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Abstract—This paper proposes an RFID benchmark and sim-
ulator in order to evaluate anti-collision algorithms. The proposed
suite was specially developed to the MAC layer evaluation since
to our knowledge there is no standard on RFID anti-collision
simulator software. Although some simulators for RFID networks
have been proposed, none of them are designed to the MAC
layer performance evaluation. This paper, however, does present
the design and validation of an RFID benchmark suite based on
the EPCGlobal Class 1 Generation 2 standard which can help
researchers to provide fair and fast comparisons between the
existing algorithms.
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I. INTRODUCTION

Radio frequency identification (RFID) is used to identify,
track, and manage objects automatically by using wireless
communication technology [1][2]. The technology is similar
to the traditional bar code system. The main advantages are
the possibility of communication without line of sight, greater
read range and the capability of scanning multiple objects
simultaneous, improving productivity by reducing the time
taken to identify such objects [3]. A challenge faced in RFID
technology is to deal with multiple tags simultaneously as
collisions among tag responses to the reader’s query will
occur. In order to solve this problem several algorithms have
been proposed on the literature [4] [5] [6] [7] [8] [9] [10]
[11]. However there is no standard on how to evaluate these
proposals, since each one make use of their own software
to generate the results which implies many times on non-fair
comparisons.

Simulation is an essential tool for the evaluation, devel-
opment and performance of communication networks [12].
Among the tools available for RFID simulation, there is no
one used as default, even the famous ns-2 simulator. This fact
makes the comparison between new proposals and existing
ones very difficult to be fair and reliable.

With a steady progression of papers using similar bench-
marks in some specific fields, it can be relatively easy and
fast for authors to demonstrate the contributions of their work
and for reviewers to confirm those contributions. Furthermore,
it is typically easier for other researchers to determine the
limitations of the techniques that exist and whether further
research might be required. Thus, benchmarking is perceived
to be a good idea within the community, since it allows the

community research to test and evaluate fairly the proposed
algorithms and solutions.

In this paper, we present the design and validation of
a novel RFID benchmark suite for RFID systems written
in JAVA and R Language focusing on the MAC layer and
its mechanisms for anti-collision avoidance. Although the
developed code is a little bit large, as it has 8 classes of
objects and 2500 lines of code, the modularization provided
by object oriented programming facilitates the inclusion of
new algorithms. We thus believe that the developed suite will
furnish a significant contribution for the RFID anti-collision
research community, since it allows research on the RFID
MAC layer allowing to obtain fast experimental results. To
our knowledge, no other benchmark suite for RFID systems
focusing on MAC layer in order to facilitate the evaluation of
anti-collision mechanisms.

The rest of this paper is organized as follows: Section II
provides the background of RFID MAC layer. In Section III,
we present the proposed jRFIDsim simulator. Section IV
presents the simulation experiments conducted to validate the
module. Section V presents a simulation example using the
jRFIDsim. Finally we concludes the paper and present future
work in Section VI.

II. BACKGROUND AND RELATED WORK

The RFID tag anti-collision algorithms are mainly based
on the Time-Division-Multiple-Access (TDMA) technology,
which can be divided into two categories: tree-based algo-
rithms and ALOHA-based algorithms [2]. Tree-based algo-
rithms resolve a collision by splitting colliding tags into subsets
iteratively until all the tags are identified [13]. ALOHA-based
algorithms reduce the probability of tag collision by dividing
the time into discrete time intervals and one by one identifying
the tags at different timeslots [14].

In several protocols for RFID, Frame Slotted ALOHA-
based (FSA) algorithms are used. For example, the current
standards for 13.56 MHz, EPC Class 1, ISO 18000-6, and
EPCglobal Class 1 Generation 2 (C1G2) [15] use FSA [4].
The FSA-based algorithms work by dividing the access time
of tags into a number of slots that compose a frame, and
each tag responds to the reader in a random selected slot.
If more than one tag chooses the same slot to reply to the
reader request, then we will have a collision slot. The collided
tags need to randomly reselect another slot, according to the



algorithm strategy. Therefore, FSA-based algorithms can be
divided into two main categories: (1) with a dynamic frame
size, i.e. dynamic number of slots, also named DFSA, and (2)
with a fixed frame size. In DFSA, the estimation of frame
size can be performed in the first frame, and/or in subsequent
frames.

The identification efficiency in FSA-based algorithms is
related to the number of tags and slots [4]. If the number of
slots is much lower than that of the tags, collision slots will
occur in a large number. On the other hand, if the number
of slots is much higher than the existing tags, many idle
slots may occur. Both collision and idle slots decrease the
identification efficiency, also called System Efficiency (Sef ).
The Sef is the most used performance metric to evaluate anti-
collision algorithms, and it is calculated using Equation 2,
which represents the relation between the number of identified
tags (suc) and the number of used slots (Tslots), which is
defined on Equation 1 as the sum of all slots (idl is the number
of idle slots and col is the quantity of collision slots). Hence,
the number of slots needs to be adjusted according to the
number of tags, which is, in several cases, unknown to the
reader.

Tslots = suc+ idl+ col (1)

Sef =
suc

Tslots

(2)

The example presented in Fig. 1 illustrates how DFSA
works. Assume that there are twelve tags to be identified,
and the initial frame size is 8 (the initial frame size varies
depending on the algorithm). In the first identification round,
the reader sends a Query command with the initial frame size
equal to 8. Tags 200, 205 and 201 successfully transmit their
ID in time slots 1, 2 and 3, respectively. Slot 4 is idle, since no
tag has selected it. When slot 5 is called, three tags respond,
generating a collision. Slot 6 is also idle, followed by collision
slots 7 and 8. Since a collision occurs in timeslots 5, 7 and
8, this implies that there are at least six unidentified tags,
which then need to be identified. Hence, another identification
round is required. In the second round, the reader determines
a new frame size based on some algorithm, using [5] or [6]
for example, and broadcasts it via a new Query command. In
the example of Fig. 1, the second round has a frame size of
4 slots. The remaining tags randomly choose new slots and
the process restarts. When no collisions occur at the end of a
round, the process ends, otherwise another round needs to be
started.

There are three fundamental metrics of RFID performance:
the fraction of times in which a set of tag responds, in other
words, the identification time (Equation 3), the consumed
energy during this identification (Equation 5) and the system
throughput (Equation 2 above). Let tcol, tsuc, tidl be the
duration times of collision, success and idle slots respectively.
Thus we can calculate the total identification time Ttotal and
the wasted time, represented by Equations 3 and 4 respectively.

Ttotal = tsuc × n+ tcol × col + tidl × idl (3)

Figure 1: DFSA Example

Twaste = tcol × col + tidl × idl (4)

With the operation time (Ttotal) and the equipment
power(P ) we can calculate the energy consumedEtotal (Watts)
applying Equation 5. Similarly we can calculate the wasted
energy(considering on idle and collision slots) changing Ttotal

by Twasted as shown in Equation 7. Usually the P parameter
can be found on manufacturers data sheets.

Etotal = P × Ttotal (5)

P = V × I (6)

Ewasted = P × Twasted (7)

III. THE JRFIDSIM

The RFID benchmark suite jRFIDsim was developed on
release 8.0 of JAVA and R language [16]. It is designed
not only for the EPCGlobal C1G2 [15] standard but also
for Schoute [5], Eom-Lee [6], NEDFSA [7], Lower Bound
[17] and Dynamic Binary Tree Slotted Aloha - DBTSA [4]
DFSA algorithms. Our contribution consists of the design
and implementation of the entire cited algorithms for RFID
passive systems. The scope of this suite is the inventory
part of the algorithms (anti-collision). Figure 2 illustrates the
jRFIDsim organization. The entire suite is available under
General Public License (GPL) and can be obtained at https:
//bitbucket.org/rafaelperazzo/jrfidsim.

The proposed suite is divided on two parts: The simulator
written in JAVA and the benchmark scripts written in R. The
simulator needs to run first in order to generate data to be



Figure 2: jRFIDsim Benchmark Suite.

analyzed by the benchmark script. The user must provide the
algorithms to be evaluated as input and the simulator generates
the number of collision, success and idle slots as output. This
data is converted to a dataset and the R script computes several
metrics related to energy, slots, time and exchanged traffic.
Finally, using all those computed data the benchmark suite can
provide as output the general comparison among the selected
algorithms like comparative tables and plots.

The main advantage of using jRFIDsim for RFID anti-
collision researchers is that it is only necessary to implement
the new proposal on the simulator, since all other comparison
tasks will be done by the suite. This avoid the need to
implement several other already implemented algorithms. The
user can control the parameters as number of tags (initial
and final), number of repetitions, confidence intervals and
initial frame size which are the main parameters used on the
proposals from literature [4].

IV. VALIDATION OF JRFIDSIM

We have validated the reliability of jRFIDsim by running
several computer simulations in order to compare to the
provided analytical models. We individually perform each

simulation 1000 times, and average 1000 simulation results
into the final results. Figure 3 shows that both lines are almost
overlapping, ensuring the reliability of the simulator [1].

In Figure 4 the same situation of Figure 3 occurs, also
meaning that the results from jRFIDsim is reliable.

Figs. 5 and 6 give the Sef metric when the number of tags
ranges from 100 n 5200 for Lower Bound [17] and Schoute [5]
algorithms, respectively. Similar to the results for the Figures
3 and 4, the plots from analytical and simulation results are
almost overlapped.

These results validate the proposed benchmark suite, since
the algorithms behavior works as expected.

V. SIMULATION EXAMPLE USING JRFIDSIM

This section presents an evaluation example using the
jRFIDsim suite. This simulation example sets up a range
of tags between [100, 5200], with an initial frame size of
128, 1000 iterations with a confidence interval of 95%. The
Lower Bound, Schoute, C1G2, DBTSA, NEDFSA and a new
implemented algorithm were simulated with the following
command line:
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Figure 3: System Efficiency(C1G2).
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Figure 4: Total number of used slots (DBTSA).

j a v a − j a r sim . j a r x y z a b c d f g h &

Where x means the initial number of tags, y the final
number of tags, z the steps between each number of tags, a
the confidence interval, b number of iterations, c the selected
method code, d the status file code, f the initial frame size, g
the type of simulation and h the frame size adjust factor.
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Figure 5: System Efficiency(Lower Bound).
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Figure 6: System Efficiency (Schoute).

For instance, the following command line performs a simu-
lation with the tags population size ranging from 100 to 5200,
with steps of 200, confidence interval of 95%, 1000 iterations,
Schoute algorithm (code = 1), keeping the log (status) file
(code 0), initial frame size of 128 slots, just one algorithm per
simulation (no) and no adjustment on initial frame size [7].

j a v a − j a r sim . j a r 100 5200 200 95 1000 1 0 128 no 0



In order to simulate all implemented methods the user must
run 8 separated simulations changing the parameter c from 1 to
8. When all simulations end the user can run the shell script
organize.sh to generate the entire dataset file mota.all.ds.
This file is read by the R script to perform the benchmarks
and generate the performance evaluation results such as tables
and plots. Figure 7 summarizes the example of using the
benchmark suite.

Figure 7: Schoute.

VI. CONCLUSION

This paper has presented the design and validation of a
benchmark suite based on the C1G2 standard. The developed
simulator implements the MAC layer of passive RFID systems
mechanisms. Moreover, it allows users to configure several
parameters based on a desired scenario. Recently, several
results [4] have been derived using analytical models which
can be easily verifiable and have a significant lower computa-
tional complexity than does simulation. However, this does not
diminish the importance for simulation tools since simulation
models can describe the system in much deep details than an-
alytical models. This RFID simulator and benchmark suite can
facilitate research on RFID anti-collision research, especially
those involving performance evaluation. As future work, we
plan to add more important features such as interference and
capture effect models.
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