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DESCRIPTION

Technical Field

[0001] The invention relates generally to radio communication apparatuses and radio
communication systems and, more particularly, to a radio communication apparatus configured
to perform radio communication of which communication medium is radio waves, and a radio
communication system including the radio communication apparatus.

Background Art

[0002] An radio communication system (fire alarm system) as a prior art is exemplified in JP
Pub. No. 2010-147868 (hereinafter referred to as "Document 1"). In the prior art described in
Document 1, each of radio stations intermittently activates its own receiver circuit and checks
whether or not the receiver circuit can receive intended radio waves (radio waves of a radio
signal transmitted from a different radio station(s) from its own radio station). Each of the radio
stations significantly reduces its own average power consumption by immediately stopping its
own receiver circuit to shift to a stand-by state if not receiving the radio waves. US
2010/046596 A1 describes a radio communication system that includes a first radio terminal
with a first transmitter for transmitting a first data indicative of a specific event, and a second
radio terminal with a battery and a receiver. The first radio terminal includes a first bit
interpolator which inserts a check bit pattern of "01010101" at a predetermined cycle into one
frame of the first data. The second radio terminal has a second power controller which
intermittently activates the second receiver at predetermined intervals in order to receive the
bit-interpolated data from the first transmitter. A check bit detector is included in the second
radio terminal to detect the check bit pattern from within the bit interpolated data and to issue a
stop signal immediately upon occurrence of that the check bit pattern fails to appear at said
predetermined cycle within a predetermined time frame shorter than one frame length of the
first data. In response to the stop signal, the power controller of the second radio terminal
terminates a current receiving operation.

[0003] However, an intermittent reception operation by each radio station as stated above
causes timing of receiving a radio signal to be received fundamentally to be delayed by an
intermittent reception interval of a corresponding receiver circuit. It is therefore impossible to
simply extend the intermittent reception interval in order to reduce power consumption.

[0004] Each of the prior art radio stations is therefore configured to count the passage of each
intermittent reception interval in synchronization with each synchronizing signal received at
intervals of several hours or several ten hours to transmit a radio signal to other radio stations
at timing the passage of each intermittent reception interval has finished being counted. It is
accordingly to possible to shorten a delay time until a radio signal transmitted from any of the
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radio stations is received by other radio stations.

[0005] A transmission frame transmitted by a radio signal is typically formed of preamble,
unique word, destination address, source address, data and check cord. In order to receive the
radio signal to obtain the data in the transmission frame, each radio station requires receiving
the signal at the latest from intermediate part of the preamble to establish bit synchronization.

[0006] However, if the divergence of intermittent reception intervals to be counted by the radio
stations is large, there is a concern that even if the radio waves are received, the preamble
cannot be captured whereby the radio signal fails to be received (failure to obtain the
transmission frame). In order to enable sure reception of a radio signal by each radio station, if
an operation time (a reception period) of each receiver circuit at intermittent reception intervals
is made longer than the frame length (time length of the radio signal), average power
consumption of each radio station is increased.

Summary of Invention

[0007] The present invention has been achieved in view of the above circumstances, and an
object thereof is to make it possible to securely receive a radio signal while reducing power
consumption.

[0008] A radio communication apparatus of the invention includes a receiver, a controller and
a power supply. The receiver is configured to receive a radio signal of which communication
medium is radio waves and to demodulate and decode a transmission frame contained in the
radio signal. The controller is configured to obtain data from the transmission frame
demodulated and decoded by the receiver to process the data. The power supply is configured
to energize the receiver and the controller. The controller is configured to: count the passage
of each intermittent reception interval with a constant period to activate the receiver whenever
the passage of each intermittent reception interval has finished being counted; and stop the
receiver when the receiver fails to receive intended radio waves and also, when the receiver
receives the intended radio waves, activate the receiver after the elapse of a prescribed stand-
by time that is set to be equal to or less than a time until the radio signal is retransmitted.

[0009] A radio communication apparatus of the invention includes a receiver, a controller and
a power supply. The receiver is configured to receive a radio signal of which communication
medium is radio waves and to demodulate and decode a transmission frame contained in the
radio signal. The controller is configured to obtain data from the transmission frame
demodulated and decoded by the receiver to process the data. The power supply is configured
to energize the receiver and the controller. The controller is configured to: count the passage
of each intermittent reception interval with a constant period to activate the receiver whenever
the passage of each intermittent reception interval has finished being counted; and stop the
receiver when the receiver fails to receive intended radio waves and also, when the receiver
receives the intended radio waves, extend an operation time of the receiver to a prescribed
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reception duration time that is set to be equal to or greater than a sum of a time until the radio
signal is retransmitted and a transmission period of the radio signal.

[0010] A radio communication apparatus of the invention includes a receiver, a transmitter, a
controller and a power supply. The receiver is configured to receive a radio signal of which
communication medium is radio waves and to demodulate and decode a first transmission
frame contained in the radio signal. The transmitter is configured to convert a transmission
signal obtained by encoding and modulating a second transmission frame into a radio signal
and to transmit it. The controller is configured to obtain data from the first transmission frame
demodulated and decoded by the receiver to process the data, and generate the second
transmission frame containing data to be transmitted to provide it to the transmitter. The power
supply is configured to energize the receiver, the transmitter and the controller. The controller
is configured to: count the passage of each intermittent reception interval with a constant
period to activate the receiver whenever the passage of each intermittent reception interval
has finished being counted; and stop the receiver when the receiver fails to receive intended
radio waves and also, when the receiver receives the intended radio waves, generate the
second transmission frame containing a message representing a re-transmission request of
the first radio signal to activate the receiver after providing the transmitter with the second
transmission frame.

[0011] A radio communication system of the invention includes one radio communication
apparatus of the radio communication apparatuses, and a base station configured to
communicate with the radio communication apparatus.

Brief Description of Drawings

[0012] Preferred embodiments of the invention will now be described in further details. Other
features and advantages of the present invention will become better understood with regard to
the following detailed description and accompanying drawings where:

FIG. 1 is a time chart depicting an operation example of a radio communication apparatus and
a radio communication system in accordance with an embodiment of the invention;

FIG. 2 is a block diagram of the radio communication system in accordance with Embodiment
1 of the invention;

FIG. 3 shows a frame format of a transmission frame in Embodiment 1 of the invention;

FIG. 4 is a time chart depicting an operation example of a radio communication apparatus and
a radio communication system in accordance with Embodiment 2 of the invention; and

FIG. 5 is a time chart depicting an operation example of a radio communication apparatus and
a radio communication system in accordance with Embodiment 3 of the invention;
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Description of Embodiments

(EMBODIMENT 1)

[0013] A radio communication apparatus and a radio communication system in accordance
with Embodiment 1 of the invention will be explained with reference to the drawings in detail. In
the embodiment, a technical aspect according to the invention is applied to a security system
that is configured to be installed in a dwelling and detect a signal(s) regarding crime prevention
and protection against disaster to inform a dweller(s) of a detection result, but is not limited to
this.

[0014] As shown in FIG. 2, the security system (the radio communication system) in the
embodiment includes a base station 2 and two or more (only one of them is shown in the
figure) terminal stations 1. In the embodiment, each of the terminal stations 1 corresponds to a
radio communication apparatus.

[0015] The terminal station 1 in the figure includes a terminal controller 10, an antenna 11, a
terminal receiver 12, a terminal transmitter 13, a sensor 14 and a battery power supply 15. The
terminal receiver 12 is configured to receive a radio signal (a first radio signal) of which
communication medium is radio waves and to demodulate and decode a transmission frame 4
(a first transmission frame) contained in the radio signal. The terminal transmitter 13 is
configured to convert a transmission signal obtained by encoding and modulating a
transmission frame 5 (a second transmission frame) into a radio signal (a second radio signal)
to transmit the radio signal.

[0016] The sensor 14 is configured to detect the presence, a quantity or the like of a target to
convert a detection result into an electric signal. Preferable examples of the sensor 14 include
a lock sensor configured to detect whether a lock mounted in place of a window or an entrance
door is opened or closed, and a fire sensor configured to sense smoke or heat when fire
occurs. However, the sensor 14 is not limited to the lock sensor or the fire sensor, but may be
another type sensor as long as it is a sensor configured to detect a signal(s) regarding crime
prevention or protection against disaster.

[0017] The terminal controller 10 is mainly formed of a microcontroller and configured to
perform various processes including a process of allowing the terminal transmitter 13 to
transmit a radio signal containing a message representing a detection result by the sensor 14
(e.g., an open or close state of the lock, the occurrence of the fire, or the like). The battery
power supply 15 is configured to supply the terminal controller 10, the terminal receiver 12, the
terminal transmitter 13 and the sensor 14 with operating power generated by a power supply
that is a primary battery or a secondary battery. Each of the terminal stations 1 is configured to
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not continuously but intermittently perform a reception operation to be described later in order
to prevent power consumption of its own battery as much as possible.

[0018] The base station 2 includes a base controller 20, an antenna 21, a base receiver 22, a
base transmitter 23, a display 24, a power supply 25, an operation input interface 26 and the
like. The base receiver 22 is configured to receive radio signals from the terminal stations 1
and demodulate and decode transmission frames 5 (second transmission frames) contained in
the radio signals. The base transmitter 23 is configured to convert a transmission signal
obtained by encoding and modulating a transmission frame 4 (a first transmission frame) into a
radio signal to transmit the radio signal.

[0019] The operation input interface 26 includes one or more switches (e.g., push switches).
The operation input interface 26 is configured to, when any of the switches is operated, receive
an operation input corresponding to the switch operated. The operation input interface 26 is
further configured to transmit an operation signal corresponding to the operation input to the
base controller 20.

[0020] The base controller 20 is mainly formed of a microcontroller like each terminal
controller 10 and configured to perform a process in response to a detection result contained
in a radio signal from any of the terminal stations 1 as stated later. For example, the base
controller 20 is configured to perform various processes including a process of indicating alarm
occurrence such as the detection of an intruder or the occurrence of fire by alarm sound or
alarm display, and a process of informing a remote destination(s) of the alarm occurrence via
any external communicator.

[0021] The display 24 is, for example, formed of light emitters such as light emitting diodes
and as stated later configured to display a mode selection state of the terminal stations 1 by
emitting light (being lit) when the terminal stations 1 are in a warning mode and by being
extinguished (being unlit) in the case of a non-warning mode. The power supply 25 is
configured to convert AC power supplied from an external power supply (e.g., a commercial
AC power supply 3) into DC power to energize the base controller 20, the base receiver 22, the
base transmitter 23 and the display 24. Since the base station 2 is energized by the external
power supply, the base receiver 22 is in a continuous operation state (a reception standby
state), in a mode(s) exclusive of a transmission mode unlike the terminal stations 1. The base
station 2 may however be configured to be energized by a battery power supply like the
terminal stations 1.

[0022] The base station 2 and each terminal station 1 have respective unique identification
codes assigned that are stored in respective memories of the base controller 20 and the
terminal controller 10. The destination and source of a radio signal are identified by the
identification codes.

[0023] FIG. 3 shows a frame format of the transmission frame 4 in the security system of the
embodiment. That is, one frame is formed of sync bit (preamble), frame sync pattern (unique
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word), destination address, source address, data (message) and check cord. When any one of
the identification codes is set to the destination address, only one of the base station 2 and the
terminal stations 1, to which the identification code is assigned, is to receive a radio signal
containing it to obtain the message therefrom. However, when a special bit stream (e.g., a bit
stream each bit of which is 1) unused by the base station 2 and every terminal station 1 is set
to the destination address, a radio signal with it is to be broadcast (multicast) and the message
is to be obtained by the base station 2 and every terminal station 1. For example, a radio
signal containing a control command for mode selection is to be broadcast from the base
station 2 to every terminal station 1. The transmission frame 5 (the second transmission frame)
also has the same frame format as that of the transmission frame 4 (the first transmission
frame).

[0024] In the embodiment, each of the terminal stations 1 is configured to perform an
intermittent reception operation in the mode(s) exclusive of the transmission mode of a radio
signal in order to prolong the life of the battery in its own battery power supply 15 as stated
above. That is, each terminal controller 10 is configured to: repeatedly count the passage of
each intermittent reception interval with a constant period though a timer to activate a
corresponding terminal receiver 12 whenever the passage of each intermittent reception
interval has finished being counted, thereby checking whether or not intended radio waves (a
radio signal transmitted from the base station 2) can be received. The timer is built in a
corresponding microcomputer. Each terminal controller 10 is further configured to, when failing
to receive the radio waves, immediately stop a corresponding terminal receiver 12 to shift it to
a stand-by state, thereby remarkably reducing its own power consumption. It is noted that each
terminal controller 10 performs a reception check of a radio signal based on a receiving signal
strength indication signal (an RSSI signal) from a corresponding terminal receiver 12. The
RSSI signal is a DC voltage signal in proportion to the size of the receiving signal strength while
the corresponding terminal receiver 12 is receiving the radio signal.

[0025] A terminal controller 10 of each terminal station 1 is configured to alternatively select
an operation mode (a warning mode) for transmitting a radio signal containing a detection
result of a corresponding sensor 14 to the base station 2 or an operation mode (a non-warning
mode) for not transmitting the radio signal containing the detection result of the corresponding
sensor 14 to the base station 2. The terminal controller 10 is also configured to select the
warning mode or the non-warning mode in accordance with an instruction (a control command)
from the base station 2. For example, the non-warning mode is a mode selected when a
person(s) (a dweller(s) or an employee(s)) is(are) in a target area (a dwelling, a store, an
office, a factory or the like). The warning mode is a mode selected when no person is in the
target area. In the non-warning mode, the terminal controller 10 is configured to stop the
sensor 14, or to stop the radio signal containing the detection result from being transmitted
while activating the sensor 14.

[0026] The operation input interface 26 of the base station 2 is provided with a mode select
switch. The operation input interface 26 is configured to receive an operation input for mode
selection when the switch is operated and to transmit an operation signal corresponding to the
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operation input to the base controller 20. When the operation signal for mode selection is
received, the base controller 20 generates a transmission frame 4 which contains a control
command for allowing each terminal station 1 to select the warning mode or the non-warning
mode and which contains multicast address (a bit stream) as the transmission address. The
base controller 20 provides the base transmitter 23 with the transmission frame 4 generated.
The base transmitter 23 generates a transmission signal (a first transmission signal) by
encoding and modulating the transmission frame 4 from the base controller 20 and converts
the transmission signal generated into a radio signal to transmit the radio signal through the
antenna 21.

[0027] The radio signal from the base station 2 is received by a terminal receiver 12 of each
terminal station. The terminal receiver 12 obtains the transmission frame 4 by demodulating
and decoding the radio signal received (a received signal) to provide a corresponding terminal
controller 10 with data (the control command) contained in the transmission frame 4.

[0028] The terminal controller 10 selects the warning mode or the non-warning mode based
on the control command from the terminal receiver 12. The terminal controller 10 further
generates a transmission frame 5 (a second transmission frame) containing a response
message (an ACK message) to the control command and provides a corresponding terminal
transmitter 13 with the transmission frame. The terminal transmitter 13 generates a
transmission signal (a second transmission signal) by encoding and modulating the
transmission frame 5 from the terminal controller 10 and converts the transmission signal
generated into a radio signal to transmit the radio signal through a corresponding antenna 11.

[0029] When receiving response messages representing successful mode selection from
every terminal station 1, the base controller 20 of the base station 2 allows the display 24 to
indicate a corresponding mode selection state and finishes the mode selection process.

[0030] A terminal controller 10 of each terminal station 1 is also configured to receive a
synchronizing signal at fixed intervals (of e.g., several tens of minutes to several hours) from
the base station 2, and to start counting the passage of an intermittent reception interval at a
time point after the elapse of a prescribed time from a time point the synchronizing signal has
been received. It is accordingly possible to establish synchronization of each intermittent
reception interval between the base station 2 and every terminal station 1. The base controller
20 can therefore allow the base transmitter 23 to transmit a radio signal in synchronization with
each intermittent reception interval. As a result, every terminal station 1 can receive a radio
signal at extremely short transmission intervals and shorten a waiting time for mode selection
by a dweller(s) or an employee(s).

[0031] Transmission and reception operations for mode selection in the embodiment will be
explained in detail with reference to a time chart in FIG. 1.

[0032] For example, when each terminal station 1 operates in the non-warning mode, the
mode select switch of the base station 2 is operated (at time t0 in FIG. 1). When receiving an
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operation signal for mode selection from the operation input interface 26 as stated above, the
base controller 20 generates a transmission frame 4. The transmission frame 4 is a frame
which contains a control command for allowing each terminal station 1 to select the warning
mode instead of the non-warning mode and which contains multicast address as the
transmission address. The base transmitter 23 converts a transmission signal (a first
transmission signal) obtained by encoding and modulating the transmission frame 4 generated
by the base controller 20 into a radio signal to transmit the radio signal. At this moment, the
base controller 20 controls the base transmitter 23 so that the radio signal is transmitted at
timing when it finishes counting the passage of an intermittent reception interval T1. That is,
the base controller 20 controls the base transmitter 23 so that the radio signal is transmitted at
the intermittent reception intervals T1.

[0033] On the other hand, whenever the passage of each intermittent reception interval T1
has finished being counted, a terminal controller 10 of each terminal station 1 activates a
corresponding terminal receiver 12 to allow it to receive a radio signal. That is, a terminal
controller 10 of each terminal station 1 activates a corresponding terminal receiver 12 at the
intermittent reception intervals T1 to allow it receive a radio signal. The terminal controller 10
immediately stops the terminal receiver 12 when an RSSI signal from the terminal receiver 12
is below a threshold. The terminal controller 10 also keeps the terminal receiver 12 operating
when the RSSI signal is equal to or greater than the threshold.

[0034] It is usually considered that timing the terminal controller 10 activates the terminal
receiver 12 accords with timing the base controller 20 allows the base transmitter 23 to
transmit a radio signal. The terminal receiver 12 can accordingly capture the preamble of a
radio signal from the base transmitter 23 to establish bit synchronization and then capture the
unique word thereof to establish frame synchronization to demodulate and decode the
transmission frame 4 of the radio signal. When the terminal receiver 12 provides the terminal
controller 10 with the data (the control command) contained in the transmission frame 4
demodulated and decoded, the terminal controller 10 selects the warning mode instead of the
non-warning mode according to the control command. The terminal controller 10 further
generates a transmission frame 5 which contains a response message (ACK) to the control
command and which contains the identification code of the base station 2 as the transmission
address, and provides a corresponding terminal transmitter 13 with the transmission frame.

[0035] The base receiver 22 obtains the transmission frame 5 by demodulating and decoding
a radio signal from each the terminal station 1, and provides the base controller 20 with the
response message contained in the transmission frame 5. When the base controller 20 has
received the response message from every terminal station 1, the base controller 20 changes
the indication of the display 24 to indicate that the warning mode is selected instead of the non-
warning mode.

[0036] However, at least a terminal receiver 12 may fail to receive the preamble of a radio
signal if a large time lag (see the time period T13 in FIG. 1) occurs between the intermittent
reception interval T1 counted by the base controller 20 and the intermittent reception interval



DK/EP 3086606 T3

T1 counted by a corresponding terminal controller 10. If the terminal receiver 12 fails to
capture the preamble, it cannot establish bit synchronization and frame synchronization and
therefore receive the radio signal. If the terminal receiver 12 cannot receive the radio signal,
the terminal controller 10 cannot return a radio signal containing a response message to the
base station 2.

[0037] When failing to receive each response message from every terminal station 1 until the
elapse of a prescribed time (<T1) after a first radio signal is transmitted, the base controller 20
allows the base transmitter 23 to retransmit a radio signal obtained by encoding and
modulating the same transmission frame 4 as previous one. For example, a period the base
transmitter 23 retransmits the radio signal is equal to each intermittent reception interval T1
(see FIG. 1). However, the period the base transmitter 23 retransmits the radio signal may be
different from each intermittent reception interval T1. For example, the period the base
transmitter 23 retransmits the radio signal may be shorter than each intermittent reception
interval T1. In this case, it is possible to increase the transmission speed from the base
transmitter 23 to the terminal receiver 12.

[0038] On the other hand, when the terminal receiver 12 fails to receive a radio signal, the
terminal controller 10 reactivates the terminal receiver 12 after the elapse of a prescribed
stand-by time T2 from a time point the RSSI signal of the terminal receiver 12 is below the
threshold. The stand-by time T2 (T2 < T1 - T01) is set to be equal to or less than a time until
the base station 2 retransmits the radio signal (T1 - TO1, TO1 is a transmission time of the
base station 2).

[0039] Thus, since the terminal receiver 12 is to be activated at timing (a start point 12) the
base transmitter 23 retransmits the radio signal at the latest, the terminal receiver 12 can
surely receive the radio signal retransmitted. The terminal controller 10 further generates a
transmission frame 5 which contains a response message (an ACK message) to the control
command and which contains the identification code of the base station 2 as the transmission
address, and provides a corresponding terminal transmitter 13 with the transmission frame 5.
The terminal transmitter 13 convertis a transmission signal obtained by encoding and
modulating the transmission frame 5 from the terminal controller 10 into a radio signal to
transmit the radio signal.

[0040] The base receiver 22 obtains the transmission frame 5 by demodulating and decoding
the radio signal from a corresponding terminal station 1 to provide the base controller 20 with
the response message in the transmission frame 5. If receiving the response message from
the terminal station 1, the base controller 20 finishes retransmitting the radio signal. An
operation for selecting the non-warning mode instead of the warning mode is also performed
according to the similar process.

[0041] As stated above, the radio communication apparatus (a terminal station 1) of the
embodiment includes a receiver (a terminal receiver 12) configured to receive a radio signal of
which communication medium is radio waves and to demodulate and decode a transmission
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frame 4 contained in the radio signal. The radio communication apparatus (the terminal station
1) of the embodiment also includes a controller (a terminal controller 10) configured to obtain
data from the transmission frame 4 demodulated and decoded by the receiver (the terminal
receiver 12) to process the data. The radio communication apparatus (the terminal station 1)
of the embodiment further includes a power supply (a battery power supply 15) configured to
energize the receiver (the terminal receiver 12) and the controller (the terminal controller 10).
The controller (the terminal controller 10) is configured to count the passage of each
intermittent reception interval T1 with a constant period to activate the receiver (the terminal
receiver 12) whenever the passage of each intermittent reception interval T1 has finished
being counted. The controller (the terminal controller 10) is configured to stop the receiver (the
terminal receiver 12) when the receiver (the terminal receiver 12) fails to receive intended
radio waves. The controller (the terminal controller 10) is further configured to, when the
receiver (the terminal receiver 12) receives the intended radio waves, activate the receiver (the
terminal receiver 12) after the elapse of a prescribed stand-by time T2. The stand-by time T2
is set to be equal to or less than a time (T1 - TO1) until the radio signal is retransmitted.

[0042] In other words, the controller (the terminal controller 10) is configured to activate the
receiver (the terminal receiver 12) at regular periods according to each intermittent reception
interval T1 with the constant period. The controller (the terminal controller 10) is configured to,
when the receiver fails to receive the intended radio waves from a start point the receiver (the
terminal receiver 12) is activated until the elapse of a reception period T11, stop the receiver
after the elapse of the reception period T11. The reception period T11 is a time period shorter
than each intermittent reception interval T1. The controller is configured to, when the receiver
receives the intended radio waves from the start point the receiver is activated until the elapse
of the reception period T11, activate the receiver after the elapse of a prescribed stand-by time
T2 from an end point t1 of a reception period T12 the receiver receives the intended radio
waves. The stand-by time T2 is set to be equal to or less than a time (T1 - T01) from the end
point t1 of the transmission period T01 the radio signal is transmitted until a start point t2 of a
re-transmission period T02 the radio signal is retransmitted. The receiver (the terminal receiver
12) can accordingly receive the radio signal.

[0043] In the embodiment, since the receiver (the terminal receiver 12) to be activated at
intermittent reception intervals T1 has the shorter reception period T11, the radio
communication apparatus (the terminal station 1) can reduce its own power consumption in
comparison with the case where the reception period is extended. Moreover, the radio
communication apparatus (the terminal station 1) of the embodiment can not only have the
shorter reception period T11 but also surely receive the radio signal.

[0044] That is, the radio communication apparatus (the terminal station 1) and the radio
communication system (the security system) in the embodiment can surely receive, through
the receiver (the terminal receiver 12), the radio signal retransmitted without extending the
reception period T11. It is accordingly possible to surely receive the radio signal while reducing
the power consumption.



DK/EP 3086606 T3

[0045] In the radio communication apparatus (the terminal station 1) of the embodiment, it is
preferable that the controller (the terminal controller 10) be configured to, when the receiver
(the terminal receiver 12) receives the intended radio waves, activate the receiver after the
elapse of the stand-by time T2 from the end point t1 of the reception period the receiver
receives the intended radio waves.

[0046] In this case, preferably the end point t1 of the reception period the receiver (the
terminal receiver 12) receives the intended radio waves is a point a receiving signal strength
indication signal (an RSSI signal) of the receiver is below a threshold. That is, it is preferable
that the end point t1 be a point the RSSI signal of the receiver changes from the threshold or
more to below the threshold.

(EMBODIEMNT 2)

[0047] A radio communication apparatus (terminal stations 1) and a radio communication
system (a security system) in accordance with Embodiment 2 of the invention will be explained
with reference to the drawings in detail. Basic configuration and operation of the terminal
stations 1 and the security system in the embodiment are common to those of Embodiment 1,
and accordingly identical constituent elements to those of Embodiment 1 have been allocated
identical reference numerals, and description and drawings thereof have been omitted as
appropriate.

[0048] Transmission and reception operations for mode selection in the embodiment will be
explained in detail with reference to a time chart in FIG. 4.

[0049] A terminal controller 10 of each terminal station in the embodiment is configured to,
when a corresponding terminal receiver 12 fails to receive preamble, extend an operation time
of the terminal receiver 12 from a reception period T11 up to a prescribed reception duration
time T4. The reception duration time T4 (T1 < T4) is set to be equal to or greater than a sum
(i.e., an intermittent reception interval T1) of a time (T1 - TO1) until a base station 2 retransmits
a radio signal (a first radio signal) and a transmission period TO of the radio signal.

[0050] As a result, the terminal receiver 12 operates at a re-transmission time (timing) T02 a
base transmitter 23 retransmits the radio signal at the latest. Therefore, the terminal receiver
12 can surely receive the radio signal retransmitted.

[0051] As stated above, a radio communication apparatus (a terminal station 1) of the
embodiment includes a receiver (a terminal receiver 12) configured to receive a radio signal of
which communication medium is radio waves and to demodulate and decode a transmission
frame contained in the radio signal. The radio communication apparatus (the terminal station
1) of the embodiment also includes a controller (a terminal controller 10) configured to obtain
data from the transmission frame 4 demodulated and decoded by the receiver (the terminal
receiver 12) to process the data. The radio communication apparatus (the terminal station 1)
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of the embodiment further includes a power supply (a battery power supply 15) configured to
energize the receiver (the terminal receiver 12) and the controller (the terminal controller 10).
The controller (the terminal controller 10) is configured to count the passage of each
intermittent reception interval T1 with a constant period and to activate the receiver (the
terminal receiver 12) whenever the passage of each intermittent reception interval T1 has
finished being counted. The controller (the terminal controller 10) is configured to stop the
receiver (the terminal receiver 12) when the receiver (the terminal receiver 12) fails to receive
intended radio waves. The controller (the terminal controller 10) is further configured to, when
the receiver (the terminal receiver 12) receives the intended radio waves, extend an operation
time of the receiver (the terminal receiver 12) up to a prescribed reception duration time T4.
The reception duration time T4 is set to be equal to or greater than a sum of a time (T1 - T0)
until the radio signal is retransmitted and a transmission period TO of the radio signal.

[0052] In other words, the controller (the terminal controller 10) is configured to activate the
receiver (the terminal receiver 12) at regular periods according to each intermittent reception
interval T1 with the constant period. The controller (the terminal controller 10) is configured to,
when the receiver (the terminal receiver 12) fails to receive the intended radio waves from a
start point the receiver is activated until the elapse of a reception period T11, stop the receiver
after the elapse of the reception period T11. The reception period T11 is a time period shorter
than each intermittent reception interval T1. The controller is configured to, when the receiver
receives the intended radio waves from the start point the receiver is activated until the elapse
of the reception period T11, extend the operation time of the receiver from the reception period
T11 up to the prescribed reception duration time T4. The reception duration time T4 is set to
be equal to or greater than a sum of a time (T1 - T01), from an end point t1 of a transmission
period TO1 the radio signal is transmitted until a start point t2 of a re-transmission period T02
the radio signal is retransmitted, and the transmission period TO1 of the radio signal. The
receiver (the terminal receiver 12) can accordingly receive the radio signal.

[0053] In the embodiment, since the receiver (the terminal receiver 12) to be activated at
intermittent reception intervals T1 has the shorter reception period T11, the radio
communication apparatus (the terminal station 1) can reduce the power consumption in
comparison with the case where the reception period is extended. Moreover, the radio
communication apparatus (the terminal station 1) of the embodiment can not only have the
shorter reception period T11 but also surely receive the radio signal.

[0054] That is, the radio communication apparatus (the terminal station 1) and the radio
communication system (the security system) in the embodiment can surely receive, through
the receiver (the terminal receiver 12), the radio signal retransmitted without extending the
reception period T11. It is accordingly possible to surely receive the radio signal while reducing
the power consumption.

(EMBODIMENT 3)
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[0055] A radio communication apparatus (terminal stations 1) and a radio communication
system (a security system) in accordance with Embodiment 3 of the invention will be explained.
Basic configuration and operation of the terminal stations 1 and the security system in the
embodiment are common to those of Embodiment 1, and accordingly identical constituent
elements to those of Embodiment 1 have been allocated identical reference numerals, and
description and drawings thereof have been omitted as appropriate.

[0056] Transmission and reception operations for mode selection in the embodiment will be
explained in detail with reference to a time chart in FIG. 5.

[0057] A terminal controller 10 of each terminal station in the embodiment is to, when a
corresponding terminal receiver 12 fails to receive preamble, generate a transmission frame 5
(a second transmission frame) which contains a message representing a re-transmission
request and which contains an identification code of a base station 2 as transmission address
and to provide a corresponding terminal transmitter 13 with the transmission frame. The
terminal transmitter 13 converts a transmission signal (a second transmission signal) obtained
by encoding and modulating the transmission frame 5 from the terminal controller 10 into a
radio signal (a second radio signal).

[0058] A base receiver 22 obtains the transmission frame 5 by demodulating and decoding
the radio signal from the terminal station 1 and provides a base controller 20 with the message
representing the re-transmission request contained in the transmission frame 5. When
receiving the message representing the re-transmission request, the base controller 20 stops
counting the passage of an intermittent reception interval T1 and allows a base transmitter 23
to retransmit a radio signal (a first radio signal) obtained by encoding and modulating an
identical transmission frame 4 (a first transmission frame). At this moment, a re-transmission
interval T3 the base station 2 retransmits the radio signal is shorter than the intermittent
reception interval T1 (T3 <T1).

[0059] The terminal controller 10 activates the terminal receiver 12 after allowing the terminal
transmitter 13 to retransmit the radio signal containing the message representing the re-
transmission request. Because the operation time of the terminal receiver 12 therefore accords
with the re-transmission timing of the radio signal from the base transmitter 23, the terminal
receiver 12 can surely receive the radio signal retransmitted.

[0060] As stated above, a radio communication apparatus (a terminal station 1) of the
embodiment includes a receiver (a terminal receiver 12) configured to receive a first radio
signal of which communication medium is radio waves and to demodulate and decode a first
transmission frame (a transmission frame 4) contained in the first radio signal. The radio
communication apparatus (the terminal station 1) of the embodiment includes a transmitter (a
terminal transmitter 13) configured to convert a transmission signal obtained by encoding and
modulating a second transmission frame (a transmission frame 5) into a second radio signal
and to transmit the second radio signal. The radio communication apparatus (the terminal
station 1) of the embodiment also includes a controller (a terminal controller 10). The controller
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(the terminal controller 10) is configured to obtain first data from the first transmission frame
(the transmission frame 4) demodulated and decoded by the receiver (the terminal receiver
12) to process the first data. The controller (the terminal controller 10) is configured to
generate a second transmission frame (a transmission frame 5) containing second data to be
transmitted to provide the transmitter (the terminal transmitter 13) with the second
transmission frame. The radio communication apparatus (the terminal station 1) of the
embodiment further includes a power supply (a battery power supply 15) configured to
energize the receiver (the terminal receiver 12), the transmitter (the terminal transmitter 13)
and the controller (the terminal controller 10). The controller (the terminal controller 10) is
configured to count the passage of each intermittent reception interval T1 with a constant
period to activate the receiver (the terminal receiver 12) whenever the passage of each
intermittent reception interval T1 has finished being counted. The controller (the terminal
controller 10) is configured to stop the receiver (the terminal receiver 12) when the receiver
(the terminal receiver 12) fails to receive intended radio waves. The controller (the terminal
controller 10) is configured to generate a second transmission frame (a transmission frame 5)
when the receiver (the terminal receiver 12) receives the intended radio waves and to activate
the receiver (the terminal receiver 12) after providing the terminal transmitter 13 with the
second transmission frame. The second transmission frame contains a message representing
a re-transmission request of the first radio signal.

[0061] In other words, the controller (the terminal controller 10) is configured to activate the
receiver (the terminal receiver 12) at regular periods according to each intermittent reception
interval T1 with a constant period. The controller (the terminal controller 10) is configured to,
when the receiver (the terminal receiver 12) fails to receive the intended radio waves from a
start point the receiver is activated until the elapse of a reception period T11, stop the receiver
after the elapse of the reception period T11. The reception period T11 is a time period shorter
than each intermittent reception interval T1. The controller is configured to: when the receiver
receives the intended radio waves from the start point the receiver is activated until the elapse
of the reception period T11, pause the receiver; and activate the receiver after generating the
second transmission frame to provide the transmitter (the terminal transmitter 13) with the
second transmission frame. The second transmission frame contains a message representing
a re-transmission request of the first radio signal.

[0062] In the embodiment, since the receiver (the terminal receiver 12) to be activated at
intermittent reception intervals T1 has the shorter reception period T11, the radio
communication apparatus (the terminal station 1) can reduce the power consumption in
comparison with the case where the reception period is extended. Moreover, the radio
communication apparatus (the terminal station 1) of the embodiment can not only have the
shorter reception period T11 but also surely receive the radio signal (the first radio signal).

[0063] That is, the radio communication apparatus (the terminal station 1) and the radio
communication system (the security system) in the embodiment can surely receive, through
the receiver (the terminal receiver 12), the radio signal (the first radio signal) retransmitted
without extending the reception period T11. It is accordingly possible to surely receive the radio
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signal while reducing the power consumption.

[0064] Any terminal controller 10 of Embodiments 1 to 3 is to start counting the passage of
each intermittent reception interval T1 in synchronization with a synchronizing signal received
by a corresponding terminal receiver 12. The synchronizing signal may fail to be received by
the terminal receiver 12 due to the influence of external noise. It is therefore preferable that
each terminal controller 10 be configured to, when the synchronizing signal fails to be received,
keep a corresponding terminal receiver 12 operating. In such a configuration, the terminal
receiver 12 can have increased chances of receiving the synchronizing signal and the terminal
controller 10 can quickly recover from out of synchronization.

[0065] Although the present invention has been described with reference to certain preferred
embodiments, numerous modifications and variations thereof can be made by those skilled in
the art within the appended claims.
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1
RADIOKOMMUNIKATIONSANORDNING OG RADIOKOMMUNIKATIONSSYSTEM
PATENTKRAV
1. Radiokommunikationsanordning (1), der omfatter:
en modtager (12) konfigureret til at modtage et radiosignal, hvis kommunikationsmiddel
er radiobalger, og til at demodulere og afkode en transmissionsramme (4) indeholdt i
radiosignalet;
en styreenhed (10) konfigureret til at opna data fra transmissionsrammen (4) demoduleret
og afkodet af modtageren (12) for at behandle dataene; og
en stremforsyning (15) konfigureret til at forsyne modtageren (12) og styreenheden (10),
hvor styreenheden (10) er konfigureret til at:
modtage et synkroniseringssignal fra en basestation (2) med faste intervaller;
efter udlgbet af et fastsat tidsrum fra et tidspunkt, hvor synkroniseringssignalet blev
modtaget, teelle passage af et intermitterende modtagelsesinterval (T1) med en konstant
periode for at aktivere modtageren (12), uanset hvornar passage af hvert intermitterende
modtagelsesinterval (T1) er ophgrt med at blive talt; og
stoppe modtageren (12) gjeblikkeligt for at omkoble modtageren (12) til en standby-
tilstand, nar et modtagelsessignalstyrkeindikationssignal fra modtageren (12) er under en
teerskel,
holde modtageren (12) [ funktion, nar modtagerens (12)
modtagelsessignalstyrkeindikationssignal er lig med eller starre end den teerskel, hvor
modtageren (12) opfanger en preeambel af radiosignalet, og
genaktivere modtageren (12) efter udigbet af en fastsat standby-periode (T2) fra et
tidspunkt, hvor modtagerens (12) modtagelsessignalstyrkeindikationssignal er under
teersklen, hvilken standby-periode (T2) er indstillet til at veere lig med eller kortere end et
tidspunkt, indtil radiosignalet sendes igen.
2. Radiokommunikationsanordning (1), der omfatter:
en modtager (12) konfigureret til at modtage et radiosignal, hvis kommunikationsmiddel
er radiobalger, og til at demodulere og afkode en transmissionsramme (4) indeholdt i
radiosignalet;
en styreenhed (10) konfigureret til at opna data fra transmissionsrammen (4) demoduleret
og afkodet af modtageren (12) for at behandle dataene; og
en stremforsyning (1) konfigureret til at forsyne modtageren (12) og styreenheden (10),
hvor
styreenheden (10) er konfigureret til at:

modtage et synkroniseringssignal fra en basestation (2) med faste intervaller;



10

15

20

25

30

35

DK/EP 3086606 T3

2
efter udlgbet af et fastsat tidsrum fra et tidspunkt, hvor synkroniseringssignalet blev
modtaget, teelle passage af et intermitterende modtagelsesinterval (T1) med en konstant
periode for at aktivere modtageren (12), uanset hvornar passage af hvert intermitterende
modtagelsesinterval (T1) er ophgrt med at blive talt; og
stoppe modtageren (12) gjeblikkeligt for at omkoble modtageren (12) til en standby-
tilstand, ndr modtagerens (12) modtagelsessignalstyrkeindikationssignal er under en
teerskel,
holde modtageren (12) [ funktion, nar modtagerens (12)
modtagelsessignalstyrkeindikationssignal er lig med eller stgrre end den teerskel, hvor
modtageren (12) opfanger en preeambel af radiosignalet, og
forleenge en  funktionstid for modtageren (12) op til en bestemt
modtagelsesvarighedsperiode (T4), der er indstillet til at veere lig med eller laengere end
en sum af et tidsrum, indtil radiosignalet sendes igen og en afsendelsesperiode for
radiosignalet,
nar modtageren (12) ikke modtager prasamblen af radiosignalet.
3. Radiokommunikationsanordning (1), der omfatter:
en modtager (12) konfigureret til at modtage et forste radiosignal, hvis
kommunikationsmiddel er radiobglger, og til at demodulere og afkode en farste
transmissionsramme indeholdt i det fgrste radiosignal;
en sender (13) konfigureret til at konvertere et transmissionssignal opnaet ved kodning
af modulering af en anden transmissionsramme til et andet radiosignal og til at sende det
andet radiosignal;
en styreenhed (10) konfigureret til at opna fgrste data fra den farste transmissionsramme
demoduleret og afkodet af modtageren (12) for at behandle de farste data, og
generere den anden transmissionsramme, der indeholder anden data, der skal sendes,
for at forsyne senderen (13) med den anden transmissionsramme;
09
en stramforsyning (15) konfigureret til at forsyne modtageren (12), senderen (13) og
styreenheden (10), hvor
styreenheden (10) er konfigureret til at:
modtage et synkroniseringssignal fra en basestation (2) med faste intervaller;
efter udlgbet af et fastsat tidsrum fra et tidspunkt, hvor synkroniseringssignalet blev
modtaget, teelle passage af et intermitterende modtagelsesinterval (T1) med en konstant
periode for at aktivere modtageren (12), uanset hvornar passage af hvert intermitterende

modtagelsesinterval (T1) er ophgrt med at blive talt; og
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3
stoppe modtageren (12) gjeblikkeligt for at omkoble modtageren (12) til en standby-
tilstand, nar modtagerens (12) modtagelsessignalstyrkeindikationssignal er under en
teerskel,
holde modtageren (12) i funktion, nar modtagelsessignalstyrkeindikationssignalet fra
modtageren er lig med eller stgrre end den teerskel, hvor modtageren (12) opfanger en
preeambel af et farste radiosignal, og
generere den anden transmissionsramme, der indeholder en meddelelse, som
repraesenterer en anmodning om afsendelse igen af det forste radiosignal for at aktivere
modtageren (12) efter forsyning af senderen (13) med den anden transmissionsramme,
nar modtageren (12) ikke opfanger prasamblen af det farste radiosignal.
4. Radiokommunikationsanordning (1) ifelge et hvilket som helst af kravene 1
til 3, hvor styreenheden (10) er konfigureret til at starte teelling af passage af hvert
intermitterende modtagelsesinterval (T1) i synkronisering med synkroniseringssignalet
modtaget af modtageren (12), og
til kontinuerligt at holde modtageren (12) i funktion, n&r synkroniseringssignalet ikke
modtages.
5. Radiokommunikationsanordning (1) ifelge krav 1, hvor styreenheden (10) er
konfigureret, nar modtageren (12) modtager de tilsigtede radiobglger, til at aktivere
modtageren (12) efter udlgbet af standby-perioden (T2) fra et endepunkt af en
modtagelsesperiode, hvor modtageren (12) modtager de tilsigtede radiobglger.
6. Radiokommunikationsanordning (1) ifelge krav 5, hvor endepunktet af den
modtagelsesperiode, hvor modtageren (12) modtager de tilsigtede radiobglger, er et
punkt, hvor et modtagelsessignalstyrkeindikationssignal for modtageren (12) falder under
en teerskel.
7. Radiokommunikationsanordning (1) ifelge et hvilket som helst af kravene 1
til 6, hvor, nar modtageren (12) opfanger preeamblen af radiosignalet for at etablere
bitsynkronisering og derefter opfanger et unikt ord deraf for at etablere
rammesynkronisering for at demodulere og afkode radiosignalets transmissionsramme
(4).
8. Radiokommunikationssystem, der omfatter:
en radiokommunikationsanordning (1) ifalge et hvilket som helst af kravene 1 til 7 og

en basestation konfigureret til at kommunikere med radiokommunikationsanordningen

(1).
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