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Abstract—For the aloha based anti-collision algorithm in RFD
networks, the tag collisions could greatly reducehie throughput
of the system. If the number of tags was gottenhé throughput
could be greatly improved. Based on maximum likefiood
estimation, the proposed hybrid tag number estimatin scheme
combined the binary search based anti-collision afgithm and

aloha based anti-collision algorithm to estimate tb tag humber.
Simulation results showed that the proposed schemegad high

estimation accuracy than the existing algorithm.
likelihood, RFID,
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l. INTRODUCTION

Radio Frequency lIdentification (RFID) as a prongsin
technology has widely application areas. Much aede has
been done to promote the performance of RFID. Hewe
the tag collision problem is still confining theading rate of
RFID system, and the collision will be serious ifiréJ High
Frequency (UHF) RFID system. This problem is mainl
solved with two kinds of algorithm: slotted alohaskd
anti-collision algorithm, and binary search baseti-eollision
algorithm.

Binary search based algorithm detecting collisithmsugh
inspecting each bit of the received tag ID. Thikesne can
read all the tags, but it needs many handshakesebat
reader and tags when the number of tags is larrich
work [1] [2] has been done to reduce the complegityhis
scheme, but the reading process is till too longmthere is a
large number of tags.Slotted aloha based algorithm has
smaller reading delay than Binary search baseditigy so
slotted aloha based algorithm is more preferredtime

sensitive service. Currently, slotted aloha baskgbrithm
has been adopted in ISO18000-3, Type A of ISO18Daad
Classl Gen2 of EPC Global. This paper mainly stidie
slotted aloha based algorithm.

Slotted aloha based algorithm divides the time frames
which including a serial of slots, and each tagha reading
range can select a slot at random to send its Datp Ithe
reader after receiving the reading request. When or
more tags select the same slot, there will begiolis. The
collision not only wastes the slot time but alsor@ases the
collision tag's reading delay and reduces the syste
throughput. The collision probability is determinby two
factors: the number of slots in a frame, the nundidags in
the reading range. To effectively resolving thdligions,
dynamic frame-length based slotted aloha [3][4] baen
proposed. This algorithm adjusts the length ofmfea
according to the number of tags left after a regqdigcle.
And the number of the left tags is estimated thhodke
number of collision slots, idle slots and succeEniification
[5] and [6] analyzed the scheme of setthe frame
length according to the number of tags to get tlaximum
system throughput, and these two paper furtheriesduthe
solutions when there were too much tags in theimgagnge.
[7] proposed a scheme which combines the dynanut sl
allocation (DSA) and the tag estimation method (TEfl
solve the tag collision problem. This paper praubthat the
number of remaining tags shall be with 2.3922 timn&she
collision slots. These papers show that the numider
remaining tags is a very important parameter ferdbillision
problem. [4] proposed a tag number estimation mehe
based on the idle slots number, success readits) rslonber
and the collision slots number in the slotted alslyatem.
This scheme is the best collision tag number esibma

slots.
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Fig.1 Frame structure of the slot aloha based ilgor

scheme at present, but its accuracy is till lowherEfore,
this paper proposed a novel remaining tag numkenatson
scheme.

Our scheme employed the collision bits detectidreste
to estimate the remaining tag number after a rgadycle in
the slotted aloha based algorithm. According ® Iimary
search based algorithm [8][9], the number of cmltishits in a
time slot can be gotten with proper coding schemeh as
Manchester coding. Then, the number of collisitm with
the same amount of collision bits can be gotteer a&treading
cycle. The idle slot number and the success rgadiat
number can also be gotten. Based on these paramneter
employed maximum likelihood estimation to estimaie
In saheme,
since binary search based algorithm was employedtimate

number of tags left after a reading cycle.

the number of left tags for the aloha based algavtour
scheme is a hybrid algorithm. Therefore, our sahem
called a Hybrid Tag Number Estimation Scheme foohal
Based Anti-Collision Algorithm in RFID Network (HTH).

The rest of the paper is organized as follows. iSedt
makes a survey of the related anti-collision scheraad
proposed the anti-collision scheme, section Il exakheory
analysis and simulation for the proposed schemesantion
IV draws a conclusion.

II.  THE PROPOSEDSCHEME

This section firstly analyzed the problem of theha

based anti-collision algorithm and then describedr o

proposed scheme.

1, the problem of the aloha based anti-collision
algorithm

Fig. 1 shows the frame structure of the slot albhaed

algorithm. In this algorithm, a frame is composé& slots,
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Fig.2 Throughput vs. Number of Tags

and each slot contairisbit positions for the transmission of
tag ID. Therefore, the length of tag IDlis The number of
slots S within each frame and the number of tags withia th
reading area determined the throughput (tags beiad per
slot) of the system. Supposing the frame lengthrewe
constant, the throughput of the system is detemnime the
Fig. 2wshohe
relationship between the throughput and the nurolbéags.
When the frame length is 50, 100, 150, 200, and, 25®
maximum throughput can be gotten when the numbéagsf
is about 50, 100, 150, 200, and 250. This showas ththe
number of tags in the reading area can be gottee, t
maximum throughput can be gotten through settiegiehgth
of frame. Then, what need be done is to get thebeu of
tags in the reading area.

number of tags within the reading area.

After a reading cycle, the information can be emptbto
estimate the remaining tag number and maximize the
The fast nagber
estimation scheme proposed in [7] could estimate tHy
number only when the system worked at the maximum
Another tag number estinmatio
scheme is named Efficient Object IdentificationhMRassive
RFID tags (EOIP-RFID) [4]. This scheme estimateg th
number of tags after a reading cycle with followfogmula:

throughput of the next reading cycle.

throughput condition.

N,n

2 Co
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In (1), N is the length of framen is the number of tags,

N,n N,n N,n

, &, a, are the number of idle slots, success

transmission slots and collision slots which ae ttheoretical



results gotten from (2) . ¢,, ¢, c,, are the actual number

of idle slots, success transmission slots and siofli slots
after a reading cycle.
to estimate the number of tags, the accuracy sefgdtheme is
low. Then we proposed a scheme to improve thenatitin
accuracy.

Since only a little infotioa is used

2, the proposed scheme

Our scheme uses not only the number of idle stoiscess
transmission slots but also the number of collistots with
one bit difference, two bits difference, three biifference
and so on gotten from Binary search based algorithio
enhance the estimation accuracy,
estimation was employed in our scheme.

maximum

To use maximum likelihood estimation scheme for

estimating the remaining tags after a reading ¢yeke make

following definition: let p,,(x) be the collision probability

of x; tags in a slot, leb be the number of slots of a frame, and

let T be the total number of the tags. Then:

~ TV 1) ~ 1 T-x
)= (2] (8] @

Suppose there ang collision tags in a slot, ang=2.
Since each bit of the tag ID is denoted with “1"“6t, the
probability of all the bits at a bit position ofetl; tags being

same is1/2%. Let p,(x) be the probability ofx bit

position having different bits, and lebe the length of the tag

ID. Then:
I 1Y% 1)™
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Let p(x,%) be the collision probability ok tags in a
slot, andx, bit positions having different bits axd=2. Then,

P0G+ %) = Piag (%) Pig (%)

METSREIE

Whenx=0, there is no tag response in a slot, and ttere i

no collision. Therefore=0, and:

likelihood

wo(Jf(r e

Whenx=1, there is one tag response in a slot, and ikere
no collision. Therefore=0, and:

worJt

Whenx;=2, there is more than one tag response in a slot,
Thereforg,shall be 1, 2, -}, The
probability of havex bit position having different bits is:

and there is collision.

p(X 22,%)=> p(X.%) @)
X =2

Let ng be the number of slots with no response, and no
collision bits. Then the probability of having, slots
within a frame is:

P, (0,0T)=p(0,0f> (8)

Let ny o be the number of slot with one tag response, and
no collision bits, that is, the number of succesading slot.
Then, the probability of having  slots within a frame is:

P,(@ 0T )= p(L,0§* )

Let ny=2 xk be the number of slot with more than one tag

response ang, bit position having different bits. Then, the
probability of havingn=» x slots within a frame is:
Pn(X 22,%)= p(x 2 2, ) (10)

Then, the likelihood function for the number of tiagsT
in the reading area can be constructed as follows:

L(no,o’ nl,O'nxz 2,1 nxz 22" vnxz 2, ;T)

' (11)
= Py (0,0)p,, (LOf ] P & 2 2%, )
X =1
Then, the estimated tag numb@ris:
LMoo Moo Mys 22 Ms 52 sMs 2,7 )
0,07 '1,00 %221 x> 2,2 %2 4, . (12)
= mD%XL (no,o MNyoMzo1Mhs 22 s g T)



In (12),N is the set of nature numbers.
of left tags after a reading cycle is:

(13)

Ill.  SIMULATION AND ANALYSIS

The simulation was made for our proposed schemeétand
EOIP-RFID scheme proposed in [4]. To further aatd
the performance of the maximum likelihood estinmatio
employed in our scheme, moment estimation was dotred
into our scheme.

The simulation was done in two scenarios.

scenarios, 10times of estimation were done and the mean

estimation error and the covariance of the meaimmatbn
error of the estimation were studied. In the fgsenarios,
the system performance was evaluated when the flamgeh
was changing. The parameters set in this scermgoas
follows:

¢ The actual tag number: 20
* The length of tag ID: 30 bits
* The frame length: 10slots~115slots

The mean estimation error in our simulation wasodtkeh
with percentage error which was the mean of th® rat
FehBwed
the percentage error for different length of framelhis

estimation error and the actual tag number.

figure showed that The percentage error of EOIPERFried
from -100% to 150%, while the percentage error af o

In each

Then, the numberschemes couldn’t estimate the tag number accuratélig.3

and Fig.4 showed that the estimation error of HTiéSed on
maximum likelihood estimation was low when the attiag
number was 20 and the frame length was from 16 sbof15
slots.

In the second scenarios, the system performance was
evaluated when the actual tag number was changihige
parameters set in this scenario are as follows:

e The actual tag number: 10~45
* The length of tag ID: 30 bits
* The frame length: 30slots

Fig.5 showed the percentage error for differengilerof
frame. This figure showed that the percentage reofo
EOIP-RFID varied from -80% to 110%, while the perege
error of our scheme HTNE based on moment estimatizh
maximum likelihood estimation were only varying Wween
-5% and 0. Fig. 5 showed that the estimation enbr
EOIP-RFID was large, and this scheme couldn’t estinthe
tag number accurately.

Fig. 6 studied the covariance of percentage effbis
figure showed that the covariance of percentager eof
EOIP-RFID varied from 1% to 150%, and the covaréaoné
percentage error of HTNE based on moment estimatioed
from 30% to 160%, while the percentage error of HTN
based on maximum likelihood estimation were loviamt 5%.
that
EOIP-RFID and HTNE based on moment estimation were

This figure showed the estimation variance of

scheme HTNE based on moment estimation and maximurrpargle and these schemes couldn't estimate the tagber

likelihood estimation were only varying between -Enid 0
when the length of frame was more than 40 slotig. &
showed that the tag number estimation error wageland
EOIP-RFID couldn’t estimate the tag number acclyate

Fig. 4 studied the covariance of percentage errdhe
covariance of percentage error was the covariahtieearatio
of estimation error and the actual tag number. . Fighowed
that the covariance of percentage error of EOIPERFried
from 1% to 150%, and the covariance of percentagw ef
HTNE based on moment estimation varied from 1%7098,

accurately. Fig.5 and Fig.6 showed that the estimaerror
of HTNE based on maximum likelihood estimation view

when the frame length was 30 slots and the acagahtimber
was from 10 to 45.

The simulation results showed that HTNE based on
maximum likelihood estimation could much more aately
estimate the tag number than the other two estimati
schemes.

while the percentage error of HTNE based on maximum
This uiig
showed that the estimation variance of EOIP-RFIOJ an

likelihood estimation were lower than 1%.

HTNE based on moment estimation were large, andethe
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IV. CONCLUSION

The hybrid tag number estimation scheme could
effectively make use of the information gotten afiereading
cycle of aloha based anti-collision algorithm. dingh
maximum likelihood estimation, the tag number infiation
was extracted from the information gotten aftereading
cycle as much as possible. The mean and covariaite
estimation error were studied, which could indicdte
estimation accuracy of the tag number estimatidreses.
Simulation results showed that our scheme based on
maximum liklihood had much higher accuracy than the
existing tag number estimation algorithm EOIP-RFID.
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