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Abstract- RFID is one of the most important technologiesin the
Internet of Things (1oT), which has been widely used in all
kinds of fields. However, a key problem is the tag collision
when multiple tags reflect simultaneously to a reader. In
traditional algorithm, dlot location is always ignored. We
present an anti-collision algorithm based on tag estimation and
slot location in this paper. The key technique can be divided
into two parts: precisely tag estimation and slot location.
Simulation and test results show that the proposed
anti-collision algorithm performs better than the traditional
algorithm despiteits simplicity.
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Radio frequency identification (RFID) is a contactless
automatic identification technology, which automatically
identifies the target by RF signals and gets the relevant data.
It can complete information input and processing without
human manage. Therefore, it’s widely used in logistics,
tracking, positioning and other fields [2] [3] [11].

RFID systems consist of reader, internet and tag. The
reader is a powerful device with ample memory and
computational resources. Tag stores object’s information, it
can be divided into two categories, such as passive tags
which respond only at reader commands, active tags which
have an on-board micro-controller, transceiver, memory, and
power supply. Among tag types, the passive tags are
emerging to be a popular choice due to their low cost [1]
[4].In RFID systems, tags collisions happen when two or
more tags share a common communication channel at the
same time. It will result in the wastage of bandwidth, energy,
and increases identification delays. The RFID anti-collision
problem is one of the important and difficult problems in the
RFID systems. Those methods which solve this problem are
called anti-collision algorithm. It can be divided into two
categories: binary algorithms based on tree structure and
aloha algorithms based on probability distribution [2] [3] [7].

To date, some tag anti-collision algorithms have been
proposed. In this paper, we mainly research the algorithm
base on probability distribution .The pure ALOHA
algorithm was applied in RFID systems in the early period,
which is a simple multi-address communication approach[1]
[2].This algorithm occurs a complete or partial collision [2]
[3]. Tags collision is heavily when tags number is most.
Therefore, the Slot ALOHA algorithm was proposed. Its
collision occurs at slots boundary only, hence, it avoid
partial collision. In Pure ALOHA (PA) and Slotted ALOHA
(SA) algorithm, a tag with a high response rate will
frequently collide with potentially valid responses from
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other tags. Therefore, Framed Slotted ALOHA (FSA)
algorithms is proposed by selecting the frame size based on
the number of tags and achieve the most system efficiency
[2] [3]. Above all, slot location is neglected in traditional
algorithm. Therefore, we present an improved anti-collision
algorithm base on the estimation of tag and slot location in
this paper. The simulation results show that the algorithm
can improve the stability and the reading accuracy of the
RFID systems.

This paper is organized as follows. In Section 2 the
classic anti-collision is illustrated. Improved algorithm
described in Section 3. The simulation results are presented
in Section 4. Section 5 draws the conclusion.

II.  CLASSIC ANTI-COLLISION ALGORITHM

Anti-collision algorithms are critical to the performance
of RFID systems. Thus, they can be categorized into, space
division multiple access (SDMA), frequency division
multiple access (FDMA), code division multiple access
(CDMA), and time division multiple access
(TDMA).Briefly, SDMA algorithms [3] spatially separate
the channel using directional antennas or multiple readers to
identify tags. They, however, are expensive and require
intricate antenna designs. On the other hand, FDMA [1]
algorithms involve tags transmitting in one of several
predefined frequency channels; thus, requiring a complex
receiver at the reader. Lastly, systems based on CDMA [2]
require tags to multiply their ID with a pseudo-random
sequence before transmission. Unfortunately, CDMA based
systems are expensive and power hungry.

In RFID systems, TDMA are the largest group of
anti-collision algorithm. These algorithms can be classified
as reader driven and tag driven. The former and latter are
also called Reader-talk-first (RTF) and Tag-talk-first (TTF)
respectively [1] [2]. Most applications use RTF algorithms,
which can be further classified into Aloha and tree based
algorithms. Note, there is also a hybrid class, which
combines Aloha and tree algorithms. The basic idea behind
RTF is that tags remain quiet until specifically addressed or
commanded by a reader. On the other hand, TTF algorithms
function asynchronously. This means a TTF tag announces
itself to the reader by transmitting its ID in the presence of a
reader. Tags driven algorithms are slow as compared to RTF
algorithms.

In FSA algorithm, a frame is divided into several slots
with same length. Tags randomly select a slot in the frame
and begin to transmit information only at the start of the slot.
Suppose the frame contains N slots and n tags are
unidentified. Each tag randomly selects a slot of the frame
with the probability, then we can deduce the probability that
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k tags simultaneous transmit information in one slot as
follows [1]-[3] [7] [10].

o ({3

Accordingly, the expectation of the identified tags in the
frame can be got.

. (MY (oY) @
Np(l)_[lj[Nj(l Nj

After an identified frame round, we count the number of
empty slots, slots filled with one tag, and slots with collision

as(C,,C,,C.) . S denotes the throughput. Now we compute

the expectation of (C,,C,,C,) and S as follows.
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The simulation result of system efficiency is shown in
Fig. 1, where N=256.
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Fig.1. System Efficiency of FSA
Let the differentiation of (6) be zero
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When N — oo, the Taylor series of (8) is shown in (9).
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The equation (9) can be approximated by (10).
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Above all, Fig.1 and theoretical results show that the
system efficiency will get the maximum when the
identification tags number equal to the frame length.

III. THE PROPOSED ALGORITHM

This anti-collision algorithm is applicable for
large-scale RFID system. In real applications, the number of
tags is unknown before identification. Therefore, the number
of tags is estimated by using the statistical result of the
number of empty slots, success slots and slots with collision
after a read circle. Then according to the estimation result
and the given frame length (N), tags can be grouped.
Therefore, in each circle, the reader can maximize the
identification efficient. The tag is no longer grouped until
the tag number is below a given value.

During the identification cycle, tags generate a rand
number M, then it transfer M to the reader when tag enter
the zone of reader. Remainder which M divided by N is
selected as slot; second, quotient which M divided by N is
selected as translate sequence in the slot [4] [10].

A. Tag Estimate

In FSA algorithm, let C =[c(0); ¢(1); c(M-1)] be M past
observations of read result, empty slots, slots with collision
and success slots number in a frame. Bayesian estimate
considers number of tags as a random variable, not a

deterministic one and P(N|C) as N ’s the posterior
distribution [8] [9].

WhenC=(C,,C,,C,), the posterior distribution of tag
can be got.

p(n| )—

The tag quantity of Bayesian estimate can be shown as.

n=agmin> JnNpno (2
FEQ n=l
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J(Nn,n) is the cost function; P(N|C) is N’s the
posterior distribution.

We assume sample space of the number of tags as
follows.

Q={n|c +2c, <n<N! (13)

Let J(n, ) = (N—n)?
expressed as.

estimation tag number can be
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(14)
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Where we let P be normalized [ which can make
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B. Tag | dentification
Let n be tag number, T, be time which start instruction

deliver, T, be time which “silence” instruction transmission
deliver, T, be slot length, S be transmit slot in the cycle, Q
be transmit sequence in this slot, then we can get,
S=M %N. (5

Q=M /N. (16)

The system efficiency of the proposed algorithm as
follows.

nT

E = _ (17)
T, + NT, + nT + nT,

Iv.

We consider a reader and the large-scale tags under
error-free channel environment. In the proposed method, let

T=0.1s,T,=0.005s, T,=0.007s, T,=0.005s.To evaluate

the system performance, we compare the system efficiency
of the proposed algorithm with traditional FSA, and set the
frame size from 64 to 256 and vary the number of tags from
0 to 500.

As shown in Fig.2, the simulation results of system
efficiency of traditional FSA and the proposed algorithm in
the same environment. Form Fig.2, we can see that the
system efficiency of the proposed algorithm is higher than

SIMULATION RESULTS

that of traditional FSA in the same frame and number of tags.

The system efficiency of the proposed algorithm get a
relative stable result when the number of tags is greater than
N in the proposed algorithm. However, the system efficiency
of traditional FSA is gradually slow down when the number
of tags is greater than N, and gradually close to zero when
the number of tags is more greater than N. The system
efficiency can enhance 50% at least in the same N, and the
difference of the system efficiency between traditional FSA
and the proposed algorithm is increase with the increasing of
the number of tags.
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Fig. 2. Simulation results of system efficiency of traditional FSA and
the proposed algorithm

The paper proposed the proposed algorithm based on slot
location and tag estimation. The simulation result show the
system efficiency of the proposed algorithm is stable in
specific condition. The reason is that we grouped tag when
the number of tags is greater than N and the tag identify by
slot location.

V.

To achieve the optimal performance of RFID systems,
we have proposed an efficient method in this paper. We
explored the benefits of the precisely estimation of tag
quantity and identification base on slot location. The
proposed method can improve the performance of system
compared with that of the traditional method.

CONCLUSION
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