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Abstract— The RFID (Radio Frequency IDentification) can be applied to a navigation system for walkers,
system is paid attention as a technology thatan realize a  particularly handicapped persons. So, it has bagtiesl
ubiquitous environment. Each RFID tag has a uniquelD enthusiastically and there are a number of conweali
code, and is attached on some object with the inforation of ~ methods for indoor positioning of RFID tags [1]+[7]

the objects. A user reads the unique ID code usinBFID One of the most practical methods is proposed én th
readers and obtains the information of the objectOne of paper [1]. This method is the position estimatioetimod
the important applications of RFID technology is the indoor using a sensor model. This method uses the Bayasian
position estimation of RFID tags. It can be appliedto a 5.4 estimates the position of an RFID tag by usingle
navigation system for people in complex buildings. sensing range. We call this Single-Sensing-RanGRJS
In this paper, we propose an effective position astation method. SSR has the following serious problemsTHs
method named Broad-typed Multi-Sensing-Range (B-MSR  jnitia| estimation error is very high. 2) To redutiee
tﬁ improve the Convelmign,?/:srgeth()d.s USidng sensor rdel don estimation error, it needs a lot of different sagspoints
the estimation error. In B- we introduce a newreader ' ; .

! for one RFID tag. 3) Finally, the method takesragltime

antenna with two flexible antenna elements. For twdlexible to estimate the position to move for manv sensiiat
antenna elements, we can adjust the distance betweaem. P y 9tp.

Thus, we can control two kinds of system parametershe To solve the above problems, the previous papdrs [2
distance between two antenna elements and the [3] proposed Multi-Sensing-Range (MSR) method which
transmission power of the RFID reader. In this pape we introduces three sensing ranges by controlling the
settle four sensing ranges. Moreover, B-MSR is adégble to  transmission power of an RFID reader. This MSR can
the three dimensional (3D) position estimation with inquire the responses of three sensing ranges at on
sufficient accuracy. We further propose a 3D posiin  Sensing point, reduce the number of different sensi
estimation algorithm for B-MSR. The performance points, and so reduce the estimation error, sicpmitiy.
evaluation shows that B-MSR reduces the initial eshation However, MSR has the disadvantage that the iretiadr
error, the number of the different sensing points ad finally is very large than SSR due to the difficulty of aete

the time to require the estimation than the convertnal  processing on the boundary area of three sensimygsa

methods. In order to improve the large initial error of MSRijs

" o paper proposes a Broad-typed Multi-Sensing-Range (B
Keywords—RFID reader; RFID tag; position estimation ; MSR) method. The proposed method uses the power

sensor model; Broad-typed Multi-Sensing-Range metitb control and a new reader antenna with two flexible
antenna elements. By adjusting the distance between
|~ INTRODUCTION two antenna elements, we can adjust the width of a

The RFID (Radio Frequency IDentification) system iscommunication range. Thus, B-MSR can estimate failde
paid attention as a technology that can realizeiguitous ~With four sensing ranges by adjusting both the
environment. The RFID system consists of RFID tags, transmission power and the distance between theniaat
RFID reader, and software to process the RFID tagelements. For this reason, B-MSR can improve tit@lin
reading. The RFID reader receives the RFID tagiguen  €stimation error and the estimation error convecgen
ID code and information stored in their memorymany By the experiments in 2D and 3D measurement
cases, RFID tags are attached to some objectshaid t environment, we show that B-MSR can reduce théalnit
unique ID codes are related to information on thigcds.  estimation error and the number of different semsin
The RFID system is considered to be very useful ipoints. This paper is organized as follows. In isec®,
various kinds of industrial fields. SSR method is discussed. In section 3, we propese B

RFID tags are classified into two types, activelRElg MSR method and position estimation algorithm in 3D.
and passive RFID tag. The passive RFID tag systsn hSections 4 and 5 present the performance evalsalign
remarkable characteristics that are low-cost amd e  the simulations and experiments, respectively. Ifjinae
downsized. In this paper, we discuss only the passi conclude this paper in section 6.

RFID system. " SSRM
One of the important applications of RFID technglog ' ) ETHOD -
is the indoor position estimation of passive RFHYst SSR evaluates the posterior probability p(x|z; ), for

This technology is to estimate the location of RfDs. It  the decision of an RFID tag position. Here, x ig th
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position of the RFID tag, z are the sensing data at time . B-MSRMETHOD
step from 1 to t, and,§ are the locations of an RFID 5 ine of B-MSR

reader at time step from 1 to t. Based on the Bames

estimation, the following equation is defined. While MSR improves the estimation error and theglon

delay of SSR, its initial estimation error is ndredess

larger than one of SSR. For this problem, MSR iregu

X,1) P(XZyg, i) @ still many sensing points which cause an RFID redole
move a lot. In other words, it takes time to imprahe

estimation error. So, we propose a novel position

estimation method named Broad-typed Multi-Sensing-

p({z,.1,.) 0 p(z,

Here, p(dx, ) expresses the likelihood of sensing

ﬁ)ag[gtrignzr%;/ tehne tgglgorggggrx of the RFID tag and theRange (B-MSR) to improve the initial estimationogrB-
: . .. MSR uses flexible sensing rages by using a neweread
In SSR, RFID reader performs the position estinmatio petween two antenna elements. In this paper, wedate
of RFID tags. Fig.1 shows the sensor model whidinde  ihe four sensing ranges shown in Fig.3 by the misson
the distribution of likelihood. The detection rangkthe power control and the two elements antenna. Wetleall
RFID reader is assumed to be ellipse shape from thg, sensing ranges as 1) distant narrow rangdorg)
directivity of the RFID reader. For a simple mod#l proaq range, 3) middle broad range and 4) shoradboro
detecting RFID tags, we set the likelihood of taisge as range. B-MSR uses three sensing ranges selected
0.9, and that of outside range as 0.5. according to whether RFID reader can receive resgmn
Next, we show the procedure of localization of RFIDfrom an RFID tag at one sensing point. Thus, B-MBR
tags. To represent the posterior probability ferltication  four sensor models depending on the select ofahsiisg
of an RFID tag, the model uses sample positions in ranges. We can shorten the processing time of B-MBR
reticular pattern. If the RFID reader detects alRidg limiting the number of radiating electromagnetic vea
first time, the system ingenerates sample positidoally ~ Then, we adopt four sensing ranges that are able to
as candidate position of the RFID tag in a squaea a estimate position with sufficient accuracy. By siviming
around the location of the RFID reader. The systenthe sensor model with the four sensing rangessit i
assigns the value of likelihood pfz r;) to each sampled possible to improve the initial estimation error
position with sensor model. In eq. (1), the posteri significantly.
probability of each sample position is updated edicg
to the likelihood. Fig.2 shows an example of upuathe
posterior probability at time step 1. B. Position estimation algorithm of B-MSR

If the RFID reader detects the same RFID tag on First, a mobile robot equipped with an RFID reader
another location, the system estimates the value @&peats moving to one of sensing points and peddha
likelihood p(z|x, r) with the sensor model and updatessensing until the RFID reader can detect an RFtP A4
the posterior probability. By repeating this prooex) the each point the RFID reader searches for an RFIQvidg
center of gravity of the largest posterior probitibd is the distant narrow range. If the RFID reader dstect
assumed as the location of the RFID tag. RFID tag, it ingenerates sample positions virtuatlya
square area around the location of the RFID reader
switches from the distant narrow range to the neiddl

M ©.o broad range. Then, it works as follows. 1) In ctse the
| ] os RFID reader can not detect the RFID tag with thddie
likelihood broad range, it switches from the middle broad eatw
the long broad range. We select sensor model &rsos
™ Ssingle Sensing Range model 2 according to whether the RFID reader caectle
Figure 1. Simple sensor model the RFID tag with the long broad range. 2) In dhse¢ the
. . RFID reader can detect the RFID tag with the middle
Time step O Time step 1 broad range, we use the short broad range. Sermtelm

mm 09 LI N BN I I ) [m 0.9
] 05 e o0 ll’"AA}S‘A\. e[ ] 05
likelihood il

is selected according to whether the RFID reader ca
detect the RFID tag with the short broad range. The

7l |1

(1l

....... ) system updates the posterior probability of sampled

| el Bl §| il positions with the selected sensor model. At the eh
cee o oo | oo QI oty o estimation, the system assumes the center of grafvihe
ces R I largest posterior probabilities as the locatiorthef RFID
b S s :“‘}ﬁif_: o tag. Fig.4 shows the sensor model 1 of four semsalels.
L .Al 0.9. I. 05 o0 0 oo .0.078; IA- 0.4.5 : 02.5. L]
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d Short broad range = .
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Figure 4. Sensor model 1

Figure 3. Sensing ranges
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C. 3D position estimation alrorithm

In this paper, we carry out a three dimensional)(3D
position estimation of an RFID tag by the RFID rerad
attached to the robot arm. The 3D position estnati
algorithm consists of 4 steps.

Stepl: Initial movement.

Step2: Detection of the Center Line (CL) by CRRhmett
Step3: Estimation of the height of an RFID tag.
Step4: Estimation of the position of an RFID ta@in

~-SSR ~MSR —-B-MSR

o
S
b

Estin ated position error of the RFD tagfem ]

This 3D algorithm has two advantages. First, the " \
algorithm can estimate 3D position of a passivelRfag. 0 e —
Second' at an ob_s_ervatlon point, the algorithm r_uake 0 200 400 600 800 1000 1200 1400 1600 1800 2000
the estimated position error smaller than the cotioral M oving distance of the mobik robot [om ]
methods.

Figure 7. Estimated position error of the RFID tag vs. moving
distance of the mobile robot (L=300cm)

i ] i i Figs.6 and 7 show the estimation position error
We perform computer simulations with a straightperformance against the moving distance of the obi
movement model of a mobile robot shown in Fig.5his  ropot, From those results, we find that B-MSR cediuice

model, the mobile robot starts from the point Athe  {he estimated position error with shorter movinstatice
point B making observations whether the RFID tagnan the conventional methods.

responses the unique ID to it or not. When it reacthe
point B, it turns around and goes back to the painthe
direction of the RFID tag is in parallel with theowing
direction of the mobile robot. We consider two casé
distances, say L, between the RFID tag and the mgovi
line of the mobile robot. Those distances are 10@cch
300 cm. Table 1 shows parameters.

V. PERFORMANCEEVALUATION BY SIMULATIONS

V. PERFORMANCEEVALUATION BY EXPERIMENTS

We evaluate the performance through experiments to
show the effectiveness of the proposed method B-MSR
We used a 2.45-GHz RFID system (Japan RF Solutions:
SDK-3). The Specifications are listed in Table 2.

To move the RFID reader antenna, we used the robot

0 arm. The RFID reader antenna is mounted on thef tipe
robot arm. Fig.8(a) shows the robot arm with thdRF

reader antenna and shows the side view of the
l Ie L—> experimental apparatus. The RFID tag is attachettheat
! RFID tag height of 50 cm of a pole. To carry out experimargisg
503““ B-MSR, we use a new reader antenna shown in Fig.8(b
---------------- oo The area of the experiment was 160 cm x 240 cm. The

1 initial location of the RFID reader is (x[cm], y[¢m

z[cm]) = (0, 50, 40) and the location of the RFiy tis
(x[cm], y[cm], z[cm]) = (10, L+50, 50). Where, L ibe
relative distance between the RFID reader and f®R
tag in the direction of y-axis.

Mobile robot

Figure 5. Straight movement model

TABLE 1. PARAMETER OF SIMULATION

Number of RFID tag 1 Fig.9 and Fig.10 show the distribution of the latge
Distance between sensing poinjts 25cm posterior probabilities versus the elevation amglg and
Distant Narrow Range Sm CL directions at L = 35cm. From those results, MSH
Communication distances L%Z? BfoaddRange 35/m  B-MSR can narrow down the distribution of the lage
Middle Broad Range|  2.5m |  nosterior probabilities in Z direction accordingtie
Short Broad Range 1.25m

Sample pattern of positions

Grid of 5cm

TABLE II. SPECIFICATIONS OF THERFID SYSTEM
250
RFID reader RFID tag
Carrier frequency 2,427~2,470.75 [MHz Name RZ-1TGl4
200 ~SSR ~—MSR ~B-MSRH Process time 12 [ms](read) Read distange 200 [cm]
RF transmission 300 [mwW] Polarization Circular
power polarization
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Figure 8. Experimental equipment

(a) RFID reader with robot arm
Figure 6. Estimated position error of the RFID tag vs. moving
distance of the mobile robot (L=100cm)
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decreasing of the elevation angle. This is becMIS®
and B-MSR use plural sensor models. Moreover, B-MSF
can narrow down the distribution of the largestteisr
probabilities in CL direction according to the d=asing

of the elevation angle. This reason is that B-M3fesu
segmented sensor models by the reader antennawuth
flexible antenna elements. Thus, B-MSR can impritree
estimation error in CL direction.

Fig.11 shows the estimated position error in 3Bue
the moving distance of the robot arm at L = 35cnil&/
MSR is highly accurate on the position estimatiominly
Z direction shown by Fig.9, B-MSR is highly accerat 0 !
method for the 3D position estimation. Fig.11 shalat  Proposed method introduces a new reader antentra wit
B-MSR improves the estimation error substantiallyio WO flexible antenna elements. For two flexible eamta
dimensions than SSR and MSR. Particularly, B-MSR ca®/eéments, we can adjust the distance between thius,
reduce the estimation error in span of few movemen{® can control two kinds of system parameters, the
distances. In other words, B-MSR can improve tligain antenna elements interval and transmission poweheof
estimation error in two dimensions, considerably. RFID reader. o

Then, we consider the required time for the esfonat __ 1"€ proposed method has two purposes. The fifst is
If the rotation speed of the RFID reader is 10 degts €@lize the position estimation that can reduceinitel
and the moving speed of the mobile robot is 10 cmés estimation error by using flexible sensing rangée T
can consider that the operation time of the equiproetil ~ S€cond is to reduce the movement of an RFID reader.
the completion of the estimation for SSR and MSkss In order to show the effectiveness of the proposed
than 30 seconds. B-MSR requires the same time land a method, we have evaluated the estimation positiar &
requires an additional several seconds to adjust thZ and CL direction and three dimensions by a nunatber
distance between two antenna elements. It looks dik experiments. We have obtained the following results
little r(}ﬁfadvanta%e forfBé!\]{lfSR. It-|owev_er, B_M?Rtﬁgﬁ?ls 1) The proposed method can reduce the initial
much 1ess number ol difierent sensing points tha estimation error, and so the proposed method can
and MSR, and the total operation time of B-MSRHe t reduce the estimation error with fewer movements of
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Figure 11.Estimation position error in 3D vs. moving distande
robot arnat L = 35cn
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Figure 9. The distribution of the largest posterior probaiegiti vs.

elevation angle in Z direction at L = 35cm

2)
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the RFID reader than the conventional methods.

The proposed method can reduce the estimation error

on the CL-Z plane compared with the conventional
methods.
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