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The invention provides a radio remote controller system that, when power saving for
a radio remote controller is realised by intermittently setting a data receivable period
in the remote controller, can easily and flexibly change a length of a period for
making it impossible to receive the radio data and reduce power consumption of the
radio remote controller.
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Invention Title:

Radio remote control system

The following statement is a full description of this invention
including the best method of performing it known to us:-
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BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a system that remotely
controlsacontrolledapparatus usingaradioremote controller
and, more particularly, to power saving for the radio remote
controller in the case in which monitor data is transmitted

to the radio remote controller from the controlled apparatus.

Description of the Related Art

As an example of a system that remotely controls a
controlled apparatus using a radio remote controller, there
is known a hot water supply system that is adapted to remotely
control awaterheatermain bodyusingaradio remote controller.

In the hot water supply system, power is supplied to areception

‘unit of the radio controller intermittently to realize power

saving for the radio remote controller (see, for example,
Japanese Patent Application Laid-Open No. 4-192996).

In such a hot water supply system, when a switch of the
radio remote controller is operated, an interval from turning
off power supply to the reception unit until turning on the
power supply ne#t is set as a first power OFF time. After
that, when switching operation for the radio remote controller
is not performed for a predetermined time or more, an interval

from turning off the power supply to the reception unit until
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turning on the power supply next is set as a second power OFF

time longer than the first power OFF time. This makes it

possible to, when switching operation is performed,

immediately receivemonitor dataindicatinganoperationstate
of a water heater that changes according to the operation.
In addition, when switching operation is not performed, time
for keeping the power supply off is extended to realize further
power saving.

Here, in the conventional hot water supply system
described above, the radio remote controller switches time
for keeping the power supply to the reception unit off between
the £irst power OFF time and the second power OFF time. When
packet data transmitted from the radio remote controller is
received, the water heater main body grasps that the first
power OFF time and the ‘second power OFF time is switched.

In this case, the water heater main body can grasp a length
of time for keeping the power supply to the reception unit
of the radio remote controller off (the first power OFF time
or the second power OFF time). However, the water heater main
body does not grasp tAime when the power supply is turned off.
Therefore, when the water heater main body transmits monitor
data to the radio remote controller at arbitrary timing, in
order to make it possible to receive the monitor data on the
radio remote controller side, the water heater main body
transmits monitor data attached with a preamble exceeding the
time for keeping the power supply off to the radio remote

controller.
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In this case, in order to set a length of the preamble to exceed the first power
OFF time or the second power OFF time in the radio remote controller, the water
heater main body is required to store data of the first power-OFF time and the second
power OFF time in the radio remote controller in a memory in advance. Thus, when
the setting of the first power OFF time and the second power OFF time in the radio
remote controller is changed, processing for changing the data of the first power OFF
time and the second power OFF time stored in the memory is also required in the water
heater main body.

Therefore, it is difficult to easily and flexibly change time for keeping power
supply to the reception circuit of the radio remote controller off according to a form of
use and design specifications of the water heater main body, a state of use of the radio
remote controller, or the like to thereby realiz.e further power saving for the radio
remote controller.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all
of these matters form part of the prior art base or were common general knowledge in
the field relevant to the present invention as it existed before the priority date of each

claim of this application.

SUMMARY OF THE INVENTION
Throughout this specification the word "comprise", or variations such as

"comprises" or "comprising”, will be understood to imply the inclusion of a stated

_ element, integer or step, or group of elements, integers or steps, but not the exclusion

of any other element, integer or step, or group of elements, integers or steps.
1t is an advantage of at least a preferred embodiment of the invention to provide

a radio remote controller system that, when power saving for a radio remote controller
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is realized by intermittently setting a data receivable period in the radio remote
controller, can easily and flexibly change a length of a period for making it impossible
to receive the radio data and reduce power consumption of the radio remote controller.

According to the invention there is provided a radio remote control system,
comprising:

a controlled apparatus that has first radio communication means; and

a radio remote controller that has second radio communication means, operating
means, and display means, and performs data communication by radio with the
controlled apparatus to remotely control the controlled apparatus;

the controlled apparatus transmitting monitor data indicating an operation state
of the controlled apparatus to the radio remote controller at predetermined timing and,
when operation instruction data instructing operation of the controlled apparatus is
received from the radio remote controllet, operating the controlled apparatus according
to the operation instruction data; and

when the monitor data is received, the radio remote controller displaying an
operation state of the controlled apparatus corresponding to the monitor data on the
display means and, when the operating means is operated, transmitting the operation
instruction data corresponding to the operation to the controlled apparatus; wherein

the monitor data includes transmission start time information indicating next
start time of transmission of the monitor data by the controlled apparatus, and

the radio remote controller includes state switching means for, when the
monitor data is received, setting the second radio communication means in a standby
state, in which power consumption is smaller than. a data receivable state and data
reception is impossible, until start time of reception of monitor data set near the next
start time of transmission of monitor data acquired from the monitor data unless the

operating means is operated and, when the start time for reception of monitor data has
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come, switching the second radio communication means from the standby state to the
data receivable state, wherein

the state switching means switches the second radio communication means to
data transmittable state, in which data transmission is possible, when the operating
means is operated in the standby state and switches the second radio communication
means to the data receivable state when the transmission of the operation instruction
data ends, and

when the operation instruction data is received, the controlled apparatus
transmits new monitor data at the time when predetermined processing applied to the
operation instruction data ends regardless of the next time of transmission according to
transmission time information in the monitor data transmitted last time.

The monitor data transmitted from the controlled apparatus includes
transmission start time information indicating time when the controlled apparatus starts
transmission of the monitor data next. Therefore, when the monitor data is received,
the radio remote controller can recognize the next start time of transmission of monitor
data from the monitor data. In this case, the radio remote controller only has to be in a
state in which monitor data transmitted from the controlled apparatus is receivable at
the next start time of transmission of monitor data. Therefore, it is possible to control
power consumption of the radio remote controller by switching the radio remote
controller from the data receivable state to the standby state until the start time of
reception of monitor data, which is set immediately before the next start time of
transmission of monitor data, by the state switching means.

When the monitor data is received, the radio remote controller can grasp time
when monitor data is transmitted from the controlled apparatus next. Therefore, it is
unnecessary to recognize a transmission interval for monitor data in advance and the
controlled apparatus can transmit monitor data to the radio remote controller at

arbitrary time. Consequently, it is possible to easily and flexibly change a period in
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which the radio remote controller is set in the standby state according to a form of use
and the like of the controlled apparatus to realize power saving for the radio remote
controller.

The state switching means switches the radio remote controller to the data
receivable state when the transmission of the operation instruction data by the radio
remote controller ends in the data transmittable state. Therefore, when the controlled
apparatus transmits new monitor data at the time when predetermined processing
applied to the operation instruction data ends to the radio remote controller, the radio
remote controller can receive the monitor data and display an operation state of the

controlled apparatus on the display

The description continues on page 7.

-10-
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means promptly. Consequently, in the radio remote controller,
a response time from operation of the operating means until
display of a change in a state of the controlled apparatus
according to the operation on the display means is reduced.

Thus, it is possible to improve convenience of use for a user.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an overall diagram of a hot water supply system
(a radio remote control system of the invention);

FIG. 2A is an external view of a slave set shown in FIG.
FIG. 2B is an external view of a master set shown in FIG.

FIG. 3A is a diagram of the master set shown in FIG. 1:

FIG. 3B is a diagram of the slave set shown in FIG. 1;

FIG. 4 is a diagram explaining transmission and reception
states between the master set and the slave set at the time
when pairing processing is executed;

FIG. 5 1s a timing chart of data communication between
the master set and the slave set at the time when monitor data
is transmitted from the master set; and

FIG. 6 is a timing chart of data communication between
the master set and the slave set at the time when a switch

of the slave set 1s operated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

11-
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An embodiment of the invention will be hereinafter
explained with reference to the accompanying drawings. FIG.
1 is an overall diagram of a hot water supply system serving
as a radio remote control system of the invention. FIG. 2A
is an external view of a slave set shown in FIG. 1. FIG. 2B
is an external view of a master set shown in FIG. 1. FIG.
3A is a diagram of the master set shown in FIG. 1. FIG. 3B
is a diagram of the slave set shown in FIG. 1. FIG. 4 is a
diagram explaining transmission and reception states of data
between the master set and the slave set at the time when the
pairing processing is executed. FIG. 5 is a timing chart of
data communication between the master set and the slave set
at the time when monitor data is transmitted from the master
set. FIG. 6 is a timing chart of data communication between
the master set and the slave set at the time when a switch
of the slave set is operated.

Referring to FIG. 1, a water heater main body 1 is
controlled by an electronic unit 2 including a microcomputer
and a memory. The electronic unit 2 is connected to a master
set 3 by a communication cable 6 so as to be capable of
communicating with each other. Note that the controlled
apparatus of the invention includes the water heater main body
1 and the master set 3. The master set 3 performs data
communication by radio with slave sets 5 (5a to 5d) that are
radio remote controllers for remotely operating the water
heater 1. Note thatunique ID codes areallocatedtothemaster

set 3 and the slave sets 5 in advance.

-12-
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Next, referring to FIG. 23, the slave set 5 includes a
liquid crystal panel 10 (corresponding to the display means
of the invention) for displaying set temperature for hot water
supply. an operation state of the water heater main body, and
the like, an operation switch 15 (corresponding to the
operating means of the invention) for switching the water
heater main body 1 to a "hot water supply operation state"
in which hot water supply operation is possible and a "hot
water supply standby state" inwhichhot water supply operation
is impossible, an UP switch 11 (corresponding to the operating
means of the invention) and a DOWN switch 12 (corresponding
to the operafing means of the invention) for setting hot water
supply temperature, and a priority switch 13 (corresponding
to the operating means of the invention) for setting the slave
set 5 in a priority state in which setting for hot water supply
temperature for the slave set 5 is performed preferentially
over the other slave sets.

Referring to FIG. 2B, the master set 3 includes a cover
4, a registration switch 22 for instructing execution of
"pailring processing” (details will be described later) for
performing notification and registration of ID codes between
the master set 3 and the slave set 5, and an upper limit
temperature switch 21 for switching an upper limit value of
settable hot water supply temperature between two kinds of
temperature (e.g., 60°C and 70°C) set in advance.

The master set 3 is capable of performing data

communication with the four slave sets 5 (5a to 5d) at the

13-
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maximum. Inorder toapplyregistrationof IDcodesandrelease
of the registration according to "pairing processing” to the
four slave sets 5 individually, the master set 3 includes
registration LEDs 23 (23a to 23d) and registration clear
switches 24 (24a to 24d) for the four slave sets 5. The maser
set 3 also includes an operation LED 20 for confirming an
operation state (operating, stopped, occurrence of an error,
etc.) of the water heater main body 1.

Next, referring to FIG. 3A, the master set 3 includes
a wire communication circuit 30 that performs data
communication by wire with the water heater main body 1 (see
FIG. 1), a radio communication circuit 31 (corresponding to
the first radio communication means of the invention) that
performs data communication by radio with the slave set 5,
a water heater data analyzing unit 32 that analyzes data
received from the water heater main body 1, a data converting
ﬁnit33thatperformsconversionofdataformatsofwire/radio,
an ID confirming unit 34 that confirms an ID code included
in received data and specifies the slave set 5 that is a
communicationpartner, aremote controllerdataanalyzingunit
35 that analyzes data received from the slave set 5, a memory
36 that stores an ID code of the master set 3, an ID code of
the slave set 5, and the like, a switching unit 37 including
the various switches shown in FIG. 2B and a switching interface
circuit, a display unit 38 including the various LEDs shown
in FIG. 2B and a display interface circuit, pairing means 39

that executes the "pairing processing" between the master set

-14-
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3 and the slave set 5, and timing means 40 for determining
transmission and reception timing and the like of data, and
the like.

Referring to FIG. 3B, the slave set 5 includes a radio
communication circuit 50 (corresponding to the second radio
communication means of the invention) that performs data
communication by radio with the master set 3, a data converting
unit 51 that converts data formats of wire/radio, an ID
confirmingunit 52 that confirms an ID code included inreceived
data and specifies the master set 3 that is a communication
partner, a data analyzing unit 53 that analyzes data received
from the master set 3, aswitchingunit 54 including the various
switches shown in FIG. 2A and a switching interface circuit,
a display unit 55 including the LCD panel 10 shown in FIG.
2A and a display interface circuit, a memory 56 that stores
an ID code of the slave set 5, an ID code of the master set
3, and the like, pairing means 59 that executes the "pairing
processing” between the slave set 5 and the master set 3, and
timing means 58 for determining transmission and reception
timing and the like of data.

The slave set 5 includes state switching means 57 for
switching the radio communicatiom circuit 50 to a "data
transmissible state" in which transmission of radio data is
possible, a "datareceivable state" inwhichreceptionof radio
data is possible, and a "standby state" in which both
transmission and reception of radio dataare impossible. Here,

power consumption in the radio communicationcircuit 50 becomes

-15-
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smaller in an order of the "data transmissible state”, the
vdata receivable state", and the "standby state”.

Next, with reference to FIG. 4, a procedure for executing
the“pairingprocessing"betweenthemasterset3andtheslave
set 5 to register an ID code of the slave set 5 in the master
set 3 and register an ID code of the master set 3 in the slave
set 5 will be explained.

whenaworker installingahotwater supply systemoperates
the registration switch 22 (see FIG. 2B) of the master set
3, the pairing means 39 of the master set 3 starts the "pairing
processing”. Then, the pairing means 39 flashes the LED 23
correspondingtotheslaveset5, anIDofwhichisnotregistered,
amongtheregistrationLEDs23at023dandstandsbyfor"pairing
application data™ dl transmitted from the slave set 5.

On the other hand, when the worker operates the operation
switch 15 of the slave set 5, the pairing means 59 (see FIG.
3B) of the slave set 5 confirms whether an ID code of the master
set 3 is already registered in the memory 56. When the ID
code of the master set 3 is not registered, the pairing means
59 starts the "pairing processing”.

Then, first, "pairing application data" dl, which
includes an ID code of the slave set 5 (a slave set ID in the
figure) and A information (A in the figure) notifying
application for pairing, is transmitted from the slave set
5 to the master set 3 (first step). Note that data for
synchronization (sync in the figure) is added to tops of

respective data transmitted and received between the master

-16-
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set 3 and the slave set 5. CRC codes for error correction
(CRC in the figure) are added to tails of the data.

Next, "pairing reception data" d2, which includes an ID
code of the master set 3 (a master set ID in the figure), the
slave set ID, and B information (B in the figure) notifying
reception of pairing, is transmitted from the master set 3,
which has received the "pairing application data" dl, to the
slave set 5 (second step).

Next, "first pairing selection data" 43, which includes
the slave set ID, the master set ID, and C information (C in
the figure) notifying the master set 3 that the slave set 5
has selected the master set 3 as a communication partner, is
transmitted from the slave set 5, which has received the
"pairing reception data" d2, to the master set 3 (third step).

Next, "second pairing selection data" d4, which includes
the master set ID, the slave set ID, and D information (D in
the figure) notifying the slave set 5 that the master set 3
has selected the slave set 5 as a communication partner, is
transmitted fromthemaster set 3, whichhasreceived the "first
pairing selection data" d3, to the slave set 5 (fourth step).

Here, at a stage when the slave set 5 receives the "second
pairing selection data" d4, the slave set 5 and the master
set 3 recognize that the slave set 5 and the master set 3 has
selected each other as communication partners. Thus, the
slave set 5 registers the ID code of the master set 3 and
transmits "pairing completion data" d5 notifying the master

set 3 that registration of the ID code of the master set 3

17-
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(the master set ID) is completed to the master set 3 (fifth
step).

Then, according to reception of the "pairing completion

12 May 2005

data" d5, the master set 3, which has recognized completion

I+ of the registration of the ID code of the master set 3 on the
slave set 5 side, registers the ID code of the slave set 5
(the slave set ID) (sixth step).

In this way, according to the first to the sixth steps,

2005202032

the registration of the ID code of the master set 3 in the
%) slave set 5 is completed and the registration of the ID code
of the slave set 5 in the master set 3 is completed.
Consequently, thereafter, when the master set 3 transmits data
including a master sAet ID, which is an own ID of the master
setb 3, to the slave set 5, the slave set 5 can recognize the
1A master ID and specify themaster set 3 as acommunicationpartner.
In addition, when the slave set 5 transmits data including
a slave set ID, which is an own ID code of the slave set 5,
to the master set 3, the master set 3 can recognize the slave
set ID and specify the slave set 5as a communication partner.
Jo Note that, when plural slave sets 5 are used, the "pairing
processing" explained above only has to be executed between
the respective slave sets 5 and the master set 3.
Then, the master set 3 transmits monitor data indicating
an operation state of the water heater main body 1 to the slave
95 set 5 periodically. In FIG. 5, a master set Tx signal is ON
and a master set Rx signal is OFF when the master set 3 is

in the "data transmissible state" and a master set Rx signal

18-
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is ON and a master set Tx signal is OFF when the master set
3 is in the "data receivable state". Similarly, a slave set
Tx signal is ON and a slave set Rx signal is OFF when the slave
set 5 is in the "data transmissible state"” and a slave set
Rx signal is ON and a slave set Tx signal is OFF when the slave
set 5 is in the "data receivable state”.

In addition, when the slave set 5 is neither in the "data
transmissible state” nor the "data receivable state” (both
the slave set Tx signal and the slave set Rx signal are OFF),
power supply to the radio communication circuit 50 and the
1ike is cut of f by the state switchingmeans 57. Consequently,
the slave set 5 comes into the "standby state" in which
transmission and reception of radio data are impossible and
power consumption is smaller than that in the "data
transmissible state" and the "data receivable state".

Here, the master set 3 creates monitor data including
transmission time information, which indicates time when
monitor data (G (Gi, Gz, Gs3) in the figure) are transmitted
next, other than information on an operation state of the water
heater main body 1 and transmits the monitor data to the slave
set 5. Therefore, after time (ti; to tj;) when the monitor
data Gl is received first, the slave set 5 can acquire time
{tw, ti7, ...) when the monitor data G(Gz, Ga. ...) are
transmitted from the transmission time information included
in the monitor data G.

Therefore, the state switching means 57 of the slave set

5 brings the radio communication circuit 50 into the "standby

-19-
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state” inperiods (Toes1, Togrz, Toses) Eromtime (tiz, tis, tis, - .. )
when reception of the monitor data G is completed until start
time of reception of monitor data (tis, tis) that are set
immediately before time when monitor data is transmitted next
(tis, t17, corresponding to the start time of transmission of
monitor data of the invention). Consequently, power
consumption of the slave set 5 is reduced.

Then, the state switching means 57 resumes power supply
to the radio communicationcircuit 50 at start time of reception
of monitor data (tis, ti¢) and switches the radio communication
circuit 50 from the "standby state" to the "data receivable
state". The slave set 5 receives the monitor data G (Gz. Ga)
transmitted from the master set 3.

Note that the transmission start time information
included in the monitor data G may indicate intervals ( Trext1 s
Trext2r Tnexts in the figure) from completion time of transmission
of the monitor data G until the next start time of transmission
of the monitor data G or may indicate the next start time of
transmission of the monitor dataG. Then, the state switching
means 57 measures start time of reception of monitor datausing
the timing means 58 and performs switching from the "standby
state" to the "data receivable state”.

In this way, it is possible to change a length of the
"standby state" in the slave set 5 arbitrarily and easily
according to a change of the transmission time information
included in the monitor data G transmitted from the master

set 3. Therefore, it is unnecessary to store in the memory

-20-
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56 data for switching the "standby state" to the "data
receivablestate"insynchronizationwithtransmissiontiming
of the monitor data G from the master set 3 in advance on the
slave set 5 side.

Referring to FIG. 6, when the switch of the slave set
5 is operated to be changed over from OFF to ON (t; in the
figure), the slave set 5 generates operation insfruction data
F, indicating operation instruction information for the water
heater main body 1 according to a type of the switch changed
over to ON. The state switching means 57 switches the radio
communicationcircuit50fromthe"standbystate“tothe“data
transmissible state". The slave setS transmits the operation
instruction data F; to the master set 3. At ti when the
transmission of the operation instruction data F; ends, the
state switching means 57 switches the radio communication
circuit 50 from the "data transmissible state” to the “"data
receivable state”.

on the other hand, when the operation instruction data
F, transmitted from the slave set 5 is received, the master
set 3 recognizes contents of the operation instruction by the
operation1nstructiondataFlusingtheremotecontrollerdata
analyzing unit 35 (see FIG. 3&). The master set 3 transmits
datacorrespondingtothecontentsoftheoperationinstruction
to the water heater main body 1 via the radio communication
circuit 30 (see FIG. 3A}). Conseguently, the water heater main
body].performspredeterminedprocessingcorrespondingtothe

operation instruction data F;.

-21-
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The master set 3, which has recognized that the
predetermined processing by the water heater main body 1 ends,
generates new monitor data Gs indicating an operation state
of the water heater main body 1 and transmits the monitor data
Gs to the slave set 5 (t3s to tzs in the figure). At this point,
since the slave set 5 is in the "data receivable state", the
slave set 5 can receive the monitor data Gs. Thus, the slave
set 5 displays the operation state of the water heater main
body 1 acquired from the monitor data Gs on the display unit
55 immediately.

In this case, regardless of the next start time of
transmission (time after elapse of Tpexts fromts;) of the monitor
data G according to transmission start time information
included in the monitor data G4, the master set 3 transmits
the monitor data Gs to the slave set 5. Then, if the switch
of the slave set 5 is not operated, the next start time of
transmission of monit_or data G¢ is time after elapse Of thexts
from t,s indicated by transmission start time information
included in the monitor data Gs.

Note that, when the switch of the slave set 5 is operated
while the master set 3 is transmitting the monitor data G (the
slave set 5 is receiving the monitor data G) to the slave set
5, the slave set 5 transmits the operation instruction data
F: to the master set 3 when the transmission of the monitor
data G ends.

Note that, in this embodiment, thehotwater supply system,

which remotely operates the water heater main body via the
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master set 3 using the radio remote controller 5, is described
as the radio remote control system of the invention. However,
it is possible to apply the invention to any system as long
as the system remotely operates a controlled apparatus using

a radio remote controller.

-23-
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A radio remote control system, comprising:

a controlled apparatus that has first radio communication means; and

a radio remote controller that has second radio communication means, operating
means, and display means, and performs data communication by radio with the
controlled apparatus to remotely control the controlled apparatus;

the controlled apparatus transmitting monitor data indicating an operation state
of the controlled apparatus to the radio remote controller at predetermined timing and,
when operation instruction data instructing operation of the controlled apparatus is
received from the radio remote controller, operating the controlled apparatus according
to the operation instruction data; and

when the monitor data is received, the radio remote controller displaying an
operation state of the controlled apparatus corresponding to the monitor data on the
display means and, when the operating means is operated, transmitting the operation
instruction data corresponding to the operation to the controlled apparatus; wherein

the monitor data includes transmission start time information indicating next
start time of transmission of the monitor data by the controlled apparatus, and

the radio remote controller includes state switching means for, when the
monitor data is received, setting the second radio communication means in a standby
state, in which power consumption is smaller than a data receivable state and data
reception is impossible, until start time of reception of monitor data set near the next
start time of transmission of monitor data acquired from the monitor data unless the
operating means is operated and, when the start time for reception of monitor data has
come, switching the second radio communication means from the standby state to the
data receivable state, wherein

the state switching means switches the second radio communication means to

data transmittable state, in which data transmission is possible, when the operating

-24-
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means is operated in the standby state and switches the second radio communication

means to the data receivable state when the transmission of the operation instruction
data ends, and

when the operation instruction data is received, the controlled apparatus

5 transmits new monitor data at the time when predetermined processing applied to the

operation instruction data ends regardless of the next time of transmission according to

transmission time information in the monitor data transmitted last time.

2. A radio remote control system substantially as hereinbefore described with

10 reference to the accompanying drawings.
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