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Abstract
The PS algorithm divides the tags within the reader’s identification r, ng gto smaller
groups by increasing the transmission power incremen .and them This

algorithm uses the fixed frame size at every scan. T t h blems that the
performance can be variously shown according to t ft fr e size, and power
level increase. In this paper, we propose an EPS § m th allo es the optimal frame
size by estimating the number of tags at each sca e 5| results showed that the

identification delay of EPS algorithm could be i ved 70% co ared with PS algorithm. It
also provided a stable identification delay-re @v ess of p evel increase.
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1. Introduction

Unlike conventional barc syste frequency identification (RFID) is a wireless
technology that uses ele gnetlc netic response exchange to identify objects at a

distance without d [1]. Recently, the RFID technique attracts a lot of
attention due to i matl 2’ﬁcatlon capability for the identity information of an
object. Also, n eme hnology that has been applied to various object
identification rackl ¢ the past decade. RFID is a generic term for technologies
which is used to |dent|f Q ects embedded with tags by wireless channel without manual
intervention. It hag %@en used in various real-life applications such as supply chain
management, tran@tlon, logistics, and medical management [2]. It also provides an
efficient and inexpensive mechanism for automatically collecting the identity information.

An RFID?)@W consists of a reader and one or more tags. The tag has an identification
code store@ Its memory that is represented by a bit string. The reader can read the
identi 'c@n code of tags within its range by an anticollision algorithm over the wireless
cha%RFID systems have many advantages over barcode systems. RFID systems use radio
frequepcy as a method of data transmission. Thus, unlike a barcode label, a tag does not need
to be placed in a line of sight position from the reader in order to be successfully identified
[3].

In the RFID system, tag identification process is performed by the reader’s query to
tags and then tag’s backscattering its identifier as its response. But, if there are multiple
tags within the identification range of the reader, some of them might respond
simultaneously and leads to collisions which decrease the performance. When multiple
tags respond to the reader simultaneously, tag collisions occur, and no tag can be
identified by the reader successfully. Therefore, the system requires a multiple-access
scheme that allows the reader to read data from the individual tags. The technical
scheme that handles multiple-access is called an anticollision algorithm [4, 5].
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There are two types of anticollision algorithms: deterministic and probabilistic
algorithm [6]. The deterministic algorithm resolves collisions by muting subsets of tags
that are involved in a collision. By successively muting larger subsets, only one tag will
be left and finally lead to successful transmission. Binary tree and query tree algorithms
are the two common methods of the deterministic algorithm. The probabilistic
algorithms are based on ALOHA-like protocol that provides slots for the tags to send
their data. Almost all the probabilistic algorithms use framed slot ALOHA (FSA),
which has been advanced in function by adding slotting and framing on ALOHA. The
tags send their identifiers at a randomly selected slot. When collisions occur, the tags
that are involved in collisions retransmit their identification codes in the t query
round. The probabilistic algorithms may have limitations on the completgnes tag
identification because there is a probability of failing to be identified in.a d time
period.

In the probabilistic algorithms, when the number of,tags\isssmall¢a bility of tag
collision is low, so the identification delay is relative\go t. On th er hand, as the
number of tags increases, the probability of tag eellisio beco&bigher and the time
needed to identify all tags increases rapidly. Th re, th w cation performances
are largely dependent on the probability of tag coflision. ré“are EDFSA (Enhanced
Dynamic FSA) and PS (Progressive Scan@algoruh to’reduce the probability of
tag collision [7, 8]. Those algorithms If e numbe esponding tags by grouping
the tags within the identification % of the(reader, and thus can reduce the
probability of tag collision. Especi& the Lg‘%ﬁithm, the reader takes advantages
of the identification range digfe;ie etweei{% tags and the reader’s antenna. Tags
that are near the reader recei ore pqower from the reader than those that are further

away. The reader starts trapsmitting fro minimum power level until the maximum
power level that is pe.rm&)y regulati

. Tags that are further away from the reader
do no receive enou r to energi
the PS algorithm, ert ré%e)r makes a new scan with the increased power level,
Ihﬂ;gss

its circuits and cannot transmit their replies. In
e
it uses a fixed ze rega f the number of tags. Since the frame size is fixed,
we are able t ement iteasily, but the identification performances change variously
according to the frame d the number of tags. To solve this problem, we propose
an EPS (Enhanced P rithm that uses a dynamic frame size.

This paper is 0 d as follows. In Section 2, we introduce the PS algorithm and
analyze the perf ces of PS algorithm. In Section 3, we propose an EPS algorithm.
Section 4 sha@pe simulation results, and Section 5 concludes the paper.

I PS algorithm, the reader transmits a command from a minimum power level
rmin Until the power level reaches the maximum P, . by increasing the transmitted
power by the power increment k. In the identification process, the scanning is defined
as the process that the reader transmits a command with a certain power level and
identifies tags within the identification range of reader. The cycle is defined as the
whole scanning process from the minimum power level to the maximum power level.
The PS algorithm divides the number of tags into smaller groups by controlling the
transmission power level of the reader, and performs the scanning process for each
group. Therefore, this algorithm has the benefits of taking faster identification delay
than the FSA algorithm since the number of tags is small for each scanning process [8].
But it can be anticipated that the performance of this algorithm may change variously
according to the frame size and number of tags since the frame size is fixed. The

2.R orks
P
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number of tags in each scanning process is dependent on the power increment k. The
number of tags in the scanning process decreases as the increment k decreases and vice
versa. Therefore, we can also anticipate that the performances will change variously
according to the power increment k.

In this section, we analyze the performances of PS algorithm through the computer
simulations. It is assumed that the minimum power level P, i, and the maximum power
level P, nax are 0.4 Watt and 4.0 Watt, respectively as in the reference [8].

The total identification delay of PS algorithm according to the frame size is depicted
in Figure 1. In this figure, we assumed that the power increment is 0.2 Watt. The total
identification delay means the number of slots that are consumed until a the tqags
within the reader’s identification range are recognized by the reader. AS the
figure, when a large frame size is used by the reader in spite of the smal of tags,
the identification delay is rather longer than when the frame size is sn@f we let the

frame size be large, the reader can identify a lot of tags he |n|t S. Therefore,
there are not many unidentified tags. Regardless of aII of unidentified
tags, the reader must repeat cycles with the s e fram until all tags are
identified. This may cause a lot of idle slots anaymake the G%%? ation delay long. On
the other hand, if the frame size is too small e tag CO||IS%( robability will increase
when the number of tags increases. Th|§ al the ideqtification delay be long.
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Fi u@. Identification Delay of PS Algorithm According to the Frame Size

Figwre 2 and 3 show the identification delay according to the power increment when
the frame size is 64 and 128 slots, respectively. As the power increment increases, so
the number of scans in a cycle decreases. This may cause the number of tags in each
scan to increase. The identification delay increases rapidly due to a lot of collisions
when the number of tags within the identification ranges of reader increases. In spite of
the small power increment, if the frame size is large, a lot of slots will be idle until all
tags are identified. This also makes the identification delay increasing. If the number of
tags is small, many tags will be identified at the initial cycle. Therefore, the larger the
power increment is, the smaller the identification delay is. As shown in the simulation
results, the identification delay of PS algorithm is dependent mainly on the frame size
and the power increment.
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Figu@.éldentification Delay of PS Algorithm According to the Power

Q Increment (N=128)
3. E% Algorithm

3.1. Reader’s Operation

As described in Section 2, the PS algorithm shows a variety of identification
performances according to the number of tags, the frame size, and the power increment
because it uses a fixed frame size. In this paper, we propose an EPS (Enhanced
Progressive Scanning) algorithm, which gives the stable identification performance
regardless of the frame size and the power increment.

Figure 4 depicts the reader’s operation for the proposed EPS algorithm. All the operations
for tags are same as the original PS algorithm. Henceforth, the proposed scheme does not
impose any modification on tags.
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!
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A detailed description &S algq@s as follows:

@ At the fi s$¢ the reader transmits a command with P, = P, and frame size
N@). T that ar in the range of power P, become energized, and reply
usi A algorithy.

@ The “redder id@@s tags and estimates the number of unidentified tags. The

of tags is used for updating the frame size of the next cycle.

estimated n%

(® The readenincreases the power level by the power increment k and repeats the
scanni cess with the transmitting power P, = P, nin + k. All the tags that are
em%o'li to the identification range of power P, reply, but tags that replied in the

us scanning do not respond to the reader’s command.

reader repeats the above mentioned procedures with P, = P, min + k-(i-1) (i=2,
@ , 4...). In the final scanning process, the reader transmits with P, = Py .. Those
are the scanning processes for the first cycle. A cycle in the PS algorithm consists

k

(® After a cycle, a new cycle begins if there are unidentified tags in the identification
range of reader.

At every scan, the reader determines the frame size after estimating the number of
tags. When the scan counter is i, the reader sets the frame size as N(i) and transmits a
command with the transmission power P, = P, nin + k-(i-1). After the reader identifies
tags, it estimates the number of unidentified tags for the scan of the next cycle.

of {Prvmax_PrvminJJr 1 scanning processes.
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3.2. Tag Number Estimation

The reader estimates the number of tags by combining the information obtained after
a scan with the result of probabilistic analysis. It is assumed that a frame of i-th scan
consists of N(i) slots and there are n(i) tags in the reader’s identification range. Let
Ne(i) and Ng(i) be the number of empty slots and successful slots observed after the i-th
scan, respectively. If we assume that the number of empty slots and successful slots
observed after the i-th scan is equal to their expected values, respectively [9], then Ng(i)

and Ng(i) can be given as follows.
n(i)
N, (i) = N(|)(1—1} x)(l)

\ad
n(i)-1 6
N, (i) = n(I)[ J
N(i)
By solving Eq.(1) and (2) for the number of tags %
n(i) = (N (i) - 1)N (') 3)
The number of tags that will be inv 0%' n the cle is equal to the number of
collldlng tags n¢(i). Therefore, the nu

colli GK gs can be estimated by subtracting
Ns(i) from Eq.(3) as follows.

(l)

i N (i (4)
" (') (') &% N, ()
Because the reader gﬁbt&m the mr of successful slots and empty slots after the
en

scan, it also can esti of unidentified tags from Eq.(4). However, as shown

in Eq.(4), if thete e|the es fuI slots nor empty slots, we cannot use the above
equation. Th the mber estimation scheme supplements the result of
probabilistic an SIS for act estimation.

If we let a be the avérage number of tags in each collision slot, « can be given by

n(i) n(l) 1 r 1 n(i)-r
&' R o), . ®

1 n(i) 1 n(i)-1
QX ofg) ol
I

A algorithm, the optimal performance for the system efficiency and identification
delay can be obtained when the frame size is equal to the number of tags. Therefore, the
average number of tags in each collision slot is 2.4 [9]. If we let Nc(i) be the number of
collision slots, the number of unread tags will be given by

n (i) =2.4N, (i) (6)
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By combining the observed result in Eq.(4) with the probabilistic result in Eq.(6), we can
estimate the number of unread tags as following.

. AN . .
(N(l)—Ne(l)—l)Ne(i) Jf N, (i) =N, (i) 20 @)
2.4N_ (i) , otherwise

n. (I) =

The frame size for maximizing the performances of FSA algorithm is same as the number
of tags within the reader’s identification range. Therefore, the frame size N(i) for the i-th scan

of the next cycle is as follows:
N i) = 21000 Y, (8)

4. Simulation Results

In this paper, we evaluate the performance for the\p%o se aI m through the
computer simulations. The simulation system wa efope WI PL libraries [10]
and MS Visual C++ 6.0. The system parameter imu s are same as the values

the original PS algorithm. All the results ulateo ere averaged after iterating

for simulating PS algorithm in Section 2. V\Sﬁ'wnpare the p sed EPS algorithm with
100 times. For the simulation of PS alg tis ass d that the frame size is 128

slots.

Figure 5 and 6 show the collision and i atlo according to the number of tags,
respectively. If we let R, and R% ollision nd idle slot ratio, R, and R; are defined
as the ratio of the number of ision slo idle slots to the total number of slots,

respectively. As shown in flgure PS algorithm, when the collision ratio is
increasing, the idle slot mverse ecreasmg When the frame size is small, the
collision ratio is larg e |dles tra o0 is small. Also, when the frame size is large, there
are many idle slots e ot the collision ratio and idle slot ratio of EPS algorithm
are nearly co n the numpber Of tags is over 500 tags. The identification failure rate
can be defme e collision ratio and idle slot ratio. The identification failure
rate of PS algorlthm fluc ccordlng to the number of tags and frame size. On the other
hand, the |dent|f|cat|on re rate of EPS algorithm is stable.
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Figure 5. Collision Ratio According to Number of Tags
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Figure 7 and 8 show the identification delay and system efficiency according to the number
of tags, respectively. As shown in the figures, the identification delay for both of algorithms
increases linearly as the number of tags increases. If we define the identification speed as the
number of slots consumed for identifying one tag, the identification speed for PS algorithm is
10.7 slots. On the other hand, the identification speed for EPS algorithm is about 3.2 slots.
Therefore, the proposed EPS algorithm can identify 70% faster than PS algorithm.
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Figure 7. Identification Delay According to Number of Tags

As shown in Figure 8, the efficiency of EPS algorithm is 1.3 times superior to the PS
algorithm. In the PS algorithm, the reader uses a fixed frame size. When the frame size is
small, a lot of collisions will occur if there are many tags in the reader’s identification range.
Also, if the reader uses a large frame size although the number of tags is small, there are
many idle slots. This is the main reason why the PS algorithm is inefficient. On the other
hand, in the EPS algorithm, the reader at each scan allocates a frame based on the number of
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tags that are estimated in the previous cycle. Therefore, the identification delay and efficiency
of EPS algorithm are better than those of PS algorithm.

Figure 9 shows the identification delay of EPS algorithm according to the various power
increments. This can be compared with Figure 2 and 3 in Section 2. As shown in Figure 2 and
3, the identification delay of PS algorithm changes variously according to the power
increment. However, EPS algorithm shows a stable identification delay independent on the
power increment. This is because the EPS algorithm uses an optimal frame size by estimating

the number of tags.
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Figure 9. Identificaion Dely of EPS Algorithm According to the Power
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5. Conclusions

In RFID system, the identification performances are closely related to the tag
collisions. The tag collisions occur when multiple tags reply at the same time. The PS
algorithm is one of algorithms for reducing the tag collision probability. It divides the
tags within the reader’s identification range into small groups by controlling the
reader’s transmission power. In the PS algorithm, the reader allocates a fixed frame size
at every scan. Because of the fixed frame size, the PS algorithm shows unstable
identification performances according to the number of tags, frame size, and power
increments. &)

In this paper, we proposed an EPS algorithm for improving the perf rr?ve of PS
algorithm. In the proposed algorithm, the reader estimates the number{o S at every

scan and allocates an optimal frame size based on th ated f tags in the
previous cycle. The simulation results demonstrate the identifiedtion failure rate
of proposed algorithm was less than PS aIgorn@ roposed algorithm
can achieve better performances than PS algorlth Q\)
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