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Abstract— RFID is a generic term for technologies which
use RF waves to identify, track, or categorize any object. One
of the research areas in RFID systems is a tag anti-collision
protocol; how to reduce identification time with a given number
of tags in the field of an RFID reader. There are two types
of tag anti-collision protocols for RFID systems: tree based
algorithms and slotted aloha based algorithms. This paper
proposes a method for enhancing the performance of the present
RFID tag anti-collision protocols by scanning the positions
of collided bits and once accessing few memories at tags
to inform the positions. Since any of the present RFID tag
anti-collision protocols with the scanning-based pre-processing
can ignore the overhead from no collided bits, the analytic
results show that scanning-based pre-processing elicits lower
time consumption for tag identification from the present schemes.

Index Terms−Anti-collision protocol, tree based algorithm,
tag collisions, RFID systems

I. INTRODUCTION

Radio Frequency IDentification (RFID) is an emerging
technology, which guarantees to progress the modern industrial
practices in object identification and tracking, asset manage-
ment and inventory control [11]. Recently, several identifica-
tion systems such as barcodes and smart cards are incorporated
for automatic identification and data collection. However, these
systems have several limits in read rate, visibility, and contact.
RFID systems are a matter of grave concern because they are
fast and reliable and do not require physical sight or touching
between readers and tags.

One of the areas of research is the speed with which a given
number of tags in the field of RFID readers can be identi-
fied. For fast tag identification, anti-collision protocols, which
reduce collisions and identify tags irrespective of occurring
collisions, are required [1,4]. There are two types of collisions:
reader collisions and tag collisions. Reader collisions indicate
that neighboring readers inquire a tag concurrently, so the
tag cannot respond its ID to any reader’s inquiring. These
are easily solved by detecting collisions and communicating
with other readers. Tag collisions occur where multi tags try
to respond to a reader simultaneously and make the reader
identify no tag. For low-cost passive RFID tags are not
possible to do anything except only response depending on the
reader’s inquiring, tag anti-collision protocols are important to
improve the cognitive faculty of RFID systems.

Tag anti-collision protocols are grouped into deterministic
methods and probabilistic methods [4,6]. The deterministic
methods are tree based protocols such as bit-arbitration algo-
rithm [9], splitting tree algorithm [1,4] (memory based), tree
working algorithm [5], query tree algorithm [7,8,9], collision
tracking tree algorithm [9], and scanning-based sequential
searching algorithm [10] (memoryless based). They split the
group of colliding tags into two subgroups until all tags are
identified. The probabilistic methods are based on aloha like
aloha, slotted aloha, and frame slotted aloha. The frame slotted
aloha is the basis of extend protocols such as FS-ALOHA
[11], STAC [12], and bit-slot algorithm [13]. The aloha based
protocols reduce the probability of occurring tag collisions
how tags respond at the different time.

This paper considers how to improve the readability, identi-
fication speed, of low-cost passive RFID systems using the
present memoryless tag anti-collision protocols. Scanning-
based pre-processing (SBPP), the proposed method, is pre-
sented for enhancing the readability of the present RFID
tag anti-collision protocols. This method reduces both the
overhead of prefixes and responses from no collided bits
by pre-processing. With SBPP before identifying tags, the
RFID systems can ignore no collided bits after accessing the
tags’ memories once to write the collided bits. The remaining
part of the identification process adopts one of the present
RFID tag anti-collision protocols. The simulation results show
that the proposed algorithm has better performance than the
present algorithms except in the worst case that collisions
occur generally. The performance of the worst case is slightly
degraded than the performances of the present RFID tag anti-
collision protocols.

The rest of this paper is organized as follows. In Section
II, the present RFID tag anti-collision protocols are reviewed.
Section III describes the scanning-based pre-processing. The
simulation environment and the performance analysis are
explicated in Section IV. The conclusion is discussed in
Section V.

II. THE PRESENT ANTI-COLLISION ALGORITHMS

For reliable RFID systems, read rate is a very important
factor. Read rate indicates the percentage of the succeeding
frequency over cognitive trials. Ultimately,100% read rate
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cannot be achieved by slotted aloha based anti-collision proto-
cols, but can be fulfilled by tree based anti-collision protocols.
On the other hands, slotted aloha based anti-collision protocols
have benefit with small amount of tags. Here, several RFID
tag anti-collision protocols are introduced.

A. Binary Tree Working Algorithm

A reader chooses ‘0’ or ‘1’. If the reader makes a choice, the
identification process should keep the way of choice when the
tree splits at a node. Then the binary tree working algorithm
(BTWA) is operated as follows. First, the reader transmitsk -
length prefix. Second, tags sendk + 1th bit if the first k bits
of tag IDs are matched to the prefix. Third, if the received bits
collide, the extended prefix attached ‘0’ or ‘1’ to the prefix is
retransmitted by the reader. If they do not collide, the received
bit is attached to the prefix for the next prefix. If there is no
response, the branch is ignored. Also, if the last bits collide, the
reader assumes there are two tags because of the uniqueness
of the tag IDs. Finally, the reader repeats the procedure until
all the tags are identified [5].

B. Query Tree Algorithm

The query tree algorithm (QTA) is based on BTWA. The
difference between QTA and BTWA is as follows. A reader
transmits thek -length prefix. Then tags send fromk + 1th

bit to the end bit of tag IDs if the firstk bits of tag IDs
are matched to the prefix. Also, if the received tag IDs
collide, the extended prefix attached ‘0’ or ‘1’ to the prefix is
retransmitted. Furthermore, if there is no collision, the reader
identifies one of the tags [7,8,9].

C. Collision Tracking Tree Algorithm

The collision tracking tree algorithm (CTTA) is based
on QTA except that this scheme uses collision tracking.
In QTA, the tags send their IDs fromk + 1th bit to the
end bit if the prefix is matched to tags’ firstk bits. Then
the reader transmits a signal to stop sending IDs from
tags if there is a collision. It looks similar to the query
tree algorithm, but the difference is that the collision track-
ing tree algorithm constructs the next prefix with the bits
received before collision and reduces the waste of time
caused by collisions occurred. In other words, the next prefix
is ‘the former prefix k bits + the received n bits + 1 or 0 ’
when the collision occurs atn + 1th bit in the received
sequences of the reader [9].

D. Scanning-based Sequential Searching Algorithm

This algorithm finds the positions of collided bits first with
scanning all tag IDs. A reader sends inquiring bits to receive
tag IDs simultaneously. After tags send their whole length
of IDs, the reader can learn the location of the collided bits
with received sequences. Then the reader makes2n−1 prefixes
from LSB to MSB if n-bit collisions occur. With this prefix
set, the reader identifies all the tags sequentially. The reason
is that if there is only one collision at any position, the reader
assumes there are two tags because of the uniqueness of the
tag IDs [10].

E. Frame slotted ALOHA

In FS-ALOHA, a reader gives information, which is read
range, clock, and frame size, to tags. Then the tags choose
a slot with random backoff time in a frame to send their
IDs. If a tag is identified by the reader, the tag changes its
state as ‘inactivated’. Do this procedure during the number of
cycles determined by target accuracy in Markov process. How
to choose a frame size with the unknown number of tags can
be a good research subject [11].

F. STAC

STAC is based on FS-ALOHA. The only difference is that
STAC reduces the waste of time caused by empty slots in a
frame. In the FS-ALOHA algorithm, there is no consideration
for empty slots which makes the algorithm inefficient. In the
STAC algorithm, a reader sends the ’close slot sequence ’ to
tags when an empty slot occurs. Thus, the empty slot interval
is reduced [12].

G. Bit-Slot

The bit-slot algorithm is a kind of reservation based
algorithm. With the bit-slot algorithm, we can reduce the
overhead when we send the whole IDs. Tags send reservation
sequences randomly generated by only one ‘1’ and several
‘0’s. Then a reader checks the reservation sequences
whether the sequences are collided or not. With the no
collided sequences, the reader makes a list to call each tag.
Then the reader communicates with each tag sequentially [13].

III. SCANNING-BASED PRE-PROCESSING AIDED
ANTI-COLLISION PROTOCOLS

The present schemes are not efficient because of its pro-
cessing time. Thus, we propose new efficient anti-collision
protocol for passive RFID systems.

ID Request
Reader

Send tag IDs
Tag

Check the positions of collided bits
Reader

Inform the positions‘0’ indicates no collided bits‘1’ indicates collided bits

Reader

Access tags’ memories to save 
the values at the positions

Tag

Identification processing with the tag ’s 
memories adopting one of the present 

RFID tag anti-collision protocols 

Fig. 1. The flow chart of the scanning-based pre-processing



A. The idea description

The aspect of scanning-based pre-processing (SBPP) aided
anti-collision protocols is that there may be locally the same
patterns among the tags’ IDs. Thus, both the prefix overhead
and the answer overhead from the same patterns which are not
conflicted can be ignored by scanning the collided bits and
accessing tags’ memories only once to inform the positions
of collided bits. In other words, the tree searching depth
is reduced as the length of temporary IDs is shortened by
ignoring the same patterns after scanning and informing the
collided bits. After then, the rest of the identification procedure
is the same as one of the present anti-collision protocols

B. The whole procedure

The procedure of SBPP is as follows.

1) A reader sends an inquiring signal.
2) Tags in the field from the reader respond their tag IDs.
3) The reader finds the collided bits from the received tag

IDs and generates a sequence which is constructed by
‘0’ and ‘1’. ‘0’ means a no collided position at tag IDs
and ‘1’ indicates a collided position at tag IDs.

4) The reader sends the sequence to inform the collided
bits to the tags.

5) The tags write the collided bits to their memories.
6) A tag identification system is operated with the squeezed

tag IDs by one of the present RFID tag anti-collision
protocols. Here, we adopt tree based algorithms for
testing the performance of the proposed method.

C. The performance prediction

The performances of SBPP aided anti-collision protocols
are in the middle of between the worst case and the best
case. The worst case is when collisions occur generally. In
other words, randomly generated tag IDs are conflicted at
the all positions of the tag IDs. Then, the advantage of this
scheme is disappeared. Thus, the performance of the worst
case approaches to that of the present anti-collision protocols
with slight degradation due to the scanning overhead. The
best case occurs when the number of tags is2n and the
number of collided bits isn. Then the performances of the
proposed algorithms are several times better than the present
tag anti-collision protocols.

IV. SIMULATIONS AND RESULTS

In this section, we observe the performances of the tree
based anti-collision protocols adopting scanning-based pre-
processing.

A. Simulation environment

The simulation condition is as follows. Above all else, there
is only one reader. In the field of the reader, the number of
tags increases from 2 to 1024. Both tag-to-reader data rate
and reader-to-tag data rate are chosen as 80k bps. The reason
is that the middle speed in EPC Class 1 Gen. 2 proposed
by EPCglobal to ISO/ICE 18000-6 C is equal to the chosen

data rate [2,3]. There are some iteration overhead because of
propagation delay from the channel and latency from the signal
processing. Here, the iteration overhead is not considered for
the simulation. The tag IDs are randomly generated. Moreover,
the tree based tag anti-collision algorithms are taken for
comparing with the scanning-based pre-processing aided tree
based tag anti-collision protocols.

The observation of the simulations has three important
points. The first point of observation is the average required
bits for one-tag identification with 96-bit tag length determined
in EPC Class 1 Gen. 2. The second point is the average
required iterations for the identification with 96-bit tag length.
one iteration is determined by a request and one of the possible
responded states; collision, no collision, and no response.
The third point is the performance tendency toward variation
depending on the number of collided bits. According to the
formation of tag IDs, the collisions locally occur in large scale
supply chain.

B. Results

With EPC Class 1 Gen. 2, tag IDs are constructed by 8 bits
for version, 28 bits for EPC manager, 24 bits for object number
and 36 bits for serial number. If several items are made by a
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Fig. 2. The average required iterations for one-tag identification in SBTWA
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factory, the different parts of tag IDs in the items would be
serial numbers. Also, if some items are made by a company
for a short period of time, the different parts of tag IDs in the
items would be object numbers and serial numbers. We use
these characteristics to the simulations in justification of using
scanning-based pre-processing (SBPP).

First of all, we apply SBPP to binary tree working algorithm
(BTWA). The simulation results show that the proposed pro-
tocol, SBPP aided binary tree working algorithm (SBTWA),
has significantly better performance than BTWA if collisions
occur locally as shown in Fig.2 and Fig.3 (in the figures, ‘36’
indicates that only serial numbers are different, ‘60’ shows
that both object numbers and serial numbers are different, and
none means that collisions occur generally.). The reason is
that the overhead from no collided bits is removed by SBPP.
In BTWA, not only the average required iterations but also
the average required bits for one-tag identification are certainly
reduced. Furthermore, SBTWA gets always better performance
than BTWA in small amount of tags because the scanning
overhead is less than the benefit of SBPP even if collisions
occur generally.

Next, we observe the effect of applying SBPP to query
tree algorithm (QTA). Also the proposed protocol, SBPP
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Fig. 4. The average required iterations for one-tag identification in SQTA
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Fig. 5. The average required bits for one-tag identification in SQTA

aided query tree algorithm (SQTA), has somewhat better
performance than QTA if collisions occur locally as shown
in Fig.4 and Fig.5. In case of QTA, not the average required
iterations for one-tag identification is reduced, but the average
required bits for one-tag identification is decreased. The reason
is that the average required iterations for one-tag identification
in QTA depend on not the number of no collided bits, but the
number of collisions. Moreover, the scanning overhead is more
than the benefit of SBPP if collisions occur generally. Thus,
the performance is degraded except small amount of tags.

Finally, applying SBPP to collision tracking tree algorithm
(CTTA) is observed. As shown in Fig.6 and Fig.7, the pro-
posed protocol, SBPP aided collision tracking tree algorithm
(SCTTA), has fairly better performance than CTTA as well. In
CTTA case, also, not the average required iterations for one-
tag identification is reduced, but the average required bits for
one-tag identification is decreased owing to the same reason as
QTA. Besides, the scanning overhead is more than the benefit
of SBPP if collisions occur generally. Thus, the performance
is degraded on all occasions.

With these results, we infer that the SBPP aided tree based
RFID tag anti-collision protocols achieve faster tag identifi-
cation than the present tree based tag anti-collision protocols.

10
1

10
2

10
3

0

0.5

1

1.5

2

2.5

The # of tags

T
he

 a
ve

ra
ge

 r
eq

ui
re

d 
ite

ra
tio

ns
 f

or
 o

ne
-t

ag
 id

en
tif

ic
at

io
n

CTTA

SCTTA
SCTTA60

SCTTA36

Fig. 6. The average required iterations for one-tag identification in SCTTA
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Fig. 8. The average number of identified tags per second in SBPP aided tree
based RFID tag anti-collision protocols

Fig.8 shows the average number of identified tags per second
to compare the proposed protocols with the conventional
protocols. This figure supports our deduction reasonably.

According to our careful consideration about applying
scanning-based pre-processing to tree based RFID tag anti-
collision protocols, the proposed protocols have considerably
better performance than the original protocols if collisions
occur locally. Therefore, we can use the scanning-based
pre-processing for enhanced RFID anti-collision protocols at
large scale supply chain.

V. CONCLUSION

In this paper, we consider how to improve the performance
of the present RFID tag anti-collision protocols. The main
idea of the improvement is that the overhead from no collided
bits is reduced by scanning-based pre-processing (SBPP).
The aspect of SBPP is that there may be locally the same
patterns among tag IDs in large scale supply chain. Thus, a
reader scans all tag IDs for finding positions of collisions,
and informs the positions to the tags for saving the values of
the positions at tags’ memories. After then, we apply one of
the present RFID tag anti-collision protocols to the remaining
part of tag identification. By SBPP, the RFID systems are
capable of doing fast tag identification. According to the
simulations focused on applying SBPP to the tree based RFID
tag anti-collision protocols, SBPP aided binary tree working
algorithm (BTWA), query tree algorithm (QTA), and collision
tracking tree algorithm (CTTA) get better performance than
the original protocols, BTWA, QTA, and CTTA, in point
of the average required bits for one-tag identification. Also,
SBPP aided BTWA requires less average iterations for
one-tag identification. Furthermore, we can easily deduce that
SBPP is able to be applied to slotted aloha based RFID tag
anti-collision protocols. In conclusion, SBPP applied RFID
tag anti-collision protocols fulfill better performance than the

present RFID tag anti-collision protocols in cases of both
deterministic methods (tree based protocols) and probabilistic
methods (slotted aloha based protocols).
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