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7) ABSTRACT

The present invention discloses an apparatus and method for
avoiding mutual interference between wireless communica-
tion systems. A measurement unit measures the strength of
a signal received through a channel to be used in a trans-
mission slot for a switching time of a reception mode and a
transmission mode. A judgment unit compares the strength
of the received signal with the strength of a reference signal,
and judges data transmission. A control unit outputs a signal
for performing a transmission operation of the data accord-
ing to the judgment of the judgment unit. The wireless
communication system transmits the data according to the
input signal from the control unit. The data transmission is
decided by confirming the state of the transmission slot,
thereby avoiding collision with a communication apparatus
using a frequency identical to a frequency of the channel of
the transmission slot.
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WIRELESS COMMUNICATION METHOD FOR
AVOIDING MUTUAL INTERFERENCE BETWEEN
WIRELESS COMMUNICATION SYSTEMS, AND
APPARATUS THEREOF

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a method and
apparatus for avoiding mutual interference between wireless
communication systems, and more particularly, to an
improved method and apparatus for avoiding mutual inter-
ference between wireless communication systems by decid-
ing data transmission according to a state of a communica-
tion channel. The present application is based on Korean
Application No. 2001-26019, filed on May 12, 2001, which
is incorporated herein by reference.

[0003] 2. Description of the Related Art

[0004] Recently, a wireless data communication system is
designed to exclusively use a certain frequency band. That
is to say, it is not considered that a variety of systems using
an identical frequency band coexist in some environments at
the same time, as shown in FIG. 1. However, in the case of
a frequency band usable without permission of the govern-
ment, various systems can coexist in the identical frequency
band. For example, a wireless LAN, Bluetooth, home RF,
medical instrument and microwave oven coexist in an
industrial scientific medical (ISM) band of 2.4 GHz. Since
a plurality of systems coexist in a restricted frequency band,
transmission/reception modulation frequencies are inevita-
bly overlapped.

[0005] In the case that the modulation frequencies are
overlapped, the systems cannot normally perform commu-
nication due to mutual interference, and performance thereof
is deteriorated. One system recognizes the signals from the
other systems using the identical frequency band as noise
due to the mutual interference, and thus cannot normally
perform the communication.

[0006] FIG. 2 shows mutual interference between an
IEEE 802.11b network (hereinafter, referred to as “wireless
LAN”) and a Bluetooth system which both use the identical
frequency of 2.4 GHz band. Referring to FIG. 2, one high
rate wireless LAN data packet modulated in a direct
sequence spread spectrum (DSSS) of 1500 bytes collides
with two Bluetooth data slots. Accordingly, the packet
colliding with the data of a different system is difficult to be
normally demodulated in a reception terminal. Likewise, the
data of the system is rarely normally demodulated.

[0007] FIG. 3 shows mutual interference between the
wireless LAN system and the Bluetooth systems composing
a multi-Piconet, each system employing the identical fre-
quency of 2.4 GHz band. As shown therein, a collision takes
place in a frequency f; due to interference between Blue-
tooth multi-Piconets and in a frequency f,, due to interfer-
ence between a Bluetooth system and the wireless LAN
system.

[0008] FIG. 4 shows variations of a data throughput of the
wireless LAN system in a state where the wireless LAN
system and the Bluetooth system coexist, which has been
disclosed in a treatise by Jim Zyren (Bluetooth *99, June
1999). In the case that a packet payload is 1500 bytes in the
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wireless LAN system, when the Bluetooth system is not
operated, namely the wireless LAN system merely exists,
the throughput is over 7 Mbps. However, when the Blue-
tooth terminal has a load of 100% to transmit an E-mail, the
throughput of the wireless LAN system is reduced by half,
to about 3.5 Mbps.

[0009] Therefore, there are increasing demands for a
method for avoiding interference and data collision in the
communication system. For this, a variety of methods have
been suggested.

[0010] The wireless LAN system currently uses a carrier
sense multiple access with collision avoidance (CSMA/CA)
to avoid data collision. A transmission terminal transmits a
transmission intention signal before transmitting data, and
transmits the data when receiving a response from a recep-
tion terminal, thereby avoiding collision with data from a
different transmission terminal. However, the CSMA/CA
serves to prevent data collision in a single system, and thus
is not suitable to avoid collision between different systems.

[0011] The CSMA/CA always transmits a collision con-
firmation signal before data transmission in order to avoid a
transmission collision between the terminals. Consequently,
network traffic is increased due to the transmission intention
signal, thus reducing network speed. In addition, when a
terminal which is not sensed by the transmission terminal
transmits/receives data to/from the reception terminal, the
transmission terminal consecutively transmits the transmis-
sion intention signal, which results in reduced performance
of the CSMA/CA.

[0012] To solve the foregoing problems, the Mobilian
corporation has taught a method for monitoring and con-
trolling data transmission of a wireless LAN system and a
Bluetooth system by using a MAC Enhanced Temporal
Algorithm (MEHTA) engine, as shown in FIG. 5. When the
MEHTA engine is specially installed, interference between
an adaptive frequency hopping (AFH) type Bluetooth sys-
tem and a direct spread type wireless LAN is efficiently
prevented. However, the MEHTA engine cannot be applied
to interference by a frequency spread type wireless LAN and
a different Bluetooth Piconet. Especially, the Bluetooth
protocol may be widely utilized for a notebook computer
and a wireless telephone, but the MEHTA engine is not
applied to interference by the different Bluetooth Piconet.

SUMMARY OF THE INVENTION

[0013] Accordingly, it is a primary object of the present
invention to provide a wireless communication apparatus
and method for avoiding mutual interference between wire-
less communication systems, without generating additional
traffic or requiring a specific module for integratedly man-
aging the systems, when a wireless LAN system and a
multiple Bluetooth Piconet system coexist.

[0014] In order to achieve the above-described object of
the present invention, there is provided an apparatus for
avoiding mutual interference between wireless communica-
tion systems, including: a measurement unit for measuring
a channel state of an allocated transmission slot; a judgment
unit for judging data transmission on the basis of the channel
state of the transmission slot measured in the measurement
unit; and a control unit for outputting a signal for performing
a transmission operation of the data according to the judg-
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ment of the judgment unit. The data transmission is decided
according to the channel state of the transmission slot, and
data is transmitted only when the transmission channel is
empty, thus avoiding mutual interference with a different
wireless terminal.

[0015] Preferably, the measurement unit measures the
strength of a signal received from a channel to be used in the
transmission slot to be allocated. By measuring the strength
of the signal received from the channel to be used for the
data transmission, mutual interference is efficiently avoided
in a data modulation system using frequency hopping.

[0016] In addition, there is provided a wireless commu-
nication method for avoiding mutual interference between
wireless communication systems, including the steps of: (a)
measuring a channel state of a transmission slot to be
allocated; (b) judging data transmission on the basis of the
measurement result of the channel state of the transmission
slot; and (c) transmitting data through the allocated trans-
mission slot according to the judgment result of step (b).

[0017] According to a preferable aspect of the present
invention, step (a) includes the steps of: (al) varying a
channel to be used in the transmission slot; and (a2) mea-
suring the strength of a signal received from the varied
channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by refer-
ence to the following detailed description when considered
in conjunction with the accompanying drawings in which
like reference symbols indicate the same or similar compo-
nents, wherein:

[0019] FIG.1is a structure diagram illustrating a network
where a variety of systems coexist in an identical frequency
band;

[0020] FIG. 2 shows mutual interference between an
IEEE 802.11b network (wireless LAN) and a Bluetooth
system which both use the identical frequency of 2.4 GHz
band;

[0021] FIG. 3 shows mutual interference between a wire-
less LAN system and Bluetooth systems composing a multi-
Piconet, wherein each system uses an identical frequency of
2.4 GHz band,

[0022] FIG. 4 shows variations of a data throughput of a
wireless LAN system in a state where the wireless LAN
system and the Bluetooth system coexist;

[0023] FIG. 5 is a block diagram illustrating a MEHTA
engine;
[0024] FIG. 6 is a block diagram illustrating an apparatus

for avoiding mutual interference between wireless commu-
nication systems in accordance with a preferred embodiment
of the present invention;

[0025] FIG. 7 is a flowchart showing the operation of the
apparatus for avoiding mutual interference between wireless
communication systems in accordance with the present
invention;
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[0026] FIG. 8 shows a data transmission state using a
method for avoiding mutual interference between wireless
communication systems in accordance with the present
invention; and

[0027] FIGS. 9A and 9B respectively show a data trans-
mission state when the apparatus of the present invention is
not used and is used, in a state where two Bluetooth Piconet
systems and one wireless LAN system coexist using an
identical frequency band.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0028] A wireless communication method for avoiding
mutual interference between wireless communication sys-
tems, and an apparatus thereof, in accordance with a pre-
ferred embodiment of the present invention will now be
described in detail with reference to the accompanying
drawings.

[0029] FIG. 6 is a block diagram illustrating the apparatus
for avoiding mutual interference between wireless commu-
nication systems in accordance with the present invention,
and FIG. 7 is a flowchart showing the operation of the
apparatus for avoiding mutual interference between wireless
communication systems in accordance with the present
invention. In this embodiment, a Bluetooth terminal is
exemplified as the wireless communication system. How-
ever, other exemplary wireless communication systems
include various wireless communication apparatuses such as
a wireless LAN terminal.

[0030] Generally, the Bluetooth terminal performs fre-
quency hopping on 79 channels 1600 times per second with
an output of 1 mW and a bandwidth of 1 MHz, and
modulates a signal according to a Gaussion frequency shift
keying (G-FSK). In addition, the Bluetooth terminal
employs time division multiple communication. Seven
Bluetooth terminals compose one Piconet. Here, one Blue-
tooth terminal serves as a master for managing the Piconet,
such as generation of a frequency hopping pattern, and the
other Bluetooth terminals serve as slaves.

[0031] Referring to FIGS. 6 and 7, the apparatus 60 for
avoiding mutual interference between wireless communica-
tion systems, includes: a measurement unit 61 for measuring
a channel state of a transmission slot to be allocated; a
judgment unit 62 for judging data transmission on the basis
of the channel state of the transmission slot measured in the
measurement unit 61; and a control unit 63 for outputting a
signal for performing a transmission operation of the data
according to the judgment of the judgment unit 62.

[0032] When a communication path to another Bluetooth
terminal composing the Piconet is set up, the transmission
slot of the wireless communication system 65 is 625 us and
a transmission time of data is about 360 us. Accordingly,
when the wireless communication system 65 is operated in
a reception mode, a standby time of at least 250 us is given
to switch to a transmission mode after receiving data.

[0033] Thereafter, when receiving the data from a prede-
termined transmission slot, the wireless communication
system 65 varies a frequency of a transmitter/receiver to a
frequency of a channel to be used in the transmission slot to
be allocated (S700). That is, the wireless communication
system 65 maintains the reception mode for the standby
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time, and varies the frequency to the frequency of the
channel to be used in the transmission slot according to the
previously decided frequency hopping pattern.

[0034] A signal received through the channel used in the
transmission slot for a switching time of the transmission
and reception modes (i.e. standby time) is inputted to the
measurement unit 61. The measurement unit 61 measures
the strength of the received signal, thereby measuring a
channel state of the transmission slot to be allocated (S710).
A received signal strength indicator (RSSI) may be used as
the measurement unit 61.

[0035] When the strength of the received signal measured
in the measurement unit 61 is inputted, the judgment unit 62
judges data transmission by comparing the strength of the
received signal with the strength of a reference signal
(S720). When the strength of the received signal is smaller
than that of the reference signal, the judgment unit 62 judges
that the transmission slot has a good channel state. Prefer-
ably, the strength of the reference signal has a value between
the strength of a received data signal and the strength of a
received noise signal.

[0036] The control unit 63 controls the operation of the
measurement unit 61 and the judgment unit 62, and outputs
a signal for performing the transmission operation of the
data according to the judgment of the judgment unit 62. In
S720, when the judgment unit 62 judges that the transmis-
sion slot has a good channel state, the control unit 63
transmits the signal for performing the transmission opera-
tion of the data to the wireless communication system 65
(S730). The wireless communication system 65 converts the
reception mode to the transmission mode (S740), and trans-
mits the data through the allocated transmission slot (S750).

[0037] In S720, when the strength of the received signal is
greater than that of the reference signal, the judgment unit 62
judges that a frequency of the channel of the transmission
slot is used by a different system. In this case, the control
unit 63 outputs a signal for abandoning the data transmission
to the wireless communication system 65 (S760). The wire-
less communication system 65 maintains the reception mode
even after receiving the transmission slot (S770).

[0038] On the other hand, when the wireless communica-
tion system 65 abandons the data transmission and maintains
the reception mode, the procedure of S700 to S720 is
preferably repeated on the channel of the transmission slot
to be allocated until the transmission slot is deemed to have
a good state and the data is transmitted.

[0039] FIG. 8 shows a data transmission state using the
method for avoiding mutual interference between wireless
communication systems in accordance with the present
invention. As depicted in FIG. 8, when transmitting data, a
master Bluetooth terminal 81, a slave Bluetooth terminal 82
and a wireless LAN terminal 83 confirm a state of a channel
used in a transmission slot to be allocated in the reception
mode. As a confirmation result, the transmission slot using
a frequency of f(k) has a good state, and thus the master
Bluetooth terminal 81 transmits the data to the slave Blue-
tooth terminal 82.

[0040] The wireless LAN terminal 83 also confirms a state
of a channel before transmitting data. Here, the master
Bluetooth terminal 81 transmits data by using the frequency
of f(k), and thus a frequency of f(k+3) to be used by the
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wireless LAN is deemed available. Therefore, the wireless
LAN terminal 83 transmits data. However, when the slave
Bluetooth terminal 82 intends to transmit data by using the
frequency of f (k+3), the wireless LAN terminal 83 already
transmits data through the identical frequency band, and
thus the slave Bluetooth terminal 82 does not transmit data.

[0041] FIGS. 9A and 9B respectively show a data trans-
mission state when the apparatus of the present invention is
not used and is used, in a state where two Bluetooth Piconet
systems and one wireless LAN system coeXxist using an
identical frequency band. As shown in FIG. 9A, the mutual
interference is generated between the Bluetooth Piconet
systems and between the Bluetooth Piconet system and the
wireless LAN system. Accordingly, when two or more
systems use the identical frequency, data of the overlapped
region are distorted due to collisions (for example, both
Piconet systems using f; and a Piconet system and the
wireless LAN using f,,) Referring to FIG. 9B, the respec-
tive systems confirm a channel state before transmitting
data, to avoid data collision.

[0042] In accordance with the present invention, the data
transmission is decided by confirming the state of the
transmission slot, thereby avoiding a collision with a com-
munication apparatus using a frequency identical to the
frequency of the channel of the transmission slot. Thus, it is
possible to prevent mutual interference between communi-
cation systems, without generating additional traffic or
requiring a specific traffic control module.

[0043] Moreover, a variety of wireless communication
systems using the identical frequency band can coexist by
applying the present invention to the wireless communica-
tion systems including Bluetooth and wireless LAN sys-
tems. In addition, the mutual interference between the
wireless communication systems can be easily avoided by
upgrading existing wireless communication systems.

[0044] Although the preferred embodiments of the present
invention have been described, it is understood that the
present invention should not be limited to these preferred
embodiments, and various changes and modifications can be
made by one skilled in the art within the spirit and scope of
the present invention as hereinafter claimed.

What is claimed is:

1. A wireless communication apparatus for avoiding
mutual interference between wireless communication sys-
tems, comprising:

a measurement unit for measuring a channel state of a
transmission slot;

a judgment unit for judging a data transmission on the
basis of the channel state of the transmission slot
measured in the measurement unit; and

a control unit for outputting a signal for performing a
transmission operation of data according to the judg-
ment of the judgment unit.

2. The apparatus according to claim 1, wherein the

measurement unit measures a strength of a signal received
from a channel to be used in the transmission slot.
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3. The apparatus according to claim 1, wherein the
judgment unit judges that the channel has a good state when
the strength of the received signal is smaller than a strength
of a reference signal.

4. A wireless communication method for avoiding mutual
interference between wireless communication systems,
comprising the steps of:

(a) measuring a channel state of a transmission slot;

(b) judging a data transmission on the basis of the
measurement result of the channel state of the trans-
mission slot from step (a); and

(c) transmitting data through the transmission slot accord-
ing to the judgment result of step (b).
5. The method according to claim 4, wherein step (a)
comprises the sub-steps of:
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(al) varying a frequency of a channel to be used in a
transmission slot; and

(a2) measuring a strength of a signal received from the
varied channel.

6. The method according to claim 5, wherein step (b)
judges whether the channel has a good state, and decides the
data transmission when the strength of the received signal is
smaller than a strength of a reference signal.

7. The method according to claim 5, wherein, when the
strength of the received signal is greater than the strength of
the reference signal, step (b) abandons the data transmission
using the transmission slot, and repeats the procedure of
steps (a) and (b) on a succeeding transmission slot.
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