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Efficient Object Localisation Using Sparsel
Distributed Passive RFID Tags

Po Yang, Wenyan Wu, Mansour Moniri and Claude C Chibelushi

Abstract—Radio-Frequency | dentification (RFID) technology has
been widely used in passive RFID localisation application due to
its flexible deployment and low-cost. But current passive RFID
localisation systems cannot achieve both highly accurate and
precise moving object localisation task owing to tag collisions and
variation of the behavior of tags. Most researchers increase the
density of tag distribution to improve localisation accuracy, and
then consider using either anti-collision process embedded in the
hardwar e of the RFID reader or advanced localisation algorithms
to enhance localisation precison. However, advanced
anti-collision processes for RFID devices are challenged by the
physical constraint characteristics of radio frequency; and
improved localisation algorithm cannot fundamentally reduce the
impacts of tag collision on localisation precision. This research
work attemptstoimprove localisation precision of a passive RFID
localisation system by using sparsely distributed RFID tags. This
paper first defines a measure for accuracy and precision in a
passive RFID localisation system with regard to RFID Tag
Distribution. An exponential based function is then derived from
experimental measurements, which reflects the relationship
between RFID Tag Distribution and localisation precision. This
function showsthat localisation precision ismainly deter mined by
tag density of RFID Tag Distribution. Based on the experimental
findings, a sparse RFID Tag Distribution approach is proposed.
The results show that in comparison with the conventional RFID
Tag Distribution; passive RFID localisation system with sparse
RFID Tag Distribution can deliver a higher localisation precision
for therequired accuracy.

Index Terms— RFID, accuracy, precision, object localisation,
Tag Distribution

|. INTRODUCTION

object by using RFID tags as landmarks in the environment
[8-12] [17]. This is similar to tracking robots in a dense
environment [13-15]. A typical RFID localisation system
consists of three stages; these are hardware selection, tag
distribution and localisation algorithm selection. As for typical
indoor movirg object localisation applications, accuracy and
precision are two important concepts: accuracy is the ability of
the system being able to measure the minimum moving
distance ofnobject; precision is the ability of the system being
able to reach how cloge and consistently the further
measurements can be performed to obtain the ideal accurate
result. In RFID localisation systems, accuracy and precision
can be influenced by the design of RFID infrastructure and the
choice of localisation algorithms. This paper focuses on
studying the influence of RFID tag distribution on accuracy and
precision in normal conditions, which are mostly under a
non-emergency indoor environment.

In terms of the achievable localisation accuracy, the available
RFID based localisation systems can be generally classified
into two major categories: active RFID localisation system and
passive RFID localisation system. The active RFID localisation
system uses active RFID tags as landmarks for localizing
indoor moving objects. Due to the long effective sensing
distance, active RFID tags can be usually distributed in 3D
environment and applied during adverse conditions, e.g. a fire.
A typical case is LANDMARC system [16], which is a region
location sensing prototype system thatssctive RFID
technology for locating moving objects inside buildings. The
major advantage of LANDMARC is that itan improve the
overall accuracy of locating moving objects to 1 meter by
utilizing the concept of reference tags. However, this overall
accuracy is unstable and flucteatlue to the variation of the

THE_CODCGP'E of RFID (Radio Frequency Identification) behavior of tags. SimilarlyChae and Haf18] presented a
which is recently used in numerous industrial applicationgcalisation system for mobile robdtg fusing the RFID sensor
from asset tracking to supply chain management [1-5], h@fd the vision sensor. The active RFID tags would localize the
received significant attention among the researchers [6]. ThRbal position of moving robots; and then the vision sensor
fundamental of this technology is that a spectrum of radigould localize the local pose of moving robots. While the
frequencyis used to transfer the identification informationmethod an achieve accuracy up to 0.25 metiéris not a
between two communication devices: RFID tags and RFI&andalone RFID localisation system. Therefore, the key
readers. Compared with the eXiSting identification teChnOlOgi%ﬁawback of active RFID localisation system is that the
such as barcode technology [7], the RFID technology ownsggalisation accuracy is limited ta meter level due to
longer working distance and faster reading ability. Manjy|se-positive reading error. The RFID reader can easily detect
researchers have considered the utilization of RFID teChnOlOgdme unexpected td@ since active tags Continuous|y send
as an alternative tracking and localisation system, particulagydio signal. On the other hand, the long latency and variatio

for indoor moving object localisation applications. Theyf the behavior of tags limits the increased accuracy and
fundamental idea of this solution is to localise the movingcalisation range.



Passive RFID localisation systems [28} overcome many of accuracy

these problemsZhang et.al.[19] examined the possibility ofThe influencing factors of tag distribution on accuracy and
using directionef-arrival estimation method to localize theprecision of passive RFID localisation systems are first
objects position in a passive RFID tag distributioninvestigated and defined, which are tag density and tag distance
environment. Park et.aR{)] presented an efficient localisation A trial-and-error experimental approach is then adopted to
algorithm by using highly dense passive tag distribution faxplore the effect of these two factors of tag distribution on
mobile robot application, which can improve the localisatiotocalisation accuracy and precision. Experimental results show
accuracy to 5.5 centimeters. This system reads passive RFEhAt under the fully covered passive RFID tag distribution grid
tags and computes their absolute position on the floor. Thattern; there is a trade-off between achievable localisation
passive RFID localisation system cdilizie high density RFID accuracy and precision in passive RFID localisation systems. A
passive tag distribution to enhance the localisation accurasparse RFID tag distribution strategy is proposed to enhance the
but has some limitations. The first limitation is that the higBystem reading efficiency of passive RFID localisation systems
density tag distribution would increase the RFID tag collisiorend avoid the loss of localisation accuracy. The proposed
[24], which is due to the reduction of the distance and thechnique is validated by a number of experiments to prove its
greater variation of the behavior of tags. In this case, tledficiency on improving the precision with a required accuracy.
precision of moving object localisation is reducéde second The validation results show that the proposed method is
limitation is that the high density distribution of RFID tagssuperior to conventional grid pattern based tag distribution
requires a large number of RFID tags, which makes the setmgthod in terms of localisation precision achieved for a given
difficult and increases cost. With regard tastproblem, the accuracyThe major contributions of this paper are as follows:
possibility of deploying various types of patterns for highlyi. A measure model for RFID tag distribution is proposed to
dense tag distribution is studied, such as random uniform andualitatively benchmark localisation accuracy and precision
regular pattern tag distributions. Also, while passive RFID in passive RFID localisation systems

localisation system can achieve a higher accuracy than act®eAn exponential based function is derivby experimental
RFID localisation system, it needs a high quality anti-collision observations that describe the relationship between tag
algorithm and a sufficiently high scan range of RFID density of RFID tag distribution and uncertainties of RFID
infrastructure to support iHanet.al.R1] proposed an efficient  system.

localisation scheme with a triangular pattern based RFIB A sparsely distribed passive RFID tags design strategy is
passive tag distribution for mobile robot in a Higdense tag  proposed, that is capable of improving localisation precision
distribution environmentwhich reduces localisation accuracy for a given accuracy.

up to 10 centimeters. But the precision improvement of thighe rest of the paper is organized as follows. Section 2 gives an
localisation scheme comes from the contribution of localisatidntroduction to passive RFID localisation system including the
algorithm, not from the enhanced design of tag distribution in@ncept of accuracy and precision. Section 3 describes the
highly dense environment. proposed experimental solution, which contains the
Consequently, the efficient improvement of both accuracy amckperimental platform, design, results and analysis. Section 4
precision is a key challenging issue in current passive RFlEhd 5 present the design of the proposed sparse RFID tag
localisation systems. Most researchers famughcreasing the distribution strategy and their experimental validation results
tag distribution density to improve localisation accuracy, angspectively. Section 6 gives a summary of the conclusions and
then use either anti-collision procegsl] embedded in the future work.

hardware of the RFID reader or advanced localisation

algorithms[19], [28],[29] to enhance the localisation precision. [I. PASSIVE RFID LOCALISATION OF MOVING OBJECTS
However, advanced anti-collision processes for RFID device - . .

are challenged by the physical constraint characteristics of\' Localisation Accuracy, Precision and Efficiency

Radio Frequency, due to the scattgrand reflection of the The concept of localisation accuracy, precision and efficiency
transition signal which causes interference. The other solutiofisthis paper can be clearly defined as follows:

for improving localisation precision at algorithm level cannoficcuracy: is the ability of the solution or system being able to
fundamentally reduce the impacts of tag collision of€asure the minimum moving distanceanbbject. In passive
localisation precision. The motivation of this research visrk RFID localisation systemsccuracy is normally limited to the

to find aRFID localisation solution for use normal conditions afninimum distance between two adjacent tags of a passive
the tag distribution stage for improving localisation precisiorRFID tag distribution patternAccuracy only considers the
which essentially refers to the distribution of passive RFID tag&lue of mean distance errors.

The major advantage of the consideration to impro\,@reCiSion: is the ablllty of the solution or system being able to
localisation precision by using enhanced tag distribution is th@ach how clodg and consistently the further measurements
the procedure of deploying passive RFID tags is indepemaiencan be performed to obtain the ideal accurate result. Precision
either the physical constraint characteristics of RFID hardwag@nsiders how consistently the localisation system wdrks

or the selected localisation algorithms. The application ®@ssive RFID localisation systems, precision is influenced by
advanced RFID hardware or improved localisation algorithniany factors, such as environment noise, signal strength, tag
in passive RFID localisation systems can still be valid argpllision etc.

effective. This paper investigates the use of sparse RFID tafficiency: is the ability of the solution or system being able to
distribution to improve the localisation precision in passivéeach how accurate and precise the measurements can be. There

RFID localisation systems, for the required localisatioif often a trade-off between accuracy and other characteristics.



Some compromise between “suitable” accuracy and other localisation algorithm proposed with the best localisation
characteristics is needed accuracy by Haf1] is chosen to process RFID data from each
Thus, the measurements of a passive RFID based localisatiimne step to calculate the object position, as follows:
system can include the value, an error term and the units, such
as 10 centimeters + /- 2.56 centimeters (i.e., accuracy is up to 10 fx
centimeters and precision is within 2.56 centimeters)

_Min(x1, X2, Xm )+ Max(x1 X2,..Xm )
2
£y =M Y2:-Ym) - MaXYLY2.-Ym) (1)
B. Fundamentals of Passive RFID Based Localisation 2
In a typical passive RFID based localisation system, movingC. Grid Patternsand Tag Distribution

objects are usually attached to RFID readers and multiple taggd patterns are the drawing templates for tag distribution. The
are used to be distributed on the floor to locate objects. RF{fal-proportioned grid pattern has been used for distributing
tag is used to mark a preliminary defined position point; RFligs in most passive RFID localisation systems [19][20]. This is
reader is usually attached to a moving object. The localisatigBne to guarantee the equivalent accuracy as the reader moves
technique is expected to enable the RFID reader to efficientthm one location to another. Also, the antenna used in RFID
gather information and understand the context of th@ader of this research is a directional antenna with dimensions
environment by using RFID tag) location as well as stored 614x334x25 mm. During the evaluation of sensing range (the
information. Fig.1 illustrateamoving object in a passive RFID height between RFID reader and tags), the effective read range
localisation system. RFID reader in Fig.1 is assumed to refg credit card size tag and button tag are around 35 centaneter
multiple passive RFID tags at each moving step. The positighd 2.3 centimeters respectively. On the condition of card tags

of targeted moving object is denoted O(x y,2), which is the sensing range is higher enough to model the antenna as an
equal to the position of RFID readet represents the height of ellipse shape; but on the condition of button tag, the sensing
RFID reader, which is equal to the distarRe from antenna range is too smaller so that the antenna has to be modeled as a
plane of RFID reader to RFID tags distribution plane rectangle with identical size of antenna. As illustrated in Fig.2,
represents the number of passive RFID tags having be@nvell-proportioned grid pattern can be presented by denoting
detected by RFID reader at each time intervdpur parameter<C , R, D,and D, in an effective detection

t.{xYih{x%, y}..{ X, y} represent the coordinates ofarea ofRFID reader antennavhereC, is the number of grid

passive RFID tags being detected. At each time intdrval points plaed on each column of the grid patterR; is the

there is a spatial relationship between the position of targetrelﬁjmber of grid points pid on each row of the grid pattern;

object and these coordinates as shown in Equation (1), where. . . X i !
) . 1h =a .( ) %X is the distance between each two neighbouring grid points
fx an f, respectively represent localisation algorithms to

calculate the position of the targeted object from captured RF%mg the row d|rect|o_n of the_ grld_ patte@'y 's the distance
data. between each two neighbouring gird points along the column
z direction of the grid pattern.

O(x, 35 2) = (S 6 %5555 f‘ {5 770 B, V5 10 L
<

(@
: RFID Tags with 2D Position fxp x5 b X, v } Q
E : RFID Reader Antenna with 3D Position O(x.y.z)
@ RFID passive Button Tags
R, : Distance between RFID Reader Antenna and floor S) - Grid Point on Grid Pattern
f” : Time interval of RFID Reader moving at step n D = RFID Reader Effective Reading Area

Fig. 1 Fundamentals of passive RFID localisation system ] : o ]
Fig. 2 Grid pattern fully distributed by passive RFID tags

From Fig.1, it can be seen that this paper actually focuses on 2D ) i o
localisation of an indoor moving object with passive RFIDVIOSt passive RFID object localisation systgd# [20] would

localisation system:; since the height of RFID reader is usuaffj2ce RFID Tags on each grid point of the Grid pattern covering
fixed. Typically, the accuracy and precision in a passive RFIf§ll area, whereC, and R, represent the number of passive
localisation system can be influenced by the design of RFIRFID tags plaed on column and row direction of the Grid
infrastructure and the choice of localisation algorithms. Thisattern points respectivelyf RFD tags fully cover the grid
paper focuses on studying the distribution of RFID tags QimtternthenC, =C,, R = R.

improving accuracy and precision. Thus, a simple and effective



I11. MEASURE MODEL FOR ACCURACY AND PRECISION D, =10cm

This section defines a model with few equations, which a 00 0 0 0 @ @ (\"}rf
used to separately measure the accuracy, precision szZIOC"? ' . Y Irrre
- . . . . . . . i ) ] ) ) ) ] ) )
efficiency in a passive RFlbcalisation solution. With a grid PO E@® “‘«/l C -4
pattern as shown in Fig. 2, The number of grid points design 00 00 00 @ @@ |
in an effective detection area of RFID reader antenna can iy |/,-x Py P
denoted asN , the number of passive RFID tags distréulin LR K KKK K AL
an effective detection area &FID reader antenna can be D =10cm
denoted asM , where N and M satisfy Equation (2). T 1=
0009 ® @ ,'\.,'i_f
D, =10em¥ | =" SEEEE ]
{N:cpx R) @ ’ IR X X OROK | I & g
M=CoxRy 00000 eG®@® | -
eeeeceeeee!
A. Measurefor Localisation Accuracy and Precision =
Typically, the accuracy and precision of a passive RFI D-vfl(zfm —
. . . . . - 4 B £ A 4 S 4 N /, 3 4 N 4/, Y 4 ' K A
localisation system are affected by many influencing issues, i D ~10 \.ﬂQ;lQ; 0000 @ ‘O,'i_f
e . . . . 2 = Ccm . " am L . . _ .
the type, position, and_(_jlrectmn of tags; the moving speed ‘%) ':‘)l(.:' "X XK X ) |
camera; the type, position and angle of antenna; the pow il D R O
type, gain, frequency range, and number of antenna; the w @ .l' 900090 @\@. |
environment ar_ld localisation algont_hm_. T_h|s work rr_1ere_lj T YYYXY) |
focuses on the impacts of RFID tag distribution on localisatic = =
accuracy and precision in a passive RFID localisation syste - - >
The localisation algorithm usearf verification is based on Moving one step (10 cm) along X axis

) Fig.3 Theoretical situation of Equation (1) on keeping accuracy
m’ " with the reduced number of RFID tags.
Max(ﬁ,xz,...%) , Min(yl,yz,...ym) or Max( Y y2,...ym) IS
theoretically detected along moving direction. New position geader antenna M. The impact of tag distribution on SRE can be
RFID reader should be identified, as shown in Fig.3. In thidefined by a function, which is relevant to the parameter M; this
situation, localisation accuracy is merely decided by thigeinction can be written as:
parametersD, andD, . The first equation of this model to

Equation (1) as long as at least one new taig(x;,x,,..x

measure the localisation accuracy can therefore be written as: Foe=TM)=TC Ry )
=Dy Considering that passive RFID tags are produced by the same
Accurracy:{ D 3) manufacturer, the detection ability of individual passive RFID
A'y -y tag is approximately equivalent, $z can be assumed as the

L . ) robability of an individual passive RFID tag being detected
The measure of localisation precision in a passive RF\Jinin an effective reading area of RFID reader. Practically,
localisation _sys_tem is rglated to various factors, even With|&.alisation algorithm used ingBation (1) requires at least one
known localisation algorithm. In order to evaluate the impacig,y tag being practically detected along moving direction, new
of tag distribution on localisation precision, a benchmarkgition of RFID reader could then be identified. Consequently,
named as system reading efiiciensy used to reflect the ,recision can be measured by the possible number of RFID tags

successful detection ability of a passive RFID Iocalisatiogeing detected along each border of RFID reakte measure
system. System Reading Efficiency (SRE defined as the ¢, |ocalisation precision can be written as:
ratio of the number of successful RFID tag readings to the total

number of RFID tag readings attempté&te practical value of

SRE can be a value betwed@ and“1”. As for tag distribution, Precision{
the value of SRE would be relevant to the number of passive

RFID tags distribigdin an effective detection areaRFID

B = %X Fare= Rgx f( M) (5)
P, =G, x Fre= Cx (M)

B. Experimental Measure for SRE

SRE typically varies with diverse RFID devices and their
configurations. The measurement of SRE has to be conducted
by a trial-and-error experimental solution, on a particular
experimental platform. The time sampling method can be used
to practically measure the SRE. Considering the need of a
sufficient response time for the detection of multiple RFID



passive tags, interval is more suitable than real time continuaeconds can approximately give an SRE up to 50%, but after
observation in this casé&n evaluation function is defined in that the increase of time intervals cannot significantly enhance
this experimental solution to measure SRE. Each time inten@IRE, the period of 60 seconds and 120 seconds can only give
denoted as gnd the total number of sampling times denoted &8RE to 52% and 55%. Intervals less than 40 seconds can
T; at each individual time interval, RFID reader is assumed gignificantly decrease SRE. Therefore, the period of every
practically detect a certain number of passive RFID tags interval can be initially taken as 40 seconds by experimental

the expected number of passive RFID tags being detected cogY@uation, which means that mobile object has to stay for 40
be presented by, , which is equivalent t in Equation (2). SECONdS once it moves to a new position.

SREcanbe calculated by using Equation (6). Table.1. SRE measurements with different time intervals.
T T
z m z m Time 20 40 60 90 120
SRE= 1 1 (6) intervals

M xT Cg X Rg xT
Where:SRE is value of System Reading Efficiend is the SRE 23% 50% 52% 55% 56%
total number of sampling tinset is time interval of each
sampling time m is Number of RFID tags being practically B. Impactsof M on SRE.
detected at each time interval t. This section shows experiment resuattsmpactsof M on SRE.

M refers to the total number of RFID tags placed in an efficient
detection area of RFID antenna. If RFID tags are chosen as
button tags or card tags, height of RFID reader would be
This section aims to explore the factors affecting the accuragjetermined by an effective sensing range of RFID tags, so that
and precision of a passive RFID localisation system. In terms @i effective detection area of RFID antenna would be known as
Equation (3)localisation accuracy has a noticeably qualitativg constant value. The experimanprocedure is to test SRE
relationship withD, andD, ; but the localisation precision in against reducing M regularly in a typical grid pattern in Fig.2

Equation (5) has not built an explicit relationship with itd0r button tags, six sets of different tag densities are tested,
relevant parameters M, andR, ; the purpose of experimental With Cg and Rg in this grid pattern as ki, 6x4, 6x2, 4x2

solution is to explore the relationship between localisatiod<2 a 3x1. For card tags, seven sets of different tag densities
precision and tag density of RFID tag distribution. are tested, witlCy and Ry in this grid pattern as 12x9x3,

6x3, 3x3, 3x2, 2x2 and 2xErom these experimental results,

. . . . . _the relationship betweeM and SRE of RFID button tags and
The RFID system us_ed in the experl_ment In this paper is OB&rd tag can be shown in Fig.4.idg=4 illustrates that as M
R'ght.;ragt_ RFID fF:i(ed_ Panei_ mlfd—range rigd;; MV\l’_':r?educes, SRE would gradually increase on both RFID button
Specinications as foflow. operating irequency 1. MHZand card tagsWhen RFID button tag distribution is under a
anti-collision, antenna size of 66x30 ?‘?mf‘d ”?“'“p'e PASSIVE |5y level tag density, RE would sharply increase; oppositely,
button(3><3_ cnf) and card ta9€5x*3. cr_n?) W't.h high frquency. when button tag distribution is under a high-level tag density,
The experimental platform is built in an mdoor_ enwronm(_an%RE would not dramatically increase. Additionally, RFID
RFID. tags are regularly placed at predefln.e.d Iocatlorgu,[ton tags can offer a higher SRE than RFID card tags in this
fqllowmg_a_pa_ttern to store know_n absolute-po§|t|on. Th.e ta&(periment. The main reason is that due to the larger size of
distance is initially given as 5 centimeters to provide the highe rd tag, dense card tag environment usually creates a severe

density in this experimental platform, and gradually increas%ﬁadowing effect than dense button environmenten an
to see the change of SREor the simple control of the mobile equal tag distance '

object, four small wheels are separately installed on the corn~ . -

of RFID reader with a height 3-5 cm to floor. The moving Ipace OfMO.n SKE (System Rleadmg gﬁlclency)
t_rajectory of mo_blle o_bject is assumed to be a simple straig ——5 T

line so that mobile object can be manually moving forward. Tt o8l === Card Tag
observation of SRE follogEquation (6) in section Ill. Within a

time interval, mobile object moves forward with a knowr SRE
accuracy, which normally equals to the tag distance. If any ta

are correctly observed once, RFID reader reads their ID a
transfers then to computer so that SRE can be measured o
The total number of sampling time is taken as 20 to average
mean of SREPractically, RFID reader has to wait sufficient
time period until the majority of RFID tags within an effective
detection area of RFID antenna are scanned and their data
processed. Time interval & important issue that affects the % 10 20 0 20 50 &0
correctness of SRE measuremehhie time intervals of the M

experiments are tested in 20, 40, 60, 90 and 120 secofdg4 Impactsof M on SRE

respectivelyThe results in Table 1 show that the period of 40

IV. EXPERIMENTAL SOLUTION

A. Experimental Platform

+----+---------------------+




The experimental results in Fig.4 also indicate that on bobietween tag density of an RFID tag distribution and SRE.
passive RFID button and card tag conditions, SRE follows@onsidering the experimental findings in Fig.4, RFID button
non-linear monotonic decreasing functidrhe value of SRE tag is more feasible to be applisdour case than RFID card

can be continuously enhanced by reducing M in a grid pattetag. Thus we would focus on determining an explicit function
The impacts of Mon SRE can be approximated by using curvédor RFID button tag to describe a relationship between

fitting techniqes The methods of Power function fitting; localisation precision and its relevant paramet@ysndR, .

polynomial fitting and exponential function fitting can all b.eThe value of parameter a in Equation (7) can be estimated by

used to fit a monotonically decreasing function. Cons;idenqg;Sing Least Squares Fitting of observed data. For button tags,

the fact that the vglue O.f SRE is W't.h'n a range from 0 to 1 ﬂI1&:alisation accuracy and precision in a passive RFID based
exponential function with one estimated parameter is MOj&-alisation system can be written as below:

suitable to describe Equation (7):

=D
Fooo = f(M) =™ = &R 7 Accurtacy | o
SRE ( ) A, ) Dy
Where a is an estimated rate of exponential parameter. sioni = Bx€
Precision? P L C x@0%HCR, ©)
=G, xe ’

Another noticeable issue is that the reduction of tag density in

last section is regular on both column and row. However, it {Sssentially, the usefulness of conducting measurement model
possible to regL_JIarIy reduce the tag density on either columr_llpsring Equation (8) and (9) significantly relies on the effect of
row. The experimental results show that the effect of reducifige experimental errors. One factor that possibly increases the
directional tag density is merely obvious with a lower Meyperimenal errors is whether the value of parameters in
Meanwhile, some experiments have been carried out to expl@gyation (6) has been chosen feasibly. If the total number of
the impact of RFID reader moving direction on SRE. Thgampling times is too little or the time interval is too short, the
results show that the |mp_act of RFID readgr moving d!reCt'Orﬂeasurement of SRE is impacted largely by experiahentors.

on SRE clearly appears in a low tag density. On a middle 8nother factor possibly producing the experimental errors is
high level tag density, the effgct of RFID moving directions ofhe variation of experimental environment. The conedict
SRE can be ignored. Regarding the relationship between N aRgasurement model assumes that a low moving speed does not
M in Equation (2), m previous studigsmost researchers useinfiyence the measure of SRE. In mobile RFID systems, the
fully distribution of tags on grid pattern, which means that th§peed of mobile object may change significaritiythis case,

value of N equals the value of M. Therefore, on this conditiofe experimental errors would largely impact on the usefulness
the impact of N on SRE is actually identical to the impact of Mf jeasurement model.

on SRE. The investigation of this paper starts from current tag
distribution pattern and differentiates the concepts of M and N V. SPARSE RFID TAG DISTRIBUTION STRATEGY

also their influences on accuracy and precision. N woulglaseq on findings in the last section, if RFID tag distribution
merely (Ijv'eterm:ge ﬁEhe arl]ccurallcy ifSpRaESS;VG hRF.ID Iocathﬂ”y fills Grid Pattern in Fig.2, as the number of RFID tags M
system, M would affect the value o » further impacts ﬂ]ﬁcreases, localisation accuracy can be improved as the distance

recision of passive RFID location system. o .
P P y D,andD, are reduced; but localisation precision would be

C. Experimental Findings and Discussions reduced as the SRE is reduced according to Equation (7). The
The experimental findings of the above sections can lgily covered tag distribution gives an impression that accuracy
concluded as follow: S . is directly defined by tag distance. This implies that there is a
1. The parameter M in RFID tag distribution is a major factogisiculty to get both high accuracy and precision of a passive

impacting on SRE in a passive RFID localisation solution. pg|p |gcalisation system withfully covered tag distribution.
2. The impact of parameter M in RFID tag distribution on th‘?—|owever, in the part B of last section, we have ayead

\éilé"ria;]; St?eEn daﬁ)tp rcoai(rllmti[efli);tefdont? W:m ‘ZX rg?}g%tﬁgl'csgggigtinguished the difference of concept of M and N. Accuracy is
function 9 ' y P actually impacted by point distance of grid pattern related to N.

3.0n a similar experimental platform and given a similar tag;u_sm_n 'S actually affecte(_JI .b.y SRE. rglatgd toSa. spare
distance, passive RFID button tag has a higher SRE th dls_trlbutlon_offersapOSS|b|I|ty to distinguish M and N since
passive RFID card tag. the points of grid pa_tter_n would not be fuIIy_CO\_/ere_d. However:
The experimental findings imply that there is a difficulty to get€ successful application of sparse tag distribution method is
both high accuracy and precision of a passive RFID localisati§g@sed oran important assumption on the use of localisation
system. High accuracy in a passive RFID localisation systedgorithm in Han [21] in Equation (1), which is verified as a
requires a high density of tag distribution, which increases tiéateef-the-art passive localisation system. It implias
number of tags in an effective reading area so that SRE woeldective rectangle based feature selection method to filter
be reduced. The low value of SRE would lead to a loss BFID raw data. With other feature selection methdte
localisation precision in a passive RFID localisation systemroposed sparse tag distribution method may be not vadid. A
The possible way to get both high accuracy and precision irskown in Fig.3 in sectionll, there is a rule in theoretical
passive RFID localisation system is to achieve a balance chogation, which is that as long as at least one new tag is



practically detected along moving direction, new position atduce one RFID button tag on each column of grid pattern, so
RFID reader can be identified. Based on this ,rulee thath =3,M =18anng =4 or5.
appropriated reduction of tag density does not lead to the loss  *

accuracy. Regarding precision, it is mainly influenced by te : . : .
density The inspiration behind sparse tag distribution stratec 2l Precision Y |
is to seek out the possibility of reducing tag density to impro\ Rg=4o0r5

precision, but keeping accuracy as constaigt5 illustrates an '_0....0.___0

initial theoretical analysis on the trend of localisation accurac ,Q" I

and precision with M between full RFID tag distribution anc
Sparse RFID tag distribution in a theoretical situation on tt
assumption of using algorithm in Han J21
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Ensuring the accuracy being achieved, it also has to guarantee
that either row or column of grid patterns is placed at least one

tag. Then a sparse RFID tag distribution strategy can be
Full Dense RFID Tag Distribution Sparse Dense RFID Tag Distribution summarized below:
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M: number of tags in pattern M: number of tags in pattern

Fig.5 Comparison between two types of tag distributions in a heck th ibility of istribution: If
theoretical situation of using algorithm in Han [21]. To check the possibility of sparse RFID tag distribution: |

In order to verify the above theoretical possibility, several the extracted value ofC, and R, can satisfy the

experiments are carried ouBased on the experimental conditionC, < C,, R, < R,, then the possibility exists.

findings button tags are se_lec;ed since thayga hlgher SRE . Todetermine the column or row direction of reducing tags:
than card buttons.f llocalisation accuracy is given as 10

centimeters, then D, =D, =10cm C,=C,=4 'f_ (Cp._ Cy) <:.(Ro_ R) . reducing tags from column

’ S direction of grid pattern, the reduced number of tags on
andR, = R, =6. A fully covered RFID Button tag distribution each column iécp —Cg); otherwise, reducing tags from
over grid pattern is shown in Fig. Phe accuracy and precision row direction, the reduced number of tags on each row is

in Equation (8) and (Scan be written as:
—10cm 3. To produce the sparse RFID tag distribution: start from
Accurracy{Ay_locm (10) original grid pattern; if(C, - C,) <=(R,~ R), from the
first column, reduc¢C, - C,) tags; otherwise, from the
Py = Ry x 2% R = R x @M first row, reduce(R - R ) tags; however, the reduction of
Precision X &J Pg (11) . (R, ~R)tag .
Py = Cg* @o0543CyxR, _ G~ P 0543M tags in each column or row has to avoid the same row or

column of its neighbor tags.
4. Torecheck the sparse RFID tag distribution to ensure there
With a given unchangeable paramet&gsandD, of a Grid is at least one tag on each row or column direction.
Pattern, localisation accuracy cannot be influenced by the
changeable paramete@; and R, in tag distribution. But for Regarding the above strategy, with givepandR, , there are

localisation precision, the value of parametéfsand R, has Possibly more than one shape sparse tag distributions. For

: . . . .instance, Fig.7 shows that two different sparse RFID button
to be evaluated with the possible maximum value of precisi g P

determined by Equation (11Fig.6 illustrates the precision ?Qgs distributions by using the results from Fig.6. V-shape and

. : . Z- shape reduction methods are respectively used to reduce
value of Equation (11) with different value of parameterg, e putton tags in the original grid pattern, so two kind of

C,and R, in tag distribution. In Fig, whenC, =3, the jmnroved RFID button Tag Distribution are produced.
precision X curve marked by solid line can reach its largest
value; wherR, =4 or 5, the precision Y curve marked by dash

line can reach the largest value. It means that it is possible to
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Fig.7 Grid pattern and two sparse RFID button
distributions.

VI. EXPERIMENTAL VALIDATION

To evaluate the validity of the proposed sparse RFID tag
distribution strategy foa passive RFID localisation systein,
number of experiments have been carried out. The goal of these
experiments is to evaluate the accuracy and precision of object
localisation with the proposed two sparse RFID button tag
distributions in Figr and origindly fully covered grid pattern
RFID tag distributions on different moving object trajectories.
The experimental setup is in a real deployment, and all the
experimental data is observed by practical experimérite
RFID system used in the experiment is same as section IV,
which is one RightTag RFID Fixed Panel mid-range Reader
with specifications as follow: operating frequency 13.56 MHz,
anti-collision, antenna size of 66 x 30%@and multiple passive
RFID button tags with high frequency. The antenna used in
RFID reader is a directional antenna. The antenna bandwidth is
1MHz @ -3dB and the antenna impedance is 500hm @ 13.56
MHz. For all validation in this sectigtocalisation accuracy is
given as up to 10 centimeters. Button tags are respectively
allocated as different pattern show in Fig.7.

During the experimental procedure, RFID reader is attached on
four wheels, and moves forward step by step with the given
accuracy. h practical experimental processéise distance of
RFID reader moving between two time steps is equal to this
accuracy, which is 10 centimeters. At each time stegtjrtie
intervals are 40 seconds. Three moving trajectories are
respectively tested which are to move along X axis, move along
Y axis and move along both X and Y axis. In each trajectory,
time step of localisation sequence is measured by 12.
Localisationalgorithm for calculating object position is to use
Equation (1) in sectioll. The experimental results of object
moving along X axis, Y axis, both X and Y axes are shown in
Fig.8-10. Accuracyis already set as 10 centimeters; precision
of different RFID tag distributions are compared by calculating
the accuracy errors with different criteria, RMSE (Root Mean
Square Error) anBE (Range of Error)are shown in Table.2.
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Fig.8 RFID sensing trajectory along X axis.

tag
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Fig.10 RFID sensing trajectory along both X axis and Y axis.Tage.2 firstly shows that compared to fully covered grid

. pattern by passive RFID tag distributjdocalisation precision
The above results illustrate that both V-shape and Z-shapewwo sparse tag distributions pattern have been significantly
sparse RFID button tag distribution patterns can give a betigfproved. RMSE of precision improves from 10 centimeters in
localisation performance than full RFID button tag distributiogyid pattern to up to 3 centimeters in sparse tag distributions.
grid pattern. This phenomenon occurs apparently on obj&RE of precision also improves from (-10, 12) centimeters in
moving along X axis, as shown in Fig.8. While on objecyrid pattern to up to %-5) centimeters in sparse tag
moving along Y axis, V-shape and Z-shape sparse RFID buti@giributions. While the precision improvement on objective
tag distributions cannot give an obviously improvegyositon X and Y is with different degrees, localisation
localisation performance than full RFID Button tag distributiom,'recisiOn of object moving along three different trajectoris
the localisation precision on some time steps at 2 and 94§ enhanced nearly 50% with the proposed two sparse tag
reduced in original RFID button tag grid pattern. Comparing t@istributions Secondly, Tale.1 also indicates that the general
the above two case, the localisation error is more obvious in tﬁf%cision improvement of V-shape and Z-shape sparse tag
case of moving along both X and Y axis. In Fig.10, originajjstriputions is approximately similar. The reason is that in
RFID button tag grid pattern produces some huge errors pfy 7, the number of tags being practically placed in both
some time steps at 7, 11 and 12, but V-shape and S-shape SP@SRape and Z-shape are the same (as 18 tags) and the

RFID button tag distribution patterns give a significantly bettet. .- - atare  and R, in two of them are equal, therefore
performance than the grid pattern. There are some slightly ) o . _ . ’
difference of localisation performance between V-shape afigdarding Equation (11), their precisions have to be

Z-shape sparse tag distributions, especially on moving alofigProximately the same. As for localisation accuracy, tag

both X and Y axis. However, it is apparent that the trajectories’ dISta,nce betweg n those two pz;tte!iss eqUivalenF to 10
shape of V-shape and Z-shape are similar. centimeters, so it means that localisation accuracy is unchanged

Regarding the three trajectories, the precision is measured i 1S €nd, the proposed sparse RFID tag distribution method

the root mean squared error (RMSE) and RE (Range of Errbt) SuPerior to the current grid pattern based RFID tag

of localisation accuragyllustrated in Table.2 distribution method in terms of precision. _
There is a noticeable issue in this strategy that the strategy is not

valid for low-level tag density. It means that the reduction of
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