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Abstract. Radio frequency identification (RFID) technology is a kind
of non-contact identification technology, which has been widely applied
in logistics management, access control system and other fields. How-
ever, when multiple tags response the RFID reader simultaneously, the
superposition of signals will deduce reader’s incorrect reception, which
is called collision. Dynamic frame slotted ALOHA (DFSA) algorithm is
a effective anti-collision algorithm in RFID system, but its’ high system
efficiency relies on the reliability of the tags’ number estimation. Some
researches propose a frame break policy for ALOHA-based RFID sys-
tem, which breaks the frame early when judging that the current frame
length is not appropriate through slot-by-slot estimation of number of
tags and is called SbS-DFSA. Here, we find some improvement space
of SbS-DFSA, and make it more efficient by modifying some details.
The simulation shows that our modification is efficient and improves the
performance practically.

Keywords: Radio frequency identification technology · Anti-collision
algorithm · Dynamic frame slotted ALOHA · Frame break

1 Introduction

Radio frequency identification (RFID) is a technology that uses radio frequency
signal to automatically identify target objects and obtain relevant information.
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As a key technology to build the Internet of things (IoT), RFID has been widely
used in transportation, manufacturing, security and other fields. In recent years,
More and more industries have used this technology to improve logistics efficiency
and service level.

The implementation of RFID system consists of two hardware entities (reader
and tag) and corresponding software. Reader is a active device, responsible for
reading and writing the data stored in tag, and powering the passive tag. Passive
tag needn’t battery and gets energy through the wireless signal transferred by
reader. With the advantage of small size and low cost, passive tag is used more
widely than active tag, which need independent battery.

In a typical environment with one reader and multiple passive tags, the reader
send wireless signal, multiple tags are energized and backscatter their modulation
signal to the reader simultaneously, and then collision occurs, as the Fig. 1 shows.
This means we have to design specific algorithm and mechanism to identify the
each tags respectively.
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Fig. 1. Typical RFID system with passive tag

An-collision problem is not unique to RFID system and widely exists in the
system which need to support access of multi-target through a common channel.
In the field of RFID, time division scheme is relatively more appropriate because
of its low-complexity in hardware, which is important for tag, especially passive
tag.

The anti-collision algorithm in RFID system can be divided into two main
branches: tree algorithm and ALOHA-based algorithm.

Tree algorithm essentially create a binary-tree structure to divide tags into
different time slots for transmission, related algorithms include Binary Tree Split-
ting [1], Adaptive Binary Tree Spliting [2,3], Query Tree [4], Binary Search [5]
and Bitwise Arbitration [7–9].

ALOHA-based algorithm is based on a scheme that when the collision occurs,
tags that participate in the transmission will set a delay time, within which they
can’t transmission again. Based on this mechanism, Slotted ALOHA [10] and
Static Frame Slotted Frame ALOHA [11] are proposed. Slotted ALOHA limits
tags’ transmission in a time slot with boundary and avoid the partially collision.
Frame Slotted ALOHA specifies that a frame consists of multiple time slots and
each tag can only transmission once in a frame. It can be proved mathematically
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that in Frame Slotted ALOHA, the maximum throughput is reached when the
number of tag is equal to the frame length (the number of time slots in a frame)
[12,13]. Static Frame Slotted ALOHA set a fixed frame length, while Dynamic
Slotted ALOHA [5] estimates the number of tags in the end time slots of each
frame, and set the next frame length to the estimated number of unidentified
tags to achieve better performance.
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Fig. 2. RFID anti-collision algorithms

Further, some researchers propose slot-by-slot estimations of number of tags,
which break the limit that estimation is only made in the end of a frame. This
make it possible for reader to break the frame early when the frame length is far
from the result of slot-by-slot estimation.

Based on these slot-by-slot estimation methods, a frame break policy for
ALOHA-based algorithm [6] was proposed, which is called SbS-DFSA. However,
In this paper, we find some irrationalities of SbS-DFSA. To fix the problem,
we propose the correction and improvement scheme for SbS-DFSA and call it
Enhanced-SbS-DFSA. Simulation results show that Enhanced-SbS-DFSA sur-
passes the performance of SbS-DFSA shown in [6].

This paper is organized as follows. In section two, we give a brief introduction
of DFSA and SbS-DFSA. In section three we point out the defects of SbS-DFSA
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and propose our Enhanced-SbS-DFSA. In section four we show the simulation
results and section five is conclusion part.

2 Related and Basic Work

2.1 DFSA Algorithm

In Frame Slotted ALOHA, the reader can divide the time slots into three types—
empty time slot, successful time slot and collision time slot, with none, one and
more than one tags response to the reader respectively. Here we use L to stand
for the frame length, and use E, S, C to stand for the number of empty time slots,
successful time slots and collision time slots in a frame respectively. Universally,
the estimation algorithms in DFSA use L, C, S, E to estimate number of tags.

Vogt [12,13] is a high-accuracy estimation method in DFSA, which is based
on the minimum mean square error criterion. The formula for Volt estimation is
show in (1), where aL,k

t is the expected number of time slots that t tags response
to reader when frame length is L and number of tags is k. Note that here we set
the search range to 1 to 10L, which avoid the unreasonal estimation result in the
case C = L [14]. However, one disadvantage of Volt algorithm is that it needs
to use some iterative or traversing method to solve this optimization problem,
so that its calculation cost is very high, which induces high requirements to the
hardware and software of reader.

V olt Estimation(L,E, S,C) = arg min
k∈(1,10L)
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Estimation method based on maximum likelihood criterion [15] is shown
in (2), where N(k, S) is number of ways to distribute k tags to S slots and
N(k − S,C) is number of ways to distribute k-S tags to C slots. Similarly, the
calculation cost is very high too. To reduce the calculation cost at the price of
decreasing estimation accuracy, it is simplified to formula (3), which is called
improved linearized combinatorial model (ILCM) [16].

Maximum Likelihood Estimation(L,E, S,C)
= arg max

k
P (E,S,C | k, L)

= arg max
k

N(k − S,C)N(k, S)
Lk

L!
E!S!C!

(2)
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k = max{ C
(

L
−2.282−0.273L

)

C + (4.344L − 16.28)
+ 0.2407 ln(42.56 + L), 0}

l = (1.2592 + 1.513L) tan(1.234L−0.9907C)
ILCM Estimation(L,E, S,C) = kS + l when c �= 0, S when c = 0 (3)

It should be emphasized that frame length should be limited to integer power
of 2. Therefore if the estimation number of identified tags is x, we should set
the next frame length to f(x) and function f is defined in (4). Compared to the
scheme without limit to frame length, this reduces hardware requirements for
tag, which is important for passive tag. This limit has been adopted by EPC
RFID G2 UHF protocol [18].

f(x) = 2round(log2(max(1,x))) (4)

2.2 SbS-DFSA Algorithm

We define system efficiency as the number of tags divided by the number of time
slots costed during the identified process, as showed in (5), which is the main
index used to measure the performance of RFID anti-collision algorithm.

System efficiency =
Number of tags

Number of time slots costed
(5)

The maximum system efficiency of DFSA is almost 0.368 [17], but it is hard
to reach because the estimation error of number of tags. Especially, when the
estimation result is far from the real value, the large estimation error can’t be
revised until the end of this frame, which seriously affect the system efficiency.
Fortunately, several slot-by-slot estimation methods were proposed, such as SbS-
Volt [19] whose formula is shown in (6) and SbS-ILCM [6] whose formula is shown
in (7). Here, i is index of time slot, whose range is 1 to L. Definition of e,s,c are
similarly to E,S,C, but they are only counted within time slot 1 to time slot i.
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SbS ILCM Estimation(L, i, e, s, c) = k′(i)s + l′(i) when c �= 0,
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when c = 0
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Based on these slot-by-slot estimation methods, a mechanism that the
frame is stopped early when slot-by-slot estimation value is far from the frame
length is proposed [6], which is called SbS-DFSA. The complete pseudocode
of SbS-DFSA using SbS-ILCM estimation is shown in algorithm 1. SbS-DFSA
can also be combined with other slot-by-slot estimation methods by modify-
ing row 2 of algorithm 1. For example, if we change algorithm 1 row 2 to
‘R(i) = max(1, SbS V olt Estimation(L, i, e, s, c))’, this algorithm will become
SbS-DFSA using SbS-Volt estimation. Note that in SbS-DFSA using SbS-Volt
estimation, SbS V olt Estimation(L, i, e, s, c) = 2.39cL

i when c = i, which we
doesn’t adopt in Enhanced-SbS-DFSA using SbS-Volt estimation.

Algorithm 1: SbS-DFSA with SbS-ILCM
1: while Reader is working do
2: R(i) = max(1, SbS ILCM Estimation(L, i, e, s, c))
3: RQ(i) = f(R(i))
4: if (i > 1) and (|R(i) − R(i − 1)| ≤ 1) then
5: P1 = R(i)

L (1 − 1
L )R(i)−1

6: P2 = R(i)
RQ(i) (1 − 1

RQ(i) )
R(i)−1

7: if (LP1 − s) < (RQ(i)P2) then
8: RQ(i) = f(R(i))
9: i = 1 and start a new frame with L = RQ(i)

10: else
11: i = i + 1
12: end if
13: else
14: i = i + 1
15: end if
16: if i == (L + 1) then
17: i = 1 and start a new frame with old L
18: end if
19: Send message to tags
20: Update e, s, c
21: end while

3 Enhanced-SbS-DFSA Algorithm

3.1 Defects of SbS-DFSA

Although paper [6] claimed that SbS-DFSA shows better performance than tra-
ditional DFSA accordingly to simulation results, it is easy for us to find following
unreasonable places in SbS-DFSA.

First, the judging rule of convergence is unreasonable, which we can see in
algorithm 1 row 12. Specifically, the judging rule of convergence in SbS-DFSA
is that the difference between estimation value of this time slot and that of last
time slot is less than or equal to one. Typical convergence cases of slot-by-slot
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estimation are shown in Fig. 3 and obviously the judging rule of convergence in
SbS-DFSA can’t recognize them easily.
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Fig. 3. Typical convergence cases of slot-by-slot estimation

Second, the judging rule of frame break at convergence is unreasonable, which
we can see in algorithm 1 row 15, where P1 is the probability that a time slot
is a successful time slot in this frame and P2 is the probability that a time slot
is a successful time slot in next frame whose length is denoted by slot-by-slot
estimation, under the assumption that the estimation value is equal to the real
value. Therefore, LP1 − s is the expected number of tags identified successfully
in remaining time slots of this frame and RQ(i)P2 is the expected number of
tags identified successfully in next frame. Obviously, the judging rule of frame
break that LP1 − s is lower than RQ(i)P2 is not intuitively proper.

Third, when number of time slots is small, information reader gets is not
enough to give a accurate estimation, which may induce a unreasonal frame
break in SbS-DFSA.

Forth, when reader decide to break the frame, if new frame length is equal
to the old one, this frame break is meaningless.

Fifth, when the estimation value doesn’t converge during the whole frame,
SbS-DFSA set next frame length equal to the prior one, which may maintain a
improper frame length for many frames.
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3.2 Enhanced-SbS DFSA Algorithm

To overcome the deficiencies of SbS-DFSA we mentioned before, we propose
several improvements for it and call the new method Enhanced-SbS-DFSA.
The complete pseudocode of Enhanced-SbS-DFSA using SbS-ILCM estima-
tion is shown in algorithm 2. Enhanced-SbS-DFSA can also be combined with
other slot-by-slot estimation methods by modifying row 3, row 3 and row 28
of algorithm 1. For example, if change row 3, row 7 and row 28 of algorithm
1 to ‘R(i) = max(1, SbS V olt Estimation(L, i, e, s, c) − s)’, this algorithm will
become Enhanced-SbS-DFSA using SbS-Volt estimation.

First, change the judging rule of convergence. R(i − 2), R(i − 1) and R(i)
represent the slot-by-slot estimation value of time slot i-2, i-1 and i respectively,
while RQ(i) stands for f(R(i)). To deal with the situation like cases shown in
Fig. 3, we design a judging rule of convergence shown in algorithm 2 row 9 to
row 15. Compared to SbS-DFSA, it uses information of three time slots (SbS-
DFSA only uses information of two time slots), sets the convergence threshold
dynamically according to the frame length, and propose a scheme to recognize
the slight fluctuation of slot-by-slot estimation value shown in (a) of Fig. 3.

Second, change judging rule of frame break at convergence. For Enhanced-
SbS-DFSA combined with SbS-ILCM, when estimation value converges, the
reader stops the frame early if LP1 is lower than RQ(i)P2, which is an empirical
conclusion and can be seen in algorithm 2 row 19.

Third, set a start point for slot-by-slot estimation. The start point can be set
by setting the value of M in algorithm 2 row 6. For Enhanced-SbS-DFSA using
SbS-ILCM estimation M takes 3, while for Enhanced-SbS-DFSA using SbS-Volt
estimation M takes 8.

Forth, Enhanced-SbS-DFSA won’t break a frame with a new frame length
that is equal to the old one, while SbS-DFSA will. This mechanism is integrated
into the judging rule of convergence of Enhanced-SbS-DFSA.

Fifth, when the estimation value doesn’t converge during the whole frame,
Enhanced-SbS-DFSA will set next frame length to the last estimation value.
Compared to SbS-DFSA which doesn’t change frame length in such a situation,
Enhanced-SbS-DFSA ensures that improper frame length won’t be maintained
for many frames when estimation value doesn’t converge. This mechanism can
be seen in algorithm 2 row 3 to row 5.
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Algorithm 2: Enhanced-SbS-DFSA with SbS-ILCM
1: while Reader is working do
2: if i == L then
3: R(i) = max(1, SbS ILCM Estimation(L, i, e, s, c))
4: RQ(i) = f(R(i))
5: i = 1 and start a new frame (L = RQ(i))
6: else if i > M then
7: R(i) = SbS ILCM Estimation(L, i, e, s, c)
8: RQ(i) = f(R(i))
9: if (RQ(i) �= L) and (|R(i) − R(i − 1)| ≤

max(1, 0.1L)) and (|R(i − 1) − R(i − 2)| ≤
max(1, 0.1L)) and (((R(i) ≥ R(i − 1)) and (R(i − 1) ≤
R(i − 2))) or ((R(i) ≤ R(i − 1)) and (R(i − 1) ≥ R(i − 2)))) then

10: FLAG = 1
11: else if (RQ(i) �= L) and (|R(i) − R(i − 1)| ≤

max(1, 0.05L)) and (|R(i) − R(i − 1)| ≤ max(1, 0.05L)) then
12: FLAG = 2
13: else
14: FLAG = 0;
15: end if
16: if (FLAG == 1) or (FLAG == 2) then
17: P1 = (R(i)/L)(1 − 1/L)R(i)−1

18: P2 = R(i)
RQ(i) (1 − 1

RQ(i) )
R(i)−1

19: if LP1 < RQ(i)P2 then
20: i = 1 and start a new frame L = RQ(i − 1)
21: else
22: i = i + 1
23: end if
24: else
25: i = i + 1
26: end if
27: else
28: R(i) = SbS ILCM Estimation(L, i, e, s, c)
29: i = i + 1
30: end if
31: Send message to tags
32: Update e, s, c
33: end while

4 Simulation Results

The relationship curve of system efficiency versus number of tags is influenced
by initial frame length. Specifically, the peak of system efficiency will appear at
the place where the number of tags is equal to the initial frame length. We set
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initial frame length to 24 and get the simulation results of DFSA with ILCM
estimation, DFSA with Volt estimation, SbS-DFSA with SbS-ILCM estimation,
SbS-DFSA with SbS-Volt estimation, Enhanced-SbS-DFSA with SbS-ILCM esti-
mation, Enhanced-SbS-DFSA with SbS-Volt estimation and DFSA with ideal
estimation. Here, we use function ‘fminbnd’ of MATLAB R2014a to solve the
optimization problems in Volt and SbS-Volt estimation. DFSA with ideal esti-
mation assumes that estimation value is equal to real value, which is impossible
in realistic. Note that owing to the limit to frame length to integer power of 2,
the system efficiency can not reach 0.368 even if we assume the estimation is
deal, as Fig. 4 shows.
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Fig. 4. Performance of DFSA with ideal estimation

The simulation results with the initial frame of 24 is shown in Fig. 5. In order
to make the performances of different algorithms more differentiated, here we
give relationship curve of number of time slots costed versus number of tags,
which can be equivalent to relationship curve of system efficiency versus number
of tags. From the simulation results we can know Enhanced-SbS-DFSA shows
better performance in system efficiency than DFSA, and shows higher system
efficiency than SbS-DFSA whether the estimation algorithm used is SbS-Volt
or SbS-ILCM. Under the limit that frame length must be integer power of two,
Enhanced-SbS-DFSA almost achieves the performance of DFSA with ideal esti-
mation in system efficiency.
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Fig. 5. Simulation results when initial frame length is 16

5 Conclusions

In this paper, focus on the field of RFID anti-collision algorithm, we find several
defects of SbS-DFSA and propose some improvements in the aspects of judging
rule of convergence, judging rule of frame break at convergence and so on. Sim-
ulation results show that our algorithm achieve higher system efficiency than
DFSA and SbS-DFSA, no matter we use Volt, SbS-Volt, ILCM, SbS-ILCM as
our estimation method. Under the limit to frame length adopted by EPC RFID
G2 UHF protocol, in aspect of system efficiency our algorithm almost achieves
the performance of DFSA with ideal estimation, which is highly meaningful and
proves its application value.
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