAN at the same time

If MAN]| >=3

Estimate the location according to the equations (12) and (13)

Else

Discard MAN

End

Calculate the localization error of all estimated location according to (14)
Step5: End procedure.
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Fig. 3. Flow chart of proposed method of drone localization
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Fig. 4. Procedure for estimated drone location

2.5 Performance metric

Performance of the localization and tracking method is assessed on the basis of the
localization errors. The choice of this metric depends on the idea that it measures
localization accuracy. Since the method aims to localize the drone in the indoor
environment, and improve the efficiency of the current method with respect to
localization accuracy, the localization error is determined to ensure that the localization
method has achieved the desired goal, by finding an optimal solution of (X, y) that
reduces the sum of squared differences between the distances and their corresponding
values. Equation (4.1) shows the final localization error (LE), between the estimated
location (x, y,) and the actual location (x*, y*) of the tagged drone.

LE=\(x—x") +(y-»")’ "

3 Performance Evaluation of Drone Location Estimation

The simulations results are performed by using two different numbers of multiple
RFID readers which are 4 and 8 in the localization area of 10 x 10 and localization error
(LE) value for each number of multiple readers are calculated. To compare the
performance of these multiple RFID readers, Figure 4 and 5 shows the localization
accuracy resulted from 4 multiple RFID readers and 8 multiple RFID readers,
respectively. The black circle represents the actual location of RFID readers, while the
red one indicates the estimated location of the drone and the plus sign represents the
actual location of the drone.
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3.1 Four RFID readers location estimation performance

From Figure 4, the localization area was covered by 2 x 2 RFID readers, and the
transmission range between RFID readers were 10 m. The RFID readers antenna were
placed facing down to the ground. The RFID readers activated the antenna which were
more close from the distance of the tagged drone in the simulation. It can be observed
that, the difference between the actual and estimated location is high. This is due to
weak signal levels of the RSS measurement which were affected by strong multipath
propagation and larger distance between the readers. The localization error achieved
for an estimated drone location is 0.84606 m.

Localization Error (LE) is 0.84606meter
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Fig. 5. The estimated location and the actual location of the tagged drone with 4 RFID readers

3.2  Eight RFID readers location estimation performance

In order to improve the localization accuracy, number of eight RFID readers was
doubled in the localization area as shown in Figure 5. The localization area was covered
by 3 x3 RFID readers and the transmission range was decreased from 10 to 5 m in all
directions. The graph shows that the localization method has achieved the highest
accuracy for locating the tagged drone this is due to the improvement of the signal
power of the RSS where this improvement has been caused by a decrease in the distance
between readers and tags. The localization error achieved is about 0.40079 meter for a
5m transmission range of the readers, a reduction by half from the case o 4 RFID readers
only.
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Localization Error (LE) is 0.40079meter

10r @ o O.O oo 8 1
© (6
8r © o (0] © 1
19)
© o ©
_ 6r @ Q @ o o |
< 0 © o® o
4 [ . 0 ow T
RFID reader location
Drone :actfal I(;cca;ti?)n 6 © Oo
24 O Drone egmategocahon 8 ) 4
® o ol 00
or o (] o o
0 2 4 6 8 10

Fig. 6. The estimated location and the actual location of the tagged drone with 8 RFID readers

The localization method has shown that, increasing of the number of RFID readers
has resulted decreases the localization error. The increased number of RFID readers in
the system has therefore improved the localization accuracy of the drone. In this case,
the localization accuracy was improved to about 52.62%.

To further verify the proposed localization method, its compared with the previous
results from other related works, Yang, et al., (2015) observing the object tracking and
localization in indoor environment, consisting of a locating RFID readers with passive
RFID tags used as landmark in the environment. The localization error of about 0.602
meter achieved. Similar localization range, as for Hongshan& Yu (2018), the
experiment is conducted in laboratory environment. The tags are placed on the ceiling
at height 3m and 1.2m for reader space, then localization error achieved is 0.5m.
Another RFID system technique for target localization is a method of detection
probability (Geng, et al., 2014). It is reported that the localization error achieved is
about 1.0m with Particle Filter (PF) method. Therefore, compared with these reported
results, the localization method proposed in this paper is efficient, promises good
location estimation accuracy and can be easily implemented in indoor environment.

4 Conclusion

In this paper, we have studied the problem of localizing the tagged drone with the
RSS technique based on trilateration approach using 4 RFID readers and 8 RFID
readers in indoor environment. The simulation results in the case of 8 RFID readers
show more accurate results than 4 RFID readers by minimizing the localization error
from 0.84606 to 0.40079 meter. The performance of the localization method is also
compared with other RFID localization previous related works. The results have shown
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that the performance in localization of tagged drone in indoor environment has been
improved by 52.62% when 8 multiple RFID readers are applied in the localization area.

There are still many research problems in the issue of the RSS-based trilateration
localization, such as detecting sudden changes in the direction of the mobile target,
varying speed of the mobile target and further working on the concepts of RFID tags
and readers on the information exchange can improve the accuracy of the mobile target
localization problem in indoor environment.
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