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relates to a method for determining
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prevention in an RFID system. The
present invention provides a method
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the left-hand frame size and the right-hand frame size, to be an optimal frame size. According to the present invention, a method
for exactly estimating an appropriate frame size in an Aloha-based RFID system is employed, thereby increasing the number of
tags which can be processed within a short time period in the RFID system.
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Description

METHOD FOR DETERMINING OPTIMAL FRAME SIZE FOR

[1]

[2]

[3]

[4]

[5]

[6]

TAG COLLISION PREVENTION IN RFID SYSTEM
Technical Field

The present invention relates to a method for determining an optimal frame size for
tag collision prevention in a radio frequency identification (RFID) system, and more
particularly to a method for maximizing the efficiency of tag identification by de-
termining a frame size to minimize an expected time delay per tag in order to prevent

collision between tags in an Aloha-based RFID system.

Background Art

One important function required in an RFID system is to rapidly and efficiently
identify tags. However, in a case where a plurality of tags exist within an identification
range of an RFID reader, since all the tags attempt to respond through an equal channel
at the same time, collisions occur, thereby delaying tag identification. Also, an idle
phenomenon where tags do not respond at all may occur in a certain channel, which
also decreases the efficiency of tag identification. Therefore, it is necessary to develop
an RFID tag identification method capable of maximizing the efficiency of an RFID sy
stem by contolling inevitable collisions, the idle phenomenon, and the like, to be
minimized under the limited functions of tags.

With rapid development of information communication technologies, efforts are
being made to create a ubiquitous environment in which information communication
devices can be easily and conveniently used in regular life, regardless of time and
place. In order to create such a ubiquitous environment, a wireless identification
technology enabling information communication devices to efficiently perceive and
identify each other from a remote is necessary. The RFID technology is becoming
attractive as a representative wireless identification technology.

The RFID is one of automatic identification technologies, such as a barcode, a
magnetic sensor, an IC card, and the like, and is the most up-to-date technology used
for wirelessly identifying data stored in a microchip by using an ultra-short wave or a
long wave. The RFID technology is increasingly used in the industrial world to such a
degree that the RFID technology is regarded as a substitute technology for the barcode,
which is currently used in distribution and circulation fields, financial services, etc.

FIG. 1 is a block diagram illustrating the configuration of a conventional RFID
system.

As shown in FIG. 1, in order to identify a tag 120 attached on an object, a con-

ventional RFID reader 110 identifies an identifier stored in the tag 120 by transmitting/
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receiving RF signals to/from the tag 120.

In this case, tag identification protocols used for the conventional RFID reader 120 to
identify the tag 120 may be roughly classified into Aloha-based protocols and tree-
based protocols.

The Aloha-based protocols include a pure Aloha protocol which cannot control
collisions between identifiers, the idle phenomenon, and the like at all, a slotted Aloha
protocol which can control collisions and occurrence of the idle phenomenon through
time slots, and a frame-slotted Aloha protocol which can more efficiently control
collisions and the occurrence of the idle phenomenon by grouping slots in units of
frames. Here, the collision phenomenon between identifiers represents that the con-
ventional RFID 110 receives two or more identifiers at the same time, and the idle
phenomenon represents that the conventional RFID 110 cannot receive an identifier
during a certain time period.

Meanwhile, the tree-based protocols employ a method of dividing tags into two
groups upon occurrence of a collision and extending the search space.

Of the Aloha-based protocols and the tree-based protocols, the Aloha-based protocols
are expected to be used as a standard for the RFID technology.

As described above, the Aloha-based protocol, and especially the frame-slotted
Aloha protocol, which is to be widely used in the future, employs a method in which
each of one or more tags selects one slot within a frame size, which corresponds to the
number of slots constituting one frame, the efficiency of tag identification significantly
varies depending on the adjusted frame size. For example, in an environment where a
plurality of tags 120 exists around the RFID reader 210, if the RFID reader 210 uses
too small a frame size, the number of collision slots increases, so that the tag iden-
tification performance becomes degraded. In contrast, if the RFID reader 210 uses too
large a frame size, the number of idle slots increases, so that the tag identification

performance becomes degraded.
Disclosure of Invention
Technical Solution

In order to solve such a problem, adaptive frame-slotted Aloha schemes, including a
random-slotted Aloha scheme, a dynamic frame-slotted Aloha scheme, etc., have been
proposed, but the conventional adaptive frame-slotted Aloha schemes have a problem
in that they lack a means for exactly estimating a frame size appropriate for a plurality
of tags.

Therefore, the present invention has been made in view of the above-mentioned
problems, and it is an object of the present invention to provide a method for

maximizing the efficiency of tag identification by means of a process for exactly
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estimating an appropriate frame size in an Aloha-based RFID system.

In order to achieve the above-mentioned object, there is provided a method for de-
termining an optimal frame size for tag collision prevention in a radio frequency iden-
tification (RFID) system in which frame sizes limited to a certain unit are used to
identify tags, the method including the steps of: (a) calculating, by an RFID reader, an
estimated optimal frame value, the RFID reader identifying the tags; (b) calculating, by
the RFID reader, expected time delays per tag of a left-hand frame size and a right-
hand frame size, which show the smallest differences with respect to the estimated
optimal frame value, among the frame sizes; (c) comparing, by the RFID reader, the
expected time delay per tag of the left-hand frame size with that of the right-hand
frame size; and (d) determining, by the RFID reader, a frame size which has a smaller
expected time delay per tag, between the left-hand frame size and the right-hand frame
size, to be an optimal frame size.

According to another aspect of the present invention, there is provided a method for
determining an optimal frame size for tag collision prevention in a radio frequency
identification (RFID) system in which a plurality of frame sizes are used to identify a
plurality of tags, the method including the steps of: (a) calculating, by an RFID reader,
a first middle point which is a middle point of the plurality of frame sizes; (b)
calculating, by the RFID reader, an expected time delay per tag with respect to each of
the first middle point and first both-sided frame sizes, including a minimum frame size
and a maximum frame size among the plurality of frame sizes; (c) comparing, by the
RFID reader, the expected time delay per tag of the first middle with the expected time
delays per tag of the first both-sided frame sizes; (d) determining, by the RFID reader,
the first middle point to be an optimal frame size when the expected time delay per tag
of the first middle point is smaller than the expected time delays per tag of the first
both-sided frame sizes in step (c); (e) calculating, by the RFID reader, a second middle
point, which is a middle point between the first middle point and a first frame size
causing a smaller expected time delay per tag between the first both-sided frame sizes
when the expected time delay per tag of the first middle point is greater than the
expected time delays per tag of the first both-sided frame sizes in step (c), and then
calculating an expected time delay per tag with respect to each of the second middle
point and second both-sided frame sizes which include the first frame size and the first
middle point; (f) comparing, by the RFID reader, the expected time delay per tag of the
second middle point with the expected time delays per tag of the second both-sided
frame sizes; (g) determining, by the RFID reader, the second middle point to be the
optimal frame size when the expected time delay per tag of the second middle point is
smaller than the expected time delays per tag of the second both-sided frame sizes in

step (f); and (h) repeatedly performing, by the RFID reader, a bisection search process



WO 2008/143484 PCT/KR2008/002907

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

which includes steps (a) to (g) until the optimal frame size is determined from among
the plurality of frame sizes, when the expected time delay per tag of the second middle
point is greater than the expected time delays per tag of the second both-sided frame
sizes in step (f).
Brief Description of the Drawings

FIG. 1 is a block diagram illustrating the configuration of a conventional RFID
system;

FIG. 2 is a block diagram illustrating the configuration of an RFID system according
to an exemplary embodiment of the present invention;

FIG. 3 is a view explaining an example of a configuration for determining an optimal
frame size when frame sizes are limited according to the present invention;

FIG. 4 is a view explaining an example of a configuration for determining an optimal
frame size through a bisection search process according to the present invention;

FIGs. 5A and 5B are views explaining examples of use of an optimal frame size
according to an exemplary embodiment of the present invention;

FIG. 6 is a flowchart illustrating a procedure for determining an optimal frame size
according to a first embodiment of the present invention; and

FIGs. 7 and 8 are flowcharts illustrating a procedure for determining an optimal

frame size according to a second embodiment of the present invention.

Mode for the Invention

Hereinafter, preferred embodiments of the present invention will be described with
reference to the accompanying drawings. First, it is to be noted that the same elements
are indicated with the same reference numerals throughout the drawings. In the
following description, a detailed description of known functions and configurations in-
corporated herein will be omitted when it may make the subject matter of the present
invention rather unclear.

FIG. 2 is a block diagram illustrating the configuration of a radio frequency iden-
tification (RFID) system according to an exemplary embodiment of the present
invention.

According to an exemplary embodiment of the present invention, an RFID system
200 includes an RFID reader 210 and a plurality of tags 220, which are located within
an identification range of the RFID reader 210. Although the present invention is
described about a case where the tags 220 include a first tag 221, a second tag 222, a
third tag 223, a fourth tag 224, and a fifth tag 225, the present invention may be
applied even to cases where more or less tags exist.

The RFID reader 210 according to the present invention may be used as an in-

dependent device, or may be included in an apparatus, including a mobile terminal, a
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personal digital assistance (PDA), a notebook computer, etc.

Although the present invention is described on the assumption that the RFID reader
210 employs an adaptive frame-slotted Aloha scheme, the present invention can be
applied to cases where the RFID reader 210 employs an Aloha-based scheme other
than the adaptive frame-slotted Aloha scheme.

The scheme of performing a first process of a tag identification process by the RFID
reader 210 according to the present invention is the same as the conventional adaptive
frame-slotted Aloha scheme, and is described below for an easy understanding of the
configuration of the present invention. Here, the first process corresponds to a process
in which the RFID reader 210 first identifies the plurality of tags 220.

In the first process of the tag identification process, the RFID reader 210 transmits a
first frame size, which has been set as an initial value, to the plurality of tags 220.
Here, the tag identification process is progressed in a unit frame period. That is, first,
the RFID reader 210 performs the first process of transmitting the first frame size (i.e.
the number of slots in the first frame), which has been set as an initial value, to the
plurality of tags 220, and identifying one or more tags among the tags 220 through one
or more slots corresponding to the first frame size. After the first process, the RFID
reader 210 repeats a process of determining an optimal frame size according to an
exemplary embodiment of the present invention, transmitting the optimal frame size to
the plurality of tags 220, and identifying one or more tags among the tags 220, in a unit
frame period.

Each of the tags 220, that is, the first tag 221, the second tag 222, the third tag 223,
the fourth tag 224, and the fifth tag 225, which have received a first frame size, selects
a slot (i.e. a slot sequence number) to use within the first frame size through their
respective random number generator (RNG). Then, the RFID reader 210 transmits an
identifier request message, requesting a tag identifier to be transmitted, to the first tag
221, the second tag 222, the third tag 223, the fourth tag 224, and the fifth tag 225 in a
unit slot period through one tag identification process, and receives one or more
identifiers from the plurality of tags 220. For example, when the first frame size
represents three slots, including slot #1, slot #2, and slot #3, the RFID reader 210
transmits an identifier request message to the plurality of tags 220 in order to identify
the identifier of any one of the tags 220 in slot #1, and receives one or more identifiers
from one or more tags, having selected slot #1, among the tags 200. Thereafter, similar
to in slot #1, in each of slots #2 and #3, the RFID reader 210 transmits an identifier
request message to the plurality of tags 220, and receives one or more identifiers.

In this case, one slot starts when the RFID reader 210 transmits an identifier request
message to the plurality of tags 220, and is terminated when the RFID reader 210

receives one or more identifiers from the plurality of tags 220.
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In the first frame, whenever one slot is terminated, the RFID reader 210 records a tag
identification result representing whether one tag has responded, (i.e. one identifier has
received) (success slot), two or more tags have responded (i.e. two or more identifiers
have received) (collision slot), or no tag has responded (i.e. no identifier has received)
(idle slot), in the corresponding slot, thereby completing the first process.

When the first process has completed, the RFID reader 210 determines an optimal
frame size according to an exemplary embodiment of the present invention, and
transmits a frame having the optimal frame size to the plurality of tags 220.

The RFID reader 210 determines the optimal frame size by equations 1 and 2 below.

MathFigure 1

[Math.1]
{% (1-%)%1}_15{1- (1-%)m(1+%)STcoll+ (1-%)mst'dle+% (1-%)"1-157’3”00}

Equation 1 is used to calculate an expected time delay per tag, that is, an expected
time delay required for identifying each tag, wherein "L" represents the number of
slots in one frame (i.e. frame size), "m" represents the number of tags, "Tsucc,"
"Tcoll," and "Tidle" represent time delays caused by a success slot, a collision slot, and
an idle slot, respectively.

According to the present invention, when the expected time delay per tag is
minimized, the expected efficiency of tag identification, representing how many tags
can be identified during the same time, is maximized. That is, since a maximum
expected efficiency of tag identification can be obtained through a minimum expected
time delay per tag, the maximum expected efficiency of tag identification, that is, an
optimal frame size, can be obtained by continuously applying a frame size minimizing
the resultant value of equation 1 to a frame.

MathFigure 2
[Math.2]

by

L

Equation 2 is used to calculate an estimated value of an optimal frame size, wherein
"e" represents the Euler's constant, "W()" represents the Lambert omega function, "
* +

" represents a floor function, and "r" represents a rate ('Tidle/Tcoll) obtained by
dividing a time delay of an idle slot by a time delay of a collision slot. Here, when the
RFID reader 210 recognizes the number of tags 220, the RFID reader 210 inputs the

number of tags 220 into equation 2. In contrast, when the RFID reader 210 does not
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recognize the number of tags 220, the RFID reader 210 estimates the number of tags
220 by using information recorded during the first process, and inputs the estimated
number into equation 2. The technology of estimating the number of tags is generally
known in the art, so a detailed description thereof will be omitted.

Since available frame sizes may be limited to a certain unit by a standard used in the
RFID system 200 or by a system constraint, when an estimated value of an optimal
frame size calculated through equation 2 cannot be applied as an optimal frame size,
the RFID reader 210 according to the present invention determines an optimal frame
size according to a first embodiment of the present invention, as described below. For
example, when a frame size is limited to natural numbers, the estimated value of an
optimal frame size includes a value after the decimal point.

According to the first embodiment of the present invention, as shown in FIG. 3, the
RFID reader 210 substitutes the number of slots of each of both-sided frame sizes,
which are nearest to the estimated value of an optimal frame size calculated by
equation 2, among limited frames sizes, that is, the number of slots of a left-hand frame
size (a frame size having a value lower than the estimated value of the optimal frame
size) and the number of slots of a right-hand frame size (a frame size having a value
higher than the estimated value of the optimal frame size), which show the smallest
differences with respect to the estimated value of the optimal frame size, into equation
1, respectively. Then, the RFID reader 210 compares an expected time delay per tag
calculated in the left-hand frame size with an expected time delay per tag calculated in
the right-hand frame size. In this case, the number of slots corresponds to the value of
"L" in equation 1.

The RFID reader 210 determines a frame size causing the smallest expected time
delay per tag between both-sided frame sizes to be an optimal frame size, and transmits
the determined optimal frame size to the plurality of tags 220. Here, frame size 1,
frame size 2, frame size 3, etc. are used to only distinguish different frame sizes from
each other, and are not used to represent the number of slots of each corresponding
frame size. For example, frame size 1 may include five slots, frame size 2 may include
six slots, and frame size 3 may include seven slots.

According to the first embodiment of the present invention, the RFID reader 210 can
recognize the number of tags required for calculating an expected time delay per tag
through the first process performed by the RFID reader 210, and "Tsucc," "Tcoll," and
"Tidle," which are time delays caused by a success slot, a collision slot, and an idle
slot, respectively, are stored in a memory included in the RFID reader 210.

Meanwhile, according to the present invention, when the throughput of the RFID
reader 210 is low, it may take a long time for the RFID reader 210 to calculate the

estimated value of an optimal frame size by equation 2. Therefore, in this case,
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according to a second embodiment of the present invention, the RFID reader 210
determines an optimal frame size by a bisection search method using equation 1, as
described below. In this case, the RFID reader 210 can recognize the number of tags
220 through the performance of the first process.

According to the second embodiment of the present invention, as shown in FIG. 4,
the RFID reader 210 arranges a plurality of frame sizes available by the RFID reader
210 in regular sequence, and calculates a first middle point, that is, a middle point
between a minimum frame size (i.e. frame size 1 in FIG. 4) and a maximum frame size
(i.e. frame size 7 in FIG. 4) among the plurality of frame sizes.

The RFID reader 210 substitutes the number of slots of the first middle point and the
numbers of slots of first both-sided frame sizes, including the minimum and maximum
frame sizes which are furthest away from the first middle point, into equation 1, re-
spectively, and compares calculated expected time delays per tag with each other.

When the expected time delay per tag of the first middle point is smaller than those
of the first both-sided frame sizes, the RFID reader 210 determines the frame size of
the first middle point to be an optimal frame size, and transmits the optimal frame size,
i.e. the frame size of the first middle point, to the plurality of tags 220.

When the expected time delay per tag of the first middle point is greater than those of
the first both-sided frame sizes, the RFID reader 210 selects a first frame size (i.e.
frame size 1 in FIG. 4), causing a relatively smaller expected time delay per tag
between the first both-sided frame sizes, and again calculates a middle point
(hereinafter, referred to as a "second middle point") between the first middle point and
the first frame size. Then, the RFID reader 210 substitutes the number of slots of the
second middle point and the numbers of slots of second both-sided frame sizes, that is,
the first frame size (i.e. frame size 1 in FIG. 4) and the first middle point (i.e. frame
size 4 in FIG. 4), with respect to the second middle point, into equation 1, respectively,
and compares calculated expected time delays per tag with each other.

When the expected time delay per tag of the second middle point is smaller than
those of the second both-sided frame sizes, the RFID reader 210 determines the frame
size of the second middle point to be an optimal frame size, creates a frame having the
optimal frame size, i.e. the frame size of the second middle point, and transmits the
created frame to the plurality of tags 220.

When the expected time delay per tag of the second middle point is greater than
those of the second both-sided frame sizes, the RFID reader 210 selects a frame size
(i.e. frame size 4 in FIG. 4) causing a relatively smaller expected time delay per tag
between the second both-sided frame sizes.

Through the aforementioned procedure, the RFID reader 210 may determine a frame

size of an N middle point, which has no space to search, to be an optimal frame size.
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Also, when the expected time delay per tag of any one of third, fourth,..., N middle
points, which are middle points after the second middle point, is smaller than those of
both-sided frame sizes with respect to the corresponding middle point, the RFID reader
210 may stop the searching operation, determine the frame size of the corresponding
middle point to an optimal frame size, and transmit the determined optimal frame size
to the plurality of tags 220. For example, when the expected time delay per tag of the
third middle point is smaller than those of both-sided frame sizes (i.e. the second
middle point and first middle point), as shown in FIG. 4, the RFID reader 210
determines the third middle point to be an optimal frame size.

According to the second embodiment of the present invention, the RFID reader 210
can recognize the number of tags required for calculating an expected time delay per
tag through the first process performed by the RFID reader 210, and "Tsucc," "Tcoll,"
and "Tidle," which are time delays caused by a success slot, a collision slot, and an idle
slot, respectively, are stored in an internal memory of the RFID reader 210.

When the RFID reader 210 determines an optimal frame size according to the first or
second embodiment of the present invention, and identifies the identifiers of tags 220,
including the first tag 221, the second tag 222, the third tag 223, the fourth tag 224, and
the fifth tag 225, the collision phenomenon between the identifiers and the idle
phenomenon can be minimized.

FIGs. 5A and 5B are views explaining examples of use of an optimal frame size
according to an exemplary embodiment of the present invention.

FIG. 5A shows a tag identification result recorded in the RFID reader 210 when an
optimal frame size according to an exemplary embodiment of the present invention has
not been determined by the RFID reader 210, and FIG. 5B shows a tag identification
result recorded in the RFID reader 210 when an optimal frame size according to an
exemplary embodiment of the present invention has been determined by the RFID
reader 210.

The respective RFID systems of FIGs. SA and 5B are under the circumstances that
five tags 220 exist and both the success slot and the collision slot have a time delay of
one unit of time, wherein each idle slot in FIG. 5B has a time delay of 0.2 unit of time,
so that a time delay rate of the idle slot to the collision slot is 0.2.

In the case of FIG. 5A, since the RFID reader 210 transmits too small a frame size to
the plurality of tags 220, relatively more collision slots occur, so that the expected
efficiency of tag identification is degraded.

In the case of FIG. 5B, since the RFID reader 210 determines an optimal frame size
(i.e. 9 slots) by using at least one of equations 1 and 2, and transmits the optimal frame
size to the plurality of tags 220, the number of occurring collision slots is minimized,

so that the expected efficiency of tag identification is maximized.
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The tag identification efficiencies of FIGs. SA and 5B are calculated to be
"1/3=0.333" and "3/4.8=0.625," respectively, so that it can be understood that the case
of FIG. 5B can identify many more tags during the same time period, wherein each
numerator "1" and "3" represents the number of success slots, and each denominator
"3" and "4.8" represents a total time delay of one frame.

FIG. 6 is a flowchart illustrating a procedure for determining an optimal frame size
according to the first embodiment of the present invention.

The first embodiment of the present invention is used for the RFID reader 210 to
complete the first process and then to determine an optimal frame size when frame
sizes available by the RFID reader 210 is limited.

After completing the first process, the RFID reader 210 calculates the estimated
value of an optimal frame size by using equation 2 in step 610.

The RFID reader 210 substitutes the number of slots of a left-hand frame size and the
number of slots of a right-hand frame size, which show the smallest differences with
respect to the estimated value of the optimal frame size, among the limited frame sizes,
into equation 1, respectively, thereby calculating an expected time delay per tag of the
left-hand frame size and an expected time delay per tag of the right-hand frame size in
step 620. Here, the RFID reader 210 can recognize the number of tags required for
calculating an expected time delay per tag through the first process performed by the
RFID reader 210, and "Tsucc," "Tcoll," and "Tidle," which are time delays caused by a
success slot, a collision slot, and an idle slot, respectively, are stored in an internal
memory of the RFID reader 210.

The RFID reader 210 compares the expected time delay per tag of the left-hand
frame size, with the expected time delay per tag of the right-hand frame size in step
630, and determines a frame size causing a smaller expected time delay per tag, of both
expected time delays per tag, to be an optimal frame size in step 640. Here, frame size
1, frame size 2, frame size 3, etc. are used to only distinguish different frame sizes
from each other, and are not used to represent the number of slots of each cor-
responding frame size. For example, frame size 1 may include five slots, frame size 2
may include six slots, and frame size 3 may include seven slots.

FIGs. 7 and 8 are flowcharts illustrating a procedure for determining an optimal
frame size according to a second embodiment of the present invention.

The second embodiment of the present invention is used for the RFID reader 210 to
complete the first process and then to determine an optimal frame size through a
bisection search process when the throughput of the RFID reader 210 is low.

After completing the first process, the RFID reader 210 arranges a plurality of
available frame sizes in regular sequence, as shown in FIG. 4, and calculates a first

middle point, which is a middle point between a minimum frame size and a maximum
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frame size among the plurality of frame sizes, in step 705.

The RFID reader 210 substitutes the number of slots of the first middle point, and the
numbers of slots of first both-sided frame sizes, including the minimum and maximum
frame sizes which are furthest away from the first middle point, into equation 1, re-
spectively, in step 710, and compares calculated expected time delays per tag with
each other in step 715. Here, the RFID reader 210 can recognize the number of tags
required for calculating an expected time delay per tag through the first process
performed by the RFID reader 210, and "Tsucc," "Tcoll," and "Tidle," which are time
delays caused by a success slot, a collision slot, and an idle slot, respectively, are
stored in an internal memory of the RFID reader 210.

The RFID reader 210 determines if the expected time delay per tag of the first middle
point is smaller than the expected time delays per tag of the first both-sided frame sizes
in step 720.

When the expected time delay per tag of the first middle point is smaller than the
expected time delays per tag of the first both-sided frame sizes, the RFID reader 210
determines the frame size of the first middle point to be an optimal frame size in step
725. In this case, the RFID reader 210 stops the bisection search process, and transmits
the optimal frame size determined in step 725, that is, the frame size of the first middle
point, to the plurality of tags 220.

When the expected time delay per tag of the first middle point is greater than the
expected time delays per tag of the first both-sided frame sizes in step 720, the RFID
reader 210 selects a first frame size, causing a relatively smaller expected time delay
per tag between the first both-sided frame sizes in step 730, and again calculates a
middle point (hereinafter, referred to as a "second middle point") between the first
middle point and the first frame size in step 735. Thereafter, the RFID reader 210
substitutes the number of slots of the second middle point, and the numbers of slots of
second both-sided frame sizes, that is, the first frame size and the first middle point,
with respect to the second middle point, into equation 1, respectively, in step 740, and
compares calculated expected time delays per tag with each other in step 745.

The RFID reader 210 determines if the expected time delay per tag of the second
middle point is smaller than those of the second both-sided frame sizes in step 750.

When the expected time delay per tag of the second middle point is smaller than
those of the second both-sided frame sizes in step 750, the RFID reader 210 determines
the frame size of the second middle point to be an optimal frame size in step 755. In
this case, the RFID reader 210 stops the bisection search process, and transmits the
optimal frame size determined in step 755, that is, the frame size of the second middle
point, to the plurality of tags 220.

When the expected time delay per tag of the second middle point is greater than
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those of the second both-sided frame sizes in step 750, the RFID reader 210 resumes
the bisection search process in step 760.

The RFID reader 210 determines if a middle point calculated in step 760 corresponds
to an N middle point having no space to search, and if an expected time delay per tag
of the middle point calculated in step 760 is smaller than those of both-sided frame
sizes of the corresponding middle point in step 765. When the middle point calculated
in step 760 does not correspond to the N middle point, and the expected time delay
per tag of the middle point calculated in step 760 is greater than those of both-sided
frame sizes of the corresponding middle point, the RFID reader 210 returns to step
760.

When the middle point calculated in step 760 corresponds to the N" middle point
having no space to search, or when the expected time delay per tag of the middle point
is smaller than those of both-sided frame sizes of the corresponding middle point, the
RFID reader 210 determines the frame size of the corresponding middle point to be an
optimal frame size in step 770. In this case, the RFID reader 210 transmits the optimal
frame size determined in step 770 to the plurality of tags 220.

As described above, when the RFID reader 210 determines an optimal frame size
according to the first or second embodiment of the present invention, and identifies the
identifiers of tags 220, including the first tag 221, the second tag 222, the third tag 223,
the fourth tag 224, and the fifth tag 225, the collision phenomenon between the
identifiers and the idle phenomenon can be minimized.

Although an exemplary embodiment of the present invention has been described for
illustrative purposes, those skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing from the scope and spirit of
the invention as disclosed in the accompanying claims. Therefore, the embodiment
disclosed in the present invention has been described not for limiting the scope of the
invention, but for describing the invention. Accordingly, the scope of the invention is
not to be limited by the above embodiment but by the claims and the equivalents
thereof. It will be understood by those skilled in the art that various changes in form
and details may be made therein without departing from the spirit and scope of the
invention as defined by the appended claims.

Industrial Applicability

As described above, according to the present invention, a method for exactly
estimating an appropriate frame size in an Aloha-based RFID system is employed,
thereby increasing the number of tags which can be processed within a short time

period in the RFID system.
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Claims

1. A method for determining an optimal frame size for tag collision prevention in
a radio frequency identification (RFID) system in which frame sizes limited to a
certain unit are used to identify tags, the method comprising the steps of:

(a) calculating, by an RFID reader, an estimated optimal frame value, the RFID
reader identifying the tags;

(b) calculating, by the RFID reader, expected time delays per tag of a left-hand
frame size and a right-hand frame size, which show the smallest differences with
respect to the estimated optimal frame value, among the frame sizes;

(c) comparing, by the RFID reader, the expected time delay per tag of the left-
hand frame size with that of the right-hand frame size; and

(d) determining, by the RFID reader, a frame size which has a smaller expected
time delay per tag, between the left-hand frame size and the right-hand frame
size, to be an optimal frame size.

The method as claimed in claim 1, wherein, in step (a), the RFID reader

calculates the estimated optimal frame value by means of an equation,

L

e" represents an Euler's constant, "W()" represents a Lambert omega

(wherein
function, "
* +

" represents a floor function, and "r" represents a rate obtained by dividing a time
delay of an idle slot by a time delay of a collision slot).

The method as claimed in claim 1, wherein, in step (b), the RFID reader
calculates the expected time delay per tag of the left-hand frame size, and the

expected time delay per tag of the right-hand frame size by means of an equation,

{% (1-‘;)’"_1} 1s{l- (1-%)m(1+%)sﬂcoll+(1-%)mst'dIe+% (I-III)M-ISTSHCC}
(wherein "L" represents the number of slots in one frame (i.e. frame size), "m"
represents the number of tags, "Tsucc" represents a time delay caused by a
success slot, "Tcoll" represents a time delay caused by a collision slot, and
"Tidle" represents a time delay caused by an idle slot).

The method as claimed in claim 1, further comprising a step of (e) transmitting,
by the RFID reader, the optimal frame size to the tags.

The method as claimed in claim 1, wherein, in step (b), the left-hand frame size
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is smaller than the estimated optimal frame value, and the right-hand frame size
is greater than the estimated optimal frame value.

A method for determining an optimal frame size for tag collision prevention in a
radio frequency identification (RFID) system in which a plurality of frame sizes
are used to identify a plurality of tags, the method comprising the steps of:

(a) calculating, by an RFID reader, a first middle point which is a middle point of
the plurality of frame sizes;

(b) calculating, by the RFID reader, an expected time delay per tag with respect
to each of the first middle point and first both-sided frame sizes, including a
minimum frame size and a maximum frame size among the plurality of frame
sizes;

(c) comparing, by the RFID reader, the expected time delay per tag of the first
middle with the expected time delays per tag of the first both-sided frame sizes;
(d) determining, by the RFID reader, the first middle point to be an optimal
frame size when the expected time delay per tag of the first middle point is
smaller than the expected time delays per tag of the first both-sided frame sizes
in step (¢);

(e) calculating, by the RFID reader, a second middle point, which is a middle
point between the first middle point and a first frame size causing a smaller
expected time delay per tag between the first both-sided frame sizes when the
expected time delay per tag of the first middle point is greater than the expected
time delays per tag of the first both-sided frame sizes in step (c), and then
calculating an expected time delay per tag with respect to each of the second
middle point and second both-sided frame sizes which include the first frame
size and the first middle point;

(f) comparing, by the RFID reader, the expected time delay per tag of the second
middle point with the expected time delays per tag of the second both-sided
frame sizes;

(g) determining, by the RFID reader, the second middle point to be the optimal
frame size when the expected time delay per tag of the second middle point is
smaller than the expected time delays per tag of the second both-sided frame
sizes in step (f); and

(h) repeatedly performing, by the RFID reader, a bisection search process which
includes steps (a) to (g) until the optimal frame size is determined from among
the plurality of frame sizes, when the expected time delay per tag of the second
middle point is greater than the expected time delays per tag of the second both-
sided frame sizes in step (f).

The method as claimed in claim 6, wherein the RFID reader calculates the
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expected time delays per tag by means of an equation,
mo . 1" 1\"/.  m 1" m o 1\

{f (7 ) } s{l- (1) (1o Jsteolts (1= sTidle 7 (1--) STsucc}
(wherein "L" represents the number of slots in one frame (i.e. frame size), "m"
represents the number of tags, "Tsucc" represents a time delay caused by a
success slot, "Tcoll" represents a time delay caused by a collision slot, and
"Tidle" represents a time delay caused by an idle slot).

The method as claimed in claim 6, further comprising, after step (d), a step of
(d1) stopping, by the RFID reader, the bisection search process, and transmitting
a frame size of the first middle point to the plurality of tags.

The method as claimed in claim 6, further comprising, after step (g), a step of
(gl) stopping, by the RFID reader, the bisection search process, and transmitting
a frame size of the second middle point to the plurality of tags.

The method as claimed in claim 6, further comprising a step of (i) stopping, by
the RFID reader, the bisection search process when the optimal frame size is

determined in step (h), and transmitting the optimal frame to the plurality of tags.
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