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Abstract - Current anti-collision protocols for active RFID sys-
tems stem from the 1SO-18000-7 standard, which selects Framm
Slotted Aloha as the underlying medium access control proto
col. However, these approaches neglect the possibility ofsing
the listen-before-talk mechanism already available in adve RFID
tags. In a previous work, a CSMA (Carrier Sense Multiple Ac-
cess) mechanism CSMA/MS (Multi-Stage) was proposed in orde
to substitute the anti-collision procedure in active tags.The key
of this CSMA/MS is to concatenate various contention window,
where only winners contend in the next contention stage. Wit
the same overall number of contention slots, the staging appach
greatly improves performance if the window division is correctly
selected. In this new work, this issue is investigated and gable
configurations, derived by means of numerical test, are proded.

. INTRODUCTION

Radio Frequency ldentification (RFID) systems are one ofehe
abling technologies for the ubiquitous computing paradidin Its

foreseen applications cover from replacement of bar-cgdems to
location of containers in large cargo vehicles. All of themare a com-
mon architecture: a basic RFID cell consists eéaderdevice and a
(potentially large) set of RFID tags, which reply to the desror en-
force the commands from the interrogator. RFID devices assified
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FIGURE 1 - GENERAL IDENTIFICATION PROCEDURE INCSMA

active RFID tags. This protocol can be seamlessly intedrati¢h
current active tags, since they already include the Li&efore-Talk
capability. In this case, time is divided in slots (see Ry which
include contention periods. During the contention peragbtselect a
contention micro-slot, and transmit their identities oiflypnedium is
empty. Contention winners (note that if there is more thaa win-
ner a collision takes place and that tags are not aware oftsinaous
transmissions) continue transmitting their identificatian the data
period.

Our performance evaluation shown that using a classicébumi

according to the source of energy of the tagassiveones do not have distribution for contention micro-slots do not necesgdriiproves the

a power source and obtain the energy from the reader sigizainv

identification process. However, performance is greatlyrove if the

duction), whereasctive ones incorporate their own battery. On thenicro-slot selection is based on the optimal distributi®&M A/p*

one hand, passive tags are targeted to be inexpensive asdvéry
simple, usually read-only, devices. Their coverage typiaganges
from centimeters to a couple of meters. On the other haniveaetys
are more complex devices, with more sophisticated capiabilfusu-
ally integrating a microprocessor and memory) and they @arebd
and written from distances in excess of 100 meters [1]. Wdepas-

proposed by Tagt. alin [7]. In this work authors determines the
best probability distribution assignment if the number ohtenders
is known. Nevertheless, in a general situation, this patanis un-
known. Therefore, in [7] is already proposed a distributiamed Sift
which nearly approximates the optimal one, and which demenrig
on a maximum boundary for the number of competitors. Bottridis

sive RFID systems are the most deployed and have been stimliedutions outperform the FSA mechanism used in active RFIBegys

years [2-4], active RFID systems have recently been stdizdal [5]

using Frame Slotted Aloha (FSA) as the underlying mediunesgc

control mechanism.

In both cases, thé&ag collision problem arises: in a RFID cell,

if multiple tags are to be identified simultaneously, replgssages
from tags can collide and cancel each other. Thus, an altigioa
mechanism is needed. Since, in a typical application, itemith at-
tached tags) enter and leave the reader coverage area ahef ¢fais
mechanism is to communicate with the tags as quickly andbigii
as possible, ensuring that all tags have been identified.délitianal
goal for active tags is to save energy in order to maximizebtiteery
lifetime. Therefore, the tag identification problem dealghvidenti-
fying multiple objects with minimal delay and power consuiop,
reliability, line-of-sight independence and scalabilitynlike classi-
cal medium access protocols, channel utilization and éagrare not
usually issues in RFID systems.

In a previous paper [6], we proposed the use of non-persi€&n
rier Sense Multiple Access (CSMA) as anti-collision medkanfor

in performance and scalability.

Lately, in [8] we proposed CSMA/Multi-Stage (henceforth,
CSMA/MS) which is based on the concatenation of several anicr
contention windows before data transmissions is actuatjopmed.

In CSMA/MS only contention winners transmits in the sucoess
windows. In that work we shown that, for an equal overall num-
ber of contention micro-slots, even though the optimalritigtion
CSMA/p* and its approximation are able to achieve almost 96%
of transmission success in each slot, CSMA/MS improveshéurt
the identification process, achieving for proper configaret nearly
100% of success and, more importantly, providing lineantifiea-
tion time with the number of tags. That is, our proposal scalell

to large sets of tags. Let us remark that the optimal diginbuof
CSMA/p* itself cannot be improved, but, combined with the effi-
cient splitting procedure proposed over the overall ideatiion pro-
cess it may improve. The key difference is the following: taal

of the optimal distributiorC’SM A/p* is to minimize the latency of
the first few successful transmissions in an event-baséit tpattern,
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Rosgonme
et ’/ ery time the reader detects a tag response, it processesrtbsmond-
ing tag identifier and inserted it into a buffer, calldep queueAfter
Tag#N i the collection round, the reader extracts the identifiemmfthe sleep
\ No Tag has gueue one by one and, for each identifier, the reader trasismitini-
. selenteg thi s ./ castSleepcommand (see Figure 2). When tags receiveSieepcom-
v mand, they change to sleep mode (saving energy mode) andtdo no
Single Collection Round participate in the next collections rounds. Afterwards, iader starts

a new collection round, resuming the identification procegsich
FIGURE 2 - ANTI-COLLISION PROCEDURE OHSO/IEC 18000-7 eventually finishes after three consecutive collectiomdsuwithout
(FROM[5]) reply.
In the identification procedure, tags operate as followsexhey
receive aCollectioncommand, extract the value Windows Sizpa-
rameter (in seconds) and calculate the number of siéjsahd the slot

whereas in an RFID system the goal is to minimize the coligimb- .
y 9 A ize (['si0t). The latter is calculated as follows:

ability of all the transmissionsThe optimal distribution achieves 96%"
percent of success of any transmission. This is an outstgridisult Tstor = Trag + Throc @)
but, as we say, it may be insufficient in some scenarios: wsiden
a scenario where a very large number of tags must be idengfied
fast as possible. The optimal result that can be achievetidentify
a tag every identification cycle, which implies 100% of traission
success which would render a linear identification time. GAWS
is a step in that direction, since in case of good chosestipagtiof
the contention micro-slots it was demonstrated that ifieation ratio - { Ws J
improves fromC'SM A /p*. This new work is devoted to the selection T Tsior
of the best partition configuration. We also take into act@umrent
active RFID standards to propose suitable configurations. K is rounded up to the nearest integer.
The rest of this work is organized as follows: Section |l.afies The process continues with tags selecting a random sldt (wit
the 1SO-18000-7 standard for active RFID solutions. Sedfio dis- form distribution) to send theiResponsgpacket. Each tag controls
cusses related WOka, with an emphasis on solutions foreaB¥FID when the slot selected starts by means of an internal cloekus re-
anti-collision protocols. Section IV. introduces the CSMAlti- mark that carrier sensing is not performed in this proceditteough
Stage mechanism, and describes how it can be adapted withr m@ftive tags implement this capability. When a slot seletied de-
modifications to the ISO 18000-7 standard. Section V. shbeper- termined tag starts, this tag changes to transmit mode aib sts
formance evaluations of CSMA/MS in comparison with CSiA/ identifier. After that, the tag changes to receive mode asteris to
Sift and conventional FSA. Besides, section V. also dessrthe op- the channel. If the tag is successfully identified, it wikeéve aSleep
timal partition configurations for different tag populati as well as command to change to the sleep mode. Otherwise, tag wiliveee

beingT,... the time the reader needs to process the data received
from a tag and the time to be ready to listening to the follaniag
response. By default, the standard sBis,.=2 ms. Oncel;,: IS
calculated, the tag uses it to calcul&teas follows,

(@)

microslot numbers. Finally, Section VI. concludes this kvor new Collectioncommand, indicating a new slot starts.
The most extended operational mode in 1SO-18000-Fixed
II. 1SO 18000-7 Windows Siz@rocedure,where the reader uses the sHrgdn every

ISO 18000-7 [5] is thele factoglobal standard for active UHF RFID collection round:. The general formula to calculal€’s is as follows:
solutions. It defines the Physical and the MAC layer requéaets and
the communication protocol for active RFID systems comicaiing

at 433 MHz. ISO 18000-7 was ratified in 2004, and has undergone
modifications in 2008 and 20009. for = 0,1,2,..,C. Note thatC is the total number of collection

rounds in a identification procedur/r, is defined by the standard as
2.1 Anti-collision procedure the Windows Factotto adjustiVs, in every cycle. InFixed Windows
The anti-collision algorithm defined in ISO 18000-7 is base@ FSA Size procedureW, takes the same value for every collision round
procedure. Figure 2 illustrates the identification seqaefitie reader The standard recommends to 88, . =1.
initiates the identification procedure sending/ake-Upsignal, which

Ws,,, = Wp, - 57.3 (3)

i+1

wakes up theV tags within its coverage range. Tags movedie Ill. RELATED WORK
mode, listening to the channel. Then, the reader initiatesilaction There is a lack of scientific literature that specifically geibes the
round by sending &ollectioncommand, with two parameters: collision problem for active tags. The ISO 18000-7 stand&}dieals

with it and proposes FSA as an anti-collision protocol, |asgigg a
frame length adaption mechanism but without specifying réiqadar
one and leaving it open to the vendors. Some works suggesoveyp

e The length of the tag responsek.{,), determined by the fieltype MeNts of ISO 18000-7 identification procedure, such as i [[12],
in the Collectioncommand. Note that this parameter determines thdere the authors suggest new tags and readers designectersa

type of tag response(gtag identifier/ D or specific data). ergy, and compatible with the standard. However, they derapiose
any mechanism to improve the identification performance.[18]

After transmitting theCollectioncommand, the reader senses cathe authors focus their proposal on the sleep round (seead-@ju
rier signals duringVindows Sizéime, waiting for tag responses. Ev-suggesting a mechanism to reduce the humb&eépcommands to

e The time the reader will be listening to the channel, waifimgtag
responses. The standard denotes this parametinaew Siz¢1Vs).



exchange between reader and tags. However, this procedesendt
reduce the collisions. In[14] itis proposed to modify thatmt of the

Collectioncommands to improve the performance. The reader, instead

of sending the windows size value in the collection commaethds

the values ofl’s;,» and K, previously calculated by it. Hence, tags

only have to calculate the guard tirfi§,... This solution has some
drawbacks: the maximurK value is limited to 256 slots. Therefore
if the number of tags in coveragéV{ is higher than the maximum
K (a likely condition due to the large communication range aive
devices), collisions will raise up and the number of colt@ttrounds
will increase. Besides, the proposal forces tags to cakedlg ..,
though they do not suggest any procedure to do it. Final8} §lso
suggests to use the variable window size mechanism profmo§&s].
However, as we demonstrate in [16], it is not efficient.

On the other hand, a typical active tag has the capabilifiesno
on-board microprocessor and a sophisticated transcaicemay use
Bluetooth or IEEE 802.11 protocols or Wireless Sensor Neta/o
(WSN) MAC protocols [10]. It is clear that these protocole ae-
signed with different requirements in mind and, at the mamtre
cost of these devices is still possibly too high. Therefirsgems
that the possible choices are: very simple approaches @ilsdke for
passive tags or very sophisticated proposals designedffierett pur-
poses.

In [6] we propose the use of CSMA with the optimal probabill-)
ity distribution (p*) for the selection of CSMA contention micro-slotgt; pe

derived in [7].This distribution maximizes the probalyilif success

O
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an ACK-Collection command, which indicates the node alyeddn-
tified and asks for more IDs. The remaining nodes start thegs®
again.

The probability of success,(/N) when N nodes select a con-
tention micro-slot using probability distributiop, wherep, is the
probability each contender independently picks s|as [7]:

K—1 s N-1
m(N) =N 3 p, (1 - Zm)
s=1 r=1

Let us assume first that the slots are chosen uniformly. éndise
= % Like FSA, this procedure does not scale well either. In,fact
rformance is worse and together with the additionailcgecom-
plexity it may be one of the reasons why it has never been geapas

(4)

when N stations become simultaneously backlogged, but depends,an, ti-collision procedure for RFID systems.

the number of slots in usd{) and the number of node®V() contend-
ing. Since the latter is usually unknown (also in RFID), aprag-
imation is also provided, the Sift distribution, which natlp keeps
close to the optimal for a wide range of its configuration paeters
but it is also scalable. The authors of reference [7] disdifésrent
applications in wireless sensor networks, but RFID is nottineed.
In this paper we show that RFID is a major field of applicatifmhis
optimized distribution.

CSMA/p* and Sift [7] are probability distributions that aptize
the probability of success in a CSMA contention comparedh wie
uniform distribution. The key idea of CSMA/p* and Sift digtntions
is to unbalance the probability of selecting a contentioeroslot,
increasing the probability of selecting one of the last oaeslable.
Thus, transmission is successful when the the first miotsslre se-
lected by very few nodes with a higher probability. CSMA/p*apti-

Besides, let us assume now the Sift distribution is used;iwisian
approximation to the optimized distribution derived inernce [7].
In this casep. is:

a (1 —a)a®
1—aX

©)

T

Forr =1...K anda = MTT. M is a parameter of the Sift
distribution, pre-configured before deployment and regmésg the
maximum number of contenders (as expected by the desighbg.
results reveal [6] that the number of cycles increases allimesarly
with the number of tags, unlike the exponential incremenESA.
Therefore, this procedure scales well. In addition, byeéasing the
number of micro-slots the number of cycles tends to the minim
necessaryl{ cycles), but it implies increasing the duration of a cycle

mal, in the sense that giveli contention micro-slots, there is no otheand may be even counterproductive.

distribution that provides a higher probability of succedswever, it
requires knowledge of the number of contenders. Since lystiesd
information is not available, it is not practical. Fortuelgt the Sift
distribution approximates CSMA/p* without knowing numlzércon-

tenders. It only needs a parametef, that is the maximum number of

contenders, and is the analog of 802.11 maximum window $Sifé.
works very well, compared to the uniform distribution, ansoahas
the desirable property it scales linearly as the maximum bamof
contenders raises. In this paper we discuss the key asfeittese
distributions and study the optimal configuration of our C&MS
proposal.

IV. SLOTTED MULTI-STAGE PROPOSAL

In this section we describe CSMA/MS algorithm. Before, tipera-
tion of CSMA-Sift based is also introduced in depth since @EMS
uses also this distribution.

4.1 Sift operation

The operation of the identification protocol when using CSivéuld
be as follows: after receiving a collection command from risader

These results show that after choosing carefully the digtion
for the contention window CSMA becomes an scalable tectenfqu
the identification of RFID tags. In Section V., the differgmbposals
for active tags are compared and discussed.

4.2 CSMA/MS

CSMA Multi-Stage proposal is based on the idea of splitthmgydrig-
inal contention micro-slotsK) into G stages of respective lengths
ki, ko, ..., wherek, + k2 + ... + k¢=K, where tags are dropping
from the contention process from one stage to the followirte op-
eration is as follows (see Figure 4):

e In the first stage (of lengtly,), all tags select randomly (using an

arbitrary distributionp) a micro-sloti, beingi= 1,2; - -,k1. Note that
one or more tags ‘win’ in this stage selecting the same indiat.
Let us denote these tags as thaesof stage #1. Remainder tags
detects the medium busy and withdraw from contention. No& t
if the number of poles is greater than 1, a collision has tgkane.
Hopefully, this collision is solved in next stage.

all N tags listen to the channel for a numbenatro-slotschosen ran-e In the second stage (of length) the poles of the first stage contends
domly from a set ofx. If the channel remains idle after the number cdgain. Each one select again a random micro<slbeingi= k1 +

selected micro-slots, a node sends its ID. Otherwise, itdwéws until
the next collection command. If there is no collision, thader sends

1,k1+2,---, k1 + k2, and the same procedure of the first stage takes
place.



e This process continues until to stage where only thepolesfrom

stageM — 1 contend. In this case, if there is only one pole, or there

is a single winner in this stage, one tag can successfulhstnis its
identification. Otherwise, a collision takes place.

Let us remark that more than one tag may compete in consecu-

tive slots since several tags may select the same lowestastuilli-
sion event). Moreover, the overall collision probabilitgpgnds on
the number of stages and its relative length, henceforthdetenote

CSMA/MS (k1 +- - -+ k) to the specific configuration selected for the

MS protocol. Also note that at each stage, a micro-slot cathbsen
with any arbitrary distribution. We propose to use the Sigtribu-
tion since it is quasi-optimal for a single-stage scenafiberefore,
in each stage, the Sift distribution is configured using tamameters,
the number oft; micro-slots in this stage, and the parametér In

the first stage M is the maximum number of contenders, as shown

in [7], but in the following ones the number of contenders tigach

a stagei is a random variabléV;_1, which depends on the number

of contenders that have reached the previous stage, andrtigen of
micro-slots of that stage. Usually, as we will be discusseictisn V.,
the highest probability corresponds to a single tag reactuthe next
stage. Soin stages- - - the Sift parametel is set at 2 (note that Sift
does not allowM/=1).

4.3 Modified anti-collision algorithm
The adaptation of the mechanism proposed in the previot®sehe
ISO 18000-7 involves minor modifications in the anti-cadiis algo-
rithm of the current standard, without adding extra harévareaders
or tags. The operational mode in the reader and tag is asvillo
The reader transmits th@ollectioncommand indicating thevin-
dows Sizdor frame). Note thaWindows Sizés the time where sev-
eral competing stages occur (with equal or different lengthwell as
a data transmission. For evafjindows Sizand a maximum tag pop-

f Send Sleep (Tag )

Waiting tag
responses for K;
micro-slots

Tag
responses?

Yes
Single tag
response?
Collect tag’s data
Tag jinto Sleep
Queue

ulation in coveragelf), there will be an optimal frame configuration

(stages and their lengths). These configurations have lwreputed
in Section X, and summarized in Table Y. We assume that baithere
and tags work with data from Table Y. Once the reader s@ulec-

tion command, it keeps listening to the channel, waiting for Gas

and two possibilities can arise:

e If channel is empty during the first stage, reader assumes tre
no tags competing. Hence, check #ieep queudor sleep natifica-

tions and sends a ne@ollectioncommand with the same or different,

Windows Size

e If channel is busy during first stage, reader assumes theréags
competing, and keep waiting until the end of the last stageefoeiv-
ing a tag data. Independently if data are received sucdbssfunot, a
new frame starts, and reader keeps waiting for tag respoNsés that
when a new frame starts, reader does not sendCatlection com-
mand. Hence, the frame configuration (number of stages aigest
length) is the same as the previous one.

The reader process is summarized in Figure 5.

On the other hand, when tags rece@ellectioncommand, they
extract the info, check Table Y and obtain the number of 4G
for competing as well as the stages length (Vi =1, ..., G).

After that, the first stage starts and tags select one of tloeomi
slots available in that stage, using the Sift distributioBvery tag
listens to the channel (carrier sense) until the number afaorslot
selected and two possibilities can arise:

e |f the channel remains idle after the number of selected orsbot,
the tag sends it§D until the stage finishes.

e If the channel is busy before the micro-slot selected (dsiofi oc-
curred), the tag does not participate again until the slotiéda trans-
mission finishes or when it receives a n€wllectioncommand.

FIGURES5 - READER PROCESS WITHSMSALGORITHM

At the end of the last stage, only those tags that sent their
in the previous stage, can transmit their data. After thase tags
keep waiting for aACK-Collectioncommand ( see Figure 7), which
involves they have sent their data successfully. The tagstified
change to sleep mode (saving energy mode) and the remaamsg t
compete again in the new collection round. If tags only nezainew
Collectioncommand, it means data were not received correetly. (
due to collision) and tags must compete again in the new ctalle
round.

The tag process, for an arbitrary tags summarized in Figure 6 .

Note that the duration of each micro-slot (denote@’as ,;.¢) de-
pends on the duration and accuracy of carrier senSiegr Channel
AssessmerfCCA), which depends on the technology, device and im-
plementation [19]. There are many possibilities, but weiassthat
devices use coherent CCA, that is, the channel is busy wiegueitket
preamble is detected. Thus, we set the micro-slot time &sifsl

Tm—slot - Ttt + Tpreamble (6)

being preamsic) the duration of the preamble arfd; the time
a tag needs to start transmitting its identifier. 1SO 1800x&s
Tpreamble=1 ms andl;:=1 ms [5]. Hencel,—si0:=2 ms can be con-
sidered a conservative value, since current devices cdarpethis
task in less time [19].

In summary, our proposal only involves a slight modificatifn
the Collection with data formatommand defined by the standard (see
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Command Windows size Tag ID
Code
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FIGURE 7 - ACK-COLLECTION COMMAND

Figure 3) to be used a&CK-Collectioncommand. Figure 7 shows
how theStart AddresandNumber of Data bytegelds of Collection
with data formatcommand are replaced fAag IDfield.

V. SIMULATION RESULTS
As stated in the previous section, CSMA/MS performance aépe
on the number of stages, on their size, and on the number of con
tenders. To reach the highest probability of success irsinéssion,
and therefore the lower time to read all the notificationsfigura-
tion of CSMA/MS must be chosen optimally. By means of a seqeen
of simulations, sweeping all the possible configurationsaaiven
number of K contention micro-slots, is possible to get the best config-
uration (highest probability of success) for a specific namif con-
tenders. But this is possible only for a limited number of mislots,
because the number of possible configurations grows rajgislishown
in Table V..

Micro-slots 8 16 32 64 128

# configurations | 12 | 609 | 1346 268| 6.55- 10" | 1.55-10%°

TABLE 1 - NUMBER OF POSSIBLE CONFIGURATIONS FOR A GIVEN
NUMBER OF K MICRO-SLOTS

Computational complexity to optimize a system with a largen
ber of contending micro-slots, involves the use of a met#rikc
method. In our simulationgll the possible configurations has been
simulated, therefore no results for largé are provided. In Table
V. the optimal configurations obtained féf = 8 and K = 16 are
shown.

As the number of contenders increases, the optimal configara
suffers slightly changes. It is also remarkable the fact tio& all the
possible stages are used. Hor = 16 a maximum of 8 stages of
2 micro-slots each one are allowed, but the maximum proibaloi
success is achieved with only 5 stages. We evaluated therpenfice
by means of Montecarlo methods using Matlab. For each paisitn¢
gle tag) 100 000 samples has been evaluated and averageditlorg
CSMA/MS has been compared with CSMA/ Sift and a uniform se-
lection of slots in a single stage CSMA protocol. Let us renthat the
total available micro-slots does not change among thesernspionly
its distribution in different stages (for CSMA/MS) or theopibility
function used to select the micro-slot.

Performance has been evaluated for the optimal configarétio
K = 16 and 250 contenders (4+3+3+3+3). Besides, for CSMA/MS
the parametelM is adjusted as explained in section IV.. In this case,
for the first stagel/ = 250, and the following ones sefe = 2.

Figures 8 and 9 show the identification success probability
(note that 9 provides a zoom view of 8). Clearly, configuratio
CSMA/MS(4+3+3+3+3) improves the success ratio, and setsdtly
optimal. Moreover, the uniform distribution is evidentlisdstrous.

Besides, Figure 10 shows the overall identification delay (i
time slots) as a function of the number of initial contenders
CMSA/MS(4+3+3+3+3) improves Sift by 25%, and it is slightly
better than CSMAJ* (however let us remark that CMS&/ can not
be implemented in actual systems as discussed in the irtiodj

Finally, Figure 11 shows the mass probability function @ tan-
dom variable “number of contenders at statfer the different stages
i =1,---,5. Note how the system behaves as a filter, removing in
each stage a significant ratio of the tags contending, istargahe
probability of having a winner at the end.



Contenders 50 250 500 750 1.000 10.000
K=8 323 422 422 422 422 422
K=16 34333|43333|44233|42244| 4233453332

TABLE 2 - OPTIMAL CONFIGURATIONS FORK = 8 AND K = 16

mpf poles in 1st stage mpf poles in 2nd stage mpf poles in 3rd stage mpf poles in 4th stage prob(success) = prob(1 pole)

1 1 1 1

0.8 0.8 0.8 0.8 0.8
0.6 0.6 0.6 0.6 0.6

a a a a a

0.4 0.4 0.4 0.4 0.4
0.2 0.2 0.2 0.2 0.2

0 0 0 0 0

Poles Poles Poles Poles Poles

FIGURE 11 - MASS PROBABILITY FUNCTION OF POLES IN EACH STAGE FOR SMA/MS (4+3+3+3+3)
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FIGURE 8 - IDENTIFICATION SUCCESS PROBABILITY FORK = 16
VI. CONCLUSIONS AND FURTHER WORKS
In this work we have demonstrated how a multi-stage stratdggh
uses CSMA-Sift distribution at different contention wingdoimproves
the identification delay of a population of tags. By meansiofus
lation an evaluation was carried out for the optimal confidion of
CSMA/MS for 16 micro-slots. This mechanism outperforms F8
uniformly selected micro-slots CSMA, approachingl@0% proba-

1 ‘ ‘ ‘ ‘ bility of success This distribution also improves a Sift distribution,
yielding to a feasible MAC strategy. A discussion is alsoaleped on
005l \ | how to seamlessly adapt our approach to ISO-18000-7 contsijes-
CSMA/MS(4+3+3+3+3) tems. With this mechanism, an exponential increase on thiacof

tags only requires a linear increase of the number of caotenticro-
slots, to get the same probability of success. It also impirear
reading time for tags populations as large as needed, allowing com-
munications as quickly and reliable as possible. In additmthat,
active tags save energy and maximize battery life.

0.9

085 Sift distribution CSMA/p*

\

Probability of succes

0.8

Uniform distribution
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