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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a transmission
device that performs communication with respect to re-
ception device that performs intermittent reception, and
to a wireless communication apparatus in which this
transmission device is used.

BACKGROUND ART

[0002] Animplantable medical device (IMD) according
to US 2007/0167996 A1 includes a telemetry module to
communicate with an external device according to a giv-
en protocol. To establish a communication session, the
IMD will extend active periods of reception on a given
channel when some confirmed data is received from the
external device. In addition, once a session has been
opened, the programmer transmits a short data set (or
preamble) for each cycle which the IMD is set to receive.
This data set indicates whether additional data will or will
not be sent. If no additional data is to be sent during that
cycle, then the IMD powers down the receiver for that
cycle

[0003] For example, a wireless communication appa-
ratus may comprise a measurement apparatus (trans-
mission device) such as a blood glucose meter or a ma-
nometer, and a portable information terminal (reception
device) for acquiring information about the above by wire-
less communication. In this case, the portable informa-
tion terminal sends the measurement data measured
with the measurement apparatus to a data processing
apparatus at a medical facility or the like by utilizing a
communications network (see Patent Citation 1, for ex-
ample).

[0004] With a wireless communication apparatus such
as this, a technique has been disclosed with which re-
ception is performed intermittently in order to reduce
power consumption during communication (see Patent
Citation 2, for example).

Patent Citation 1: Japanese Laid-Open Patent Ap-
plication 2002-251461
Patent Citation 2: Japanese Laid-Open Patent Ap-
plication 2003-208685

SUMMARY

[0005] However, the following problems are encoun-
tered with the technology disclosed in the above publi-
cations.

[0006] Specifically, since communication needs to be
matched to the intermittent reception operation of the re-
ception device, a problem is that the transmission device
takes longer to transmit, so the power consumption of
the transmission device rises.

[0007] In view of this, it is an object of the present in-
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vention to provide a transmission device with which pow-
er consumption can be reduced, and a wireless commu-
nication apparatus in which this transmission device is
used.

[0008] To achieve this object, the transmission device
of the present invention is a transmission device for per-
forming communication with a reception device that per-
forms intermittent reception, comprising a transmitter, a
receiver, a reception specifier, and a transmission/recep-
tion controller. The transmitter transmits various signals
to the reception device. The receiver receives aresponse
signal emitted from the reception device in response to
the transmission of the various signals from this trans-
mitter to the reception device. The reception specifier
specifies the reception timing of the intermittent reception
of the reception device when a response signal from the
reception device has been received. The transmis-
sion/reception controller performs control of the receiver
and the transmitter and decides the timing at which the
transmission of the various signals will begin, and how
long the transmission will last, on the basis of the recep-
tion timing specified by the reception specifier.

[0009] The wireless communication apparatus of the
presentinvention comprises the above-mentioned trans-
mission device and a reception device. The reception
device sends a response signal to the transmission de-
vice upon properly receiving the various signals trans-
mitted from this transmission device.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

FIG. 1 is a diagram of the configuration of a wireless
communication apparatus in Embodiment 1;

FIGS. 2a and 2b are timing charts for a transmission
device and reception device the first time communi-
cation is performed;

FIGS. 3a and 3b are timing charts for a transmission
device and reception device during transmission and
reception of an actuation signal;

FIG. 4 is adecision processing flowchart of the trans-
mission start timing and transmission duration for an
actuation signal with the transmission/reception con-
troller;

FIGS. 5a and 5b are timing charts for a transmission
device and reception device the second and subse-
quent times communication is performed;

FIGS. 6a and 6b are communication processing
flowcharts of the transmission device and reception
device in Embodiment 1;

FIGS. 7a and 7b are communication processing tim-
ing charts of the transmission device and reception
device in Embodiment 1;

FIG. 8 is a diagram of the configuration of a wireless
communication apparatus in Embodiment 2; and
FIGS. 9a and 9b are communication processing tim-
ing charts of the transmission device and reception
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device in Embodiment 2.
EXPLANATION OF REFERENCE
[0011]

11 transmission device

12 reception device

13 transmitter

14 transmission/reception controller

14a transmission time memory

14b transmission condition determiner

14c reception condition determiner

15 receiver

16 reception specifier

16a transmission device information memory
16b reception device information memory

16¢ memory

17 blood glucose level measurement portion
21 actuation signal transmission operation

22 response signal reception operation

23 data transmission operation

24 transmission start timing of actuation signal
25 transmission duration of actuation signal
26 reception duration of response signal

27 data transmission waiting time from acknowledge
signal reception until start of data transmission
28 data transmission duration

29 intermittent reception operation

30 intermittent reception duration

31 intermittent reception interval

32 response signal transmission waiting time
33 response signal transmission operation

34 data reception operation

35 intermittent reception resumption waiting time
36, 53 intermittent reception timing

37 actuation signal pulse

51 actuation signal transmission start timing
52 actuation signal transmission duration

54 response signal reception duration

55 response signal transmission start timing
56 response signal reception start timing

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0012] Embodiments of the transmission device of the
presentinvention, and of the wireless communication ap-
paratus in which this transmission device is used, will
now be described in detail through reference to the draw-
ings.

Embodiment 1

[0013] FIG. 1 is a diagram of the configuration of a
wireless communication apparatus in this embodiment.
[0014] AsshowninFIG.1,thewireless communication
apparatus is constituted so as to include a transmission
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device 11and areception device 12. Inthe example given
here, the transmission device 11 is a wireless blood glu-
cose meter that measures a blood glucose level and per-
forms wireless communication, while the reception de-
vice 12 is a wireless communication apparatus that is a
portable information terminal that stores measured blood
glucose levels and displays them on a graph, or sends
them through a network to a medical facility or the like.

[0015] The transmission device 11 comprises a trans-
mitter 13, a transmission/reception controller 14, a re-
ceiver 15, a reception specifier 16, and a blood glucose
level measurement portion 17. The transmitter 13 sends
an actuation signal and data to the reception device 12.
The transmission/reception controller 14 controls the re-
ceiver and controls the transmission of actuation signal
(various signals) and data (various signals). The receiver
15 receives response signals from the reception device
12. The reception specifier 16 specifies the reception tim-
ing of the intermittent reception of the reception device
12 when the response signal is an acknowledge signal
(response signal) that is a notification of the completion
of reception from the reception device 12. The blood glu-
cose level measurement portion 17 measures blood glu-
cose levels.

[0016] Anexamplewillbegivenhereinwhichthetrans-
mission device 11 and the reception device 12 operate
as follows.

[0017] Specifically, after an actuation signal has been
sent from the transmission device 11 to the reception
device 12 that is performing intermittent reception, an
acknowledge signalis returned from the reception device
12. The transmission device 11 and reception device 12
are then synchronized, after which data is sent from the
transmission device 11 to the reception device 12. When
the transmission of data is complete, the reception device
12 resumes intermittent reception.

[0018] The transmission/reception controller 14 com-
prises a transmission time memory 14a, a transmission
condition determiner 14b, and a reception condition de-
terminer 14c. The transmission time memory 14a stores
the time at which the actuation signals are sent. The
transmission condition determiner 14b decides the timing
at which the actuation signals are sent and the transmis-
sion duration. The reception condition determiner 14c
decides the reception operation conditions for receiving
acknowledge signals by the receiver 15.

[0019] The reception specifier 16 comprises the trans-
mission device information memory 16a, a reception de-
vice information memory 16b, and a memory 16c. The
transmission device information memory 16a stores the
data transmission waiting time from when the transmis-
sion device 11 receives the acknowledge signal until the
data transmission is started. The reception device infor-
mation memory 16b stores the intermittent reception in-
terval of the reception device 12, the response signal
transmission waiting time from when an actuation signal
is received from the transmission device 11 until a re-
sponse signal is sent, and the intermittent reception re-
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sumption waiting time from when the data transmission
is completed until the intermittent reception is resumed.
The memory 16c¢ stores the time at which the acknowl-
edge signal is received and the time at which intermittent
reception is resumed by the reception device 12.
[0020] The blood glucose level measurement portion
17 electrically measures a blood glucose level when a
measurement-use test piece is mounted in the blood glu-
cose level measurement portion 17 and a spot of blood
is placed on the test piece. The measured blood glucose
level data is sent to the transmitter 13, and sent to the
reception device 12 by wireless communication.

[0021] The constituent elements other than the blood
glucose level measurement portion 17 will now be de-
scribed in detail.

[0022] First, we will describe the transmission device
11 through reference to FIGS. 2a and 2b. FIG. 2a is a
timing chart for the transmission device 11 the first time
communication is performed, while FIG. 2b is a timing
chart for the reception device 12 the first time communi-
cationis performed. InFIGS. 2aand 2b, 21 is an actuation
signal transmission operation, 22 is a response signal
reception operation, 23 is a data transmission operation,
24 is a transmission start timing of actuation signal, 25
is a transmission duration of an actuation signal, 26 is a
reception duration of aresponse signal, 27 is adata trans-
mission waiting time (fixed) from acknowledge signal re-
ception until the start of data transmission, 28 is a data
transmission duration (variable according to data quan-
tity), 29 is an intermittent reception operation in which
reception is performed at regular intervals, 30 is an in-
termittent reception duration (regular intervals; fixed), 31
is an intermittent reception interval (regular intervals;
fixed), 32 is a response signal transmission waiting time
(fixed), 33 is a response signal transmission operation
(an acknowledge signal in the example in FIGS. 2a and
2b), 34 is a data reception operation, 35 is the intermittent
reception resumption waiting time (fixed) from comple-
tion of data communication until the resumption of the
intermittent reception operation 29, and 36 is an intermit-
tent reception timing.

[0023] The "first time communication is performed by
the transmission device 11" here refers to the following
situation.

[0024] Specifically, thisis the firsttime the transmission
device 11 is used, or when the battery that powers the
transmission device 11 is replaced and the internal circuit
is reset, or when the various parts of the transmission
device 11 have been initially reset with a resetting switch
provided to the transmission device 11, for example.
[0025] The transmission device 11 first performs the
actuation signal transmission operation 21 when com-
munication is commenced, and then performs the re-
sponse signal reception operation 22 on the response
signal, which is notification of the receipt of an actuation
signal from the reception device 12. Upon receipt of an
acknowledge signal, communication is established, and
the data transmission operation 23 is performed. Here,
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the data sent in the data transmission operation 23 is
blood glucose level information measured by the blood
glucose level measurement portion 17. At this point the
transmission duration 25 for the actuation signal trans-
mission operation 21 is longer than the intermittent re-
ception interval 31 that is the default.

[0026] If the response signal from the reception device
12 has not arrived during the period of the reception op-
eration 22, or if there is a non-acknowledge signal indi-
cating that the reception device 12 could not properly
receive an actuation signal, the actuation signal trans-
mission operation 21 is performed after the reception op-
eration 22 in order to send the actuation signal again.
[0027] Next, the internal constituent elements of the
transmission device 11 will be described. First, we will
describe the transmission/reception controller 14
through reference to FIGS. 3a and 3b. FIG. 3ais a timing
chartinwhich the actuation signal transmission operation
21 of the transmission device 11 is expanded, and FIG.
3b is a timing chart in which the intermittent reception
operation 29 of the reception device 12 is expanded. In
FIGS. 3a and 3b, 37 is an actuation signal pulse that is
send during the actuation signal transmission operation
21.

[0028] The transmission/reception controller 14 noti-
fies the transmitter 13 of what is to be sent when com-
municating with the reception device 12 (an actuation
signal or data), the transmission start timing 24 produced
by the transmission condition determiner 14b, and the
transmission duration 25 that is produced. Furthermore,
the transmission/reception controller 14 notifies the re-
ception specifier 16 of the data transmission duration 28
required to sent data. The transmitter 13 produces an
actuation signal and performs the actuation signal trans-
mission operation 21 according to the instruction from
the transmission/reception controller 14. Also, the trans-
mission/reception controller 14 stores the current time in
the transmission time memory 14a in instructing the
transmitter 13 to send an actuation signal. Here, for ex-
ample, the actuation signal is the pulse 37 shown in FIG.
3a, which is sent repeatedly during the actuation signal
transmission duration 25. The repetition period of this
pulse 37 is at least a period in which the pulse 37 is
included twice in the intermittent reception duration 30
of the reception device 12.

[0029] Information related to the time stored in the
transmission time memory 14a is constituted so as to be
erased when the above-mentioned resetting of the inter-
nal circuit is performed.

[0030] Upon being notified that an acknowledge signal
has been received from the receiver 15, the transmis-
sion/reception controller 14 performs the data transmis-
sion operation 23 for sending data to the reception device
12 after the elapse of the data transmission waiting time
27.

[0031] During the first communication, the transmis-
sion condition determiner 14b sets the actuation signal
transmission duration 25 to be longer than the intermit-
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tent reception interval 31 so that the reception device 12
can receive an actuation signal (the same as the actua-
tion signal transmission duration 25 shown in FIGS. 2a
and 2b).

[0032] During the second and subsequent times com-
munication is performed, the transmission start timing of
the actuation signal 24 and the actuation signal trans-
mission duration 25 are decided on the basis of the trans-
mission start time of the previous iteration stored in the
transmission time memory 14a, the acknowledge signal
reception time (discussed below), and the intermittent
reception timing 36 of the reception device 12 outputted
by the reception specifier 16.

[0033] Processing for determining the transmission
start timing of the actuation signal 24 and the actuation
signal transmission duration 25 performed by the trans-
mission condition determiner 14b will now be described
through reference to FIGS. 4, 5a, and 5b. FIG. 4 is a
flowchart of the processing performed by the transmis-
sion condition determiner 14b for determining the trans-
mission start timing of the actuation signal 24 and the
actuation signal transmission duration 25. FIG. 5a is a
timing chart for the transmission device 11 the second
and subsequent times communication is performed,
while FIG. 5b is a timing chart for the reception device
12 the second and subsequent times communication is
performed.

[0034] FIGS. 5a and 5b show the situation up until the
next transmission request is generated after the trans-
mission device 11 and the reception device 12 have com-
pleted their first data communication (the data transmis-
sion operation 23 and the data reception operation 34),
until the end of the second data communication. In FIGS.
5a and 5b, 51 is an actuation signal transmission start
timing for the second data communication, 52 is an ac-
tuation signal transmission duration for the second data
communication, 53 is an intermittent reception timing
closest to the timing at which a transmission request is
generated, 54 is a response signal reception duration,
55 is a response signal transmission start timing, and 56
is a response signal reception start timing.

[0035] The operation of the transmission condition de-
terminer 14b will now be described.

[0036] When a transmission request is generated at
the timing shown in FIG. 5a, the transmission condition
determiner 14b checks whether or not the transmission
start time for the previous iteration has been stored in
the transmission time memory 14a (step S41).

[0037] Next, if the transmission start time for the pre-
vious iteration has been stored in the transmission time
memory 14a, the transmission condition determiner 14b
reads this and calculates the elapsed time from the pre-
vious transmission start time until the generation of a
transmission request (step S42).

[0038] In step S42, the transmission condition deter-
miner 14b checks whether or not the calculates elapsed
time is more than a specific length of time (such as 24
hours) (step S43).
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[0039] In step S41, if the previous transmission start
time has notbeen stored in the transmission time memory
144, or if the elapsed time from the previous transmission
start time in step S43 until the generation of a transmis-
sion request is equal to or greater than a specific length
of time, the transmission condition determiner 14b sets
the actuation signal transmission duration to the default
value. The default value is set (for example, 15 seconds
when the intermittent reception interval is 10 seconds)
so that the transmission duration will be longer than the
intermittent reception interval 31, so that the actuation
signal can be properly received by the reception device
12 (step S44). There are no particular restrictions on the
actuation signal transmission start timing here, and any
timing at all may be used.

[0040] Meanwhile, if the previous transmission start
time has been stored in the transmission time memory
14a, and the elapsed time from the previous transmission
start time in step S43 until the generation of a transmis-
sion request is less than a specific length of time, then
the transmission condition determiner 14b utilizes the in-
termittent reception interval 31 and the intermittent re-
ception timing 36 of the reception device 12 specified by
the reception specifier 16 (discussed below) according
to the elapsed time, and calculates the actuation signal
transmission start timing 51 and the actuation signal
transmission duration 52. Here, if the transmission re-
quest is generated at the timing shown in FIG. 5a, the
transmission condition determiner 14b calculates the tim-
ing 53 closest to the current time at a timing that is an
integer multiple of the intermittent reception interval 31
from the intermittent reception timing 36 (the intermittent
reception resumption time discussed below). This timing
53 is the timing at which the reception device 12 performs
the intermittent reception operation 29 the closest to the
timing at which the transmission request is generated.
Accordingly, clock error of the transmission device 11
and the reception device 12 is taken into account, and
the transmission condition determiner 14b determines
the actuation signal transmission start timing 51 and the
actuation signal transmission duration 52 so as to reliably
cover the intermittent reception duration 30 from the tim-
ing 53.

[0041] For example, if the elapsed time from the pre-
vious transmission start time is less than 10 times the
intermittent reception interval 31, the transmission con-
dition determiner 14b matches the actuation signal trans-
mission duration 52 to the nextintermittent reception tim-
ing 53, and sets the actuation signal transmission start
timing 51 to the same length as the intermittent reception
duration 30. On the other hand, if the elapsed time from
the previous transmission start time is greater than or
equal to 10 times the intermittent reception interval 31,
the transmission condition determiner 14b sets the actu-
ation signal transmission start timing 51 earlier than the
intermittent reception timing 53 and sets the actuation
signal transmission duration 52 to be longer than the in-
termittent reception duration 30 so that the actuation sig-
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nal transmission duration 52 will cover the intermittent
reception duration 30.

[0042] The transmission condition determiner 14b de-
termines the actuation signal transmission start timing
51 so that it will be earlier than the intermittent reception
timing 53 in proportion to the elapsed time since the pre-
vious communication start time. The transmission con-
dition determiner 14b also sets the actuation signal trans-
mission duration 52 so that it is longer in proportion to
the elapsed time since the previous communication start
time, and will at most be the default value. Consequently,
proper communication will still be possible even if the
timing should be offset due to clock error (steps S45 and
S46).

[0043] After this, when the actuation signal transmis-
sion operation 21 ends, the transmission/reception con-
troller 14 instructs the receiver 15 to performthe response
signal reception operation 22 under the conditions set by
the reception condition determiner 14c. During the
above-mentioned first communication, the transmis-
sion/reception controller 14 sets the response signal re-
ception duration 54 longer than the response signal
transmission waiting time 32 immediately after the actu-
ation signal transmission operation 21, so that the trans-
mission device 11 will be able to receive a response sig-
nal.

[0044] Meanwhile, during the second and subsequent
times communication is performed, the transmission
condition determiner 14b calculates the intermittent re-
ception timing 53 that is closest after the generation of
the transmission request. Accordingly, the reception con-
dition determiner 14c can use this information to calculate
the response signal transmission start timing 55 at which
the reception device 12 starts the response signal trans-
mission operation 33, on the basis of the intermittent re-
ception timing 53 and the response signal transmission
waiting time 32. The reception condition determiner 14c
sets the response signal reception duration 54 and the
starttiming 56 for the response signal reception operation
22 so as to cover the response signal transmission op-
eration 33 of the reception device 12. Consequently, the
response signal reception duration 54 of the response
signal reception operation 22 of the transmission device
11 can be shortened.

[0045] Next, the operation of the receiver 15 will be
described.

[0046] The receiver 15 performs the response signal
reception operation 22 at an instruction from the trans-
mission/reception controller 14. When the actuation sig-
nal transmission operation 21 is complete, the transmis-
sion/reception controller 14 instructs the receiver 15 to
perform the response signal reception operation 22. Up-
onreceiving a response signal from the reception device
12 after the start of the response signal reception oper-
ation 22, the receiver 15 determines whether or not it is
an acknowledge signal. If the received response signal
is an acknowledge signal, the transmission/reception
controller 14 and the reception specifier 16 are notified
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that an acknowledge signal has been received. If the re-
ceived response signal cannot be identified, on the other
hand, it is ignored, and the response signal reception
operation 22 is continued until a specific length of time
has passed. If aresponse signal cannot be received even
after this specific time has passed, or if the received re-
sponse signal is a non-acknowledge signal, the trans-
mission/reception controller 14 is notified to perform the
retransmission of an actuation signal.

[0047] Next, the operation of the reception specifier 16
will be described through reference to FIGS. 2a, 2b, 5a,
and 5b.

[0048] The reception specifier 16 has a transmission
device information memory 16a, a reception device in-
formation memory 16b, and a memory 16¢. The trans-
mission device information memory 16a stores the data
transmission waiting time 27 from when the acknowledge
signal is received by the transmission device 11 until data
transmission begins. The reception device information
memory 16b stores the intermittent reception interval 31
of the reception device 12, the response signal transmis-
sion waiting time 32 from when the actuation signal is
received from the transmission device 11 until the re-
sponse signal is sent, and the intermittent reception re-
sumption waiting time 35 from the end of communication
until the intermittent reception operation 29 is resumed.
The memory 16¢ stores the current time as the acknowl-
edge signal reception time upon being notified that an
acknowledge signal has been received from the receiver
15. The reception specifier 16 specifies the intermittent
reception timing 36 of the reception device 12 on the
basis of the acknowledge signal reception time, the data
transmission waiting time 27, the data transmission du-
ration 28, and the intermittent reception resumption wait-
ing time 35, and stores this as the intermittent reception
resumption time in the memory 16c¢.

[0049] Next, the operation of the reception device 12
will be described through reference to FIGS. 2a, 2b, 5a,
and 5b.

[0050] The reception device 12 performs the intermit-
tent reception operation 29 until the start of communica-
tion, and when an actuation signal is received from the
transmission device 11, the reception device 12 waits
through the response signal transmission waiting time
32, and then performs the response signal transmission
operation 33 on the transmission device 11 at the re-
sponse signal transmission start timing 55. Here, the re-
sponse signal transmission waiting time 32 is set shorter
than the intermittent reception interval 31, and is set so
that after the actuation signal is received from the trans-
mission device 11, the response signal will be sent to the
transmission device 11 by the next intermittent reception
operation 29.

[0051] After this, the reception device 12 waits for a
transmission start request from the transmission device
11, and once a transmission start request has been re-
ceived from the transmission device 11, the data recep-
tion operation 34 is started. If a communication end re-
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quest has been received from the transmission device
11, the reception device 12 ends the data reception op-
eration 34 and waits through the intermittent reception
resumption waiting time 35, after which the intermittent
reception operation 29 is resumed from the intermittent
reception timing 36 shown in FIG. 2b (the intermittent
reception resumption time). If a signal received from the
transmission device 11 cannot be identified as being an
actuation signal, a non-acknowledge signal is sent to the
transmission device 11 in the response signal transmis-
sion operation 33, and the intermittent reception opera-
tion 29 is continued.

[0052] Next, the communication operation of the trans-
mission device 11 and the reception device 12 in an em-
bodiment of the present invention will be described
through reference to FIGS. 6a, 6b, 7a, and 7b. FIG. 6a
is a flowchart of the transmission device 11, FIG. 6bis a
flowchart of the reception device 12, FIG. 7a is a timing
chart of the transmission device 11, and FIG. 7b is a
timing chart of the reception device 12.

[0053] First the operation of the transmission device
11 will be described.

[0054] With the transmission device 11, when commu-
nication begins, the transmission/ reception controller 14
instructs the transmitter 13 to sent an actuation signal to
the reception device 12. Here the transmission condition
determiner 14b uses the intermittent reception resump-
tion time stored in the memory 16c¢ and the elapsed time
from the previous transmission start time stored in the
transmission time memory 14a to calculate the actuation
signal transmission start timing and the transmission du-
ration. The specific method for calculating the actuation
signal transmission start timing and the transmission du-
ration was already described in regard to the operation
of the transmission/reception controller 14, and so will
not be described again here (step S61).

[0055] With the transmission device 11, after the actu-
ation signal has been sent, the transmission/reception
controller 14 instructs the receiver 15 to perform the re-
sponse signal reception operation 22 so as to receive an
acknowledge signal that is a notification of the reception
the actuation signal by the reception device 12. Here, the
reception condition determiner 14c calculates the re-
sponse signal reception duration 54 and the start timing
51 of the response signal reception operation 22 accord-
ing to the elapsed time since the previous transmission
start time stored in the transmission time memory 14a.
The specific method for calculating the response signal
reception duration 54 and the start timing 51 of the re-
sponse signal reception operation 22 was already de-
scribed in regard to the operation of the transmission/re-
ception controller 14, and so will not be described again
here (step S62).

[0056] The receiver 15 performs the response signal
reception operation 22 under the conditions specified by
the transmission/reception controller 14. This reception
operation is continued until either a response signal is
received or a specific amount of time has elapsed. If the
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response signal received by the receiver 15 is an ac-
knowledge signal, the receiver 15 notifies the transmis-
sion/reception controller 14 and the reception specifier
16 that an acknowledge signal has been received (this
timing shall be referred to as the acknowledge signal re-
ceptiontiming Ta). On the other hand, if a specificamount
of time has elapsed without an acknowledge signal being
received, the receiver 15 notifies the transmission/recep-
tion controller 14 to resend. Although not depicted in the
drawings, the flow returns to step S61 here (step S63).
[0057] The transmission/reception controller 14 sends
a data transmission request to the reception device 12
and starts data transmission once a data transmission
waiting time T4 has elapsed since the acknowledge sig-
nal reception timing Ta (step S64).

[0058] The transmission/reception controller 14
checks whether or not the data has been transmitted all
the way to the end, and if the data transmission has not
been completed to the end, the data transmission oper-
ation is continued (step S65).

[0059] On the other hand, if the data transmission has
been completed to the end, the transmission/reception
controller 14 sends a communication end request to the
reception device 12 and ends the processing, and notifies
the reception specifier 16 (step S66).

[0060] The reception specifier 16 specifies the inter-
mittent reception timing Tc of the reception device 12 by
using the data transmission waiting time T4 from the ac-
knowledge signal reception timing Ta of the transmission
device 11 stored in the memory 16¢ (the acknowledge
signal reception time), the intermittent reception resump-
tion waiting time T6 from the completion of communica-
tion stored in the reception device information memory
16b until intermittent reception is resumed, and the data
transmission time T5 indicated by the transmission/re-
ception controller 14. The reception specifier 16 stores
the specified intermittent reception timing Tc of the re-
ception device 12 in the memory 16c¢ as the intermittent
reception resumption time (step S67).

[0061] At this point the reception timing Tc is the sum
of adding T4, T5, and T6, to Ta. Subsequent reception
timing becomes Tc + T1, Tc+2 X T1, Tc + 3 X T1, ...
Tc + n X T1 (where n is a natural number).

[0062] The operation of the reception device 12 will
now be described.

[0063] The reception device 12 first starts the intermit-
tentreception operation 29 in which reception is repeated
for a period of T2 at specific intervals T1, and awaits an
actuation signal from the transmission device 11 that will
trigger the start of communication (step S68).

[0064] The reception device 12 checks whether or not
the actuation signal sent from the transmission device
11 has been received during the reception operation. If
no actuation signal has been received here, the flow re-
turns to step S68, and the intermittentreception operation
29 is continued (step S69).

[0065] On the other hand, if an actuation signal has
been received by the reception device 12, the system
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waits for a response signal transmission waiting time T3
until the acknowledge signal that is a notification of re-
ception of the actuation signal is sent to the transmission
device 11 (step S70).

[0066] At the end of the response signal transmission
waiting time T3, the reception device 12 performs the
acknowledge signal transmission operation 33 with re-
spect to the transmission device 11 (step S71).

[0067] After the acknowledge signal has been sent,
the reception device 12 begins a data transmission re-
quest reception operation, and checks whether or not a
data transmission request has been received from the
transmission device 11. If no data transmission request
has been received, the data transmission request recep-
tion operation is continued (step S72).

[0068] Meanwhile, if a data transmission request has
been received in step S72, the data reception operation
34 is begun (step S73).

[0069] The reception device 12 checks whether or not
a communication end request has been received from
the transmission device 11. If no communication end re-
quest has been received here, the flow returns to step
S73 and the data reception operation 34 is continued
(step S74).

[0070] On the other hand, if a communication end re-
quest has been received in step S74, the data reception
operation 34 is ended, and the intermittent reception op-
eration 29 is resumed after the intermittent reception re-
sumption waiting time T6 has elapsed (step S75).
[0071] As discussed above, in Embodiment 1, the
transmission device 11 can send an actuation signal that
matches the timing of the intermittent reception operation
of the reception device 12. Thus, the actuation signal
transmission duration can be shortened, and the power
consumption of the transmission device 11 can be re-
duced.

[0072] Furthermore, since communication is control-
led so that the transmission duration is lengthened ac-
cording to how much time has elapsed since the previous
communication, communication can be carried out prop-
erly even if offset of the times mutually recognized by the
transmission device and the reception device increases
a little at a time due to internal clock error.

Embodiment 2

[0073] In Embodiment 1 above, an example was given
in which a data communication operation was performed
after an actuation signal was sent from the transmission
device 11 and communication was established at the
start of communication. In this Embodiment 2, an exam-
ple is given of a wireless communication apparatus in
which the amount of data being communicated is smaller,
and communication establishment and data transmis-
sion are carried out simultaneously. Specifically, this em-
bodiment is different in that data is sent instead of the
actuation signal sent in Embodiment 1 above.

[0074] FIG. 8 is a diagram of the configuration of the
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wireless communication apparatus in Embodiment 2,
and FIGS. 9a and 9b are timing charts for the communi-
cation processing between the transmission device 11
and the reception device 12 in this Embodiment 2. FIG.
9a is a timing chart for the transmission device 11, while
FIG. 9b is a timing chart for the reception device 12.
[0075] In FIG. 8, what is different from the wireless
communication apparatus in Embodiment 1 as illustrated
in FIG. 1 is that there is no transmission device informa-
tion memory 16a within the reception specifier 16. Also,
since the reception device 12 receives data without in-
terrupting the intermittent reception, only the response
signal transmission waiting time 32 is stored in the re-
ception device information memory 16b.

[0076] Just as in Embodiment 1 above, the transmis-
sion/reception controller 14 stores the time at which the
datawas sent, instead of an actuation signal, in the trans-
mission time memory 14a.

[0077] Furthermore, the processing performed by the
reception specifier 16 in specifying the intermittent re-
ception time immediately after the data was sent from
the transmission device 11 to the reception device 12
(the intermittent reception resumption time in Embodi-
ment 1) is changed as follows.

[0078] First, if the response signal received from the
reception device 12 is an acknowledge signal, the recep-
tion specifier 16 stores this time (the acknowledge signal
reception time) in the memory 16¢. Next, the intermittent
reception time that immediately follows is found by cal-
culating {the acknowledge signal reception time + (the
intermittent reception interval - the response signal trans-
mission waiting time)}, and this is stored as the immedi-
ately following intermittent reception time in the memory
16c¢.

[0079] The transmission/reception controller 14 then
determines the timing at which the data will be sent, just
as in Embodiment 1 above. Specifically, the timing clos-
est to the current time, and which is an integer multiple
of the intermittent reception interval from the calculated
intermittent reception time stored in the memory 16¢ and
calculated when a data transmission request was gen-
erated, is specified as the timing of the data transmission.
The fact that the transmission timing and the transmis-
sion duration are corrected according to the time elapsed
since the previous data transmission time is the same as
in the processing described for Embodiment 1 above.
[0080] The operation of the wireless communication
apparatus in Embodiment 2 will now be described
through reference to FIGS. 9a and 9b.

[0081] First, the operation of the transmission device
11 will be described.

[0082] When communication is begun, the transmis-
sion device 11 notifies the transmitter 13 of the conditions
specified by the transmission condition determiner 14b
in order to perform data transmission with respect to the
reception device 12. Here, the transmission condition de-
terminer 14b calculates the data transmission start timing
and the transmission duration according to the time
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elapsed since the previous transmission start time stored
in the transmission time memory 14a. During the first
communication, the time is set longer than the intermit-
tent reception interval T1 of the reception device 12.
When communication is performed for the second and
subsequent times, however, the intermittent reception in-
terval T1 and the intermittent reception timing Tc output-
ted by the reception specifier 16 are utilized to calculate
the intermittent reception timing Td closest to the time
when the transmission request was generated, and sets
the transmission start timing and the transmission dura-
tion so as to cover the intermittent reception duration T2.
[0083] With the transmission device 11, after data
transmission, the transmission/reception controller 14 in-
structs the receiver 15 to perform a response signal re-
ception operation under the conditions specified by the
reception condition determiner 14c in order to receive an
acknowledge signal that is a notification that data has
been received by the reception device 12. Here, the re-
ception condition determiner 14c calculates the start tim-
ing for the response signal reception operation and the
reception duration according to how much time has
elapsed since the previous transmission start timing
stored in the transmission time memory 14a. During the
first communication, the period is set longer than the re-
sponse signal transmission waiting time T3. On the other
hand, when communication is performed the second and
subsequent times, the response signal transmission
waiting time T3, the intermittent reception interval T1,
and the intermittent reception timing Tc outputted by the
reception specifier 16 are utilized to calculate the inter-
mittent reception timing Td closest to the time when the
transmission request was generated, and then calculates
the response signal transmission start timing Te. The re-
sponse signal reception duration of the transmission de-
vice 11 is set so as to cover the response signal trans-
mission duration.

[0084] The transmission device 11 checks whether or
not the receiver 15 has received a response signal from
the reception device 12. If no response signal has been
received by the receiver 15, the response signal recep-
tion operation is repeated until a specific amount of time
has passed. On the other hand, if an acknowledge signal
has been received by the receiver 15, the receiver 15
notifies the transmission/reception controller 14 and the
reception specifier 16 that an acknowledge signal has
been received. If the received response signal here is a
non-acknowledge signal, the transmission/reception
controller 14 is immediately notified to resend the data,
without waiting for the end of the response signal recep-
tion duration.

[0085] The reception specifier 16 specifies the inter-
mittent reception timing Tc for the reception device 12
from the time T7 until the next intermittent reception op-
eration on the basis of the acknowledge signal transmis-
sion timing of the reception device 12 and the acknowl-
edge signal reception timing Ta of the transmission de-
vice 11. The time T7 here is obtained by subtracting the
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response signal transmission waiting time T3 from the
intermittent reception interval T1. The reception specifier
16 stores the intermittent reception timing Tc of the re-
ception device 12 in the memory 16c¢.

[0086] The operation of the reception device 12 will
now be described.

[0087] The reception device 12 first starts the intermit-
tentreception operation 29 in which reception is repeated
for a time of T2 at the specific interval T1, and awaits the
transmission of data from the transmission device 11.
[0088] Next, the reception device 12 checks whether
or not the data sent from the transmission device 11 dur-
ing the reception operation has been received, and if the
data has not been received, the intermittent reception
operation 29 is continued.

[0089] On the other hand, if the reception device 12
has received the data, it waits for the response signal
transmission waiting time T3 until an acknowledge signal
that is a data reception notification is sent to the trans-
mission device 11.

[0090] When the waiting for the response signal trans-
mission waiting time T3 is over, the reception device 12
performs the acknowledge signal transmission operation
33 with respect to the transmission device 11.

[0091] Upon completion of the acknowledge signal
transmission operation 33, the reception device 12
resumes the intermittent reception operation 29 after
waiting for the time T7.

[0092] As discussed above, in this Embodiment 2, the
transmission device 11 sends the data that matches the
timing of the intermittent reception operation of the re-
ception device 12, and the reception operation is
matched to the response signal transmission operation
of the reception device. Consequently, the transmission
and reception durations can be shortened, and the power
consumption of the transmission device 11 can be re-
duced.

INDUSTRIAL APPLICABILITY

[0093] The transmission device pertaining to the
present invention, and the wireless communication ap-
paratus in which this transmission device is used, allow
the transmission duration of the transmission device to
be shortened and the power consumption to be reduced,
and are therefore useful as a mobile health care system
or the like.

Claims

1. A transmission device (11) for performing commu-
nication with a reception device (12) that performs
intermittent reception, comprising:

a transmitter(13) configured to transmit various
signals to the reception device (12);
areceiver (15) configured to receive a response
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signal emitted from the reception, device (12) in
response to atransmission of the various signals
from this transmitter (13) to the reception device
(12);

a reception specifier (16) configured to specify
a reception timing of an intermittent reception of
the reception device (12) when a response sig-
nal from the reception device (12) has been re-
ceived; and

a transmission/reception controller (14) config-
ured to perform control of the receiver (15) and
the transmitter (13), and decide a timing at which
the transmission of the various signals willbegin,
and how long the transmission will last, on the
basis of the reception timing specified by the re-
ception specifies (16);

wherein the transrpission/reception controller
(14) has a transmission condition determiner
(14b) configured to determines a transmission
duration and a timing at which transmission be-
gins for an actuation signal included in the var-
ious signals, characterised in that the trans-
mission/reception controller further comprises a
transmission time memory (14a) configured to
store the time at which the latest transmission
was made, and

the transmission condition determiner (14b) is
configured to change the transmission duration
and the timing at which the transmission of the
various signals begins according to the time
elapsed since the latest transmission time
stored in the transmission time memory (14a)
so that an actuation signal transmission duration
(52) covers the intermittent reception duration
(30) of the side of the reception device (12).

2. The transmission device (11) according to claim 1,

further comprising:

atransmission device information memory (16a)
configured to store a data transmission waiting
time from when the response signal is received
until a data transmission begins; and

a reception device information memory (16b)
configured to store an intermittent reception in-
terval of the reception device (12), a response
signal transmission waiting time from when the
various signals are received until the response
signal is transmitted, and an intermittent recep-
tion resumption waiting time from the end of
communication until intermittent reception is re-
sumed,

wherein the reception specifier (16) specifies the
reception timing of an intermittent reception of
the reception device (12) on the basis of the tim-
ing at which the response signals are received,
the data transmission waiting time, and the in-
termittent reception resumption waiting time.
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3.

The transmission device (11) according to claim 1,
further comprising a reception device information
memory (16b) configured to store an intermittent re-
ception interval of the reception device (12) and a
response signal transmission waiting time from
when the various signals are received until the re-
sponse signal is transmitted,

wherein the reception specifier (16) specifies the re-
ception timing of an intermittent reception of the re-
ception device (12) on the basis of the reception tim-
ing of the response signal.

A wireless communication apparatus, comprising:

the transmission device (11) according to any
of claims 1 to 3; and

a reception device (12) configured to send a re-
sponse signal to the transmission device (11)
upon properly receiving the various signals
transmitted from this transmission device (11).

The wireless communication apparatus according to
claim 5,

wherein the transmission device (11) sends a data
obtained by measuring a blood glucose level to the
reception device (12).

The wireless communication apparatus according to
claim 4 or 6,

wherein the reception device (12) is a portable infor-
mation terminal.

Patentanspriiche

1.

Ubermittlungsvorrichtung (11) zum Durchfiihren von
Kommunikation mit einer Empfangsvorrichtung (12),
die einen intermittierenden Empfang durchfthrt, mit:

einem Sender (13), der ausgestaltet ist, ver-
schiedene Signale an die Empfangsvorrichtung
(12) zu Ubermitteln,

einem Empfanger (15), der ausgestaltet ist, ein
Antwortsignal zu empfangen, das von der Emp-
fangsvorrichtung (12) in Antwort auf eine Uber-
mittlung der verschiedenen Signale von dem
Sender (13) an die Empfangsvorrichtung (12)
ausgesandt wird,

einer Empfangsspezifiziereinheit (16), die aus-
gestaltet ist, ein Empfangstiming eines intermit-
tierenden Empfangs der Empfangsvorrichtung
(12) zu spezifizieren, wenn ein Antwortsignal
von der Empfangsvorrichtung (12) empfangen
wurde, und

einer  Ubermittlungs-/Empfangssteuereinheit
(14), die ausgestaltet ist, auf Basis des Emp-
fangstimings, das von der Empfangsspezifizier-
einheit (16) spezifiziert wurde, eine Steuerung
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des Empfangers (15) und des Senders (13)
durchzufiihren und ein Timing zu entscheiden,
an dem die Ubermittlung der verschiedenen Si-
gnale beginnen wird, und zu entscheiden, wie
lang die Ubermittlung dauern wird,

wobei die Ubermittlungs-/Empfangssteuerein-
heit (14) einen Ubermittlungsbedingungsbe-
stimmer (14b) aufweist, der ausgestaltet ist, ei-
ne Ubermittlungsdauer und ein Timing, an dem
die Ubermittlung beginnt, fiir eine Auslésesignal
zu bestimmen, das in den verschiedenen Sig-
nalen enthalten ist, gekennzeichnet dadurch,
dass die Ubermittlungs-/Empfangssteuerein-
heit ferner einen Ubermittlungszeitspeicher
(14a) aufweist, der ausgestaltet ist, die Zeit zu
speichern, an der die letzte Ubermittlung vorge-
nommen wurde, und

der Ubermittlungsbedingungsbestimmer (14b)
ausgestaltet ist, die Ubermittlungsdauer und
das Timing, an dem die Ubermittlung der ver-
schiedenen Signale beginnt, entsprechend der
Zeit zu andern, die seit der letzten Ubermitt-
lungszeit abgelaufen ist, die in dem Ubermitt-
lungszeitspeicher (14a) gespeichert ist, so dass
eine Ausldsesignaliibermittiungsdauer (52) die
intermittierende Empfangsdauer (30) auf der
Seite der Empfangsvorrichtung (12) abdeckt.

2. Ubermittlungsvorrichtung (11) nach Anspruch 1, fer-

ner mit:

einem Ubermittlungsvorrichtungsinformations-
speicher (16a), der ausgestaltet ist, eine Daten-
Ubermittlungswartezeit zu speichern, die von ei-
nem Zeitpunkt, zu dem das Antwortsignal emp-
fangen wird, bis zu einem Beginn einer Daten-
Ubermittlung geht, und

einem Empfangsvorrichtungsinformationsspei-
cher (16b), der ausgestaltet ist, ein intermittie-
rendes Empfangsintervall der Empfangsvor-
richtung (12), eine Antwortsignalliibermittlungs-
wartezeit, die von einem Zeitpunkt, an dem die
verschiedenen Signale empfangen sind, bis
zum Ubermitteln der Antwortsignals geht, und
eine intermittierende Empfangswiederaufnah-
mewartezeit vom Ende der Kommunikation bis
zur Wiederaufnahme des intermittierenden
Empfangs zu speichern, und

wobei die Empfangsspezifiziereinheit (16) das
Empfangstiming eines intermittierenden Emp-
fangs der Empfangsvorrichtung (12) auf Basis
des Timings, zu dem die Antwortsignale emp-
fangen werden, der Dateniibermittlungswarte-
zeitund der intermittierenden Empfangswieder-
aufnahmewartezeit spezifiziert.

3. Ubermittlungsvorrichtung (11) nach Anspruch 1,

ferner mit einem Empfangsvorrichtungsinformati-

10

15

20

25

30

35

40

45

50

55

1"

onsspeicher (16b), der ausgestaltet ist, ein intermit-
tierendes Empfangsintervall der Empfangsvorrich-
tung (12) und eine Antwortsignaliibermittlungswar-
tezeit zu speichern, die von einem Empfang der ver-
schiedenen Signal bis zu einer Ubermittlung des Ant-
wortsignals geht, und

wobei die Empfangsspezifiziereinheit (16) das Emp-
fangstiming eines intermittierenden Empfangs der
Empfangsvorrichtung (12) auf Basis des Emp-
fangstimings des Antwortsignals spezifiziert.

Drahtlose Kommunikationsvorrichtung, mit:

der Ubermittlungsvorrichtung (11) nach einem
der Anspriche 1 bis 3, und

einer Empfangsvorrichtung (12), die ausgestal-
tet ist, ein Antwortsignal an die Ubermittlungs-
vorrichtung (11) bei korrektem Empfangen der
verschiedenen Signale zu Ubermitteln, die von
der Ubermittlungsvorrichtung (11) Ubermittelt
werden.

Drahtlose Kommunikationsvorrichtung nach An-
spruch 4,

wobei die Ubermittlungsvorrichtung (11) Daten, die
durch Messen eines Blutglukoseniveaus erhalten
wurden, an die Empfangsvorrichtung (12) sendet.

Drahtlose  Kommunikationsvorrichtung nach An-
spruch 4 oder 5,

wobei die Empfangsvorrichtung (12) ein tragbares
Informationsendgerat ist.

Revendications

Dispositif de transmission (11) pour réaliser une
communication avec un dispositif de réception (12)
qui réalise une réception intermittente, comprenant:

un émetteur (13) configuré pour transmettre des
signaux divers audit dispositif de réception (12),
un récepteur (15) configuré pour recevoir un si-
gnal de réponse émis par ledit dispositif de ré-
ception (12) en réponse a une transmission des
signaux divers depuis ledit émetteur (13) au dis-
positif de réception (12),

un spécificateur de réception (16) configuré
pour spécifier un timing de réception d’une ré-
ception intermittente du dispositif de réception
(12) lorsqu’un signal de réponse dudit dispositif
de réception (12) a été regu, et

une unité de commande de transmission/récep-
tion (14) configurée pour effectuer une comman-
de durécepteur (15) etde I'émetteur (13) et pour
décider un timing ou la transmission des signaux
divers commencera et combien de temps la
transmission durera, sur la base du timing de
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réception spécifié par ledit spécificateur de ré-
ception (16),

dans lequel ladite unité de commande de trans-
mission/réception (14) présente un dispositif de
détermination de condition de transmission
(14b) configuré pour déterminer une durée de
transmission et un timing ou la transmission
commence, pour un signal de déclenchement
inclus dans les signaux divers, caractérisé par
le fait que ladite unité de commande de trans-
mission/réception comprend en outre une mé-
moire de temps de transmission (14a) configu-
rée pour mémoriser le temps ou la derniére
transmission a été réalisée, et

ledit dispositif de détermination de condition de
transmission (14b) est configuré pour modifier
la durée de transmission et le timing ou la trans-
mission des signaux divers commence, selon le
temps qui s’est écoulé depuis le dernier temps
de transmission mémorisé dans ladite mémoire
de temps de transmission (14a), de sorte qu'une
durée de transmission de signal de déclenche-
ment (52) couvre la durée de réception intermit-
tente (30) du cbté dudit dispositif de réception
(12).

2. Dispositifde transmission (11) selon la revendication

1, comprenant en outre:

une mémoire d’informations de dispositif de
transmission (16a) configurée pour mémoriser
un temps d’attente de transmission de données
allant du moment ou le signal de réponse est
recu jusqu’au moment ou une transmission de
donnée commence, et

une mémoire d’informations de dispositif de ré-
ception (16b) configurée pour mémoriser un in-
tervalle de réception intermittente du dispositif
de réception (12), un temps d’attente de trans-
mission de signal de réponse allant du moment
ou les signaux divers sont regus jusqu’au mo-
ment ou le signal de réponse est transmis, ainsi
qu’'un temps d’attente de reprise de réception
intermittente allant de la fin de la communication
jusqu’alareprise de la réception intermittente, et
dans lequel le spécificateur de réception (16)
spécifie le timing de réception d’une réception
intermittente du dispositif de réception (12) sur
la base du timing ou les signaux de réponse sont
recus, du temps d’attente de transmission de
données ainsi que du temps d’attente de reprise
de réception intermittente.

Dispositif de transmission (11) selon la revendication
1,

comprenant en outre une mémoire d’informations de
dispositif de réception (16b) configurée pour mémo-
riser un intervalle de réception intermittente du dis-
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positif de réception (12) et un temps d’attente de
transmission de signal de réponse allant du moment
ou les signaux divers sont regus jusqu’au moment
ou le signal de réponse est transmis, et

dans lequel ledit spécificateur de réception (16) spé-
cifie le timing de réception d’une réception intermit-
tente du dispositif de réception (12) sur la base du
timing de réception du signal de réponse.

Dispositif de communication sans fil, comprenant :

ledit dispositif de transmission (11) selon l'une
quelconque des revendications 1 a 3, et

un dispositif de réception (12) configuré pour
émettre un signal de réponse au dispositif de
transmission (11) lorsque les signaux divers
transmis par ledit dispositif de transmission (11)
sont correctement regus.

Dispositif de communication sans fil selon la reven-
dication 4,

danslequel ledit dispositif de transmission (11) émet,
audit dispositif de réception (12), des données ob-
tenues en mesurant un taux de glycémie.

Dispositif de communication sans fil selon la reven-
dication 4 ou 5,

dans lequel ledit dispositif de réception (12) est un
terminal d’informations portable.
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