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(57) Abstract: The present invention relates to a time slot allocation apparatus and method for preventing collisions between time
& slots ina TDMA-based RFID network. The time slot allocation apparatus allocates time slots, obtained by dividing a same frequency
& band into unit time slots, to RFID readers for reading identification codes of RFID tags (10) in the TDMA-based RFID network. A
time slot allocation device (33a) allocates time slots required for communication with the RFID tags to a plurality of RFID readers
(20) provided in the RFID network. A collision prevention device (33b) performs control such that the time slot allocation device
allocates time slots to the plurality of RFID readers while distributing different and non-successive time slots to adjacent RFID
a readers, thus preventing collisions from occurring between time slots allocated to the RFID readers.
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Description

TIME SLOT ALLOCATION APPARATUS AND METHOD FOR

[1]

[2]

[3]

[4]

[5]

[6]

PREVENTING COLLISIONS BETWEEN TIME SLOTS IN

TDMA-BASED RFID NETWORK
Technical Field

The present invention relates, in general, to a time slot allocation apparatus and
method for preventing collisions between time slots in a Time Division Multiple
Access (TDMA)-based Radio Frequency Identification (RFID) network, and, more
particularly, to a time slot allocation apparatus and method for preventing collisions
between time slots in a TDMA-based RFID network, which can rapidly transmit a
minimum number of time slots to RFID readers while eliminating interference between
the RFID readers in the TDMA-based RFID network.

Background Art

Generally, Radio Frequency Identification (RFID) is a non-contact type recognition
system for transmitting and processing information about objects or surrounding en-
vironments using a small-sized semiconductor chip, and is predicted to be the
technology that will replace barcodes, because direct contact and scanning are not
required.

Further, an RFID network is configured such that identification codes required to
identify objects or animals having RFID tags attached thereto are received through
communication between a plurality of RFID readers and a plurality of RFID tags, and
such that the identification codes are collected and filtered through RFID middleware
and are transmitted to a central server, and data about the objects or animals can be
obtained on the basis of the data about the identification codes stored in a database.

In this case, in order to conduct communication between RFID readers present in an
RFID network and RFID tags, frequency collisions must be prevented from occurring.
Frequency collisions can be classified into frequency collisions occurring between
RFID readers, and frequency collisions occurring between RFID readers and an RFID
tag, and are described with reference to the attached drawing.

FIG. 1 is a diagram showing interference between RFID readers and interference
between RFID readers and an RFID tag, occurring in an RFID network. As shown in
FIG. 1, each RFID reader receives data about an RFID tag placed within the radius of
the RFID reader in which the radio waves of the RFID reader can be reached, in the
RFID network.

Further, since a plurality of RFID readers driven through the above operation is

present in the RFID network, the case where, when an arbitrary RFID reader transmits
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radio waves and reads an identification code included in an RFID tag, the transmitted
radio waves may reach another RFID reader, may occur. This case is shown in (a) in
FIG. 1.

[7] Meanwhile, since a plurality of RFID readers driven through the above operation is
present in the RFID network, the case where, when two RFID readers transmit radio
waves and read an identification code included in the same RFID tag, frequency in-
terference occurs, and thus the RFID readers cannot accurately read the identification
code, may occur. Such a case is shown in (b) in FIG. 1.

[8] As described above, interference with RFID readers, such as interference between
RFID readers, or a collision occurring when a plurality of RFID readers simul-
taneously attempts to connect to the same RFID tag, is commonly called a collision
between RFID readers.

[9] In order to solve this collision, a method of randomly allocating time slots to RFID
readers, and a method of randomly allocating time slots to prevent the occurrence of
interference while minimizing the number of time slots allocated to each RFID reader,
may be used.

[10] The former allocation method is configured to allocate different time slots to all
RFID readers, and the latter allocation method is configured to allocate time slots to
RFID readers so as to prevent all RFID readers from interfering with each other while
changing the time slots of RFID readers in which interference occurred.

[11] However, the former allocation method is problematic in that, since different time
slots are designated, the number of time slots increases, and the scanning period of
RFID readers is lengthened, thus the performance of sensing the movement of RFID
tags is deteriorated. In addition, the latter allocation method is problematic in that,
since random time slots are designated in RFID readers in which interference occurred,
a time slot must be designated again when the same time slot is randomly designated,
so that the time taken for trial and error is increased, and an optimal solution cannot be

found.
Disclosure of Invention
Technical Problem

[12] Accordingly, the present invention has been made keeping in mind the above
problems occurring in the prior art, and an object of the present invention is to provide
a time slot allocation apparatus and method for preventing collisions between time
slots in a TDMA-based RFID network, which can reduce the period for which RFID
readers placed in the TDMA-based RFID network scan RFID tags, thus improving the
performance of sensing the RFID tags.

[13] Another object of the present invention is to provide a time slot allocation apparatus
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and method for preventing collisions between time slots in a TDMA-based RFID
network, which can allocate time slots so that the number of time slots allocated to
RFID readers is minimized in order to reduce the period for which RFID tags are
scanned.

A further object of the present invention is to provide a time slot allocation apparatus
and method for preventing collisions between time slots in a TDMA-based RFID
network, which can provide constraint conditions required to rapidly obtain an optimal
solution in order to minimize the number of time slots.

Yet another object of the present invention is to provide a time slot allocation
apparatus and method for preventing collisions between time slots in a TDMA-based
RFID network, which can efficiently eliminate collisions between time slots occurring

due to interference between RFID readers.

Technical Solution

In order to rapidly transmit a minimum number of time slots to RFID readers while
eliminating interference between RFID readers, the present invention selects a method
of allocating time slots, which are different and are non-successive, to adjacent RFID
readers, allocating time slots, which are as close to each other as possible, to adjacent
RFID readers so as to increase the speed at which moving RFID tags are sensed, and
minimizing the number of allocated time slots to reduce the scanning period, as a
method of preventing the occurrence of collisions between time slots, thus selecting
the very near time slot of the selected time slot to improve sensing capability for
moving RFID tags.

In order to accomplish the above objects, the present invention provides a time slot
allocation apparatus for preventing collisions between time slots in a Time Division
Multiple Access (TDMA)-based Radio Frequency Identification (RFID) network, the
apparatus allocating time slots, obtained by dividing a same frequency band into unit
time slots, to RFID readers for reading identification codes of RFID tags in the
TDMA-based RFID network, comprising a time slot allocation device for allocating
time slots required for communication with the RFID tags to a plurality of RFID
readers provided in the RFID network; and a collision prevention device for
performing control such that the time slot allocation device allocates time slots to the
plurality of RFID readers while distributing different and non-successive time slots to
adjacent RFID readers, thus preventing collisions from occurring between time slots
allocated to the RFID readers.

Preferably, the collision prevention device may perform control such that three to six
time slots are interposed between the time slots allocated to the adjacent RFID readers

in order to read each moving RFID tag.
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Preferably, the collision prevention device may perform control such that one to four
time slots are interposed between time slots allocated to the adjacent RFID readers in
order to eliminate temporal interference between the time slots.

Preferably, the collision prevention device may enable a number of time slots
allocated to all RFID readers provided in the RFID network to be minimized.

Preferably, both the time slot allocation device and the collision prevention device
may be provided in an RFID interface for connection to the RFID readers.

Further, the present invention provides a time slot allocation method for preventing
collisions between time slots in a Time Division Multiple Access (TDMA)-based
Radio Frequency Identification (RFID) network, the method allocating time slots,
obtained by dividing a same frequency band into unit time slots, to RFID readers for
reading identification codes of RFID tags in the TDMA-based RFID network,
comprising a first step of causing a time slot allocation device, which allocates time
slots for communication with the RFID tags to a plurality of RFID readers provided in
the RFID network, to allocate an arbitrary time slot to an arbitrary RFID reader; a
second step of allocating a time slot to an RFID reader adjacent to the arbitrary RFID
reader so that a collision prevention device allocates a time slot, which is different
from the arbitrary time slot and is non- successive to the arbitrary time slot, to the
adjacent RFID reader in order to eliminate temporal interference between respective
RFID readers provided in the RFID network; and a third step of allocating time slots to
the arbitrary RFID reader and the adjacent RFID reader so that a certain number of
time slots is interposed between the time slots allocated to the arbitrary RFID reader

and the adjacent RFID reader in order to read a moving RFID tag.
Advantageous Effects

As described above, the present invention having the above construction is ad-
vantageous in that, since the period for which RFID tags present in an RFID network
are scanned is shortened, the movement and fluctuation of RFID tags can be rapidly
sensed, so that the sensing capability of RFID readers is increased, thus improving
accuracy and reliability and enhancing the performance of a system.

Brief Description of the Drawings

FIG. 1 is a diagram showing interference between RFID readers and interference
between RFID readers and a tag occurring in an RFID network;

FIG. 2 is a block diagram schematically showing a TDMA-based RFID network
including a time slot allocation apparatus for preventing collisions between time slots
according to the present invention;

FIG. 3 is a block diagram schematically showing a process for driving a TDMA-

based RFID network including a time slot allocation apparatus for preventing
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collisions between time slots according to the present invention;

FIG. 5 is a block diagram schematically showing an embodiment in which a time slot
allocation device and a collision prevention device according to the present invention
are included in an RFID management unit;

FIG. 5 is a block diagram schematically showing an embodiment in which a time slot
allocation device and a collision prevention device according to the present invention
are included in an RFID interface;

FIG. 6 is a diagram schematically showing time slots according to the present
invention;

FIG. 7 is a diagram schematically showing conditions in which a time slot allocation
apparatus for preventing collisions between time slots allocates time slots to RFID
readers according to the present invention;

FIG. 8, FIG. 9, FIG 10 is a diagram showing embodiments in which time slots are
allocated on the basis of the time slot allocation conditions of FIG. 7;

FIG. 11 is a flowchart schematically showing a time slot allocation method for
preventing collisions between time slots according to the present invention; and

FIG. 12 is a diagram showing an embodiment of a time slot allocation method for
preventing collisions between time slots according to the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, embodiments of the present invention will be described in detail with
reference to the attached drawings.

FIG. 2 is a block diagram schematically showing a TDMA-based RFID network
including a time slot allocation apparatus for preventing collisions between time slots
according to the present invention, and FIG. 3 is a block diagram schematically
showing a process for driving a TDMA-based RFID network including a time slot
allocation apparatus for preventing collisions between time slots according to the
present invention.

As shown in the drawings, the TDMA-based RFID network including the time slot
allocation apparatus for preventing collisions between time slots according to the
present invention includes a plurality of RFID tags 10, a plurality of RFID readers 20
for reading identification codes included in the RFID tags 10, RFID middleware for
transmitting information about the RFID tags 10 read by the RFID readers 20 to a
central server 40, the central server 40 for managing the identification codes of the
RFID tags 10 transmitted from the RFID middleware 30, and a database 50 for storing
the identification codes transmitted from the central server 40.

Each RFID tag 10 can be configured to be attached to an object, to be formed in the

shape of a thin plane, and to include a transponder chip manufactured as a semi-
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conductor and an antenna, and can be manufactured in a passive type or an active type.

When the RFID tag 10 is manufactured in a passive type, the RFID tag is preferably
operated while being supplied with energy from radio wave signals received from the
RFID readers 20, without requiring internal power. Further, when the RFID tag 10 is
manufactured in an active type, the RFID tag is preferably configured to have an
internal battery so as to operate by itself.

The RFID tag 10 includes therein an identification code, thus enabling an object to
which the RFID tag 10 is attached to be identified. The identification code stored in the
RFID tag 10 and data having content indicated by the identification code are preferably
arranged in a table and are preferably stored in advance in the database 50.

Further, each RFID reader 20 is configured to read an identification code, which is
unique information required to identify an object to which the RFID tag 10 is attached,
from the RFID tag 10.

In this case, the TDMA-based RFID network 1 according to the present invention
divides the same frequency band into unit time slots, and allocates the time slots
obtained through frequency band division to respective RFID readers 20 so as to
communicate with an RFID tag 10, thus allowing the RFID reader 20 to exclusively
use the frequency band in a given time slot. Accordingly, communication between the
RFID reader 20 and the RFID tag 10 is enabled in the given time slot.

The term “Time Division Multiple Access: TDMA’ means a time division multiple
access method of performing mutual communication so that a plurality of base stations
performs multiple access via a single repeater in data communication, and the same
frequency band is divided into a plurality of unit time slots to prevent signals from
overlapping.

Further, TDMA is characterized in that, when multiple access is performed via a
single repeater, carrier waves form a single wave even if the carrier waves are simul-
taneously amplified, and thus the repeater can be operated in a saturation region
regardless of an increase in the number of accessing base stations, and in that, since the
data transmission time of a single transmission channel is divided into time slots
regardless of the amount of data to be actually transmitted, efficiency may be
decreased, but only the identification code of the RFID tag 10 is transmitted in the
RFID network, and thus TDMA can be efficiently applied to the RFID network.

Further, the RFID middleware 30 functions to extract data from the RFID readers 20,
to perform processing, such as collection, filtering and information aggregation, on the
extracted data, and to transmit the processed data to the central server 40, and is
configured by combining the characteristics of RFID with the basic function of an
Automatic Data Collection (ADC) server for collecting data from ADC equipment,
such as the RFID reader 20, and transmitting the collected data to a network/ap-
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plication.

The middleware is software for connecting heterogeneous types of hardware,
protocols or communication environments in a distributed computing environment, and
enabling satisfactory communication to be performed between an application program
and environments in which the application program is operated, the middleware being
provided to perform communication between application programs and the operating
environments thereof in heterogeneous environments.

The RFID middleware 30 includes an RFID interface 31 for providing a path for
connection to each of the RFID readers 20, an RFID reader management unit 33 for
allocating time slots required for the RFID readers 20 to communicate with RFID tags
10, and managing the RFID readers 20, an RFID tag information management unit 35
for managing the identification codes of the RFID tags 10 received from the RFID
interface 31, and an application interface 37 for providing a connection path required
to transmit the identification codes to the central server 40.

Further, the RFID reader management unit 33 and the RFID tag information man
agement unit 35 may be preferably included in the RFID interface 31 to allow the
RFID interface 31 itself to allocate time slots and to perform collection, filtering, and
information aggregation on identification codes.

The RFID reader management unit 33 includes a time slot allocation device 33a for
allocating time slots, obtained by dividing the same frequency band into unit time
slots, and a collision prevention device 33b for preventing collisions from occurring
when the time slots are allocated to the RFID readers 20.

The time slot allocation device 33a allocates time slots required for communication
with the RFID tags 10 to the plurality of RFID readers 20 provided in the RFID
network 1.

The collision prevention device 33b performs control such that time slots are
allocated to the plurality of RFID readers 20, but are allocated on the basis of the
following three constraints.

First, a constraint satisfaction problem (hereinafter referred to as a ‘CSP’) can be
approached, which includes a set of a finite number of variables having finite domains,
and a condition required to form a connection between the domains and the set of
variables.

In other words, CSP is a method of solving a problem using a heuristic technique,
which is a problem solving technique for forming an estimation mechanism using data
within a possible range, and performing analysis to obtain a result approximate to an
optimal solution from the estimation mechanism when required information is in-
sufficient and analytic access is impossible.

It is assumed that a plurality of RFID readers 20 according to the present invention is
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a finite number of variables V having finite domains, a finite number of time slots
allocated to the RFID readers 20 is domains D, and the condition required to determine
the relationship between the RFID readers 20 and the time slots is a constraint C,
which can be expressed in the following Math Figure 1.

MathFigure 1
[Math.1]

V.RFID reader=| R, R,,R;,...,R,,]
D:time slot=| 15|, 155,15 5,..., 15 ]

C:constraint

In this case, R denotes RFID readers, ts denotes time slots, m denotes the number of
RFID readers 20, and n denotes the number of time slots.

Further, of the constraints, the first constraint is given in the following Math Figure
2.

MathFigure 2
[Math.2]

is;7 15,

This shows a constraint indicating that two RFID readers 20, which are sets of
variables having domains, that is, time slots, cannot use the same time slot as long as
they are not spaced sufficiently far apart from each other, and interference occurs
between the RFID readers.

*Further, of the constraints, the second constraint is given in the following Math
Figure [3].

MathFigure 3
[Math.3]

| £s;- ts;|>d(d=2)

This shows a constraint indicating that, since temporal interference may occur
between time slots allocated to adjacent RFID readers 20, non-successive time slots are
selected, and thus limitation is performed to prevent interference from occurring due to
reflective waves or radio waves attributable to a time delay.

For example, when tsl, which is a time slot from O to 0.4 seconds, is allocated to an
arbitrary RFID reader (Ri) 20, and tsz’ which is a time slot from 0.4 to 0.8 seconds, is
allocated to an RFID reader (Rj) 20 adjacent to the RFID reader (Ri) 20, the RFID

reader (R) 20 communicates with a given RFID tag 10 during a time period from O to
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0.4 seconds, and the adjacent RFID reader (R ) 20 communicates with a given RFID
tag during a time period from 0.4 to 0.8 secorids.

In the above case, the arbitrary RFID reader (R) 20 and the RFID reader (R) 20 are
adjacent to each other. Therefore, when a time délay occurs, and the alrbitraryJ RFID
reader (R) 20 reads the RFID tag 10 during a time period from 0 to 0.5 seconds, the
adjacent 11{FID reader (R ) 20 reads the RFID tag 10 during a time period from 0.4 to
0.8 seconds. As a result, JRFID readers 20 using the same frequency band during the
time period from 0.4 to 0.5 seconds are placed adjacent to each other, and thus
temporal interference occurs. Accordingly, adjacent RFID readers 20 are prevented
from using successive time slots.

Preferably, the number of time slots interposed between allocated time slots is
defined as 1 (d=2) so as to prevent the time slots from being successively arranged, but
the number of time slots interposed between allocated time slots may be set as high as
4 (d=5).

Further, of the constraints, a third constraint is given in the following Math Figure 4.

MathFigure 4
[Math.4]

| 15~ 15 | <e(e=4)

This shows the constraint required to allocate time slots on the basis of TDMA, and
indicates that control must be performed so that time slots, which are as close to each
other as possible, are allocated to adjacent RFID readers 20.

That is, in order to prevent temporal interference from occurring between adjacent
RFID readers 20, successive time slots cannot be allocated, and, moreover, if the
movement speed of an RFID tag 10 is too high to allow the RFID reader 20 to scan the
RFID tag 10 within an allocated time slot during the movement of the RFID tag 10,
two adjacent RFID readers 20 cannot read the identification code of the RFID tag 10.

Therefore, the frequency band is divided into unit time slots in consideration of the
movement speed of an object or an animal having a typical RFID tag 10 attached
thereto, and a constraint indicating that, when the time slots, obtained from the
division, are allocated to adjacent RFID readers 20, they must be set as close to each
other as possible, is taken into consideration.

For example, when time slots are arranged at intervals of 0.4 seconds through
frequency band division, and a time slot ts, from O to 0.4 seconds is allocated to an
arbitrary RFID reader (Ri) 20, a time slot no later than a time slot ts4 from 1.2 to 1.6
seconds must be allocated to an RFID reader (R ) 20 adjacent to the arbitrary RFID
reader (Ri) 20. Accordingly, even if an RFID taé 10 passing through the arbitrary RFID

reader (R)) 20 could not be read due to the movement speed thereof during the time
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period from O to 0.4 seconds, the adjacent RFID reader (R ) 20 can read the RFID tag
10 during the time period from 1.2 to 1.6 seconds. 1

Preferably, in this embodiment, the number of time slots interposed between
allocated time slots is set to 3 (e=4) so that time slots close to each other can be
allocated to adjacent RFID readers 20, but, alternatively, the number of time slots
interposed between allocated time slots can be set as high as 6 (e=7).

In various cases allocated to the three constraints, time slots are allocated to RFID
readers using an allocation method of minimizing the number of time slots allocated to
the RFID network 1, which is given in the following Math Figure 5.

MathFigure 5
[Math.5]

1]
min ZOccurred( Is ;)
i~1

In this case, n denotes the number of time slots allocated to the RFID network 1, and
Occured() denotes the function required to determine whether each time slot has been
used, which aims to allocate time slots according to an allocation method in which the
number of time slots used is a minimum value (min) in each case.

That is, the fact that the number of time slots allocated to all RFID readers 20 present
in the RFID network 1 is a minimum value means that the time taken for all RFID
readers 20 present in the RFID network 1 to read the identification codes of cor-
responding RFID tags 10 is minimized. Accordingly, the period for which RFID tags
10 present in the RFID network 1 are scanned is shortened, so that the movement and
fluctuation of each RFID tag 10 can be sensed because of short periodicity, and the
accuracy of scanning is improved.

Therefore, in the TDMA-based RFID network according to the present invention, the
time slot allocation apparatus for preventing collisions between time slots is configured
to improve sensing capability for the movement and fluctuation of each RFID tag 10
and to enhance sensing performance.

FIG. 5 is a block diagram schematically showing an embodiment in which a time slot
allocation device and a collision prevention device according to the present invention
are included in an RFID management unit, and FIG. 5 is a block diagram schematically
showing an embodiment in which a time slot allocation device and a collision
prevention device according to the present invention are included in an RFID interface.

As shown in the drawings, the time slot allocation apparatus for preventing collisions
between time slots in a TDMA-based RFID network according to the present invention
may be included in either the RFID management unit 33 or the RFID interface 31.

In this case, when time slots are allocated to RFID readers 20 present in the RFID

10
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network 1 on the basis of the three constraints, the RFID readers 20 exclusively use a
given frequency band for respective allocated time slots, and thus communicate with
corresponding RFID tags 10.

Accordingly, each RFID tag 10 transmits an identification code, required to identify
an object or an animal having the RFID tag 10 attached thereto, to a corresponding
RFID reader 20. As a result, the RFID middleware 30 performs processing, such as
collection and filtering, on the information, and transmits the processed information to
the central server (not shown).

FIG. 6 is a diagram schematically showing time slots according to the present
invention, FIG. 7 is a diagram schematically showing conditions in which the time slot
allocation apparatus for preventing collisions between time slots according to the
present invention allocates time slots to RFID readers, and FIG. 8, FIG. 9, FIG 10 is a
diagram showing an embodiment in which time slots are allocated on the basis of the
time slot allocation conditions of FIG. 7.

As shown in the drawings, time slots according to the present invention can be
obtained by dividing the same frequency band into unit time slots so that a plurality of
RFID readers 20 can share the same frequency band with each other.

The time slots are distributed on the basis of the time slot collision prevention and
spatial constraints given in Math Figures 2, 3 and 4, but are distributed so that a
minimum number of time slots can be distributed, as shown in Math Figure 5.

Further, (a) in FIG. 8, FIG. 9, FIG 10 illustrates the cases where the first constraint of
Math Figure 2 is not satisfied and is satisfied, respectively. The allocation method
indicated by (X) shows the case where the same time slot is distributed to adjacent
RFID readers (R1 and Rz) 20, and the allocation method indicated by (O) shows the
case where the same time slot is not distributed to adjacent RFID readers (R1 and Rz)
20.

Further, (b) in FIG. 8, FIG. 9, FIG 10 illustrates the cases where a second constraint
of Math Figure 3 is not satisfied and is satisfied, respectively. The allocation method
indicated by (X) shows the case where successive time slots are distributed to adjacent
RFID readers (R1 and Rz) 20, and the allocation method indicated by (O) shows the
case where successive time slots are not distributed to adjacent RFID readers (R1 and R
2) 20.

Further, (¢) in FIG. 8, FIG. 9, FIG 10 shows the cases where the third constraint of
Math Figure 4 is not satisfied and is satisfied, respectively. The allocation method
indicated by (X) shows the case where time slots close to each other are not distributed
to adjacent RFID readers (R1 and Rz) 20, and the allocation method indicated by (O)
shows the case where time slots close to each other are distributed to adjacent RFID
readers (R1 and Rz) 20.
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FIG. 11 is a flowchart schematically showing a time slot allocation method for
preventing collisions between time slots according to the present invention. As shown
in FIG. 11, the time slot allocation method for preventing collisions between time slots
according to the present invention starts in the following sequence.

First, an arbitrary time slot (ts) is allocated to an arbitrary RFID reader at step S10.

Thereafter, a time slot, which 1is different from the time slot (ts ), and is non-
successive to the time slot (ts ) so as to eliminate temporal interfclarence between
respective RFID readers provlided in the RFID network, is allocated to an RFID reader
adjacent to the arbitrary RFID reader.

In this case, in order to read a moving RFID tag, time slots are allocated so that a
certain number of time slots is interposed between the time slots allocated to the
arbitrary and adjacent RFID readers at step S20.

Thereafter, whether time slots have been allocated to all RFID readers provided in
the RFID network is determined at step S30. If it is determined at step S30 that time
slots have been allocated to all RFID readers, an allocation method, in which the
number of allocated time slots is a minimized, is selected from among a plurality of
cases of allocation methods at step S40.

If it is determined at step S30 that time slots have not been allocated to all RFID
readers, the process returns to step S20 and allocates time slots so that time slots are
allocated to all RFID readers provided in the RFID network.

Finally, at step S50, time slots are allocated to all RFID readers in the RFID network
using the allocation method selected at step S40.

FIG. 12 is a diagram showing an embodiment of a time slot allocation method for
preventing collisions between time slots according to the present invention. As shown
in FIG. 12, in the time slot allocation method for preventing collisions between time
slots, a time slot ts1 is allocated to an RFID reader R1 (®@).

Thereafter, time slots are distributed to RFID readers Rz, R4, and R5 adjacent to the
RFID reader R1’ but corresponding time slots ts3, ts4, and ts5 are selected and allocated
to the RFID readers Rz, R4, and RS on the basis of Math Figures 2, 3 and 4 (®@).

Further, time slots are allocated to RFID readers R3, RG, R7, RS, and R9 adjacent to the
RFID readers Rz, R4, and RS, but are selected on the basis of the constraints of Math
Figures 2, 3 and 4 and are allocated to the RFID readers (®).

In this case, the number of cases occurs depending on methods by which the RFID
readers Rz, R4, and RS select the time slots tss, ts4, and tss, and the number of cases also
occurs depending on methods by which the RFID readers Rs, RG, R7, RS, and R9 select
respective time slots.

Therefore, time slots are allocated to RFID readers using the allocation method in

which the total number of allocated time slots is minimized in respective cases, so that
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RFID tags can be sensed using a minimum scanning period.
Industrial Applicability

As described above, the present invention having the above construction is ad-
vantageous in that, since the period for which RFID tags present in an RFID network
are scanned is shortened, the movement and fluctuation of RFID tags can be rapidly
sensed, so that the sensing capability of RFID readers is increased, thus improving
accuracy and reliability and enhancing the performance of a system.

Although the preferred embodiments of the present invention have been disclosed 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.
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Claims

A time slot allocation apparatus for preventing collisions between time slots in a
Time Division Multiple Access (TDMA)-based Radio Frequency Identification
(RFID) network, the apparatus allocating time slots, obtained by dividing a same
frequency band into unit time slots, to RFID readers for reading identification
codes of RFID tags in the TDMA-based RFID network, comprising:

a time slot allocation device for allocating time slots required for communication
with the RFID tags to a plurality of RFID readers provided in the RFID network;
and

a collision prevention device for performing control such that the time slot
allocation device allocates time slots to the plurality of RFID readers while dis-
tributing different and non-successive time slots to adjacent RFID readers, thus
preventing collisions from occurring between time slots allocated to the RFID
readers.

The time slot allocation apparatus according to claim 1, wherein the collision
prevention device performs control such that three to six time slots are interposed
between the time slots allocated to the adjacent RFID readers in order to read
each moving RFID tag.

The time slot allocation apparatus according to claim 1, wherein the collision
prevention device performs control such that one to four time slots are interposed
between time slots allocated to the adjacent RFID readers in order to eliminate
temporal interference between the time slots.

The time slot allocation apparatus according to claim 1, wherein the collision
prevention device enables a number of time slots allocated to all RFID readers
provided in the RFID network to be minimized.

The time slot allocation apparatus according to claim 1, wherein both the time
slot allocation device and the collision prevention device are provided in an
RFID interface for connection to the RFID readers.

The time slot allocation apparatus according to claim 5, wherein the RFID
interface controls the RFID readers and collects identification codes of the RFID
tags read by the RFID readers.

The time slot allocation apparatus according to claim 1, wherein each of the time
slot allocation device and the collision prevention device further comprises an
RFID reader management unit for allocating time slots to respective RFID
readers using information about the RFID readers, which is input through the
RFID interface for connection to the RFID readers.

The time slot allocation apparatus according to claim 7, wherein the RFID
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interface is provided to connect the RFID readers to respective components
included in RFID middleware in which the RFID reader management unit is
included.

The time slot allocation apparatus according to claim 8, wherein the RFID
middleware comprises:

the RFID interface provided to connect the RFID readers to respective
components included in the RFID middleware;

the RFID reader management unit connected through the RFID interface and
configured to allocate time slots for communication to the RFID readers to
prevent collisions from occurring between the time slots;

an RFID tag information management unit connected through the RFID interface
and configured to collect and manage the identification codes of the RFID tags
read by the RFID readers; and

an application interface provided to connect the RFID middleware to a central
server for controlling the RFID network.

The time slot allocation apparatus according to claim 1, wherein no RFID reader
is interposed between an arbitrary RFID reader and an RFID reader adjacent to
the RFID reader.

A time slot allocation method for preventing collisions between time slots in a
Time Division Multiple Access (TDMA)-based Radio Frequency Identification
(RFID) network, the method allocating time slots, obtained by dividing a same
frequency band into unit time slots, to RFID readers for reading identification
codes of RFID tags in the TDMA-based RFID network, comprising:

a first step of causing a time slot allocation device, which allocates time slots for
communication with the RFID tags to a plurality of RFID readers provided in the
RFID network, to allocate an arbitrary time slot to an arbitrary RFID reader;

a second step of allocating a time slot to an RFID reader adjacent to the arbitrary
RFID reader so that a collision prevention device allocates a time slot, which is
different from the arbitrary time slot and is non- successive to the arbitrary time
slot, to the adjacent RFID reader in order to eliminate temporal interference
between respective RFID readers provided in the RFID network; and

a third step of allocating time slots to the arbitrary RFID reader and the adjacent
RFID reader so that a certain number of time slots is interposed between the time
slots allocated to the arbitrary RFID reader and the adjacent RFID reader in order
to read a moving RFID tag.

The time slot allocation method according to claim 11, wherein, at the third step,
the certain number is 3 to 6.

The time slot allocation method according to claim 11, wherein the third step
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comprises a step of repeating the second and third steps until time slots are
allocated to all RFID readers provided in the RFID network.

The time slot allocation method according to claim 11, wherein the collision
prevention device enables the number of time slots allocated to all RFID readers
provided in the RFID network to be minimized.

The time slot allocation method according to claim 11, wherein, at the second
step, the non-successive time slot is a time slot implemented such that one to four
time slots are interposed between the time slots allocated to the arbitrary RFID
reader and the adjacent RFID reader in order to prevent temporal interference

between the allocated time slots.
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