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(7) ABSTRACT

By making the most of the master and slave roles, the master
device becomes the system controller to manage the control
functions of the slave devices in a piconet. For one slave
device to control another slave device, the controlling slave
device issues a command to the master device, which
transfers the received command to the controlled slave
device. Each slave device control other slave devices in a
piconet without being aware of other slave devices except
the master device. Consequently, commands may be
exchanged between the slave devices in a piconet which is
constituted by one master device and a plurality of slave
devices.
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RADIO COMMUNICATION CONTROL
APPARATUS, RADIO COMMUNICATION
METHOD, RECORDING MEDIUM, AND
PROGRAM

TECHNICAL FIELD

[0001] The present invention relates generally to a wire-
less communication control apparatus, a wireless commu-
nication control method, a storage medium, and a program
for interconnecting a plurality of devices in a wireless
manner and, more particularly, to a wireless communication
control apparatus, a wireless communication control
method, a storage medium, and a program for controlling the
exchange of device operating commands between the
devices interconnected in a wireless manner within a pre-
determined communication cell.

[0002] To be more specific, the present invention relates to
a wireless communication control apparatus, a wireless
communication control method, a storage medium, and a
program for exchanging device operating commands
between the devices within a piconet constituted by one
master device and a plurality of slave devices as with
implemented by the Bluetooth™ standard and, more par-
ticularly, to a wireless communication control apparatus, a
wireless communication control method, a storage medium,
and a program for controlling the exchanging of device
operating commands between the two or more slave devices
which are directly connected only to the master device
within a piconet.

BACKGROUND ART

[0003] Recently, short-distance wireless communication
technologies have come before the footlights. The wireless
communicating based on these communication technologies
can establish the cordless communication between devices
and terminals, thereby simplifying the device connection
work and, at the same time, enhancing convenience because
it is substantially unnecessary to select installation spaces of
the cordlessly connected devices. The short-distance wire-
less communication is expected a great deal also as the
transmission media for home networks for example, in
which it not realistic to lay network cables because of their
locality.

[0004] The short-distance wireless communication may be
used, for example, not only for the data transfer between a
computer main frame and its peripheral devices, but also for
the data exchange between mobile information devices, and
data and audio transmission between a telephone main body,
a mobile music player, and a headset, and between a main
phone and its cordless headset.

[0005] Bluetooth, which is a representative example of
short-distance wireless communication, is the standard for
providing a wireless connection interface applicable to a
variety of industries and operated and managed by the
Bluetooth SIG (Special Interest Group).

[0006] Bluetooth uses a global radio frequency called ISM
(Industry Science Medical) band of 2.4 GHz and provides a
total data transfer rate of 1 Mbps, in which a synchronous
transmission channel of 64 Kbps available for telephone
voice transmission and an asynchronous transmission chan-
nel for data transmission are provided. For the synchronous
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transmission channel, SCO (Synchronous Connection Ori-
ented Link) transmitting is used for the application to line
linking. For the asynchronous transmission channel, ACL
(Asynchronous Connection Less Link) transmitting is used
for the application to the data transmission based on packet
exchange. The connection range of interconnected devices
based on Bluetooth is about 10 meters, which can be
extended to 100 meters with the aid of an additional ampli-
fier.

[0007] The technical specifications of Bluetooth are
largely divided into the core and the profile. The core defines
the base of the wireless connection provided by the Blue-
tooth, while the profile, in developing a variety of functions
and applications on the basis of the Bluetooth core and
assembling them into equipment, is a collection of the
technical requirements specified for each function to guar-
antee the mutual connectivity between the devices.

[0008] There are two or more Bluetooth profiles and, by
combining them, one application (also called a usage model
(or usage) is provided. Actually, a combination of profiles
providing an application is implemented in each Bluetooth
product.

[0009] For example, a variety of Bluetooth profiles are
supposed, such as the profiles for automobiles, networks,
printers, audio devices, and video devices in addition to the
profiles for mobile phones and personal computers, for
example. For example, for a profile for remote commander
control for audio visual (AV) equipment, “Bluctooth AV
Remote Control Profile” (AVRCP) may be mentioned.

[0010] Originally, Bluetooth is a wireless communication
technology for providing interconnection between mobile
terminals; but, obviously, this technology is also designed
for the application to stationary equipment. For example, the
wireless connection based on Bluetooth may be applied to
the connection between a main phone and its cordless
handset, a mobile music player and its headset, or a stereo
unit (or other media players) and its speakers (or other
output devices such as display monitors).

[0011] Application of the wireless communication based
on Bluetooth to the interconnection of devices solves the
problems of the connector-unique shapes and characteristics
obliged at cable connection. In addition, because Bluetooth
is a worldwide standard using a global wireless frequency
band called ISM (Industry Science Medical) band of 2.4
GHz, the globalization of communication environments may
be promoted with ease.

[0012] Bluetooth provides not only one-to-one alternate
connection, but also the construction of one-to-many sim-
plified wireless networks. Hence, the order of communica-
tion is maintained by giving the control capabilities to one
of the devices interconnected in a Bluetooth communication
environment. The device given with the control capabilities
is called a “maser device,” while the other devices are called
“slave devices.” A network in which the master device and
the slave devices are in a communication state is called a
“piconet.”

[0013] Within a piconet, “piconet synchronization” is pro-
vided, in which each Bluetooth device in the communication
state has the same frequency hopping pattern and a time slot
with reference to the master device. The time slot is formed
by each device with reference to the Bluetooth clock pro-
vided by the master device.
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[0014] Within a piconet, one master device always exists
and this master device carries out communication by con-
trolling its slave devices. In addition, within a piconet, each
packet is received only between the master devices and each
slave device, so that the slave devices cannot directly
communicate with each other.

[0015] The maximum number of slaves which can com-
municate with each other within one piconet is specified to
be seven. The maximum of one master device and the seven
slave devices can constitute Bluetooth communication envi-
ronment in one piconet.

[0016] In the Bluetooth communication, there is a demand
for executing device control between the slave devices. For
example, if the Bluetooth communication is introduced in
the field of audio visual (AV) equipment, a stereo unit or a
media player may be defined as a master device, while a TV
receiver and a headphone as output targets or a remote
commander for remotely operating these output devices may
be defined slave devices. Within the Bluetooth piconet like
this, it would be meaningless for the user if the stereo unit,
the master device, cannot control the targets such as a TV
receiver and a headphone and, in addition, the remote
controller, a slave device, cannot performing TV tuning and
volume setting or headphone volume setting for example.
However, as described above, these direct communication
between the slave devices is not supported by Bluetooth.

[0017] For example, there is “AV Remote Control Profile”
(AVRCP) for one of the Bluetooth-compatible AV device
control profiles. However, because Bluetooth can originally
execute communication by constituting one piconet by one
master device and two or more slave devices, this AVRCP
control profile is intended to realize one-to-one communi-
cation between the master device and one slave device.

[0018] In order for a remote commander, a slave device, to
control another slave device via the master device, a method
may be used in which a mechanisms for realizing this
configuration is newly defined to implement it as a new
control profile. However, if control is implemented in which
a slave device controls another slave device via the master
device by use of the new control profile, this method cannot
be applied to the existing devices based on only AV Remote
Control Profile control.

DISCLOSURE OF INVENTION

[0019] Tt is therefore an object of the present invention to
an excellent wireless communication apparatus, an excellent
wireless communication method, an excellent storage
medium and an excellent program which are capable of
preferably exchanging device operating commands between
devices interconnected in a wireless manner.

[0020] Tt is another object of the present invention to
provide an excellent wireless communication apparatus, an
excellent wireless communication method, an excellent stor-
age medium and an excellent program which are capable of
preferably exchanging device operating commands between
the devices within a piconet constituted by one master
device and a plurality of slave devices as that based on
Bluetooth.

[0021] Tt is still another object of the present invention to
provide an excellent wireless communication apparatus, an
excellent wireless communication method, an excellent stor-
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age medium and an excellent program which are capable of
preferably exchanging device operating commands between
two or more slave devices which are directly connected only
to the master device in a piconet.

[0022] Tt is yet another object of the present invention to
provide an excellent wireless communication apparatus, an
excellent wireless communication method, an excellent stor-
age medium and an excellent program which are capable of
preferably performing remote control between the slave
devices within the same piconet by use of the remote control
profile based on Bluetooth.

[0023] 1t is a different object of the present invention to
provide an excellent wireless communication apparatus, an
excellent wireless communication method, an excellent stor-
age medium and an excellent program are capable of real-
izing the remote control by one slave device of another slave
device via the master device within the piconet by use of a
conventional Bluetooth control profile such as AV Remote
Control Profile.

[0024] In carrying out the invention and according to a
first aspect thereof, there is provided a wireless communi-
cation control apparatus or a wireless communication con-
trol method for controlling command exchange between
devices in a communication cell constituted by one master
device and a plurality of slave devices, each slave device
being capable of communicating with only the master device
including the steps of: inquiring each device in the commu-
nication cell whether each device operates as a controller or
a target; inquiring each device having a target function for
a command supported thereby; and managing the commands
supported by each target device.

[0025] In the communication cell to which the wireless
communication control apparatus and the wireless commu-
nication control method associated with the first aspect of
the invention, each slave device is communicable only with
the master device and, on a predetermined control profile,
the master device and each slave device may operate as a
controller for issuing commands and/or a target for support-
ing commands.

[0026] The communication cell to which the wireless
communication control apparatus and the wireless commu-
nication control method associated with the first aspect of
the invention may be applied to a device which becomes the
master in the above-mentioned communication cell to pref-
erably yield the effects of the invention. The master device
itself functions as both controller and target on a predeter-
mined profile. The above-mentioned support command
managing means or step manages the support commands of
the master device itself.

[0027] According to the wireless communication control
apparatus and the wireless communication control method
associated with the first aspect of the invention, the master
device becomes the system controller to manage the control
function namely the support commands of each slave device
operating as a target in the communication cell. For one
slave device operating as the controller in the communica-
tion cell to control another slave device, the controlling slave
device issues commands with this master device as a target.
The master device which is the controller may transfer
commands to the target which supports the commands,
namely this another slave device.
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[0028] Consequently, if each slave device functions as the
controller on a predetermined profile, one slave device may
issue commands to any target in the communication cell
without being aware of the existence of the other devices
than the master device. Likewise, each slave device oper-
ating as a target on a predetermined profile may only execute
the commands transmitted from the master device without
being aware of the other devices other than the master device
(namely, without being aware of whether each received
command is from another slave device which functions as
the controller).

[0029] In other words, the slave device operating as the
controller transmits commands to the master device as a
target and the other slave devices operating as targets may
only process the commands received from the master device.
Namely, according to the wireless communication control
apparatus and the wireless communication control method
associated with the first aspect of the invention, control
between the slave devices is realized via the master device
in the communication cell in which each slave devices is
communicable only with the master device.

[0030] The wireless communication control apparatus and
the wireless communication control method associated with
the first aspect of the invention of the invention may also
include the means or step for receiving commands from the
controller in the above-mentioned communication cell and
the means and step for processing the received commands.

[0031] The command processing means or step inquires
the above-mentioned support command managing means to
transfer the received commands to the targets which support
these commands.

[0032] In addition, the above-mentioned command pro-
cessing means or step inquires the above-mentioned support
command managing means to cause the master device itself
to execute the received commands if these commands are
supported by the master device in which the wireless com-
munication control apparatus or the wireless communication
control method associated with the first aspect of the inven-
tion is implemented.

[0033] If there are two or more targets which support the
received commands in the communication cell, the control-
ler device from which commands are transmitted may have
a function of specifying a particular target device as a device
for command execution.

[0034] Alternatively, the wireless communication control
apparatus and the wireless communication control method
associated with the first aspect of the invention may also
have reception log storage means or step for storing a
reception log at command reception and target identifying
means or step for identifying a target of command execution
on the basis of the stored latest reception log.

[0035] In this case, the above-mentioned command pro-
cessing means or step may transmit commands only to the
particular target specified by the controller device of com-
mand transmission source.

[0036] Still alternatively, the above-mentioned command
processing means or step may transfer the received com-
mands to all target devices which support these commands
in the above-mentioned communication cell.

Page 26 of 41

Mar. 11, 2004

[0037] In carrying out the invention and according to a
second aspect thereof, there is provided a wireless commu-
nication control apparatus or a wireless communication
control method for controlling, in a piconet of a Bluetooth
wireless network constituted by one master device and a
plurality of slave devices, at least one slave device in the
piconet having a controller function for issuing commands
and at least one slave device having a target function for
supporting commands, the master device having both con-
troller and target functions, including: connecting means or
step for establishing Bluetooth communication in the pico-
net; controller/target function grasping means or step for
grasping a slave device which functions as a target and/or a
controller; and support command grasping means or step for
managing the commands supported by each target in the
piconet.

[0038] In the piconet of the Bluetooth wireless network to
which the wireless communication control apparatus and the
wireless communication control method associated with the
second aspect of the invention are applied, each slave device
is communicable only with the master device. On a prede-
termined profile, each of the master device and the slave
devices in the piconet may operate as the controller which
issues commands or a slave device which supports com-
mands.

[0039] In addition, the wireless communication control
apparatus and the wireless communication control method
associated with the second aspect of the invention, when
applied to a device which becomes the master in the piconet
of the Bluetooth wireless network preferably yield the
effects of the invention. Such a master device itself functions
as both controller and target on a predetermined control
profile. The above-mentioned support command grasping
means or step may also manage the commands supported by
the master device itself.

[0040] According to the wireless communication control
apparatus and the wireless communication control method
associated with the second aspect of the invention, the
master device may function as the system controller to
manage the control functions of the slave devices operating
as targets in the piconet, or the commands supported by
them. For a slave device operating as the controller in the
piconet to control another slave device, the controller device
may issue commands to the master device which is a target.
Then, the master device transfers, as the controller device,
the received commands to the target namely the slave device
which supports these commands.

[0041] Consequently, if each slave device in the piconet
functions as the controller on the predetermined control
profile, it may issue commands to targets in the piconet
without being aware of any other devices than the master
device.

[0042] Likewise, each slave device functioning as a target
on a predetermined control profile may only execute the
commands received from the master device without being
aware of any other devices than the master device (namely
without being aware of whether the received command is
from another slave device which functions as the controller).

[0043] In other words, the slave device operating as the
controller transmits commands to the master device as a
target and the other slave devices operating as targets may
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only process the commands received from the master device.
Namely, according to the wireless communication control
apparatus and the wireless communication control method
associated with the second aspect of the invention, control
between the slave devices may be realized via the master
device in the piconet of the Bluetooth wireless network in
which each slave device is communicable only with the
master device.

[0044] The above-mentioned controller/target function
grasping means or step lays a logical link (L2CAP) with
each slave device in the piconet to inquire each slave device
for its controller function or target function by use of Service
Discovery Protocol (SDP).

[0045] The above-mentioned support command grasping
means or step lays a logical link (L2CAP) with each slave
device operating as the target in the piconet to inquire each
slave device for support commands by a method defined in
an upper application protocol.

[0046] The wireless communication control apparatus or
the wireless communication control method associated with
the second aspect of the invention further including: com-
mand receiving means for receiving a command, which is
connected with the slave device operating as the controller
in the piconet; and command processing means for process-
ing the received command.

[0047] This command processing means for step transfers
received commands to a targets which support these com-
mands in the same piconet.

[0048] If the master device itself on which the wireless
communication control apparatus or the wireless communi-
cation control method associated with the second aspect of
the invention is implemented supports commands, the
above-mentioned command processing means or step may
cause the master device itself to execute the commands.

[0049] If there are two or more target devices which
support received commands in the piconet, the controller
device, which is the command transmission source, may
have a function for specifying a particular target device as a
device for command execution.

[0050] Alternatively, the wireless communication control
apparatus or the wireless communication control method
associated with the second aspect of the invention further
including: reception log storage means for storing a recep-
tion log indicative of command reception; and target iden-
tifying means for identifying a target which executes the
received command on the basis of the newest log stored in
the reception log storage means.

[0051] In this case, the above-mentioned command pro-
cessing means or step transfers received commands only to
a particular command in accordance with the specification
by the controller device, which is the command transmission
source.

[0052] Alternatively, the above-mentioned command pro-
cessing means or step transfers received commands to all
target devices which support these commands in the above-
mentioned communication cell.

[0053] In carrying out the invention and according to a
third aspect thereof, there is provided a storage medium
physically storing computer software in a computer-readable
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form, the computer software being described so as to
execute, on a computer system, wireless communication
control for controlling command exchange between devices
in a communication cell which is constituted by one master
device and a plurality of slave devices, each slave device
being capable of communicating with only the master
device, the computer software including the steps of: inquir-
ing each device in the communication cell whether each
device operates as a controller or a target; inquiring each
device having a target function for a command supported
thereby; and managing the commands supported by each
target device.

[0054] In carrying out the invention and according to a
fourth aspect thereof, there is provided a storage medium
physically storing computer software in a computer-readable
form, the computer software being described so as to
execute, on a computer system, wireless communication
control for controlling command exchange between devices
in a piconet of a Bluetooth wireless network constituted by
one master device and a plurality of slave devices, at least
one of the plurality of slave devices in the piconet having a
controller function for issuing commands, at least one of the
other slave devices having a target function for supporting
commands, and the master device being capable of having
both of the controller function and the target function, the
computer software including the steps of: establishing Blue-
tooth communication in the piconet; grasping a slave device
which functions as a target and/or a controller; and manag-
ing the commands supported by each target in the piconet.

[0055] The storage media associated with the third and
fourth aspects of the invention provide, in a computer-
readable form, computer software to general-purpose com-
puter systems which can execute a variety of program codes,
for example. These storage media are detachable and por-
table storage media such as CD (Compact Disc), FD (Flex-
ible Disk), and MO (Magneto-Optical disc) for example.
Alternatively, it is technologically practicable to provide
computer software to particular computer systems via trans-
mission media such as networks (regardless of wired or
wireless).

[0056] These storage media define the structural or func-
tional cooperative relationship between computer software
and storage media in order to realize predetermined com-
puter software on computer systems. In other words, install-
ing predetermined computer software on computer systems
through the storage media associated with the third and
fourth aspects of the present invention realizes the coopera-
tive action on the computer systems, thereby yielding the
same operational effects as those of the wireless communi-
cation control apparatuses and the wireless communication
control methods associated with the first and second aspects
of the present invention.

[0057] In carrying out the invention and according to a
fifth aspect thereof, there is provided a computer program
being described in a computer-readable form so as to
execute, on a computer system, wireless communication
control for controlling command exchange between devices
in a communication cell which is constituted by one master
device and a plurality of slave devices, each slave device
being capable of communicating with only the master
device, the computer software including the steps of: inquir-
ing each device in the communication cell whether each
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device operates as a controller or a target; inquiring each
device having a target function for a command supported
thereby; and managing the commands supported by each
target device.

[0058] In carrying out the invention and according to a
sixth aspect thereof, there is provided a computer program
being described in a computer-readable form so as to
execute, on a computer system, wireless communication
control for controlling command exchange between devices
in a piconet of a Bluetooth wireless network constituted by
one master device and a plurality of slave devices, at least
one of the plurality of slave devices in the piconet having a
controller function for issuing commands, at least one of the
other slave devices having a target function for supporting
commands, and the master device being capable of having
both of the controller function and the target function, the
computer software including the steps of: establishing Blue-
tooth communication in the piconet; grasping a slave device
which functions as a target and/or a controller; and manag-
ing the commands supported by each target in the piconet.

[0059] The computer programs associated with the fifth
and sixth aspects of the invention define the computer
programs described in a computer-readable form so as to
realize predetermined processing on computer systems. In
other words, installing the computer programs associated
with the fifth and sixth aspects of the invention on computer
systems brings out the cooperative action on computer
systems, thereby yielding the same operational effects as
those of the wireless communication control apparatuses and
the wireless communication control methods associated
with the first and second aspects of the present invention.

[0060] This invention will be described in further detail by
way of example with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF DRAWINGS

[0061] FIG. 1 is a schematic diagram illustrating a con-
figuration of a Bluetooth piconet practiced as one embodi-
ment of the invention.

[0062] FIG. 2 is a functional block diagram illustrating a
configuration of devices 11 through 13 which constitute a
piconet 10 shown in FIG. 1.

[0063] FIG. 3 is a schematic diagram illustrating a struc-
ture of a profile stack of AV Remote Control Profile
(AVRCP).

[0064] FIG. 4 is a diagram illustrating a structure of an
AVRCP command frame by use of PASS THROUGH com-
mand for example.

[0065] FIG. 5 is a schematic diagram illustrating an
example in which a plurality of slave devices of the same
category exist within a piconet 20 in a Bluetooth wireless
network.

[0066] FIG. 6 is a flowchart approximately describing a
processing procedure of system control by a media player 21
which functions as a system controller in the piconet shown
in FIG. 5.

[0067] FIG. 7 is a flowchart approximately describing a
processing procedure for the media player 21 functioning as
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the system controller processes a command transmitted from
a remote commander 24 in a headphone A control mode.

[0068] FIGS. 8 through 17 are flowcharts describing the
processing procedures of the system control by the media
player 21 within the piconet 20 shown in FIG. §.

[0069] FIG. 18 is a schematic diagram illustrating a
configuration in which one master device 31 and four slave
devices 32, 33, 34, and 35 exist within one piconet 30 in a
Bluetooth wireless network.

[0070] FIG. 19 is a chart illustrating a processing proce-
dure for a media player 31 which is the system controller to
inquire slave devices 32 through 34 functioning as AVRCP
targets for their functions.

[0071] FIG. 20 is a chart illustrating a processing proce-
dure for the media player 31 which is the system controller
to inquire each slave device functioning as an AVRCP target
for a Specific Inquiry support command.

[0072] FIG. 21 is a diagram schematically illustrating a
structure of “Inquiry” message frame for the media player
31 which is the system controller to inquire a headphone
B34 functioning as an AVRCP target whether it supports
command “volume up” or not.

[0073] FIG. 22 is a diagram schematically illustrating a
structure of “Implemented” message frame for the head-
phone B34 which is an AVRCP target to return information
that it supports command “volume up” to the media player
31 which is the system controller.

[0074] FIG. 23 is a diagram schematically illustrating a
structure of “Inquiry” message frame for the media player
31 which is the system controller to inquire the headphone
B34 which is an AVRCP target whether it supports command
“input select”.

[0075] FIG. 24 is a diagram schematically illustrating a
structure of “Not Implemented” message frame for the
headphone B34 which is an AVRCP target to return infor-
mation that its does not support command “input select” to
the medial player 31.

[0076] FIG. 25 is a chart illustrating a processing proce-
dure in which the remote commander 35 functioning as the
AVRCP controller transmits commands to each AVRCP
target via the media player 31 functioning as the system
controller to perform remote control operations.

[0077] FIG. 26 is a chart illustrating a processing proce-
dure in which the remote commander functioning as the
AVRCP controller transmits a PASS THROUGH command
to the medial player functioning as the system controller to
remotely control other slave devices, which are AVRCP
targets.

[0078] FIG. 27 is a diagram schematically illustrating a
structure of “Control” message frame for the remote com-
mander functioning as the AVRCP controller to transmit an
F2 command to the media player 31 functioning as the
system controller.

[0079] FIG. 28 is a diagram schematically illustrating a
structure of “Accepted” message frame for the media player
31 functioning as the system controller to return information
that it has accepted the F1 command to the remote com-
mander 35 functioning as the AVRCP controller.
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[0080] FIG. 29 is a diagram schematically illustrating a
structure of “Control” message frame for the remote com-
mander 35 functioning as the AVRCP controller to transmit
a “Mute” command to the medial player 31 functioning as
the system controller.

[0081] FIG. 30 is a diagram schematically illustrating a
structure of “Accepted” message frame for the media player
31 functioning as the system controller to return information
that it has accepted the “Mute” command to the remote
commander 35 functioning as the AVRCP controller.

[0082] FIG. 31 is a diagram schematically illustrating a
structure of “Control” message frame for the media player
31 functioning as the AVRCP controller to transmit a “Mute”
command to a TV tuner 32 which is an AVRCP target.

[0083] FIG. 32 is a diagram schematically illustrating a
structure of “Accepted” message frame for the TV tuner 32
which is an AVRCP target to return information that it has
accepted the “Mute” command to the media player 31
functioning as the AVRCP controller.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0084] This invention will be described in further detail by
way of example with reference to the accompanying draw-
ings.

[0085] First, a piconet 10 of a Bluetooth wireless network
as shown in FIG. 1 is described below. As described earlier,
the piconet 10 is constituted by one master device given with
the control function for maintaining the order of communi-
cation and up to seven slave devices.

[0086] If a plurality of slave devices exist in the same
piconet 10, the communication between the master device
and each of the slave devices is shared by all of these slave
devices in a time division multiplexing manner except in the
case of broadcast communication. The unit in which time
division multiplexing is executed is a time interval of 625
microseconds called a “time slot.”

[0087] With respect to the directions of packet transfer
between the master and each slave in the same piconet 10,
a packet is transferred from maser to slave if its slot number
is even and from slave to master if its slot number of odd.
Thus, in Bluetooth, packets can be transferred between
master and slave, but cannot be directly transferred between
slave devices.

[0088] In the example shown in FIG. 1, Bluetooth is
applied to the wireless connection between AV devices. The
piconet 10 contains a media player 11 functioning as the
master device and a headphone 12 and a remote commander
13, which are slave devices. The remote commander 13
remotely controls the media player 11 for executing play
control such as play, stop, pause, fast forward and rewind
and remotely controls the headphone 12 for executing sound
volume adjustment (volume up/down) for example.

[0089] FIG. 2 schematically illustrates a configuration of
the devices 11 through 13 constituting the piconet 10 shown
in FIG. 1.

[0090] The media player 11 is constituted by a Bluetooth
interface block 11A, a signal generating block 11B, a player
control block 11C, and a system control block 11D.
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[0091] The Bluetooth interface block 11A is a functional
block for realizing the Bluetooth wireless connection in the
piconet 10 and transfers commands and responses with the
slave devices 12 and 13 in the piconet 10.

[0092] The signal generating block 11B is a functional
block for generating signals for controlling such communi-
cation states in the piconet 10 as the Bluetooth clock.

[0093] The player control block 11C is a functional block
for realizing such media play control functions as play, stop,
pause, fast forward and rewind of media loaded on the media
player 11.

[0094] The system control block 11D is a functional block
for realizing total control of the slave devices 12 and 13 in
the piconet 10. In the present embodiment, the system
control block 11D manages the controller and target func-
tions in the control profile AVRCP for remotely controlling
AV equipment to enable control by one slave device of
another slave device via the master device 11, to be more
specific, control by the remote commander 13 of the head-
phone 12, another slave device. The details of the system
control in the piconet 10 by the system control block 11D
will be described later.

[0095] The headphone 12 is constituted by a Bluetooth
interface block 12A, a headphone control block 12B, and a
signal processing block 12C.

[0096] The Bluetooth interface block 12A is a functional
block for realizing the Bluetooth wireless connection in the
piconet 10 and transfers commands, responses, and data
streams with the master device 11.

[0097] The headphone control block 12B is a functional
block for realizing such sound output functions as volume
up, volume down, and mute.

[0098] The signal processing block 12C is a functional
block for processing the control signals received from the
master device 11 by the Bluetooth wireless communication
and the controls signals issued by the headphone control
block 12B.

[0099] In the present embodiment, the headphone 12 may
be configured as a slave device compatible only to the
conventional AV equipment profile “AV Remote Control
Profile” (AVRCP).

[0100] The remote commander 13 is constituted by a
Bluetooth interface block 13A and a remote control block
13B.

[0101] The Bluetooth interface block 13A is a functional
block for realizing the Bluetooth wireless connection in the
piconet 10 and transfers commands and responses with the
master device 11.

[0102] The remote control block 13B is a functional block
for realizing media play control such as play, stop, pause,
fast forward, and rewind of media loaded on the media
player 11 and sound output control such as volume up,
volume down, and mute of the headphone 12.

[0103] In the present embodiment, as with the headphone
12, the remote commander 13 may be configured as a slave
device compatible only with the conventional AV equipment
control profile “AV Remote Control Profile” (AVRCP).
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[0104] The AV Remote Control Profile (AVRCP), one of
the Bluetooth application profiles is intended to realize the
AV equipment control similar to infrared remote control on
each Bluetooth wireless network. The command transmit-
ting side is called a “controller,” while the side which
receives commands the returns responses is called a “target.”

[0105] FIG. 3 schematically illustrates the profile stack
structure of AV Remote Control Profile (AVRCP).

[0106] In the figure, a baseband layer, an LMP layer, and
an L2CAP layer are Bluetooth protocols equivalent to the
first layer and the second layer of an OSI (Open Systems
Interconnect) basic reference model.

[0107] An AVCTP (AV Control Transport Protocol) layer
specifies the processing procedure and message exchange
for controlling AV equipment.

[0108] An SDP layer specifies the Bluetooth service dis-
covery protocol and allows the master device 11 functioning
as the system controller to detect the controller function and
target function of the slave devices 12 and 13 in the piconet
10.

[0109] The AV control layer is an entity for controlling AV
equipment on an AV/C command basis.

[0110] In the present embodiment, the headphone 12 has
the AVRCP target function so as to control volume up and
volume down operations from the outside.

[0111] The remote commander 13 has the AVRCP con-
troller function so as to remotely control outside equipment
including the headphone 12.

[0112] The media player 11 has both the AVRCP controller
and target functions. Namely, the media player 11 has the
controller function for transmitting the volume up and
volume-down commands to the headphone 12 and the target
function for receiving the media play and stop commands
for example from the remote commander 13 and processing
them.

[0113] As described earlier, in the piconet 10, the media
player 11 is defined as the master device in the Bluetooth
wireless communication and the headphone 12 and the
remote commander 13 are defined as its slave devices.

[0114] The following describes an example of a so-called
“universal remote commander” which may remotely control
equipment of various categories.

[0115] Each of the remote commander of this type has
keys including play, stop, FF, rewind, pause, volume up,
volume down, channel up, channel down, up, down, right,
left, and execute, thereby issuing commands corresponding
to user’s key operations.

[0116] In the present embodiment, the remote commander
13 is defined as a slave device, so that it cannot communicate
with the media player 11, which is the master device. In
other words, the above-mentioned commands issued from
the remote commander 13 may be transmitted only to the
media player 11.

[0117] On the other hand, the media player 11, which is the
mate of communication of the remote commander 13, can
execute the commands associated with media play control
such as play, stop, FF, rewind, and pause among the com-
mands received from the remote commander 13, but,
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because no speaker is incorporated, cannot execute the
commands associated with volume adjustment such as vol-
ume up and volume down.

[0118] Based on the function of the system control block
11D to be described later, the media player 11 associated
with the present embodiment can become the system con-
troller in the piconet 10 to transfer the received commands
for volume up and volume down to the headphone 12.

[0119] The following describes the processing procedure
of the system control function in the piconet 10 of the media
player 11 to be realized by the system control block 11D.

[0120] (1) Establishing the Bluetooth communication in
the piconet:

[0121] The connection of the Bluetooth communication in
the piconet 10 is established by going through inquiry and
page phases. Consequently, the media player 11 operating as
the system controller in the piconet 10 is defined as the
master device.

[0122] Tt should be noted that the inquiry denotes herein
the first-stage processing phase for providing the synchro-
nization in piconet, in which the master device 11 checks the
existence of the slave devices 12 and 13 in the piconet 10.
The page denotes herein the second-stage processing phase
for providing the synchronization in piconet, in which, on
the basis of a result of the inquiry, the master device
establishes the synchronization in piconet between the par-
ticular slave devices 12 and 13.

[0123] (2) Grasping the AVRCP controller/target functions
for each slave device in piconet:

[0124] The media player 11 as the system controller lays
the connection of a logical link (L2CAP) for performing
service discovery on the headphone 12 and the remote
commander 13 which are the slave devices in the same
piconet 10 and, by use of the service discovery protocol
(SDP), grasps the functions in the AVRCP protocol of the
headphone 12 and the remote commander 13.

[0125] Inthe example shown in FIG. 1, by use of SDP, the
media player 11 as the system controller knows that the
remote commander 13 has an AVRCP controller function
and the headphone 12 is compatible with an AVRCP target
function. In the present embodiment, the headphone 12 is
compatible with an AVRCP category 2 (monitor/amplifier)
function, which is also grasped by the SDP procedure.
(These items of information are held in each device as a
service record.)

[0126] Next, the media player 11 as the system controller
lays the connection of the logical link (L2CAP) for device
control with the headphone 12. Then, the media player 11
transmits a support inquiry command to check which of
AVRCP commands is supported by the headphone. In
AVRCP, an AV/C command is used as the protocol for AV
equipment control (refer to FIG. 3).

[0127] For a command for remote commander control, a
PASS THROUGH command defined in the AV/C panel
subunit is applied. FIG. 4 shows the structure of AVRCP
command frame by use of the PASS THROUGH command
for example. As shown, this command frame is configured
by a packet header, an L2CAP header, an AV control
transport protocol (AVCTP) and an AV/C command in this
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order. The packet header includes an identifier for identify-
ing a slave in communication in the piconet. The AV/C
commands include a SPECIFIC INQUIRY command for
inquiring the support condition for each control command.
When the SPECIFIC INQUIRY command is transmitted
attached with the same operation code as control and an
operand, the implementation on the target device may be
known without involving an actual operation. By this SPE-
CIFIC INQUIRY command, the implementation condition
of each operation of the PASS THROUGH command may
be known.

[0128] In the present embodiment, the belonging of the
headphone to category 2 (described above) is known in
advance, so that only the operation of category 2 may be
checked. The following table (Table 1) lists the operations in
category 2.

TABLE 1

9

dot

enter

sound select
input select
display information
help

power
volume up
volume down
mute

vendor unique

[0129] In category 2, the support in target device of
volume up and volume down is mandatory, so that, whether
they are supported or not need to be checked. For example,
assumed that the headphone 12 also support mute in addition
to volume up and volume down. Then, the headphone 12
which received the SPECIFIC INQUIRY command for each
operation ID from the media player 11 returns response
called IMPLEMENTED to the command which corresponds
to these three implemented operations. For the inquiries for
the other operations not implemented, the headphone 12
returns a response called NOT IMPLEMENTED.

[0130] (3) Managing support commands for each AVRCP
target in piconet:

[0131] The media player 11 as the system controller also
generates a list of commands to be supported when the
media player 11 itself functions as a target device and a list
of commands for controlling the target device (the head-
phone 12 in the example shown in FIG. 1) in the piconet 10
by the media player 11 (namely, the commands supported by
the headphone 12). An example of generated lists is shown
in Table 2 below.

TABLE 2

Commands (operations)

supported by medial Commands (operations)

player supported by headphone
play volume up
stop volume down
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TABLE 2-continued

Commands (operations)

supported by medial Commands (operations)

player supported by headphone
pause mute

record

rewind

fast forward

[0132] (4) Connecting AVRCP controller with Bluetooth
master device:

[0133] The remote commander 13 lays, as the AVRCP
controller, the connection of a logical link (L2CAP) with the
media player 11 in the piconet 10. In response, the media
player 11 responds to this connection when it becomes ready
for functioning as the system controller.

[0134] (5) Transmitting commands form AVRCP control-
ler:

[0135] In order to transmit commands to AV equipment,
the user operates corresponding keys on the remote com-
mander 13. In response, the remote commander 13 trans-
mits, as the AVRCP controller, specified commands to the
media player 11 which is the AVRCP target.

[0136] (6) Transferring commands to AVRCP target:

[0137] The media player 11 which is the AVRCP target
incorporates the system control block 11D (described
above). This system control block 11D interprets the com-
mands received from the AVRCP controller (the remote
commander 13 shown in FIG. 1) in the piconet 10.

[0138] If the command interpretation indicates that the
received command is one of the commands listed in the left
column of Table 2 such as “play” indicative of media play
start, namely the received command is for the media play
control supported by the media player 11 itself, then the
media player 11 passes this command to the player control
block 11C in it and returns an ACCEPTED response indica-
tive of the acceptance of the command to the requesting
remote commander 13.

[0139] If the command interpretation indicates that the
received command is one of the commands listed in the right
column of Table 2 such as “volume up,” namely the received
command is supported by the AVRCP target (the headphone
12 shown in FIG. 1) other than the media player 11, the
media player 11 returns an ACCEPTED response indicative
of the acceptance of the command to the command trans-
mitting remote commander 13 and transfers the received
command directly to the supporting device, namely the
headphone 12.

[0140] If the command received by the system control
block is not listed in Table 2, namely, not supported by any
AVRCP targets in the piconet 10, then the media player 11
returns NOT IMPLEMENTED response to the command
transmitting remote commander 13, thereby ignoring the
processing of the received command.

[0141] (7) Executing commands by AVRCP target:

[0142] As described, when command transmission to the
headphone 12 has been performed, the headphone 12 inter-
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prets that the media player 11 as the Bluetooth master device
has transmitted the volume up command by becoming the
controller (in other words, without being aware that the
command has been issued from the remote commander 13)
and returns an ACCEPTED response indicative of the accep-
tance of the command to the media player 11, thereby
executing the volume up command.

[0143] As described, on the AVRCP control profile, the
media player 11 has the target function and the controller
function on its own and generates a command list in the
system control block 11D to grasp the commands supported
by each of the target devices (the headphone 12 and the
media player 11 itself in the example shown in FIG. 1) in the
piconet 10.

[0144] As a result, the remote commander 13 may only
control the media player 11 as the target having the function
of the headphone 12 by becoming the AVRCP controller.
Therefore, the remote commander 13 may be configured as
a slave device compatible with the conventional AVRCP.

[0145] The headphone 12 may only receive and execute,
as the AVRCP target, the command from the media player 11
which is the AVRCP controller. Therefore, the headphone 12
may be configured as a slave device compatible with the
conventional AVRCP. Obviously, the headphone 12 need not
be aware that the received command is from the remote
commander 13.

[0146] The following describes an exemplary application
which uses the system controller function of a Bluetooth
master device such as mentioned above.

[0147] For example, assume that the media player 11 as
the master device have an LCD (Liquid Crystal Display)
display function (not shown) and a variety of settings
associated with AVRCP command control can be performed
on this LCD (Liquid Crystal Display) display function.

[0148] In this case, it may also be specified on a menu
screen (not shown) whether to restrict the operation on the
remote commander 13 to the main frame of the media player
11 or extend it to the other slave devices in the piconet 10,
namely the targets. Alternatively, instead of using a display
device such as LCD, an on/off switch associated with
command transfer or an equivalent mechanical button (not
shown) may be arranged on the main frame of the media
player 11.

[0149] In more sophisticated applications, the above-men-
tioned configuration is also applicable to the case in which
there are devices of the same category (namely, the target
devices which support the same command) in one piconet
10.

[0150] FIG. 5 shows an example in which two or more
slave devices of the same category in one piconet 20 a
Bluetooth wireless network.

[0151] In the piconet 20 shown, there are a media player
21 as the master device, a headphone A22 and a headphone
B23 as slave devices, and a remote commander 24 as a slave
device.

[0152] The remote commander 24 which is a slave device
in the piconet 20 operates, on the control profile AVRCP, as
the controller which issues commands associated with media
play control and output volume adjustment.
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[0153] The media player 21 which is the master device in
the piconet 20 has, on the control profile AVRCP, the
controller function for issuing commands such as volume
control commands to the headphone A22 and the headphone
B23 and the target function for performing media play
control such as play, stop, pause, fast forward, and rewind of
media in response to the commands from the remote com-
mander 24.

[0154] Each of the headphone A22 and the headphone B23
which are the slave devices in the piconet 20 supports, on the
control profile AVRCP, as a target, the commands of the
same category associated with volume adjustment.

[0155] As shown in FIG. §, if the headphone A22 and the
headphone B23 exist in the piconet 20 in which the media
player 21 is the master, the media player 21 as the system
controller in the piconet 20 is not sure to which of these
headphones a command “volume up” from the remote
commander 24 is to be transferred.

[0156] Hence, in the present embodiment, if there are two
or more targets of the same category in a piconet, the system
control rules are determined so that the controller, from
which commands are issued, namely, the remote commander
24 can specify to which of these target the commands are to
be transferred.

[0157] For example, if functions keys such as F1, F2, F3,
F4, and so on are arranged on the remote commander 24, the
key button operations are assigned to the specification of the
target devices. The following shows an example of the
assignment of the function keys to the specification of target
devices.

[0158] To transmit commands to the headphone A (to
adjust the volume of the headphone A), press F1 key and
then press a command button (for example, volume up).

[0159] To transmit commands to the headphone B (to
adjust the volume of the headphone B), press F2 key and
then press a command button (for example, volume up).

[0160] To transmit commands to both the headphone A
and the headphone B (to adjust the volumes of both the
headphones A and B), press F3 key and then press a
command button (for example, volume up).

[0161] To end the transmission of commands to the head-
phone A and the headphone B (to end the operations of the
headphone A and the headphone B), press F4 key and then
press a command button (for example, volume up).

[0162] FIG. 6 approximately shows a flowchart describ-
ing a system control processing procedure by the media
player 21 as the system controller in the piconet 20 shown
in FIG. 5. It is assumed, however, that the media player 21
grasp the controller and/or target function on the control
profile AVRCP of the slave devices 22, 23, and 24 in the
piconet 20 through the procedure described above and
manage the commands supported by the target devices 22
and 23. The following describes the system control process-
ing in he piconet 20 with reference to the flowchart shown
in FIG. 6.

[0163] Receiving a command from the remote commander
24 (step S1), the media player 21 first determines whether
the headphone A control mode is on (step S2). When
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function key F1 is pressed, the remote commander 24 can
specify that it is the control mode of the headphone A22 (as
described above).

[0164] If the headphone A control mode is found on, the
procedure goes to decision block S5 to further determine
whether a command associated with F2, F3, or F4 has been
received from the remote commander 24.

[0165] If a command associated with F2, F3, or F4 has not
been received from the remote commander 24, the media
player 21 controls the headphone A22 in the headphone A
control mode in accordance with the command received
from the remote commander 24.

[0166] On the other hand, if a command associated with
F2, F3, or F4 has been received from the remote commander
24, the headphone B control mode is entered in response to
the reception of F2 command. And, in response to the
reception of F3 command, the headphone AB control mode
is entered. In response to the reception of F4 command, the
operations of the headphone A and the headphone B are
stopped, upon which the control mode of the media player
21 is entered.

[0167] If, in decision block S2, the headphone A mode is
found not entered, then the procedure goes to subsequent
decision block S3 to determine whether the headphone AB
control mode has been entered. When function key F3 is
pressed, the remote commander 24 can specify that it is the
headphone AB control mode (as described above).

[0168] If the headphone AB mode is found entered, the
procedure goes to decision block S8 to check if a command
associated with F1, F2, or F4 has been received from the
remote commander 24.

[0169] If a command associated with F1, F2, or F4 has not
been received from the remote commander 24, the media
player 21 controls both the headphones A and B in the
headphone AB control mode in accordance with the com-
mand received from the remote commander 24.

[0170] On the other hand, if a command associated with
F1, F2, or F4 has been received from the remote commander
24, then the headphone A control mode is entered in
response to the reception of F1 command. And, in response
to the reception of F2 command, the headphone B control
mode is entered. In response to the reception of F4 com-
mand, the operations of the headphones A and B are stopped,
upon which the control mode of the main frame of the media
player 21 is entered.

[0171] If the headphone AB control mode is found not
entered in decision block S3, then the procedure goes to
subsequent decision block S4 to determine whether the
headphone B mode is entered. When function key F2 is
pressed, the remote commander 24 can specify that it is the
headphone B control mode (as described above).

[0172] 1If the headphone B control mode is found entered,
then the procedure goes to decision block Sé to further check
if a command associated with F1, F3, or F4 has been
received from the remote commander 24.

[0173] If a command associated with F1, F3, or F4 has not
been received from the remote commander 24, then the
media player 21 controls the headphone B in the headphone
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B control mode in accordance with the command received
from the remote commander 24.

[0174] On the other hand, if a command associated with
F1, F3, or F4 has been received from the remote commander
24, the headphone A control mode is entered in response to
the reception of F1 command. And, in response to the
reception of F3 command, the control mode of both the
headphones A and B is entered. In response to the reception
of F4 command, the operations of the headphones A and B
are stopped, upon which the control mode of the main frame
of the media player 21 is entered.

[0175] If the headphone B control mode is found not
entered in decision block S4, then the procedure goes to
subsequent decision block S7 to check if a command asso-
ciated with F1, F2, or F4 has been received from the remote
commander 24.

[0176] If a command associated with F1, F2, or F3 has not
been received from the remote commander 24, the media
player 21 executes the command received from the remote
commander 24 in the control mode of the main frame of the
media player 21.

[0177] On the other hand, if a command associated with
F1, F2, or F3 has been received from the remote commander
24, then the headphone A control mode is entered in
response to the reception of F1 command. And, in response
to the reception of F2 command, the headphone B control
mode is entered. In response to the reception of F3 com-
mand, the headphone AB control mode is entered.

[0178] FIG. 7 approximately shows a flowchart describ-
ing a procedure for the media player 21 as the system
controller to process the commands from the remote com-
mander 24 in the headphone A control mode. The following
describes the command processing by the media player 21
with reference to this flowchart.

[0179] Receiving a command from the remote commander
24 the system control block (described above) of the media
player 21 determines whether the received command is
listed in the command list (Table 2) of the headphone A22,
in other words, whether the received command is supported
by the headphone A22 which is a target (step S11).

[0180] If the received command is found supported by the
headphone A, then an ACCEPTED response indicative of
the acceptance of the command is returned to the command
transmitting remote commander 24 (step S12). On the other
hand, if the received command is fount not supported by the
headphone A, then a NOT IMPLEMENTED response is
returned to the command transmitting remote commander 24
(step S13), upon which this processing routine comes to an
end in its entirety.

[0181] Next, the command is transferred to the headphone
A (step S14), upon which this processing routine comes to
an end in its entirety.

[0182] The following details a system control processing
procedure by the media player 21 which is the system
controller in the piconet 20 shown in FIG. § with reference
to FIGS. 8 through 17. It is assumed here that the media
player 21 grasp the controller and target functions on the
control profile AVRCP of the slave devices 22,23, and 24 in
the piconet 10 through the above-mentioned procedure and
manage the support commands of the target devices 22 and
23.
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[0183] Referring to FIG. 8, receiving a command from the
remote commander 24 (step S101), the media player 21 first
determines whether the received command is “F1” or not
(step S102). If the received command is found not “F1,” the
media player 21 determines whether the received command
is “F2,7“F3,” or “F4” (steps S102, S103, and S104). Because
the “F1,”“F2,7“F3,” and “F4” commands are used to specify
device control modes, if the received command is one of
“F1,7“F2,7“F3,” and “F4,” the procedure goes to the com-
mand processing shown in FIGS. 9, 10, 11, or 12 accord-
ingly. If the received command is one of “F1,”“F2,7“F3,”
and “F4,” then the received command is not for specifying
the device control mode but for control itself, so that the
procedure goes to the device control command processing
shown in FIG. 13.

[0184] FIG. 9 shows a flowchart of a processing proce-
dure to be executed by the media player 21 when “F1”
command is received. First, the media player 21 determines
the current control mode (step S106). Then, the media player
21 determines whether the headphone A control mode has
already been entered (step S107). If this mode has not been
entered, the “headphone A control mode” is entered (step
$108). If the headphone A control mode has been entered,
the mode change does not take place. Next, an ACCEPTED
response indicative of the acceptance of the command is
returned to the command transmitting remote commander 24
(step S109), upon which this processing routines comes to
an end in its entirety.

[0185] FIG. 10 shows a flowchart describing a processing
procedure to be executed by the media player 21 when it
receives “F2” command. First, the media player 21 deter-
mines the current control mode (step S110). Then, the media
player 21 determines whether the headphone B control mode
has already been entered (step S111). If this mode has not
been entered, the “headphone B control mode™ is entered
(step S112). If the headphone B control mode has been
entered, the mode change does not take place. Next, an
ACCEPTED response indicative the acceptance of the com-
mand is returned to the command transmitting remote com-
mander 24 (step S113), upon which this processing routines
comes to an end in its entirety.

[0186] FIG. 11 shows a flowchart describing a processing
procedure to be executed by the media player 21 when it
receives “F3” command. First, the media player 21 deter-
mines the current control mode (step S114). Then, the media
player 21 determines whether the headphone AB control
mode has already been entered (step S115). If this mode has
not been entered, the “headphone AB control mode” is
entered (step S116). If the headphone AB control mode has
been entered, the mode change does not take place. Next, an
ACCEPTED response indicative the acceptance of the com-
mand is returned to the command transmitting remote com-
mander 24 (step S117), upon which this processing routines
comes to an end in its entirety.

[0187] FIG. 12 shows a flowchart describing a processing
procedure to be executed by the media player 21 when it
receives “F4” command. First, the media player 21 deter-
mines the current control mode (step S118). Then, the media
player 21 determines whether the main frame control mode
has already been entered (step S119). If this mode has not
been entered, the “main frame control mode” is entered (step
$120). If the main frame control mode has been entered, the
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mode change does not take place. Next, an ACCEPTED
response indicative the acceptance of the command is
returned to the command transmitting remote commander 24
(step S121), upon which this processing routines comes to
an end in its entirety.

[0188] FIG. 13 shows a flowchart describing a device
control command processing procedure to be executed by
the media player 21. First, the media player 21 checks the
current control mode (step S122) whether it is the head-
phone A control mode (step S123), the headphone B control
mode (step S124), or the headphone AB control mode (step
$125). If the current mode is any one of these modes, then
the procedure goes to the control mode processing shown in
FIG. 14, FIG. 15, or FIG. 16 accordingly. If the current
mode is none of these control modes, then it is the mode for
controlling the main frame of the media player 21 and the
procedure goes to the processing shown in FIG. 17.

[0189] FIG. 14 shows a flowchart describing a procedure
for the media player 21 that is the system controller to
process the commands transmitted from the remote com-
mander 24 that is the controller in the headphone A control
mode.

[0190] The system control block in the media player 21
checks the command received from the remote commander
24 (step S126) to see whether it is listed in the command list
(refer to Table 2) of the headphone A22, in other words,
whether the received command is supported by the head-
phone A22 that is a target (step S127).

[0191] If the received command is found supported by the
headphone A22, then an ACCEPTED response indicative of
the acceptance of the command is returned to the command
transmitting remote commander 24 (step S128) Then, the
command is transferred to the headphone A22 (step S129),
upon which this processing routine comes to an end in its
entirety. On the other hand, if the received command is
found not supported by the headphone A22, then a NOT
IMPLEMENTED response is returned to the command
transmitting remote commander 24 (step S130), upon which
this processing routine comes to an end in its entirety.

[0192] FIG. 15 shows a flowchart describing a procedure
for the media player 21 that is the system controller to
process the commands transmitted from the remote com-
mander 24 that is the controller in the headphone B control
mode.

[0193] The system control block in the media player 21
checks the command received from the remote commander
24 (step S131) to see whether it is listed in the command list
of the headphone B23, in other words, whether the received
command is supported by the headphone B23 that is a target
(step S132).

[0194] If the received command is found supported by the
headphone B23, then an ACCEPTED response indicative of
the acceptance of the command is returned to the command
transmitting remote commander 24 (step S133). Then, the
command is transferred to the headphone B23 (step S133),
upon which this processing routine comes to an end in its
entirety. On the other hand, if the received command is
found not supported by the headphone B23, then a NOT
IMPLEMENTED response is returned to the command
transmitting remote commander 24 (step S135), upon which
this processing routine comes to an end in its entirety.
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[0195] FIG. 16 shows a flowchart describing a procedure
for the media player 21 that is the system controller to
process the commands transmitted from the remote com-
mander 24 that is the controller in the headphone AB control
mode.

[0196] The system control block in the media player 21
checks the command received from the remote commander
24 (step S136) to see whether it is listed in the command list
of the headphone A 22 or B23 (refer to Table 2), in other
words, whether the received command is supported by the
headphone A22 that is a target (step S137).

[0197] If the received command is found supported by the
headphone A22 or B23, then an ACCEPTED response
indicative of the acceptance of the command is returned to
the command transmitting remote commander 24 (step
S138). Then, the command is transferred to the headphones
A22 and B23 (steps S139 and S140), upon which this
processing routine comes to an end in its entirety. On the
other hand, if the received command is found not supported
by the headphone A22 or B23, then a NOT IMPLE-
MENTED response is returned to the command transmitting
remote commander 24 (step S141), upon which this pro-
cessing routine comes to an end in its entirety.

[0198] FIG. 17 shows a flowchart describing a procedure
for the media player 21 that is the system controller to
process the commands received from the remote commander
24 that is the controller in the main frame control mode.

[0199] The system control block in the media player 21
checks a command received from the remote commander 24
(step S142) whether it is listed in the list of commands
(Table 2) supported by the main frame of the media player
21 (step S143).

[0200] 1If the received command is found supported by the
media player 21 itself, the command is passed to the player
control block in the media player 21 of the same model (step
S144). At this moment, it is checked whether the command
can be executed or not due to emergency such as a failure of
the player control block (step S145).

[0201] If the command is found executable, then an
ACCEPTED response is returned to the command transmit-
ting remote commander 24 (step S146), upon which this
processing routine comes to an end in its entirety. If the
received command is supported but cannot currently be
executed, a REJECTED response indicative of the rejection
of the command is returned (step S146), upon which this
processing routine comes to an end in its entirety. If the
received command is found not one supported by the media
player 21 itself, a NOT IMPLEMENTED response indica-
tive thereof is returned (step S148), upon which this pro-
cessing routine comes to an end in its entirety.

[0202] The following describes one embodiment of the
present invention by use of an example in which the Blue-
tooth master device that is the system controller processes
the transfer of commands between AVRCP controller and
AVRCP target in a Bluetooth piconet.

[0203] FIG. 18 illustrates there are one master device 31
and four slave devices 32, 33, 34, and 35 in one piconet 30
of a Bluetooth wireless network.

[0204] As described earlier, the master device 31 is pro-
vided with a control function to maintain the order of
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communication. If a plurality of slaves exist in a same
piconet 10, the communication between slaves and master is
shared in a time division multiplexing manner between all
the slave devices except in the case of broadcast communi-
cation. The unit of time division multiplexing is a time
interval of 625 microseconds called “time slot.”

[0205] With respect to the directions of packet transfer
between the master and each slave in the same piconet 10,
a packet is transferred from maser to slave if its slot number
is even and from slave to master if its slot number of odd.
Thus, in Bluetooth, packets can be transferred between
master and slave, but cannot be directly transferred between
slave devices.

[0206] In the example shown in FIG. 18, the piconet 30
includes a media player 31 as the master device, a television
(TV) tuner 32 as a slave device, headphones 33 and 34 as
slave devices, and a remote commander 35 as a slave device.
The remote commander 35 remotely controls the media
player 31 in play control such as media play, stop, pause, fast
forward, and rewind and the TV tuner 32 in tuning, and the
headphones 33 and 34 in volume adjustment.

[0207] In the piconet 30, one of the Bluetooth application
files, AV Remote Control Profile (AVRCP), is implemented.
On the AVRCP profile, the remote commander 35 as a slave
device has a function of the controller for transmitting
commands to other devices, namely targets, in the piconet
30. The media player 31 as the master device has both the
functions of the controller for command transmission and
the target for command support. The TV tuner 32 and the
headphones A33 and B34 as slaves each have an AVRCP
target which supports the commands issued by the AVRCP
controller.

[0208] The media player 31 as the master device of the
piconet 30 may operate as the system controller to inquire
each slave device in the piconet 30 whether it has the control
function and the target function on the control profile
AVRCP.

[0209] In addition, the media player 31 as the system
controller may inquire the slave devices 32, 33, and 34
functioning as AVRCP targets in the piconet 30 to detect the
commands supported by these slave devices. The media
player 31 generates a command list in the piconet 30. An
example of this command list is shown in Table 3 below.

TABLE 3
Commands Commands Commands Commands
supported by supported by supported by supported by
media player TV tuner headphone A headphone B
Play Channel up Volume up Volume up
Stop Channel down Volume down Volume down
Pause Volume up Mute
Record Volume down
Rewind Mute

Fast forward

[0210] The following describes a processing procedure in
which the media player 31 as the system controller inquires
the slave devices 32 through 34 functioning as targets on the
control profile AVRCP for their functions in the piconet 30
with reference to FIG. 19.

[0211] First, the media player 31 which is the master
device and the system controller lays the L2CAP channel for
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Service Discovery Protocol (SDP) with the TV tuner 32 and,
on the basis of the Service Discovery procedure, detects that
the TV tuner 32 is a target device on the control profile
AVRCP and the compatible with the tuner function and
amplifier function. Then, the media player 31 clears the
L2CAP channel with the TV tuner 32.

[0212] Next, the media player 31 lays the LT2CAP channel
for Service Discovery Protocol (SDP) with the headphone
A33 which is another slave device in the piconet 30 and, on
the basis of the Service Discovery procedure, detects that the
headphone A33 is a target device on the control profile
AVRCP and compatible with the headphone function. Then,
the media player 31 clears the L2CAP channel with the
headphone A33.

[0213] Then, the media player 31 lays the L2CAP channel
for Service Discovery Protocol (SDP) with the headphone
B34 which is another slave device in the piconet 30 and, on
the basis of the Service Discovery procedure, detects that the
headphone B34 is a target device on the control profile
AVRCP and compatible with the headphone function. Then,
the media player 31 clears the L2CAP channel with the
headphone B34.

[0214] Further, the media player 31 as the system control-
ler lays the L2CAP channel for control with the TV tuner 32
as a slave device to inquire, by use of Specific Inquiry, the
TV tuner 32 for the commands supported thereby and detect
these commands.

[0215] Next, the media player 31 lays the LT2CAP channel
for control with the headphone A33 as a slave device and
inquires, by use of Specific Inquiry, the headphone A33 for
the commands supported as an AVRCP target thereby and
detects them.

[0216] Then, the media player 31 lays the L2CAP channel
for control with the headphone B34 as a slave device and, by
use of Specific Inquiry, inquires the headphone B34 for the
commands supported as an AVRCP target thereby and detect
them.

[0217] Thus, the media player 31 as the system controller
may detect the commands supported by the AVRCP target
devices in the piconet 30 by use of the ordinary Bluetooth
communication and, as a result, generate the command list
shown in Table 3 mentioned above.

[0218] The following details the processing in which the
media player 31 as the system controller inquires each
AVRCP target for the commands supported thereby by use
of Specific Inquiry. In what follows, it is assumed that the
inquiry is directed to the headphone B34 as an AVRCP
target.

[0219] The media player 31 as the system controller
transmits a Specific Inquiry message to the headphone B34
as an AVRCP target to inquire whether the headphone B34
supports command “volume up” or not.

[0220] For this Specific Inquiry message frame, a PASS
THROUGH command may be applied, the frame structure
thereof being schematically illustrated in FIG. 21. As shown
in the figure, “Specific Inquiry” is specified in Ctype/
response field of the message frame. PASS THROUGH is
written to the operation code and an operation identifier
(here, command “volume up”) is written to the operand.
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[0221] In response, the headphone B34 as an AVRCP
target returns Implemented message because it supports the
inquired command “volume up.”

[0222] For this Implemented message frame, a PASS
THROUGH command may be applied, the frame structure
thereof being schematically illustrated in FIG. 22. As shown
in the figure, “Implemented” is specified in Ctype/response
field of the message frame. PASS THROUGH is written to
the operation code and an operation identifier (here, com-
mand “volume up”) is written to the operand.

[0223] The media player 31 as the system controller
transmits Inquiry message to the headphone B34 as an
AVRCP target to inquire whether command “input select” is
supported thereby.

[0224] For this Specific Inquiry message frame, a PASS
THROUGH command may be applied, the frame structure
thereof being schematically shown in FIG. 23. “Specific
Inquiry” is specified in Ctype/response field of the message
frame. PASS THROUGH is written to the operation code
and an operation identifier (here, command “input select”) is
written to the operand.

[0225] In response, the headphone B34 as an AVRCP
target returns Not Implemented message because it does not
support the inquired command “input select.”

[0226] For this Not Implemented message frame, a PASS
THROUGH command may be applied, the frame structure
thereof being schematically shown in FIG. 24. As shown in
the figure, “Not Implemented” is specified in Ctype/re-
sponse field of the message frame. PASS THROUGH is
written to the operation code and an operation identifier
(here, command “input select”) is written to the operand.

[0227] The following describes, with reference to FIG.
25, a processing procedure in which the remote commander
35 functioning as the AVRCP controller transmits a PASS
THROUGH command to each AVRCP target via the media
player 31 as the system controller for remote control opera-
tion.

[0228] 1t should be noted that the media player 31f as the
system controller is also the master device in the piconet 30.
In the example shown below, the remote commander 35 may
be set to the TV tuner control mode by F1 command, the
headphone A control mode by F2 command, and the head-
phone B control mode by F3 command.

[0229] The remote commander 35 which is the AVRCP
controller is a slave device in the piconet 30 and can
communicate only with the media player 31 which is the
master device and the system controller. Therefore, to trans-
mit commands to other slave devices 32 through 34 which
are AVRCP targets, the remote commander 35 first lays the
L2CAP channel for control with the media player 31 which
is the master device.

[0230] Then, upon establishment of the L2CAP channel
for control with the media player 31, the remote commander
35 transmits F1 command to the media player 31 which is
the system controller.

[0231] In response, the media player 31 interprets the
received F1 command to set the control mode of the TV
tuner 32.
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[0232] Further, the remote commander 35 as the AVRCP
controller transmits a mute command to the media player 31
which is an AVRCP target.

[0233] In response, the media player 31 references the
command list such as Table 3 to detect that the received mute
command is supported by both the TV tuner 32 and the
headphone A33. In this case, the TV tuner control mode is
already set by F1 command issued last. Therefore, the media
player 31 as the AVRCP controller transfers the mute
command only to the TV tuner 32 which is an AVRCP target.

[0234] Next, the remote commander 35 as the AVRCP
controller transmits a channel up command to the media
player 31 which is an AVRCP target.

[0235] In response, the media player 31 references the
command list as shown in Table 3 mentioned above to detect
that the channel up command is supported only by the TV
tuner 32. Then, the media player 31 as the AVRCP controller
transfers the channel up command to the TV tuner 32 which
is an AVRCP target.

[0236] Next, the remote commander 35 as the AVRCP
controller transmits a play command to the media player 31
which is an AVRCP target.

[0237] In response, the media player 31 references the
command list as shown in Table 3 mentioned above to detect
that the play command is supported only by the media player
31 itself. Therefore, the media player 31 as an AVRCP target
executes the play command on its own.

[0238] Then, the remote commander 35 transmits F3
command to the media player 31 which is the system
controller.

[0239] In response, the media player 31 interprets the
received F3 command to set the control mode of the head-
phone B34.

[0240] Further, the remote commander 35 as the AVRCP
controller transmits a volume up command to the media
player 31 which is an AVRCP target.

[0241] In response, the media player 31 references the
command list as shown in Table 3 mentioned above to detect
that the volume up command is supported by the TV tuner
32 and the headphones A33 and B34. In this case, the
headphone B control mode is already set by the F3 command
issued last. Therefore, the media player 31 as the AVRCP
controller transfers the volume up command only to the
headphone B34 which is an AVRCP target.

[0242] The following details, with reference to FIG. 26, a
processing procedure in which the remote commander 35
functioning as the AVRCP controller transmits a PASS
THROUGH command to the media player 31 which is the
system controller to remotely control other slave devices
which are AVRCP targets. In what follows, it is assumed that
the remote commander 35 remotely control the TV tuner 32
which is an AVRCP target.

[0243] The remote commander 35 which is the AVRCP
controller is a slave device in the piconet 30 and therefore
can communicate only with the media player 31 which is the
master device. Therefore, to set the TV tuner control mode,
the remote commander 35 transmits F1 command to the
media player 31.
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[0244] For this F1 command transmission, a PASS
THROUGH command may be applied, the frame structure
thereof being schematically shown in FIG. 27. As shown in
the figure, “Control” is specified in Ctype/response field of
the message frame. PASS THROUGH is written to the
operation code and an operation identifier (here, command
“F17) is written to the operand.

[0245] In response, the media player 31 as the system
controller accepts the F1 command and sets the TV tuner
control mode, returning an Accepted message indicative of
the acceptance of the F1 command to the remote commander
35 which is the AVRCP controller.

[0246] For the transmission of the Accepted message, a
PASS THROUGH command may be applied, the frame
structure thereof being schematically shown in FIG. 28. As
shown in the figure, “Accepted” is specified in Ctype/
response field of the message frame. PASS THROUGH is
written to the operation code and an operation identifier
(here, command “F17) is written to the operand.

[0247] Also, the remote controller 35 as a slave device and
the AVRCP controller transmits a mute command to the
media player 31 which is the master device and an AVRCP
target.

[0248] For the transmission of this mute command, a
PASS THROUGH command may be applied, the frame
structure thereof being schematically shown in FIG. 29. As
shown in the figure, “Control” is specified in Ctype/response
field of the message frame. PASS THROUGH is written to
the operation code and an operation identifier (here, com-
mand “mute”) is written to the operand.

[0249] In response, the media player 31 as the system
controller accepts the mute command and references the
command list as shown in Table 3 mentioned above to detect
that the received mute command is supported by the AVRCP
target in the piconet 30, returning an Accepted message
indicative of the acceptance of the mute command to the
remote commander 35 which is the AVRCP controller.

[0250] For the transmission of this Accepted message, a
PASS THROUGH command may be applied, the frame
structure thereof being schematically shown on FIG. 30. As
shown in the figure, “Accepted” is specified in Ctype/
response field of the message frame. PASS THROUGH is
written to the operation code and an operation identifier
(here, command “mute”) is written to the operand.

[0251] In the piconet 30, the TV tuner 32 and the head-
phone A33 which are AVRCP targets support the mute
command. In this case, the TV tuner control mode is already
set by the F1 command issued last. Therefore, the media
player 31 as the system controller transfers, as the AVRCP
controller, the mute command to the TV tuner 32 which is
an AVRCP target.

[0252] For the transmission of this mute command, a
PASS THROUGH command may be applied, the frame
structure thereof being schematically shown in FIG. 31. As
shown in the figure, “Control” is specified in Ctype/response
field of the message frame. PASS THROUGH is written to
the operation code and an operation identifier (here, com-
mand “mute”) is written to the operand.

[0253] Upon reception of the mute command supported by
itself, the media player 31 as an AVRCP target returns an
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Accepted message indicative of the acceptance of the mute
command to the media player 31 which is the AVRCP
controller. In the piconet 30, the media player 31 is the
master device and the TV tuner 32 is a slave device, so that
communication between them is enabled.

[0254] For the transmission of this Accepted message, a
PASS THROUGH command may be applied, the frame
structure thereof being schematically shown in FIG. 32. As
shown in the figure, “Accepted” is specified in Ctype/
response field of the message frame. PASS THROUGH is
written to the operation code and an operation identifier
(here, command “mute”) is written to the operand.

[0255] Supplement:

[0256] The present invention has been described in detail
with reference to preferred embodiments. While the pre-
ferred embodiments of the present invention have been
described using specific terms, such description is for illus-
trative purposes only, and it is to be understood that changes
and variations may be made without departing from the
spirit or scope of the invention.

[0257] Herein, Bluetooth is used as the wireless commu-
nication technology for example to perform remote control
operations between the slave devices in a same piconet. The
present invention is not restricted to this wireless connection
based on the Bluetooth technology. For example, the present
invention is also applicable to wireless communication
technologies in which a master devices and its slave devices
are defined in a same piconet and data and commands are
exchanged between these master and slave devices.

[0258] Essentially, the present invention is disclosed only
in the form of examples and therefore the contents hereof
should not be interpreted in a restrictive manner. In order to
fully determine the spirit of the present invention, the claims
appended hereto should be referenced.

INDUSTRIAL APPLICABILITY

[0259] As described and according to the invention, an
excellent wireless communication apparatus, an excellent
wireless communication method, an excellent storage
medium, and an excellent program are provided for prefer-
ably exchanging the commands for device operation
between devices connected in a wireless manner.

[0260] As described and according to the invention, an
excellent wireless communication method, an excellent stor-
age medium, and an excellent program are provided for
preferably exchanging the commands for device operation
between slave devices in a piconet constituted by one master
device and a plurality of slave devices as with Bluetooth.

[0261] As described and according to the invention, an
excellent wireless communication method, an excellent stor-
age medium, and an excellent program are provided for
preferably exchanging the commands for device operation
between the two or more slave devices which can be
connected directly only to the master device in a piconet.

[0262] As described and according to the invention, an
excellent wireless communication method, an excellent stor-
age medium, and an excellent program are provided which
are capable of performing remote control between the slave
devices in a same piconet by use of the Bluetooth remote
control profile.
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[0263] As described and according to the invention, an
excellent wireless communication method, an excellent stor-
age medium, and an excellent program are provided which
are capable of realizing controlling a slave device by another
slave device via the master device by use of the conventional
Bluetooth control profile such as AV Remote Control Profile
(AVRCP).

[0264] As described and according to the invention, by
making the most of the characteristics of the master and
slave roles in Bluetooth wireless connection, the master
device centrally manages the controls functions supported
by each slave device in a piconet, so that each slave device
can perform control between the slave devices in the piconet
without being aware of the other slave devices except the
master device.

[0265] The application in the master device called a sys-
tem controller manages the functions of the slave devices in
a piconet, so that the control profile implemented by each
Bluetooth device may remain conventional. Namely, there is
no need for newly creating a control profile or change the
design thereof to embody the present invention, so that
existing Bluetooth devices may be used as slave devices
without change.

1. A wireless communication control apparatus for con-
trolling, in a communication cell of a type constituted by one
master device and a plurality of slave devices in which each
of said plurality of slave devices is communicable only with
said master device, a command exchange operation between
the devices, comprising:

controller/target inquiry means for inquiring each device
in said communication cell whether each device oper-
ates as a controller or a target;

support command inquiry means for inquiring each
device having a target function for a command sup-
ported thereby; and

support command managing means for managing the

commands supported by each target device.

2. The wireless communication control apparatus accord-
ing to claim 1, wherein the master device and the slave
devices in said communication cell function as a controller
which issues commands and/or a target which supports the
commands.

3. The wireless communication control apparatus accord-
ing to claim 1 is the master device which controls a
communication condition in said communication cell.

4. The wireless communication control apparatus accord-
ing to claim 1, wherein said wireless communication control
apparatus itself is capable of functioning as both the con-
troller and the target, and

said support command managing means also manages
support commands of said wireless communication
control apparatus itself functioning as the target.
5. The wireless communication control apparatus accord-
ing to claim 1, further comprising:

command receiving means for receiving a command from
the controller in said communication cell; and

command processing means for processing the received
command.

6. The wireless communication control apparatus accord-

ing to claim 5, wherein said command processing means
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inquires said support command managing means to transfer
the received command to the target which support said
command.

7. The wireless communication control apparatus accord-
ing to claim 5, wherein said command processing means
inquires said support command managing means and, if the
received command is supported by the inquiring device, said
inquiring device executes said command.

8. The wireless communication control apparatus accord-
ing to claim 5, wherein if there are at least two target devices
which support the received command in said communication
cell, said controller device has a function for specifying a
particular target device and

said command processing means transfers said command
to the specified target device in accordance with the
specification of the controller device from which said
command is transmitted.
9. The wireless communication control apparatus accord-
ing to claim 5, further comprising:

reception log storage means for storing a reception log
indicative of command reception; and

target identifying means for identifying a target which
executes the received command on the basis of the
newest log stored in said reception log storage means.

10. The wireless communication control apparatus
according to claim 5, wherein, if there are at least two target
devices which support the received command in said com-
munication cell, said command processing means transfers
the received command to all target devices which support
said command.

11. A wireless communication control method for con-
trolling, in a communication cell of a type constituted by one
master device and a plurality of slave devices in which each
of said plurality of slave devices is communicable only with
said master device, a command exchange operation between
the devices, comprising the steps of:

inquiring each device in said communication cell whether
each device operates as a controller or a target;

inquiring each device having a target function for a
command supported thereby; and

managing the commands supported by each target device.

12. The wireless communication control method accord-
ing to claim 11, wherein the master device and the slave
devices in said communication cell function as a controller
which issues commands and/or a target which supports the
commands.

13. The wireless communication control method accord-
ing to claim 11 is a communication control method in said
master device for controlling a communication condition in
said communication cell.

14. The wireless communication control method accord-
ing to claim 11 is a communication control method in said
master device capable of functioning as both the controller
or the target and,

in said support command managing step, the support

command of said master device itself is also managed.

15. The wireless communication control method accord-
ing to claim 11, further comprising the steps of:

receiving a command from the controller in said commu-
nication cell; and

processing the received command.
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16. The wireless communication control method accord-
ing to claim 15, wherein said command processing step
inquires each target in said communication cell for sup-
ported commands to transfer the received command to the
target which support said command.

17. The wireless communication control method accord-
ing to claim 15, wherein said command processing step
inquires each target in said communication cell for sup-
ported commands and, if the received command is found
supported on the device which executes said wireless com-
munication control method, said received command is
executed on said device.

18. The wireless communication control method accord-
ing to claim 15, further comprising the step of:

if there are at least two target devices which support the
received command in said communication cell, speci-
fying a particular target device from said controller
device,

said command processing step transferring said received
command to the target device specified by the control-
ler device from which said command is transmitted.
19. The wireless communication control method accord-
ing to claim 15, further comprising the steps of:

storing a reception log indicative of command reception;
and

identifying a target which executes the received command
on the basis of the newest log stored in said reception
log storage step.

20. The wireless communication control method accord-
ing to claim 15, wherein, if there are at least two target
devices which support the received command in said com-
munication cell, said command processing step transfers
said received command to all target devices which support
said received command.

21. A wireless communication control apparatus for con-
trolling, in a piconet of a Bluetooth wireless network con-
stituted by one master device and a plurality of slave
devices, at least one slave device in said piconet having a
controller function for issuing commands and at least one
slave device having a target function for supporting com-
mands, said master device having both controller and target
functions, comprising:

connecting means for establishing Bluetooth communi-
cation in said piconet;

controller/target function grasping means for grasping a
slave device which functions as a target and/or a
controller; and

support command grasping means for managing the com-

mands supported by each target in said piconet.

22. The wireless communication control apparatus
according to claim 21 is said master device which controls
a communication condition in said piconet.

23. The wireless communication control apparatus
according to claim 21, wherein said wireless communication
control apparatus operates as said master device which
controls a communication condition in said piconet and said
controller/target function grasping means lays a logical link
(L2CAP) with each slave device in said piconet to inquire
each slave device for its function by use of Service Discov-
ery Protocol (SDP).
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24. The wireless communication control apparatus
according to claim 21, wherein said wireless communication
control apparatus operates as said master device which
controls a communication condition in said piconet and said
support command grasping means lays a logical link
(L2CAP) with each slave device operating as the target in
said piconet to inquire each slave device for support com-
mands by a method defined in an upper application protocol.

25. The wireless communication control apparatus
according to claim 21 operating as said master device for
controlling a communication condition in said piconet,
further comprising:

command receiving means for receiving a command,
which is connected with the slave device operating as
the controller in said piconet; and

command processing means for processing the received

command.

26. The wireless communication control apparatus
according to claim 25, wherein said command processing
means transfers the received command to the target which
support said received command.

27. The wireless communication control apparatus
according to claim 25, wherein said command processing
means, if the received command is supported by itself,
processes said received command by itself.

28. The wireless communication control apparatus
according to claim 25, wherein, if there are at least two target
devices which support the received command in said pico-
net, said controller device has a function for specifying a
particular target device and

said command processing means transfers said command
to the specified target device in accordance with the
specification of the controller device from which said
command is transmitted.
29. The wireless communication control apparatus
according to claim 25, further comprising:

reception log storage means for storing a reception log
indicative of command reception; and

target identifying means for identifying a target which
executes the received command on the basis of the
newest log stored in said reception log storage means.
30. The wireless communication control apparatus
according to claim 25, wherein, if there are at least two target
devices which support the received command in said pico-
net, said command processing means transfers the received
command to all target devices which support said command.
31. A wireless communication control method for con-
trolling, in a piconet of a Bluetooth wireless network con-
stituted by one master device and a plurality of slave
devices, at least one slave device in said piconet having a
controller function for issuing commands and at least one
slave device having a target function for supporting com-
mands, said master device having both controller and target
functions, comprising the steps of:

establishing Bluetooth communication in said piconet;

grasping a slave device which functions as a target and/or
a controller in said piconet; and

managing the commands supported by each target in said
piconet.
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32. The wireless communication control method accord-
ing to claim 31, wherein said wireless communication
control method is realized on said master device which
controls a communication condition in said piconet.

33. The wireless communication control method accord-
ing to claim 31, wherein said wireless communication
control method is realized on said master device which
controls a communication condition in said piconet, wherein
said controller/target function grasping step lays a logical
link (L2CAP) with each slave device in said piconet to
perform function inquiry by use of Service Discovery Pro-
tocol (SDP).

34. The wireless communication control method accord-
ing to claim 31, wherein said wireless communication
control method is realized on said master device which
controls a communication condition in said piconet and said
support command grasping step lays a logical link (L2CAP)
with each slave device operating as the target in said piconet
to inquire each slave device for support commands by a
method defined in an upper application protocol.

35. The wireless communication control method accord-
ing to claim 31, wherein said wireless communication
control method is realized on said master device which
controls a communication condition in said piconet, further
comprising the steps of:

receiving a command, which is connected with the slave
device operating as the controller in said piconet; and

processing the received command.

36. The wireless communication control method accord-
ing to claim 35, wherein said command processing step
transfers the received command to the target which support
said received command.

37. The wireless communication control method accord-
ing to claim 35, wherein said command processing step, if
the received command is supported by said master device,
causes said master device itself to execute said command.

38. The wireless communication control method accord-
ing to claim 35, wherein, if there are at least two target
devices which support the received command in said pico-
net, further comprising the step of:

specifying a particular target device; and

said command processing step transfers said command to
the specified target device in accordance with the
specification of the controller device from which said
command is transmitted.
39. The wireless communication control method accord-
ing to claim 35, further comprising the steps of:

storing a reception log indicative of command reception;
and

identifying a target which executes the received command
on the basis of the newest log stored in said reception
log storage step.

40. The wireless communication control method accord-
ing to claim 35, wherein, if there are at least two target
devices which support the received command in said com-
munication cell, said command processing step transfers the
received command to all target devices which support said
command.

41. storage medium physically storing computer software
in a computer-readable form, said computer software being
described so as to execute, on a computer system, wireless



US 2004/0048569 Al

communication control for controlling command exchange
between devices in a communication cell which is consti-
tuted by one master device and a plurality of slave devices,
each slave device being capable of communicating with only
said master device, said computer software comprising the
steps of:

inquiring each device in said communication cell whether
each device operates as a controller or a target;

inquiring each device having a target function for a
command supported thereby; and

managing the commands supported by each target device.

42. A storage medium physically storing computer soft-
ware in a computer-readable form, said computer software
being described so as to execute, on a computer system,
wireless communication control for controlling command
exchange between devices in a piconet of a Bluetooth
wireless network constituted by one master device and a
plurality of slave devices, at least one of said plurality of
slave devices in said piconet having a controller function for
issuing commands, at least one of the other slave devices
having a target function for supporting commands, and said
master device being capable of having both of said control-
ler function and said target function, said computer software
comprising the steps of:

establishing Bluetooth communication in said piconet;

grasping a slave device which functions as a target and/or
a controller; and

managing the commands supported by each target in said
piconet.

43. A computer program being described in a computer-

readable form so as to execute, on a computer system,
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wireless communication control for controlling command
exchange between devices in a communication cell which is
constituted by one master device and a plurality of slave
devices, each slave device being capable of communicating
with only said master device, said computer software com-
prising the steps of:

inquiring each device in said communication cell whether
each device operates as a controller or a target;

inquiring each device having a target function for a
command supported thereby; and

managing the commands supported by each target device.

44. A computer program being described in a computer-
readable form so as to execute, on a computer system,
wireless communication control for controlling command
exchange between devices in a piconet of a Bluetooth
wireless network constituted by one master device and a
plurality of slave devices, at least one of said plurality of
slave devices in said piconet having a controller function for
issuing commands, at least one of the other slave devices
having a target function for supporting commands, and said
master device being capable of having both of said control-
ler function and said target function, said computer software
comprising the steps of:

establishing Bluetooth communication in said piconet;

grasping a slave device which functions as a target and/or
a controller in said piconet; and

managing the commands supported by each target in said
piconet.





