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Abstract: - Due to low costs and high applicability in object tracking and building smart environments, passive RFID
technologies became very popular in every-day usage. However, there are some MAC level constraints on the
efficiency of Reader-Tag communication, because lack of tag computational abilities. In the accordance with standard
Framed Slotted ALOHA (FSA) protocols we provide improvement for tag identification which increases throughput of
the RFID system and thus minimizes response time from RFID tags. For comparison, simulation results show that our
method provide better efficiency then Q-selection algorithm from UHF-Class1-Gen2 standard.
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1. Introduction

RFID (Radio Frequency Identification) technologies are
used today for building smart environments, different
localization and tracking services, or human habits
monitoring. Classic RFID system consists of RFID
reader connected to computer, RFID antenna and RFID
tags. Computer connected to RFID reader is controlling
its functions. Reader through its ports sends signal
radiated with RFID antenna in order to communicate
with tags. According to the type of RFID tags we can
divide RFID technologies into three groups [1]:

- Active RFID uses batteries for powering tags
and its memory storage. This technology is more
expensive but provides more robust, accurate and
confident localization technique.

- Passive RFID tags do not have power supply.
To power them up, tags use energy of electromagnetic
waves radiated by RFID antenna, and thus through
backscattering principle sends its memory content back
to the reader. Using passive technology we get more cost
effective way of localization technique for mass use,
because price of UHF passive RFID tag is about 0.10 $
[2]. However, there are disadvantages in reading range
or anti-collision control which still need work on its QoS
improvements.
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- Semi-Active RFID uses batteries for powering
tags memory storage but data transmission is similar to
passive technologies.

Our work assumes usage of passive UHF-Classl-
Gen2, technology, standardized by EPCglobal [3]
specifying identification, capturing and exchange of
information protocols. Within EPCglobal part [4],
specifies communication protocols for tag identification
on physical and data link level layers.

In this paper we are addressing problems of limits on
efficiency of MAC (Medium Access Control) layer.
Standard [4] specifies Framed Slotted ALOHA (FSA)
algorithm as a transmission control strategy and
proposes Q-Selection Algorithm for adaption of frame
length. FSA algorithm is depicted on figure 1. Reader
initiates start of frame. Within the frame tags can
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Fig. 1. Framed Slotted ALOHA with length of frame 4, and

with 4 tags within of interrogation zone.
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transmit their data. To make algorithm efficient it is
important to set optimal frame size, which length is
equal to the number of tags [5] in order to low number
of collisions and empty slots (garbled slots) during a
frame. To make it optimal, one needs to know number of
tags within interrogation zone and set it as close as
possible to that value. Since it is impossible to know
dynamics of different environments, we have provided
results of monitoring behavior of the number of
collisions and successful slots within the fixed frame
size, and used those results of simulation for estimation
of number of tags, thus deriving optimal frame size.

Rest of the paper is structured as follows: In section 2
we provide detail analysis on FSA algorithm and related
works on the trace of several approaches deriving
optimal frame size. Section 3 provides analysis and
results of our approach on deriving optimal frame size.
In section 4 we provide some concluding remarks and
future work.

2. FSA Analysis and Related Works

Passive RFID technologies use a few ALOHA based [6]
transmission control schemes such as pure ALOHA,
where tag reports to reader as soon as get into
interrogation range [1] [7], which increases number of
collisions. Slotted ALOHA (SA) divides time into slots
within tags can reply. This technique reduces number of
collisions by a half [1][8], but setting up number of slots
will be a problem if there is a number of tags within
interrogation area. Problem is solved with Framed
Slotted ALOHA (FSA), where time is divided into
frames, which are again divided into slots. FSA provides
better results in collision ratio than other techniques, but
it uses fixed frame size, where SA gives better results. In
order to manage frame length Dynamic Framed Slotted
ALOHA (DFSA) is used, where reader can adapt frame
length when necessary. Another approach in
transmission control are Tree-Search Protocols, which
[5] have greater complexity since each garbled timeslot
generates a distinct sub-tree, whereas with dynamic
frame length ALOHA all mobiles corresponding to any
garbled timeslot of a frame are combined to one new
backlog (the number of tags to retransmit) for the next
frame. Framed slotted ALOHA has greater applicability
since it takes into account the effects of noise and
capturing.

Most commonly used scheme for Medium Access
Control in passive UHF RFID technology is Dynamic
Framed Slotted ALOHA protocol, where reader informs
tags about number of slots (frame length) they can take.
Reader broadcasts Q using command Query, which tags
receive and set up their counters as a random value from
0-2°. When tags receive command QueryREP, they
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decrement their slot value by /. First tag reaches the
zero value sends its information back to the reader.
Figure 1 illustrates Frame Slotted ALOHA where size of
frame is 4. During Reader-Tag communication there are
three possible scenarios:

1. There is only 1 tag in a current slot reader is
inventorying, which occurs with a successful slot.

2. There is more than 1 tag in a current slot,
which occurs with collision slot, because reader cannot
resolve more than 1 tag signal. However standard [4]
proposes resolving 1 signal if possible, but along with
tag signal strength it may be not possible to do so.

3. There is no tag in a current slot, which occurs
with an empty slot in a frame.

Due to tags low computational abilities, there is
nothing much we can do, except varying frame size to
avoid number of garbled slots and increase efficiency of
a system by increasing number of successful slots in the
frame, as it is available in DFSA. To measure quality of
different variants of DFSA, standard measures of
System Efficiency and Collision ratio are used.

Probability that one tag successfully transmits its 1D
during a slot is given by [5]:

E(p)=Np(-p) 6]
where p is probability of finding each tag within the
frame of length L, and N represents total number of tags.
In order to find value p which provides maximum of
function E(p), we derive (1) which results in:

E'(p)=N(1-p)"" =Np(N-D(1-p)"
E'(p)=N(1-p)"*(A-p)— p(N-1)
.1
E'(p)= -
(p)=0—>p N

If we take I/N as a point of maximum value, i.e. frame
length as a number of slots then we get:
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Value of 0.368 is maximum efficiency of the FSA if

number of tags equals frame length. Now, we can define

System Efficiency as a:

number of successful slots _ Ny

CNg+N.+N,

3)

System Efficiency of a FSA system is depicted on

figure 2. If we change frame size to be equal to the

System Efficiency =
total number of slots
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number of tags we can maximize System Efficiency.
Another measure of system quality is:
number of collision slots _ N,

total number of slots - Ng+N.+N;

“)

Collision Ratio =

Efficiency
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Fig. 2. Efficiency of the FSA for different frame lengths

In DFSA frame length should be adapted in order to
increase System Efficiency and to low Collision Ration.
Adaption of the frame size in Q-Selection algorithm [4]
is depicted on figure 3. Reader is sensing environment
by broadcasting O=4. Tags are replying within the
frame and the system is counting number of collision
and empty slots. If empty slot occurs, Q for the next
frame will be:

Q;, =max(0,0;, - C)

Or if collision slot occurs, Q for the next frame will be:
Q,, =min(15,0, +C)

At the end of frame, reader broadcasts a new Q.
Algorithm is repeating, where Q can be in range of 0-15,
and the constant value C is chosen in the way to be small
for high number of tags and large for low number of
tags.

Qp=4.0

!

Q = round(Qyp)
Query(Q)

Qp=max(0, Qy— C) Qp=min(15, Qp+ C)

Qp= Qp+ 0

Fig. 3. Q-selection Algorithm sequence diagram from GEN2
[4] standard

Implementation and use of Q-selection is efficient and
simple. Frame size should be adopted in order to
minimize the number of garbled slots but to increase
number of successful slots in the frame. However,
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several authors proposed their solutions [9-14] for adopting
frame size in order to minimize number of garbled slots.
Authors in [10] use chebyshev's inequality as a minimal
distance between expected value of distribution and
random measuring result. Another approach [9] gives
Bayesian estimation of number of tags from last Z
number of frames. [11] assumes that there are only
garbled slots and empty slots in the frame. [12] presents
transmission control strategy by approximation of
number of tags as a Poisson distribution. Authors in [13]
estimate number of tags as a collision rate for maximal
throughput times number of collided slots a frame. Work
[14] proposes setting of frame length as a
NV

0= 36

which in high rate of tags provides better results than Q-
Selection. DFSA frame size adaption in [15] uses
expected value of 2.39 for backlog estimation. Frame
adaption is done only when the estimated tags number is
1.15 times greater than tags number in previous cycle.

In this paper we provide another approach which
includes measuring number of collision and successful
slots within fixed frame length. Obtained results shows
linear behavior of changes, which extrapolation to each
frame size shows better results than Q-Selection
Algorithm and other approaches. In the next section we
provide algorithm of our approach as well as it
results.
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Fig.
4. Efficiency of Q-Selection Algorithm as Number of tags
changes for different C value

3. Lookup Matrix and Search
Algorithm

For definition of measuring scenario several
assumptions must be considered:

1. We use passive RFID technology, UHF-
class1-gen2 tags

2. Reader talks first technology

3. Space of testing must be ideal, without

interfering of other devices and reflection interference.
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4. There is no early cancelation of the
transmission during the frame, as it is done within work
of several authors [9-10].

5. There were no errors in wireless channel
during identification procedure. That means that error
due to propagation delay, path loss, and noise is ignored.

6. Due to tag random generators we consider
that generation of random numbers have the uniform
distribution.

Our improvement include estimation of total tag

numbers within the interrogation zone and thus deriving
0 as a log,(N). Estimated total tag number is obtained
experimentally. If we take fixed frame length
(L=2°=16) and n=100000 experiments of throwing
N=64 "balls" (tags) into random frame spot we obtain
Lookup matrix considering two variables, the number of
collision slots and the number of successful slots.
Lookup matrix provides estimated number of tags for all
combinations of successful and collision slots in the
frame. Value in the Lookup matrix is a mean value of
realizations for each collision and successful slot pair.
As a mean value we took position mean value of mode,
as a more accurate representative. Maximum value
Lookup Search Algorithm can provide is estimated N for
0=7, for all collision slots scenario, when frame size is
16, while Q-Selection can provide maximum Q=6 for all
collision slots scenario if we choose C=0./ for a large
number of tags. Value C can be higher, then we can
estimate higher tag number, but also gain lower
efficiency of the system, because of high number of
empty slots, as it is depicted on figure 4.
For the Algorithm implementation we use first frame
with Q=4 for sensing the environment (finding pair of
collision-successful slot number), and the size of the
next frame is obtained from lookup matrix for resulting
scenario of collision and successful slots. For the pair,
number of tags is obtained from Lookup matrix and thus
using Q=round(log2(N)) optimal frame size is derived.
Figure 4 represents linear behavior of collision-
successful slots changes results in the Lookup matrix
(0=4, n=100000 experiment, N=64 tags) when number
of tags is increasing.

Results provided on figure 5 can be displayed in 2-
dimensional space as a combination of collision slots
and estimated tags number, where parameter is a number
of successful slots. Other way to display it is using
number of successful slots and estimated number of
tags, where parameter is a number of collision slots.
Both variants are depicted on figures 5 and 6. If we
consider figure 6 we can model the lines as depicted on
figure 7 and extrapolate them to be usable in any frame
length, as a lines which are equidistant within frame
length of any size. We use minimum and maximum
points and derive line through predefined points.
Minimums and maximums are constrained with the
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frame size. Constraints meaning are that total number of
tags cannot be larger than number of collisions and
number of successful slots. Last line for Nc=16 actually
represents a single point, but experiments showed that
full collision scenario actually represents frame length of
27 =128, so we modeled it accordingly, as it is depicted
on figure 7. With results obtained from Lookup matrix
we generalize behavior for every frame length 7-32768.
Pair of minimum and maximum is derived for each
collision slot scenario within the frame, and proper value
of number of tags is calculated. Next frame length is
adopted according to estimated N as a round(log,(N)).
Lines modeling in this paper are obtained
experimentally, but future work will include
combinatorial model of theoretical thresholds.

30—

Number of tags

20

Fig. 5. Lookup matrix graph, with constraints on frame size,

Q=4

To make comparison standard measure of efficiency
(3) is used, together with collision ratio (4) as another
result dimension, describing model parameters as
number of successful, collision or empty slots in a
frame.

Using extrapolated data from the developed model
implemented algorithm estimates frame length for every
frame size. Efficiency of described model is depicted on
figure 8.

Estimated number of tags
mor 8w oA

Fig. 5. Behavior of estimated number of tags if number of
collision changes during a frame (Q=4). Parameter is number
of successful slots (down-up 1-16)
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Estimated number of tags
R o8 @ A

6 8 10
Number of successful slots

Fig. 6. Behavior of estimated number of tags if number of
successful slots changes during a frame (Q=4). Parameter is
number of collision slots (down-up 1-16)

Estimated number of tags
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Number of successful slots

Fig. 7. Modeling of the lines from fig 4, as a linear model
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Fig. 8. Efficiency of Q-Selection and LookUp Algorithm

On Figure 9, collision ratio is depicted both for Q-
Selection and Lookup Algorithm. Results for Q-
Selection is for C=0.1, as best chosen C for high tag
rate, as it is depicted on figure 4. With low collision
ratio of Q-Selection algorithm, results of empty slots
ratio is higher, because of lower efficiency than LookUp
algorithm. It means that Q-Selection algorithm for
higher tag ratio estimates larger frame size, and thus
increases the number of empty slots. Authors in [10]
provide mean collision ratio value of 0.25 for their
algorithm approach; however our work lowers it on
several segments as it is depicted on figure 9.
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Fig. 9. Collision Ratio of Q-Selection and Lookup Algorithm

4. Conclusion

In this work we presented the improvement for tag
estimation number in the manner of more precise frame
length definition and thus reducing tag identification
time. Algorithm includes finding pair of collision and
successful slots number in the LookUp matrix, which is
the mean value of experiments realized for collision-
successful pair and represents estimated tag number
within interrogation zone. Using estimated number of
tags we derive optimal frame size as a Q=log2(N).
Results obtained in LookUp matrix, can be extrapolated
as a equidistant lines within the frame of any size, thus
deriving optimal Q. Provided results show that our
algorithm gives better System Efficiency results than
standard Q-Selection Algorithm.

Future work will include combinatorial model of
number of number of tags estimation and theoretical
thresholds for collision-successful slot pair, since they
are provided experimentally in this paper. To verify
LookUp Algorithm approach authors will use A Flexible
Software Radio RFID Reader, built using USRP
Software Radio Platform in conjunction with GNU radio
framework, developed by [16].

References:

[1] K. Finkenzeller, ‘RFID HANDBOOK(2nd ED),
fundamentals and applications in contactless smart cards
and Identification’, John Wiley & Sons Ltd, 2003, West
Sussex PO19 8SQ, England

[2] Barcodes, Inc, Prices, available at:
http://www.barcodesinc.com/printronix/rfidtags.htm

[3] EPCgloballnc standard specification for UHF
Class1-Gen2 RFID, available at:
http://www.epcglobalinc.org/standards

[4] Class1 Generation 2 UHF Air Interface Protocol
Standard “Gen 2, V1.2.0, available at:
http://www.epcglobalinc.org/standards/uhfc1g2

[5] F. C. Schoute, “Dynamic Frame Length ALOHA”

ISBN: 978-954-92600-2-1



Proceedings of the 9th WSEAS International Conference on TELECOMMUNICATIONS and INFORMATICS

IEEE Trans. On Communications, VOL. COM-31,
No.4, April 1983

[6] C. Floerkemeier, “Infrastructure Support for RFID
Systems”, Ph.D. dissertation, Dept. Elect. Eng., ETH
University, 2006

[7]1 T. Cheng, and J. Li, “Analysis and Simulation of
RFID Anti-collision Algorithms”, Proc. 9" Int. Conf. on
Advanced Communication Technology, vol. 1, Feb.
2007, pp. 697-701.

[8] H. Harada and R. Prasad, ‘Simulation and Software
Radio for Mobile Communications, Artech House, 2002
[9] C. Floerkemeier, “Bayesian Transmission Strategy
for Framed ALOHA Based RFID Protocols”, IEEE
International Conference on RFID, Gaylord Texan
Resort, Grapevine, TX, USA, March 26-28, 2007.

[10] X. Fan, I. Song, K. Chang, D. Shin, H. Lee, C. Pyo
and J. Chae, “Gen2-Based Tag Anti-collision
Algorithms  Using Chebyshev’s Inequality and
Adjustable Frame Size” ETRI Journal, vol. 30, No. 5,
Oct. 2008.

[11] A. Krohn, T. Zimmer, M. Beigl, and C. Decker,
“Collaborative Sensing in a Retail Store Using
Synchronous Distributed Jam Signalling”. In Hans W.
Gellersen, Roy Want, and Albrecht Schmidt, editors,
Third International Conference, PERVASIVE 2005,
number 3468 in Lecture Notes in Computer Science
(LNCS), pages 237-254, Munich, May 2005. Springer-
Verlag.

[12] R. L. Rivest “Network Control by Bayesian
Broadcast”, IEEE Transactions on Information Theory,
IT-33(3):323-328, May 1987.

[13] J. Cha, J. Kim, “Novel Anti-collison Algorithms
for Fast Object Identification in RFID System”,
Proceedings of the 2005 11" International Conference
on Parallel and Distributed Systems (ICPADS ‘05), 20-
22 July 2005, Fudoka, Japan

[14] O. Bankg, S. Kim, and H. Lee, “Identification of
RFID Tags in Dynamic Framed Slotted ALOHA ”, The
12" International ~ Conference  on  Advanced
Communication Technology (ICACT 2009), Feb. 15-18,
2009, Phoenix Park, Korea

[15] B. Zhen, M. Kobayashi, and M. Shimizu, “Framed
ALOHA for multiple RFID objects identification,”
IEICE Transactions on Communications, vol. ES0-B,no.
3, pp. 991-999, Mar. 2005.

[16] M. Buettner, D. Wetherall, “A Flexible Software
Radio Transceiver for UHF RFID
Experimentation”, UW CSE Technical Report, 2009.

ISSN: 1790-5117

127

ISBN: 978-954-92600-2-1





