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Abstract. The tag collision problem is an important issue that affects the
efficiency of RFID system. A method of frame length adjustment based on
dynamic detection points is proposed in this paper. The method calculates the
size of the detection slot area in the frame according to the calculation of the
sample size. And then it determines the location of the detection point in the
frame. So, the detection point is dynamically adjusted with the length of the
frame. Compared with the fixed detection point method, simulation results
showed that the dynamic detection point method can adjust the frame length
more accurately and improve the system throughput and speed the tag
identification.
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1 Introduction

With the development of the identification methods, Radio Frequency Identification
(RFID) technology has been widely used in various fields because of its advantages
such as non-contact, rapid identification, small size and so on. Combined with Internet
of Things, the ‘EPC C1 Gen2’ (EPC-C-G below) standard becomes the most widely
used standard of RFID technology in recent years [1, 2]. In general, the RFID system
consists of three parts: tags, readers and processing system. The tag collision occurs
when a large number of tags simultaneously respond to one reader in RFID system.
The problem of tag collision increases tag identification time, reduces tag identification
rate and system throughput. Many anti-collision methods have been proposed to solve
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the problem. Most of them can be divided into three categories: tree-based, ALOHA
based and hybrid algorithms [3].

Tree-based anti-collision algorithms consist of multiple periodic for reader’s query
commands and tag’s responses. The set of tags was divides into two branches
according to each collision’s tag bit. The process will loop until each branch has only
one tag. And all the tags can be identified. The typical tree-based algorithms include
dynamic binary tree search algorithm, backward binary tree search algorithm and query
tree algorithm.

Hybrid algorithms have the advantages of ALOHA-based algorithms and tree-
based algorithms. But tree-based and hybrid anti-collision algorithms cannot be
implemented by the EPC-C-G standard because the reader based on this standard
cannot effectively identify collision tags based on the collision bits. Therefore, we have
focused on the ALOHA-based anti-collision algorithm in this paper.

The main idea of ALOHA-based anti-collision algorithms is to make the tags to
select different time slot when responding to the reader in order to reduce the proba-
bility of tag collision. And the algorithms mainly are pure ALOHA algorithm, slotted
ALOHA (SA) algorithm, framed slotted ALOHA (FSA) algorithm and dynamic
framed slotted ALOHA (DFSA) algorithm [4]. DFSA algorithm is the most efficient
and widely adopted by RFID standards. The improvement of DFSA anti-collision
algorithm for EPC-C-G standard is time slot random anti-collision algorithm called Q-
algorithm. The performance improvement for the Q-algorithm can be accomplished in
two aspects. One is how to adjust the frame length, and the other one is how to estimate
the number of remaining tags.

The problem of how to adjust the frame length can be divided into two parts. One is
how to match the optimal frame length for the remaining tags. The other one is when to
adjust the frame length. On the basis of when to adjust the frame length the existing
algorithms can be divided into three categories. According to the frame length needs to
be adjusted slot by slot, partial slots or all slots in the frame. The [5] proposed a novel
algorithm, access probability adjustment based fine-grained Q-algorithm (APAFQ)
algorithm. The APAFQ scheme is driven by updating Q value with two different
weights, slot by slot. However, the frame length is adjusted slowly in the algorithm
because the frame length is adjusted slot by slot. The [6] proposed an early adjustment
of frame length (EAFL) algorithm. This algorithm adjusts the frame length by partial
slots or all slots in the frame. However, if the selection of partial slots is not appro-
priate, the early adjustment of frame length is lost. The [7] introduced an impro-
vised dynamic frame slotted ALOHA (ID-FSA) algorithm. The algorithm adjusts the
frame length based on the inventory results of all the slots in previous cycles. But the
reader takes too many collision slots and empty slots.

In this paper, we presented a new algorithm based on dynamic frame slotted
ALOHA. To obtain the number of slots that can represent the distribution of tags in the
whole frame, the algorithm uses the sample size to calculate the size of the detection
slots area in the frame so that the position of the detection point is adjusted with the
frame length dynamically.
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2 Algorithm Description

2.1 Dynamic Detection Point Frame Length Adjustment Method

Combining the idea of the frame length needs to be adjusted by partial slots in the
frame, a method of frame length adjustment based on dynamic detection points is
proposed in this paper. We want to calculate the number of slots that can accurately
represent the distribution of the tags in the whole slots of frame. Thus, we can deter-
mine the location of the detection points in the frame. The degree of dispersion of the
tags distribution in the frame is an important factor that affects the size of the detection
region and can be expressed in terms of variance of the number of tags in the frame.

In the RFID system, tags can obtain the frame length information for the current
inventory cycle after receiving the Query(Q) command sent by reader. And then they
randomly select any slot in the frame to respond their own identity information. To
obtain the variance of the number of tags in slots we need to know how many slots in
each case and how many slots have tags when there are n tags. The probability of
selecting any slot for each tag is the inverse of the frame length 1/L, under the
condition of the inventory cycle with frame length L. Suppose n — 1 tags have chosen
A,—1 slots. There are two cases If adding a tag to choose those slots in the current
frame. One case is that the tag selects those slots with tag success or collision. The
probability is A,_;/L. The other is that the tag choose idle slot. The probability is
1 — A, /L. Then the value of A, is shown in (1), (2) and (3).

Anfl Anfl
A, = A, 1 - A1+ 1). 1
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A, =14+1xA, . (2)
-2
A, = . 3
1—4 (3)
where 7 is the number of tags, L is the length of frame, and A = (L — 1)/L.
The average slot number with x; tags is shown in (4) and (5).
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where x; represents the number of tags which select the same slot, i = 0,1,2,3,....n.

When i is 0, xo stands for slot without tag selected, I;° represents the number of idle
slots. When i is 1, x; stands for slots with only one tag selected, [} represents the
number of successful slots. When the i is greater than or equal to 2, x; stands for a slot
with i tags selected, [/ represents the number of collision slots containing x; tags.
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In this paper, the relation between the optimal frame length and the number of tags
is obtained by the theoretical maximum of the system throughput. Then the average
number of tags allocated in each slot is 0.5. Then, the variance of the slot distribution in
the frame is shown in (6).

=)27x V2oL — %)
02 _ (xl —X) lnl +(x2 X) ln + +(xn .X) ln ) (6)

n

where X represents the average number of tags in slots.

The selection of partial slots from the current frame representing all slots is anal-
ogous to a sampling survey of the population in order to infer some property or feature
of the population. The frame is population, and the partial slots is sample, called the
sample slots. To determine the sample slots size, we need to consider the degree of
dispersion of the slot distribution in the frame, as well as the estimation error and the
confidence level of infer result. Therefore, the formula for calculating the sample size
of the sample slots in the frame is as follows in (7).

s = L(ZOf/Z)z("2
L (L= )P (zg) 0 )

where the confidence level is 1 — a, z,; is the standard error confidence level, d is the
maximum allowable error, L is the frame length, which is population.

EPC-C-G standard specifies that frame length can only be the power of 2. The
sample slots size in the frame is shown in Table 1.

Table 1. Time slots sample size in frame.

Q 3 14 |5 (6 |7 8 9 10
Frame length L |8 |16 |32 |64 | 128 |256 512 | 1024
Sample slots size |6 |10 |12 |16 |24 |34 56 |64
Detection point | 3/4 |5/8 | 3/8|1/4|3/16 | 17/128 | 7/64 | 1/16

Reader determines whether the current frame length is optimal at the location of the
detection point.

2.2 The Proposed Algorithm

In the process of identifying tags, reader first sends the Select command to select a set
of specific tags that have been activated within its radio frequency range. After that,
reader initializes the frame length by sending the Query(Q) command to those tags,
where the frame length is 2Q.

Tags receive this command and get the frame length information. And then tags
select a slot through its internal random number generator and send its Random
Number 16 (RN16) when reader inventories this slot. Reader inventories slot,
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determines and records the type of slots. If there is a collision or empty slot, reader
records the slot and continues inventorying. As for successful slot, reader not only
needs to record the slot type but also needs to exchange data with the tag to get its
information. Reader sends QueryRep command after each slot in order to reduce the
random number of the tag. Thus, the tag is kept synchronous with the reader. In order
to get the detection point i, reader should estimate the number of tags according to
n=(S+2.17-C)L/i and obtains the Q value of the optimal frame length based on
Qopr = round(log2(1.89 - n)). If the number of collision slots C equals 0, the tag
identification is completed. Otherwise, there are tags which have not been identified
and the reader continues to inventory.
The algorithm presented in this paper is described in pseudo code as followed.

Initialize Frame;
while (unidentified tags#0)
Start inventory cycle and initialize different types of slot recordvalues;
while (slots without inventory#0)
Interrogate the tags in slot and record slot type;
if Inventory the detection point
then Estimate tags number and obtain the optimal frame length;
if the current frame length optimal
then Continue inventory;
else Estimate remaining tags number, update Q and start a new inventory
cycle;
end if
else Continue inventory
end if
end while

end while

3 Simulation Results

We evaluated the number of collision slots and system throughput of the proposed
algorithm and compared its performance with existing methods including DFSA,
APAFQ and EAFL algorithm.

The simulation conditions in this paper are based on the EPC-C-G standard and
referred to [7]. The main parameters used in the simulations are shown in Table 2. It also
defines a basic duration for interrogator-to-tag signaling called Tari. The basic duration
for interrogator-to-tag signaling to be 12.5 ps, this corresponds to a transmission speed of
80 kb/s. For the interrogator-to-tag link, the durations of data-0 and data-1 are one Tari
and two Taris, respectively. On the other hand, the durations of data-0 and data-1 for tag-
to-interrogator link are 6.25 ps, which corresponds to a link frequency of 160 kHz.

The number of collision slots is the quantities of all collision slots that are recorded
by reader during the identification process for tags. Figure 1 displays the number of
collision slots of four algorithms when the initial frame length is 128, which means the
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Table 2. Simulation parameter values.

Parameters Time interval (us)
Reader-to-tag preamble 112.5
Reader-to-tag frame sync 62.5
Reader-to-tag data-0 12.5
Reader-to-tag data-1 25
Tag-to-reader preamble 112.5
Tag-to-reader data-O/data-1 6.25
Query(Q) command 412.5
QueryAdjust(Q) command 168.75
QueryRepeat command 75
ACK command 337.5
RN16 (preamble included) 212.5
PC+EPC+CRC16 (preamble included) | 912.5
T, 62.5
T, 62.5
T; 5
T, 112.5

value of Q is 7. From Fig. 1 we can see our algorithm has the least number of collision
slots among the algorithms. Since the location of judge whether the current frame length
is optimal or not is fixed, the number of collision slots in EAFL is more than that of the
proposed algorithm. APAFQ inventories more collision slots due to its slot by slot
adjustment strategy. Since there is no early adjustment strategy for DFSA, the number of
collision slots to be recorded is the largest compared to the other three algorithms.

1400
—o— DFSA 3
1200
—— EAFL
1000 G
—a— The Proposed Algorithm
800 |

——APAFQ

600

Number of Collision Slots

400

200

R LR LN LN LS LS LNLLELS P
%\,0.@,»0,\3;6)0@@goo)o(;o@@,\o,\h%o%‘oqmq‘)&o
Number of Tags

Fig. 1. Number of collision slots for various algorithms.
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And we also compared the system throughput of the four algorithms with the same
initial frame length 128 in Fig. 2. The system throughput is the ratio of the time spent
by successful slots and the total time spent by reader to identify all tags. The total time
spent in identifying tags includes the time taken by the successful time slot plus the
time spent in the collision slot and the idle slot. The throughput formula is shown in (8).

7 ST
S Ts+C-Tc+E-Tg'

Ti (8)
where § is the number of successful slots, E is the number of empty slots, C is the
number of collision slots, T, T¢ and Tk are the durations of successful, collision, and
empty slot, respectively.

As shown in Fig. 2, the system throughput of those four algorithms is rapidly
reaching its maximum and then fluctuates near the maximum. Among them, the system
throughput of the proposed algorithm is better than all other algorithms. It maintained a
steady state near its maximum after the number of tags reaches 50. EAFL will take
inventory of excess collision slots and free slots when the current frame length is not
optimal, so its performance is lower than the proposed algorithm. APAFQ is slow to
adjust the frame length due to the slot by slot strategy, so the system throughput is
lower than that of EAFL and the proposed algorithm. The performance of DFSA
fluctuates greatly when the number of tags is small, because the influence of initial
frame length is larger.
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Fig. 2. System throughput for various algorithms
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Conclusion

In order to adjust the detection point with the frame length dynamically, the paper
presented an algorithm which uses the sample size to calculate the size of the detection
slots area in the frame. Simulation results show the proposed algorithm has the
advantages of less number of collision slots and higher system throughput.
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