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(54) ESTRUS NOTIFICATION METHOD, ESTRUS NOTIFICATION DEVICE AND ESTRUS
NOTIFICATION PROGRAM

(57) An estrus notifying apparatus (104) receives, via in estrus.
a relay device (102) and from communications devices
(101) respectively attached to livestock animals (A)
raised on a farm (F), measurement result information in-
dicating measurement results of step counts for the live-
stock animals (A). The estrus notifying apparatus (104),
based on measurement result information, respectively
determines whether each of the livestock animals (A) is
in estrus. If among the livestock animals (A), a given live-
stock (A1) is determined to be in estrus, the estrus noti-
fying apparatus (104) determines whether the current
time is included in the working hours of a worker (W). If
the current time is included in the working hours, the es-
trus notifying apparatus 104) determines whether other
livestock animals (A) near the given livestock animal (A1)
have a possibility of being in estrus. If a livestock animal
(A2) having a possibility of being in estrus is present, the
estrus notifying apparatus (104) notifies the worker W of
identification information for the given livestock animal
(A1) and for other livestock animals (A2) near the given
livestock animal (A1) and having the possibility of being
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Description
TECHNICAL FIELD

[0001] The presentinvention is related to an estrus no-
tifying method, an estrus notifying apparatus, and an es-
trus notifying program.

BACKGROUND ART

[0002] A technique of attaching a pedometer to live-
stock such as grazing cattle and measuring the number
of steps walked to detect changes in the state of the an-
imal, such as the onset of estrus or illness is known.
Based on the detection of a change in the state of the
animal via the pedometer, a worker makes a determina-
tion such as whether to mate the animal, administer med-
ical treatment, etc.

[0003]

Patent Document 1: Japanese Laid-Open Patent
Publication No. 2003-343901
Patent Document 2: Japanese Laid-Open Patent
Publication No. 2005-092595

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Nonetheless, with the conventional techniques,
even if state changes are detected from the number of
steps walked by the animal, the information is often in-
accurate and the worker has to actually go and see
whether the animal is in estrus. Further, when a state
change in an animal is detected, the worker may be on
a break or involved with other work and therefore, cannot
immediately respond, even if notification of the state
change is received.

[0005] To solve the problems of the conventional tech-
niques above, one object of the present invention is to
provide an estrus notifying method, an estrus notifying
apparatus, and an estrus notifying program that can ef-
fectively identify livestock animals indicating estrus.

MEANS FOR SOLVING PROBLEM

[0006] To solve the problems above and achieve an
object, according to one aspect of the present embodi-
ment, an estrus notifying method, an estrus notifying ap-
paratus, and an estrus notifying program that give noti-
fication of estrus based on step count measurement re-
sults from a step counting device attached to livestock
animals are proposed. The estrus notifying method, the
estrus notifying apparatus, and the estrus notifying pro-
gram collect step a count measurement result for each
livestock animal and position information of each live-
stock animal, and based on the step count measurement
results and a first condition, determine whether each of
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the livestock animals is in estrus. If a given livestock an-
imal is determined to be in estrus, the estrus notifying
method, the estrus notifying apparatus, and the estrus
notifying program refer to a memory unit that retains the
working hours of a worker, and determine whether the
currenttimeisincluded inthe working hours. If the current
time is included in the working hours, the estrus notifying
method, the estrus notifying apparatus, and the estrus
notifying program determine whether livestock animals
near the given livestock animal indicate estrus, based on
the step count measurement results and a second con-
dition that is more lax than the first condition; and output
the identification information of the given livestock animal
determined to be in estrus and the identification informa-
tion of the livestock animals determined to indicate es-
trus.

EFFECT OF THE INVENTION

[0007] According to one aspect of the present inven-
tion, livestock animals indicating estrus can be effectively
identified.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG. 1is adiagram depicting an example of an estrus
notifying method according to an embodiment;
FIG. 2 is a diagram depicting an example of system
configuration of an estrus notifying system 200;
FIG. 3 is a block diagram depicting a hardware con-
figuration example of a communications device of
the present embodiment;

FIG. 4 is a block diagram depicting a hardware con-
figuration example of a relay device 102;

FIG. 5 is a block diagram depicting a hardware con-
figuration example of an estrus notifying apparatus
104, etc.;

FIG. 6 is a diagram depicting an example of the con-
tents of a measurement result information table 201;
FIG. 7 is a diagram depicting an example of the con-
tents of a step count DB 202;

FIG. 8 is a diagram depicting an example of the con-
tents of a transmission source DB 203;

FIG. 9 is a diagram depicting an example of the con-
tents of a relay device DB 204;

FIG. 10 is a diagram depicting an example of the
contents of a threshold DB 205;

FIG. 11 is a diagram depicting an example of the
contents of a step count cumulation table 1100;
FIG. 12 is a diagram depicting an example of the
contents of a working hours DB 206;

FIG. 13 is a block diagram depicting a functional con-
figuration example of the estrus notifying apparatus
104;

FIG. 14 is a diagram depicting an example of display
by a client apparatus 105;
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FIG. 15is aflowchart depicting an example of a proc-
ess procedure of a communications device 101;
FIG. 16 is a flowchart (part 1) depicting an example
of a process procedure of the estrus notifying appa-
ratus 104;

FIG. 17 is a flowchart (part 2) depicting an example
of the process procedure of the estrus notifying ap-
paratus 104;

FIG. 18 is a flowchart (part 3) depicting an example
of the process procedure of the estrus notifying ap-
paratus 104; and

FIG. 19 is a flowchart (part 4) depicting an example
of the process procedure of the estrus notifying ap-
paratus 104.

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0009] Embodiments of an estrus notifying method, an
estrus notifying apparatus, and an estrus notifying pro-
gram will be described in detail with reference to the ac-
companying drawings.

[0010] FIG. 1is a diagram depicting an example of the
estrus notifying method according to the present embod-
iment. In FIG. 1, livestock animals A are raised within the
premises of a farm F managed by a worker W. Here, the
worker W is one who is engaged in the livestock industry.
The farm F is a facility that has a pasture area for pas-
turing the livestock animals A. A livestock animal A is an
animal that can move within the premises of the farm F,
for example, within the pasture area of the farm F. For
example, a livestock animal A is an animal that moves
by ambulation, such as a cow, pig, horse, etc.

[0011] A communications device 101 is attached to
each livestock animal A. Here, the communications de-
vice 101 is a portable computer that measures a step
count of the livestock animal A. For example, when the
livestock animal A walks, the livestock animal A steps
with the right-front leg, sending the leg out toward the
ground in the direction of travel. Upon planting the right-
frontleg on the ground, next, the livestock animal A steps
with the left-front leg, sending the leg out toward the
ground in the direction of travel. Upon planting the left-
front leg on the ground, again, the livestock animal A
steps with the right-front leg, and repeats this series of
actions. In other words, the step count of the livestock
animal A can be the number of times that the livestock
animal A steps with the right-front leg or the left-front leg,
sending the leg out toward the ground in the direction of
travel.

[0012] For example, when the state of the livestock
animal becomes an abnormal state, which differs from a
normal state, consequent to a state change of the live-
stock animal A, such as the onset of estrus or illness,
giving birth, the appearance of a natural predator, etc.,
the step count per unit time of the livestock animal A
increases or decreases compared to that for the normal
state. Here, estrus is an excited state accompanying re-
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productive activity of the livestock animal A. lliness is a
state in which the physical or emotional state of the live-
stock animal A is poor or unfavorable.

[0013] When an abnormal state of the livestock animal
A arises, the change in the step count of the livestock
animal A is used to measure the step count of the live-
stock animal A, whereby the worker W can know that a
change has occurred with the livestock animal A from
the step count measurement result.

[0014] The communications device 101 is capable of
communicating with multiple relay devices 102 installed
within the premises of the farm F. Here, a relay device
102 is a computer that is capable of communicating with
the communications device 101 and an estrus notifying
apparatus 104 described hereinafter. Each of the relay
devices 102 is installed at a different position in the farm
F. The communications device 101, via a communicable
relay device 102, transmits measurement result informa-
tion that indicates measurement results to the estrus no-
tifying apparatus 104.

[0015] Forexample, if the communications device 101
is located in a communications area 103a of a relay de-
vice 102a indicated as an example in FIG. 1 by reference
numeral 102a, the communications device 101 can com-
municate with the relay device 102a. Further, if the com-
munications device 101 is located in a communications
area 103b of arelay device 102bindicated as an example
inFIG. 1 by reference numeral 102b, the communications
device 101 can communicate with the relay device 102b.
If the communications device 101 is located in a commu-
nications area 103c of a relay device 102c indicated as
an example in FIG. 1 by reference numeral 102c, the
communications device 101 can communicate with the
relay device 102c. A communications area, for example,
is a 150-meter radius around the relay device 102. The
relay device 102, upon receiving measurement result in-
formation from the communications device 101, trans-
mits the received measurement result information to the
estrus notifying apparatus 104. When transmitting the
measurement result information to the estrus notifying
apparatus 104, the relay device 102 also transmits relay
device identification information thereof.

[0016] The estrus notifying apparatus 104 is a compu-
ter that is connected to the relay devices 102, and via
the relay devices 102, is able to receive measurement
result information of the communications devices 101.
Further, for example, the estrus notifying apparatus 104
can be communicably connected to the client apparatus
105, via a given line.

[0017] Theclientapparatus 105is a portable computer
having a display 106 and capable of communicating with
the estrus notifying apparatus 104. The client apparatus
105, upon receiving information from the estrus notifying
apparatus 104, displays images based on the received
information, on the display 106.

[0018] Here, as a technique of finding an abnormal
state of a pastured livestock animal A, for example, an
example will be given describing a technique of finding
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an estrus state of afemale cow. For example, the worker
W periodically goes out to the pasture area, and actually
visually confirms whether a female cow in estrus is
present. Since the worker W has to make search rounds
in the farm F, which is extremely large covering several
100 meters to several kilometers on a side, this tech-
nique, for example, not only takes time, but also is a bur-
den to the worker W and ultimately, has a high personnel
cost. Therefore, although mating implemented by the
worker W during pasturing may be foregone, no mating
of a female cow in estrus, i.e., not implementing mating
when the potential of fertilization is high is a financial loss.
[0019] Further, when pasturing female cows, the work-
er W may also pasture stud bulls for natural mating to
occur. However, natural mating by a stud bull is not de-
sirable from the viewpoint of current livestock manage-
ment ideals of producing better offspring. Furthermore,
since bulls are aggressive, only an experienced worker
W can handle the bulls and thus, is not an effective tech-
nique.

[0020] Further, a system is present that uses the prop-
erty that the step count increases for a female cow in
estrus, and attaches to a female cow, a pedometer that
measures step count. In this system, the pedometer at-
tached to the female cow transmits measurement results
to a server, at given transmission intervals, via a relay
device installed in the pasture area. Thus, by notifying
the worker W of the relay device that relayed the meas-
urement results, the worker W can surmise the position
of the female cow in estrus.

[0021] Nonetheless, with the above system, the object
of the system itself is to detect female cow estrus. There-
fore, the pedometer, for example, is set to transmit meas-
urement results at one-hour intervals. On the other hand,
the worker W may be involved with other work such as
cleaning the cattle shed and thus, cannot immediately
go to the vicinity of the relay device (i.e., cow in estrus).
In such a case, when the worker W goes to the vicinity
of the relay device, the cow in estrus, which moves mo-
ment to moment, may have moved from the vicinity of
the relay device and in the end, the worker W has to
search the pasture area, which a burden on the worker W.
[0022] Further, to know the position of a female cow in
estrus, although a technique of attaching a communica-
tions apparatus having a GPS function to each female
cow may be considered, to attach a communications ap-
paratus having a GPS function to each female cow re-
quires a large cost. Further, the GPS function continu-
ously emits an electronic signal and therefore, the con-
sumption of the battery, which is the driving source, is
fast, requiring frequent replacement of the battery or re-
placement of the communications apparatus itself. Con-
sequently, this technique not only has a high initial cost
but also places a burden on the worker W in terms of
battery or apparatus replacement and therefore, is not
suitable for actual implementation.

[0023] Thus, in the estrus notifying method of the
present embodiment, even if a livestock animal is in es-
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trus, in cases where the worker cannot go to the livestock
animalimmediately such as during hours outside of work-
ing hours, the minimally required information is notified
to prevent, as much as possible, adverse effects conse-
quent to misjudgment, to suppress the burden placed on
the worker W, and to prevent the worker W from becom-
ing exhausted. Further, in the estrus notifying method of
the present embodiment, in cases when during the work-
ing hours of the worker, the worker can go to a female
cow in estrus, the worker is prompted to check the live-
stock animal in estrus as well as other livestock animals
that can be checked on.

[0024] Hereinafter, an example of the estrus notifying
method according to the present embodiment will be de-
scribed. In the embodiment, estrus will be taken as one
example of an abnormal state of the livestock animal A.
Further, in the present embodiment, the livestock animal
A will be described as a female cow. Female cows have
acharacteristic in that the when in estrus, the female cow
has a step count that increases per unit time compared
to periods when not in estrus and this characteristic of
female cows is used.

(1) The communications device 101 measures the
step count of the livestock animal A and at given
transmission intervals, transmits to the estrus noti-
fying apparatus 104, via a relay device 102, meas-
urement result information indicating measurement
results of the step count for the livestock animal A.
For example, here, the given transmission interval
is a one-hour interval. The relay device 102, upon
receiving the measurement result information from
the communications device 101, transmits the re-
ceived measurementresultinformation and the relay
device identification information thereof to the estrus
notifying apparatus 104. Here, the relay device iden-
tification information is information that can identify
one relay device 102 from among plural relay devic-
es 102. For example, the relay device identification
information is information representing a relay de-
vice ID specific to each of the relay devices 102.
(2) The estrus notifying apparatus 104, upon receiv-
ing the measurement result information via the relay
device 102, determines whether the step count of
the livestock animal A satisfies a given condition (first
determination condition), based on the received
measurement result information. For example, the
estrus notifying apparatus 104 is assumed to deter-
mine that the livestock animal A indicated by refer-
ence numeral A1 in FIG. 1 has a step count that
satisfies the first determination condition.

[0025] The estrus notifying apparatus 104 determines
whether the current time is within the working hours of
the worker W. Here, the working hours are is a period of
time preliminarily determined as a period of time during
which the worker W is engaged in work. For example,
the estrus notifying apparatus 104 stores information rep-
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resenting the working hours in a working hours DB 206
described hereinafter.

[0026] Ifthe estrus notifying apparatus 104 determines
that the current time is within the working hours, the es-
trus notifying apparatus 104 further determines whether
among the other livestock animals A near the livestock
animal A1 for which the step count satisfies the first de-
termination condition, a livestock animal is present that
satisfies a second determination condition that is more
lax than the first determination condition above. For ex-
ample, the estrus notifying apparatus 104 is assumed to
determine that the livestock animal A indicated by refer-
ence numeral A2 in FIG. 1 and located in the communi-
cations area 103a of the same relay device 102a as the
livestock animal A1, has a step count that satisfies the
second determination condition.

[0027] In this case, the estrus notifying apparatus 104
notifies the worker W of the livestock animal A1 satisfying
the first determination condition and the livestock animal
A2 satisfying the second determination condition and lo-
cated near the livestock animal A1 (FIG. 1 (3)). On the
other hand, if the estrus notifying apparatus 104 deter-
mines that the currenttime is not within the working hours,
the estrus notifying apparatus 104 notifies the worker W
of only the livestock animal A1 satisfying the first deter-
mination condition. Furthermore, configuration may be
such thatif the estrus notifying apparatus 104 determines
that the current time is not within the working hours, the
estrus notifying apparatus 104 gives no notification con-
cerning the livestock animal A1 satisfying the first deter-
mination condition to the worker W.

[0028] Asdescribed, incaseswhere even if a livestock
animal A is in estrus, but the worker W cannot immedi-
ately go to the livestock animal A in estrus and the current
time is outside the working hours, the estrus notifying
apparatus 104 notifies the worker W of the minimally re-
quired information, to prevent as far as possible, adverse
effects consequent to misjudgment, to suppress the bur-
den placed on the worker W, and to prevent the worker
W from becoming exhausted. On the other hand, in cases
where the worker W can go immediately to the livestock
animal Ain estrus and the current time is during the work-
ing hours of the worker W, the estrus notifying apparatus
104 prompts the worker W to check the livestock animal
A in estrus as well as other livestock animals A that can
be checked on, whereby the worker W can be caused to
recognized signs of estrus of other livestock animals A
sooner.

(Example of system configuration of estrus notifying sys-
tem)

[0029] Anexample of system configuration of anestrus
notifying system of the present embodiment will be de-
scribed. FIG. 2 is a diagram depicting an example of sys-
tem configuration of an estrus notifying system 200. In
FIG. 2, the estrus notifying system 200 includes one or
more of the communications devices 101, the relay de-
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vice 102 in plural, and the estrus notifying apparatus 104.
[0030] As depicted in FIG. 2, in the case of an estrus
notifying system having the communications device 101
in plural, each of the communications devices 101, when
transmitting measurement result information, further
transmits communications device identification informa-
tion thereof. Here, the communications device identifica-
tion information is information that can identify one com-
munications device 101 from among plural communica-
tions devices 101. For example, the communications de-
vice identification information is information representing
a communications device ID specific to each of the com-
munications devices 101.

[0031] In the estrus notifying system 200, the commu-
nications device 101 and the relay device 102 are con-
nected through a wireless communications network 210.
The communications device 101 and the relay device
102 each have a given range around the device 101, 102
(e.g., a range of a 150-meter radius around the device
101, 102), as a communications area in which commu-
nication through the wireless communications network
210 is possible. When having a positional relation ena-
bling communication, the communications device 101
and the relay device 102 are connected by the wireless
communications network 210. For example, near field
communication such as radio frequency identification
(RFID) is applicable as the wireless communications net-
work 210.

[0032] Further, the relay device 102, the estrus notify-
ing apparatus 104, and the client apparatus 105 are con-
nected via a network 220. For example, the network 220
is the Internet, a local area network (LAN), a wide area
network (WAN), etc.

[0033] The communications device 101 has a meas-
urement result information table 201 and is a portable
computer attached to each livestock animal A raised on
the farm F. The communications device 101 has a func-
tion of measuring the step count of the livestock animal
A to which the communications device 101 is attached
and a communications function through the wireless
communications network 210. For example, a pedometer
with an additional function of communication via the wire-
less communications network 210 is applicable as the
communications device 101. Contents of the measure-
ment result information table 201 will be described with
reference to FIG. 6.

[0034] The relay device 102 is installed within the
premises of the farm F and is a computer having a com-
munications function via the wireless communications
network 210 and communications function via the net-
work 220. The relay devices 102 are respectively in-
stalled at a different installation site.

[0035] The estrus notifying apparatus 104 has a step
count DB 202, a transmission source DB 203, a relay
device DB 204, a threshold DB 205 and is a computer
having a communications function via the network 220.
For example, a serverincluded in a cloud computing sys-
tem, a personal computer (PC), note PC, etc. used by a
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manager of the farm F or the worker W are applicable as
the estrus notifying apparatus 104. Contents of the step
count DB 202, the transmission source DB 203, the relay
device DB 204, and the threshold DB 205 will be de-
scribed with reference to FIGs. 7 to 10.

[0036] The client apparatus 105 is a computer having
the display 106 that displays images based on various
types of information, and a communications function via
the network 220. For example, a PC or note PC, mobile
telephone, smartphone, and the like used by the worker
W of the farm F are applicable as the client apparatus 105.

(Hardware configuration example of communications de-
vice)

[0037] A hardware configuration example of the com-
munications device 101 will be described. FIG. 3 is a
block diagram depicting a hardware configuration exam-
ple of the communications device of the present embod-
iment. In FIG. 3, the communications device 101 includes
a central processing unit (CPU) 301, memory 302, an
interface (I/F) 303, a sensor 304, and a timer 305, re-
spectively connected by a bus 300.

[0038] Here, the CPU 301 governs overall control of
the communications device 101. The memory 302 in-
cludes read-only memory (ROM), random access mem-
ory (RAM), and flash ROM. The ROM and the flash ROM,
for example, store various types of programs such as a
boot program. The RAM is used as a work area of the
CPU 301.

[0039] The I/F 303 is connected to the wireless com-
munications network 210 through a communications line
and is connected to other apparatuses such as the relay
devices 102, via the wireless communications network
210. The I/F 303 administers an internal interface with
the wireless communications network 210 and controls
the input and output of data from external apparatuses.
[0040] The sensor 304 outputs information for detect-
ing behavior of the communications device 101. For ex-
ample, when the sensor 304 is implemented by a gyro-
scope or a triaxial accelerometer and the communica-
tions device 101 accelerates, the sensor 304 outputs in-
formation according to the acceleration. The timer 305
has a function of measuring time. For example, the timer
305isimplemented by a real time clock (RTC) and meas-
ures the actual time. Further, the timer 305 may measure
the time that elapses from a given time point. Configura-
tion may be such that the timer 305 is disposed external
to the communications device 101 and the communica-
tions device 101 obtains the measurement results of the
timer 305 through the wireless communications network
210.

(Hardware configuration example of relay device)
[0041] A hardware configuration example of the relay

device 102 will be described. FIG. 4 is a block diagram
depicting a hardware configuration example of the relay
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device 102. In FIG. 4, the relay device 102 includes a
CPU 401, memory 402, and an I/F 403, respectively con-
nected by a bus 400.

[0042] Here, the CPU 401 governs overall control of
the relay device 102. The memory 402 includes ROM,
RAM, and flash ROM. The ROM and flash ROM, for ex-
ample, store various types of programs such as a boot
program. The RAM is used as a work area of the CPU
401.

[0043] The I/F 403 is connected to the wireless com-
munications network 210 through a communications line
and is connected to other apparatuses such as the com-
munications device 101, via the wireless communica-
tions network 210. The I/F 403 is further connected to
the network 220 through a communications line and
through the network 220, is connected to other appara-
tuses such as the estrus notifying apparatus 104. The
I/F 403 administers an internal interface with the wireless
communications network 210 and the network 220; and
controls the input and output of data from external appa-
ratuses.

(Hardware configuration example of estrus notifying ap-
paratus and client apparatus)

[0044] A hardware configuration example of the estrus
notifying apparatus 104 and the client apparatus 105 will
be described. Here, the estrus notifying apparatus 104
and the client apparatus 105 will be indicated as simply
"the estrus notifying apparatus 104, etc.".

[0045] FIG. 5is a block diagram depicting a hardware
configuration example of the estrus notifying apparatus
104, etc. In FIG. 4, the estrus notifying apparatus 104,
etc. include a CPU 501, ROM 502, RAM 503, a magnetic
disk drive 504, a magnetic disk 505, an optical disk drive
506, an optical disk 507, a display 508, an I/F 509, a
keyboard 510, amouse 511, ascanner 512, and a printer
513, respectively connected by a bus 500.

[0046] Here, the CPU 501 governs overall control of
the estrus notifying apparatus 104, etc. The ROM 502
stores programs such as a boot program. The RAM 503
is used as a work area of the CPU 501. The magnetic
disk drive 504, under the control of the CPU 501, controls
the reading and writing of data with respect to the mag-
netic disk 505. The magnetic disk 505 stores data written
thereto under the control of the magnetic disk drive 504.
[0047] The optical disk drive 506, under the control of
the CPU 501, controls the reading and writing of data
with respect to the optical disk 507. The optical disk 507
stores data written thereto under the control of the optical
disk drive 506, the data being read out by a computer.
[0048] The display 508 displays documents, images,
and functional information in addition to a cursor, icons,
and toolboxes. A CRT, TFT liquid crystal display, plasma
display, and the like may be employed as the display 508.
[0049] The I/F 509 is connected to the network 220
through a communicationsline, and is connected to other
apparatuses such as the relay device 102 and the client
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apparatus 105, via the network 220. The I/F 509 admin-
isters an internal interface with the network 220, and con-
trols the input and output of data from external appara-
tuses. A modem, LAN adapter, etc. may be employed as
the I/F 509.

[0050] The keyboard 510 has keys for inputting text,
numerals, various instructions, etc. and inputs data. The
keyboard 510 may be a touch panel input pad, a numeric
pad, etc. The mouse 511 is used to move the cursor,
select a range, move or change the size of a window,
etc. As long as functions identical to a pointing device
are provided, a trackball, a joy stick, and the like may be
employed.

[0051] The scanner 512 optically reads images and
takes in image data into the estrus notifying apparatus
104. The scanner 512 may have an optical character
reader (OCR) function. The printer 513 prints image data
and document data. A laser printer or ink jet printer may
be employed as the printer 513.

[0052] Further, for example, among the components
described above, the estrus notifying apparatus 104 may
be configured to omit the optical disk drive 506, the optical
disk 507, the display 508, the mouse 511, the scanner
512, and the printer 513. The client apparatus 105 may
be configured to omit the optical disk drive 506, the optical
disk 507, the mouse 511, the scanner 512, and the printer
513.

(Example of information stored by communications de-
vice)

[0053] An example of the information stored by the
communications device 101 will be described. As de-
scribed above, the communications device 101 stores
the measurement result information table 201. For ex-
ample, the measurement result information table 201 is
implemented by the memory 302 of the communications
device 101.

<Example of contents of measurementresultinformation
table>

[0054] FIG. 6is a diagram depicting an example of the
contents of the measurement result information table
201. In FIG. 6, the measurement result information table
201 has fields for dates and times of measurement, and
measurement values. By setting information into these
fields, measurement result information for each combi-
nation of a measurement value and the date and time of
the measurement is stored as a record in the measure-
ment result information table 201. For instance, in the
example depicted in FIG. 6, records of measurement re-
sult information 600-1 to 600-6 are stored in the meas-
urement result information table 201.

[0055] Here, the date and time of measurement rep-
resents the date and time of past transmissions of meas-
urement result information. In the case of the present
embodiment, as one example, the date and time of meas-
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urement indicates the date and time of the most recent
six transmissions of the measurement result information.
The measurement value represents a past measurement
value of the step count of the livestock animal A at the
time of transmission of the measurement result informa-
tion. In the case of the present embodiment, as one ex-
ample, the measurement values of the step counts of the
livestock animal A at the time of the most recent six trans-
missions of the measurement result information are in-
dicated.

[0056] For example, the communications device 101
cumulates, as the current measurement value, the step
count of the livestock animal A from the time when the
measurement value is set to "0" until the current time.
With each step that the livestock animal A takes, the com-
munications device 101 instantaneously accelerates.
Upon detecting this acceleration via the sensor 304, the
communications device 101 increments the current
measurement value by "+1".

[0057] When the transmission time for the measure-
ment result information arrives according to the meas-
urement result of the timer 305, the communications de-
vice 101 stores measurement result information in which
the currentmeasurement value is correlated with the date
and time of measurement for this transmission time. If
the transmission time for the measurement result infor-
mation is a one-hour interval, for example, transmission
occurs every hour, on the hour.

[0058] Forexample,in FIG. 6, the measurementresult
information 600-1 indicates that the measurement value
at 2:00 on 2012/02/20 is "C6". Here, "C6" is a positive
integer. Upon storing the measurement result informa-
tion to the measurement result information table 201, the
communications device 101 transmits to the estrus noti-
fying apparatus 104, viathe relay device 102, each record
of measurement result information stored in the meas-
urement result information table 201. In the example de-
picted in FIG. 6, the communications device 101 trans-
mits the measurement result information 600-1 to 600-6.
[0059] As a result, the communications device 101 is
able to transmit measurement result information multiple
times. For example, the measurement result information
600-1 is transmitted six times, at one-hour intervals from
21:000n2112/02/19 until 2:00 on 2012/02/20. Therefore,
even if the communications device 101 cannot commu-
nicate with any of the relay devices at the current trans-
mission time for the measurement result information and
the transmission of the measurement result information
fails, the communications device 101 can transmit at a
subsequent transmission time, the measurement result
information for which transmission failed.

[0060] In this example, although an example is de-
scribed where the communications device 101 stores
measurement result information for the six most recent
measurements, configuration is not limited hereto. Con-
figuration may be such that the communications device
101 does not store past measurement result information.
For example, in this case, when the transmission time
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for the measurement result information arrives, the com-
munications device 101 may transmit the current meas-
urement value as the measurement result information
and delete the measurement result information. With
such a configuration, in terms of storage of the measure-
ment result information, the volume of data that the com-
munications device 101 has to store can be reduced.
[0061] Although the communications device 101 is de-
scribed to transmit each record of measurement result
information stored in the measurement result information
table 201, configuration is not limited hereto. For exam-
ple, configuration may be such that the communications
device 101 transmits only the one most recent record of
measurement result information. More specifically, in the
case of the example depicted in FIG. 6, the communica-
tions device 101 may be configured to transmit only the
measurement result information 600-1. In this case, in
terms of the transmission of the measurement result in-
formation, the volume of data that the communications
device 101 has to transmit can be reduced.

[0062] Furthermore, configuration may be such that
when the communications device 101 transmits the one
most recent record of measurement result information,
the communications device 101 also transmits the meas-
urement result information for which transmission failed
at a past transmission time. For example, in this case,
upon receiving measurement result information from the
communications device 101, the relay device 102 trans-
mits to the communications device 101, successful re-
ception information indicating that measurement result
information has been received. If the communications
device 101 does not receive the successful reception in-
formation within a given period from the transmission of
the measurement result information, the communica-
tions device 101 determines that this transmission of the
measurement result information has failed.

[0063] In this case, the communications device 101
correlates and stores the measurement result informa-
tion for which transmission failed and information indi-
cating that the transmission failed. Thereafter, when the
transmission time for the measurement resultinformation
arrives, the communications device 101 transmits the
one most recent record of the measurement result infor-
mation and the measurement resultinformation for which
transmission failed. With such a configuration, in terms
of transmission of the measurement result information,
the volume of data that the communications device 101
has to transmit can be reduced while assuredly transmit-
ting measurement result information to the relay device
102.

(Example of information stored by estrus notifying appa-
ratus)

[0064] An example of information stored by the estrus
notifying apparatus 104 will be described. First, examples
of the contents of the various DBs 202, 203, 204, and
205 stored by the estrus notifying apparatus 104 will be
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described. For example, the various DBs, 202, 203, 204,
and 205 described hereinafter are implemented by a
memory apparatus such as the ROM 502, the RAM 503,
the magnetic disk 505, and the optical disk 507 of the
estrus notifying apparatus 104.

<Example of contents of step count DB>

[0065] FIG. 7 is a diagram depicting an example of the
contents of the step count DB 202. In FIG. 7, the step
count DB 202 has fields for dates, step counts, estrus
predictor flags, and estrus indication flags. By setting in-
formation into these fields, step count information for
each combination of a date, step count, estrus predictor
flag, and estrus indication flag is stored as a record in
the step count DB 202. In the example depicted in FIG.
7, records of step count information 700-1 to 700-3 are
stored in the step count DB 202.

[0066] Here, the date is the date that the step count
was measured and is indicated as YEAR/MONTH/DAY,
for example. The step count indicates the step count of
the livestock animal A, based on count result information.
The step count field includes, for example, time slot fields
such as "0:00-1:00", "1:00-2:00", "2:00-3:00", ...,
"22:00-23:00", and "23:00-24:00". Each of the time slot
fields stores information indicating the step count of the
livestock animal A for the respective time slot. For exam-
ple, the estrus notifying apparatus 104 stores into each
time slot field, as the step count of the livestock animal
A, the difference of the measurement value at the last
time less the measurement value at the head time.
[0067] More specifically, for example, assuming that
the measurement value at 2:00 on 2012/02/20 is "C6"
and the measurement value at 1:00 on 2012/02/20 is
"C5". As described above, "C6" and "C5" are positive
integers. In this case, as the step count of the livestock
animal A, the estrus notifying apparatus 104 stores into
the "1:00-2:00" time slot field for the date "2012/02/20",
"N302(N302=C6-C5)", which is the difference of "C6"
less "C5".

[0068] The estrus predictor flags and the estrus indi-
cationflags include an ON/OFF field thatindicates wheth-
er the flag is "ON" or "OFF". In the case of the present
embodiment, as one example, if a flag is ON, "1" is set
in the ON/OFF field. If a flag is "OFF", "0" is set in the
ON/OFF field. The estrus predictor flags and the estrus
indication flags further include, for example, a flag ON
date/time field storing the date and time when the flag
was set to "ON".

[0069] For example, when a given condition is satis-
fied, the estrus notifying apparatus 104 stores "1" into
the ON/OFF field of an estrus predictor flag or an estrus
indication flag. On the other hand, when "1" is not stored
in the ON/OFF field, the estrus notifying apparatus 104
stores "0". The setting of the estrus predictor flags and
the estrus indication flags will be described with reference
to FIGs. 15 and 16 hereinafter.

[0070] In the step count DB 202, each of the above
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fields is set for each of the communications devices 101.
For example, in FIG. 6, fields of the step count DB 202,
for the communications device 101 of the communica-
tions device ID "G01" are depicted. In the step count DB
202, the estrus notifying apparatus 104 stores step count
information for each of the communications devices 101
and based on the stored step count information, deter-
mines whether the step count satisfies a given condition.
[0071] More specifically, for example, the communica-
tions device 101 transmits the communications device
identification information thereof when transmitting
measurementresult information. The estrus notifying ap-
paratus 104 receives the measurement result informa-
tion and the communications device identification infor-
mation. Each of the communications devices 101 have
a communications device ID, and from the received com-
munications device identification information, the estrus
notifying apparatus 104 identifies the communications
device 101 that transmitted the measurement result in-
formation. The estrus notifying apparatus 104 calculates
and stores into the fields of the step count DB 202, for
the identified communications device 1D, the step count
based on the identified communications device ID re-
ceived together with the measurement resultinformation.
The estrus notifying apparatus 104 determines whether
the stored step count satisfies a given condition.

[0072] Further, as depicted in FIG. 7, the communica-
tions device ID and a livestock animal ID, which is iden-
tification information for each livestock animal A, may be
correlated and stored into the step count DB 202.

<Example of contents of transmission source DB>

[0073] An example of the contents of the transmission
source DB 203 will be described. FIG. 8 is a diagram
depicting an example of the contents of the transmission
source DB 203. In FIG. 8, the transmission source DB
203 has fields for communications device IDs and trans-
mission source relay device IDs. By setting information
into these fields, transmission source relay device infor-
mation for each combination of communications device
ID and transmission source relay device ID is stored as
records in the transmission source DB 203. For instance,
in the example depictedin FIG. 8, records of transmission
source relay device information 800-1 to 800-m are
stored in the transmission source DB 203.

[0074] A communications device ID is an identifier of
a communications device 101. A transmission source re-
lay device ID is an identifier of a transmission source
relay device 102 that transmitted to the estrus notifying
apparatus 104, the measurement result information just
transmitted by the communications device 101. For ex-
ample, in FIG. 8, transmission source relay device infor-
mation 800-1 indicates that the measurement result in-
formation just transmitted by the communications device
101 of the communications device ID "G01" has been
transmitted to the estrus notifying apparatus 104, via the
relay device 102 of the relay device ID "B1".
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[0075] In the case of the present embodiment, the es-
trus notifying apparatus 104 stores by the transmission
source DB 203, information indicating the relay device
102 through which the measurement result information
just transmitted by a communications device 101 is re-
ceived. Thus, for example, when the worker W requests
the output of transmission source relay device informa-
tion for a given communications device 101, the estrus
notifying apparatus 104 can output this transmission
source relay device information to the client apparatus
105, etc. As a result, when a desired communications
device 101 transmits recent measurement result infor-
mation, the worker W can know in which relay device 102
communications area, the desired communications de-
vice 101 is located.

<Contents of relay device DB>

[0076] An example of the contents of the relay device
DB 204 will be described. FIG. 9 is a diagram depicting
an example of the contents of the relay device DB 204.
In FIG. 9, the relay device DB 204 has fields for relay
device IDs and installation positions. By setting informa-
tion into these fields, installation position information for
each combination of a relay device ID and an installation
position is stored as a record in the relay device DB 204.
For instance, in the example depicted in FIG. 9, records
of installation position information 900-1 to 900-n are
stored in the relay device DB 204.

[0077] Here, arelay device ID is an identifier of a relay
device 102. An installation position is installation position
information indicating the installation position of a relay
device 102. Installation position information is informa-
tion that can specify one geographical point on a map
and, forexample, is information representing latitude and
longitude, information representing coordinates, and the
like. For example, in FIG. 9, installation position informa-
tion 900-1 indicates that the relay device 102 of the relay
device ID "B1" is installed at a geographical point indi-
cated by a "north latitude of x1 degrees and longitude of
y1 degrees".

<Contents of threshold DB>

[0078] An example of the contents of the threshold DB
205 will be described. FIG. 10 is a diagram depicting an
example of the contents of the threshold DB 205. In FIG.
10, the threshold DB 205 has fields for time slots and
thresholds. By setting information into these fields,
threshold information for each combination of a time slot
and a threshold is stored as a record in the threshold DB
20. For instance, in the example depicted in FIG. 10,
records of threshold information 1000-1 to 1000-24 are
stored in the threshold DB 205.

[0079] A time slotis information for specifying whether
a threshold for a step count stored in a time slot field of
the step count DB 202 is to be used. The time slots are
provided corresponding to the time slot fields of the step



17 EP 2 832 218 A1 18

count DB 202. A threshold represents a threshold for
determining whether the livestock animal A to which the
communications device 101 is attached is in estrus. For
example, the estrus notifying apparatus 104 determines
if the step count stored in the time slot field "0:00-1:00"
in the step count DB 202 is greater than or equal to a

threshold "Th1" for a case where the time slot is
"0:00-1:00".
[0080] Each of the thresholds Th1 to Th24 may be a

different value or may be the same value. For example,
if the thresholds Th1 to Th24 that take into consideration
the biology of the livestock animal A are defined, the ef-
fects of the biology of the livestock animal A can be re-
duced and the accuracy in detecting estrus of the live-
stock animal A can be increased. More specifically, for
example, if the livestock animal A is a nocturnal animal,
the threshold for 22:00 to 3:00 is set to be higher than
the thresholds for other time slots.

[0081] Further, the thresholds Th1 to Th24 may be val-
ues that differ according to the livestock animal A or may
be a common value for each livestock animal A. For ex-
ample, by setting for each livestock animal A, the thresh-
olds Th1 to Th24 based on a history of step counts ob-
tained in the past, the effects of individual differences of
the livestock animals A can be reduced and the accuracy
in detecting estrus of the livestock animals A can be in-
creased. More specifically, for example, the threshold for
a livestock animal A that actively walks on a regular basis
can be set higher than the thresholds for other livestock
animals A.

[0082] Asdescribed, inthe case of the present embod-
iment, the thresholds Th1 to Th24 of the threshold DB
205 are defined for hourly step counts. Thus, if measure-
ment result information is transmitted to the estrus noti-
fying apparatus 104 at 10-minute intervals, the estrus
notifying apparatus 104 sums six of the 10-minute step
counts to calculate an hourly step count and compares
the calculated hourly step count and the threshold in the
threshold DB 205.

<Example of contents of step count cumulation table>

[0083] FIG. 11 is a diagram depicting an example of
the contents of a step count cumulation table 1100. The
estrus notifying apparatus 104 stores the step count cu-
mulation table 1100 depicted in FIG. 11. For example,
the step count cumulation table 1100 is stored in a mem-
ory apparatus such as the RAM 503, the magnetic disk
505, and the optical disk 507 of the estrus notifying ap-
paratus 104.

[0084] In FIG. 11, a step count cumulation table 1100
has fields for dates and times of measurement, meas-
urement values, and step counts for cumulation. By set-
ting information into these fields, step-count-for-cumula-
tion information for each combination of a date and time
of measurement, a measurementvalue, and a step count
for cumulation is stored as a record in the step count
cumulation table 1100. In the example depicted in FIG.

10

15

20

25

30

35

40

45

50

55

10

11, records of step-count-for-cumulation information
1100-1 to 1100-6 are stored.

[0085] Here, a date and time of measurement repre-
sents a date and time indicated by received measure-
ment result information. A measurement value repre-
sents a measurement value indicated by the received
measurement result information. A step count for cumu-
lation represents a 10-minute step count of a livestock
animal A. The step count for cumulation can be obtained
by subtracting a previous measurement value among two
consecutive measurement values in the step count cu-
mulation table 1100 from the subsequent measurement
value among the two consecutive measurement values.
[0086] For example, as depicted in FIG. 11, the estrus
notifying apparatus 104 is assumed to receive measure-
ment result information for dates and times of measure-
ment including "1:10", "1:20", ..., "1:50", and "2:00". In
this example, the dates of the measurement result infor-
mation are the same date. In the example depicted in
FIG. 11, the date is "2012/02/20". Further, measurement
values indicated by the measurement result information
are "C11","C12", ..., "C15", and "C16".

[0087] In this case, for example, the step count for cu-
mulation for the date and time of measurement "2:00" is
"H6", which is the difference of "C16" less the measure-
ment value "C15" of the previous date and time of meas-
urement "1:50", or more specifically, H6=C16-C15. The
step count for cumulation for the date and time of meas-
urement "1:50" is "H5", which is the difference of "C15"
less the measurement value "C14" of the previous date
and time of measurement "1:40", or more specifically,
H5=C15-C14.

[0088] The estrus notifying apparatus 104 stores to the
time slot field "1:00-2:00" for the date "2012/02/20" the
value obtained by integrating H1 to H6. In the example
depicted in FIG. 7, "N302" is stored in the time slot field
"1:00-2:00" for the date "2012/02/20". For example, the
value of "N302" in FIG. 7 is the sum of "H1 to H6" in FIG.
11.

<Example of contents of working hours DB>

[0089] FIG. 12 is a diagram depicting an example of
the contents of the working hours DB 206. In FIG. 12,
the working hours DB 206 has fields for attributes and
working hours. By setting information into these fields,
working-hours information for each combination of an at-
tribute and working hours is stored as a record in the
working hours DB 206. For instance, in the example de-
picted in FIG. 12, records of working-hours information
1200-1 and 1200-2 are stored in the working hours DB
206.

[0090] In the working hours DB 206, an attribute is in-
formation for specifying a work day. For example, as de-
picted in FIG. 12, the day of the week can be used as an
attribute. The attribute of the working-hours information
1200-1 is "Monday to Friday", indicating that the working-
hours information 1200-1 is the working-hours informa-
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tion when the work day is "Monday to Friday". The at-
tribute of the working-hours information 1200-2 is "Sat-
urday to Sunday", indicating that the working-hours in-
formation 1200-2 is working-hours information when the
work day is "Saturday to Sunday". An attribute is not lim-
ited to a day of the week and may be, for example, a
national holiday, a date, etc.

[0091] Information indicating the working hours during
the correlated work day is stored in the working hours
field. For example, the working-hours information 1200-1
having the attribute "Monday to Friday" indicates that the
working hours of the worker W are "5:00 to 7:00", "8:00
to 12:00", "13:00 to 15:00", "16:00 to 18:00", and "19:00
to 21:00". Further, for example, the working-hours infor-
mation 1200-2 having the attribute "Saturday to Sunday"
indicates that the working hours of the worker W are "5:00
to 7:00", "8:00 to 12:00", "13:00 to 15:00", and "16:00 to
18:00".

[0092] When the estrus notifying apparatus 104 deter-
mines whether the current time is included in the working
hours of the worker W, the estrus notifying apparatus 104
obtains the current date and time, and the day of the
week. If the obtained day of the week is "Monday to Fri-
day", the estrus notifying apparatus 104 determines
whether the current time is included in the working hours,
based on information stored in the work time slot field of
the working-hours information 1200-1 and the current
date and time obtained.

[0093] Information indicating whether there is down-
time during the working hours is stored in the working
hours field. In the example depicted in FIG. 12, there is
no downtime during the working hours "5:00 to 7:00" for
"Monday to Friday", but there is downtime during the
working hours "8:00 to 12:00". For example, with respect
to working hours for which the volume of work is relatively
low, the worker W preliminarily sets indication that there
is downtime. With respect to working hours for which the
volume of work is relatively high, the worker W prelimi-
narily sets indication that there is no downtime.

[0094] Working-hours information for each worker W
may be stored in the working hours DB 206, for multiple
workers W. For example, the workers W respectively
manage a different livestock animal A. Thus, by correlat-
ing and storing in the working hours DB 206, a commu-
nications device ID and a worker ID, which is an identifier
of the worker W, the estrus notifying apparatus 104 can
determine whether the current times is included in the
working hours of each worker W managing a communi-
cations device 101.

[0095] More specifically, for example, in the example
depicted in FIG. 12, the working-hours information of the
worker W who manages the livestock animal A to which
the communications device 101 of the communications
device ID "G01" is attached is depicted. For example,
upon receiving measurement result information and
communications device identification information, the es-
trus notifying apparatus 104 identifies from the received
communications device identification information, the
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communications device 101 attached to the livestock an-
imal A managed by aworker W and from which the meas-
urement result information is. Next, based on the identi-
fied the communications device 101, the estrus notifying
apparatus 104 obtains working-hours information from
the working hours DB 206 of the worker W managing the
communications device 101.

[0096] Thus,forworkers Wwhose working hours differ,
the estrus notifying apparatus 104 can shorten the trans-
mission interval for the measurement result information
of the communications devices 101 managed by the
workers W and can prevent the transmission interval from
being shortened. Therefore, for each of the workers W,
the estrus notifying apparatus 104 can support the track-
ing of the livestock animal A and suppress battery con-
sumption of the communications device 101.

(Functional configuration example of estrus notifying ap-
paratus)

[0097] FIG. 13is ablock diagram depicting a functional
configuration example of the estrus notifying apparatus
104. In FIG. 13, the estrus notifying apparatus 104 is
configured to include an obtaining unit 1301, a first de-
termining unit 1302, a second determining unit 1303, a
third determining unit 1304, and an output unit 1305.
These functions forming a control unit, i.e., the obtaining
unit 1301 to the output unit 1305, are implemented by
executing on the CPU 501, a program stored in the mag-
netic disk 505, etc. depicted FIG. 5, or by the I/F 509, the
magnetic disk 505, etc. Process results of the functional
units are stored to the RAM 503, for example.

[0098] The obtaining unit 1301 has a function of ob-
taining measurement results for the step count of each
livestock animal A and position information for each live-
stock animal A. For example, the obtaining unit 1301 re-
ceives, via the network 220, measurement result infor-
mation from the communications device 101 attached to
each livestock animal A and thereby, obtains the meas-
urement results for the step count of each livestock ani-
mal A. Further, when receiving the measurement result
information, the obtaining unit 1301 receives the relay
device identification information of the relay device 102
that relayed the measurement result information and ob-
tains the received relay device identification information
as position information of a livestock animal A.

[0099] The first determining unit 1302 has a function
of determining with respect to each livestock animal A,
whether the livestock animal A is in estrus, based on the
measurement results of the step count obtained by the
obtaining unit 1301 and a first condition. For example, if
the determination is made based on the first determina-
tion condition, the first determining unit 1302 determines
if the three most recently measured, consecutive hourly
step counts stored in the step count DB 202 are greater
than or equal to a threshold defined in the threshold DB
205 and if the three consecutive step counts are greater
than or equal to the threshold, the first determining unit
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1302 determines that the livestock animal A is in estrus.
[0100] The second determining unit 1303 has a func-
tion of referring to a memory unit retaining the working
hours of the worker W and determining whether the cur-
rent time is within the working hours, if estrus is deter-
mined by the first determining unit 1302. For example,
when estrus is determined by the first determining unit
1302, the second determining unit 1303 obtains the cur-
rent date and time and by using the obtained current date
and time and the working hours DB 206, determines
whether the current time is within the working hours.
[0101] The third determining unit 1304 has a function
of determining with respect to other livestock animals A
located near a specific livestock animal A determined to
be in estrus by the first determining unit 1302, whether
estrus is indicated based on the second determination
condition, when the current time is determined to be in-
cluded in the working hours by the second determining
unit 1303. For example, the third determining unit 1304
identifies, as a livestock animal A of the same herd, each
livestock animal A having a communications device 101
from which measurement result information is received
via the same relay device 102. The third determining unit
1304 refers to the step count DB 202, obtains step count
information for each livestock animal A in the herd, and
determines whether the obtained step count information
satisfies a given condition.

[0102] The third determining unit 1304 determines
whether a livestock animal A indicates estrus by a more
lax determination criterion than that of the first determin-
ing unit 1302. For example, the third determining unit
1304 determines with respect to the other livestock ani-
mals A, if the two most recently measured, consecutive
hourly step counts stored in the step count DB 202 are
greater than or equal to a threshold defined in the thresh-
old DB 205 and if the two consecutive steps counts are
greater than or equal to the threshold, the third determin-
ing unit 1304 determines estrus to be indicated. Further,
for example, with respect to the other livestock animals
A, the third determining unit 1304 may use a threshold
defined to be lower than the threshold used by the first
determining unit 1302 to determine whether a livestock
animal A indicates estrus.

[0103] Theoutputunit 1305 has afunction of outputting
the identification information of the livestock animal A
determined to be in estrus by the first determining unit
1302, and the identification information of the livestock
animals A determined to indicate estrus by the third de-
termining unit 1304. For example, the output unit 1305
uses the network 220 to transmit to the client apparatus
105, the communications device identification informa-
tion of the communications device 101 attached to the
livestock animal A determined to be in estrus by the first
determining unit 1302, and the communications device
identification information of the communications device
101 attached to the livestock animal A determined to in-
dicate estrus by the third determining unit 1304. Further,
if the current time is determined by the second determin-
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ing unit 1303 to be outside the working hours, the output
unit 1305 may output to the client apparatus 105, only
the communications device identification information of
the communications device 101 attached to the livestock
animal A determined to be in estrus by the first determin-
ing unit 1305.

(Display example of client apparatus)

[0104] An example of display by the client apparatus
105 will be described. In the display example described
hereinafter, for example, when the client apparatus 105
receives from the estrus notifying apparatus 104, com-
munications device identification information, relay de-
vice identification information, and/or installation position
information, the received information is displayed on the
display 106.

[0105] FIG. 14 is a diagram depicting an example of
display by the client apparatus 105. In FIG. 14, for ex-
ample, on the display 106, a message 1401 notifying the
worker W that the livestock animal A for which the com-
munications device identification information has been
received from the estrus notifying apparatus 104 is in
estrus. Further, the message 1401 includes information
notifying the worker W that the relay device 102 corre-
sponding to the received relay device identification infor-
mation is the relay device 102 located near the livestock
animal A in estrus. For example, the communications
device ID of the communications device 101 attached to
the livestock animal A determined to be in estrus is as-
sumed to be "G01" and the relay device ID of the relay
device 102 that relayed the measurement result informa-
tion most recently received from the communications de-
vice 101 is assumed to be "B1". In this case, as depicted
inFIG. 14, the client apparatus 105 displays the message
1401, "The livestock animal having the communications
device 'G01’ neartherelay device having the relay device
ID 'B1’ is in estrus" on the display 106.

[0106] From the message 1401, the worker W can sur-
mise the location of the livestock animal A in estrus.
Therefore, the worker W can narrow down the range to
be searched for the livestock animal A in estrus, enabling
reductions in the work load and time consumed to search
for the livestock animal A in estrus.

[0107] The estrus notifying apparatus 104 further
transmits to the client apparatus 105, the communica-
tions device identification information of the communica-
tions devices 101 attached to other livestock animals A
that indicate estrus and are near the livestock animal A
in estrus. The client apparatus 105, upon receiving the
communications device identification information of the
communications devices 101 attached to the other live-
stock animals A indicating estrus, may display the mes-
sage 1401 including information pointing to this commu-
nications device identification information. For example,
alivestock animal Aindicating estrus and having the com-
munications device 101 with the communications device
ID "G03" is assumed to be near the livestock animal A
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in estrus having the communications device 101 with the
communications device ID "G01". In this case, the client
apparatus 105 displays the message 1401, "The live-
stock animal having the communications
device "G03" near the relay device with the relay device
ID "B1" may also be in estrus" on the display 106. Thus,
this livestock animal can be checked together with the
livestock animal A in estrus and the worker W can be
prompted to check other livestock animals possibly in
estrus.

[0108] Thedisplay 106 displays an installation position
image 1402 notifying the worker W of the geographical
point specified by the installation position information.
Here, for example, the installation position image 1402
has a map image Mp and a geographical point image P.
The map image Mp is an image that represents a given
map range that includes the geographical point specified
by the installation position information. The geographical
point image P is an image that represents on the map
image Mp, the geographical point specified by the instal-
lation position information. As depicted in FIG. 14, the
installation position image 1402 is an image in which the
geographical point image P is displayed superimposed
on the map image Mp.

[0109] The client apparatus 105 may further display a
communications area image E that represents the com-
munications area of the relay device 102. Here, for ex-
ample, the communications area image E is an image
thatrepresents a givenrange thatincludes the geograph-
ical point specified by the installation position information.
The communications area image E does not strictly have
to represent the communications area of the relay device
102. For example, the communications area image E
may be an image that represents a 150-meter radius
around the geographical point specified by the installa-
tion position information.

[0110] For example, if the client apparatus 105 stores
map data, the client apparatus 105 generates based on
the stored map data and the received installation infor-
mation, image data for displaying the installation position
image 1402. Further, ifthe estrus notifying apparatus 104
stores map data, the estrus notifying apparatus 104 may
generate based on the stored map data and the instal-
lation position information, an image for displaying the
installation position image 1402 and may transmit the
generated image data to the client apparatus 105.
[0111] From the installation position image 1402, even
an inexperienced worker W unable to determine the po-
sition of a relay device from the relay device ID can sur-
mise the location of the livestock animal A having the
traced communications device 101. Therefore, the work-
er W can narrow down the range to be searched for the
livestock animal A having the traced communications de-
vice 101, enabling reductions in the work load and time
consumed in searching for the livestock animal A.
[0112] Theclientapparatus 105 may further display on
the display 106, aflag release button for setting the estrus
indication flag of the livestock animal A to OFF. For ex-
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ample, if the worker W presses the flag release button,
the client apparatus 105 transmits to the estrus notifying
apparatus 104, a flag release request to set the estrus
indication flag of the livestock animal A to OFF. By re-
ceiving the flag release request, the estrus notifying ap-
paratus 104 can determine that a flag release operation
has been received and sets the estrus indication flag of
the livestock animal A to OFF.

(Process procedure of communications device)

[0113] A process procedure of the communications de-
vice 101 willbe described. FIG. 15is aflowchart depicting
an example of a process procedure of the communica-
tions device 101. In the flowchart depicted in FIG. 15, the
communications device 101, via the sensor 304, deter-
mines whether acceleration of the communications de-
vice 101 has occurred that is greater than or equal to a
given value (step S1501). If acceleration greater than or
equal to a given value has not occurred (step S1501:
NO), the communications device 101 transitions to the
operation at step S1503.

[0114] If acceleration greater than or equal to a given
value has occurred (step S1501: YES), the communica-
tions device 101 increments the current measurement
value by "+1" (step S1502). Thus, each time acceleration
of the communications device 101 occurs consequent to
the livestock animal A walking, the communications de-
vice 101 can cumulate the current measurement value
by +1. The communications device 101 determines
whether the transmission time for the measurement re-
sult information has arrived (step S1503). For example,
asdescribed above, when the time measured by the timer
305 becomes a given time, the communications device
101 determines that the transmission time for the meas-
urement result information has arrived.

[0115] Atstep S1503, the communications device 101
uses a different condition for each set transmission in-
terval to determine the transmission time for the meas-
urement resultinformation. More specifically, if the trans-
mission interval is set to a one-hour interval, the commu-
nications device 101 determines that the transmission
time has arrived at giventimes of one-hourintervals, such
as when the time measured by the timer 305 becomes
"0:00", "1:00", ...

[0116] On the other hand, if the transmission interval
is set to be a 10-minute interval, the communications
device 101 determines that the transmission time for the
measurement result information has arrived at given
times of 10-minute intervals, such as when the time
measured by the timer 305 becomes "0:10", "0:20", ...
Further, if the transmission interval is set to be a one-
minute interval, the communications device 101 deter-
mines that the transmission time for the measurement
result information has arrived at given times of one-
minute intervals, such as when the time measured by the
timer 305 becomes "0:01", "0:02", ....

[0117] If the transmission time for the measurement
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result information has arrived (step S1503: YES), the
communications device 101 stores to the measurement
result information table 201, measurement result infor-
mation in which the date and time of the current trans-
mission time for the measurement result information and
the current measurement value are correlated (step
S1504). Thus, each time the transmission time arrives
for measurement result information, the communications
device 101 can store the measurement value for the cor-
responding time.

[0118] The communications device 101 transmits to
the relay device 102, all measurement result information
stored in the measurement result information table 201
and the communications device identification information
thereof (step S1505), and transitions to the operation at
step S1506. Thus, the communications device 101 can
transmit measurementresultinformation ata given trans-
mission interval.

[0119] As described above, upon receiving measure-
ment result information and communications device
identification information from the communications de-
vice 101, the relay device 102 transmits to the estrus
notifying apparatus 104, via the network 220, the re-
ceived measurement result information and communica-
tions device identification information as well as the relay
device identification information thereof.

[0120] At step S1503, if the transmission time has not
arrived (step S1503: NO), the communications device
101 transitions to step S1506. The communications de-
vice 101 determines whether an instruction to change
the transmission interval for the measurement result in-
formation has been received from the relay device 102
(step S1506). If no instruction to change the transmission
interval has been received (step S1506: NO), the com-
munications device 101 ends the series of operations
according to the present flowchart.

[0121] If an instruction to change the transmission in-
terval has been received (step S1506: YES), the com-
munications device 101 sets the transmission interval
according to the received instruction (step S1507), and
ends the series of operations according to the present
flowchart. Thus, the communications device 101 can
change the transmission interval according to a received
change instruction.

[0122] The communications device 101 may further re-
set the measurement value to "0" at a given timing. For
example, when a given time has arrived (e.g., "0:00",
every day), the communications device 101 resets the
measurement value to "0". Further, the communications
device 101 may reset the measurement value "0", if an
instruction to reset the measurement value to "0" is re-
ceived from the estrus notifying apparatus 104, via the
relay device 102.

(Process procedure of estrus notifying apparatus)

[0123] A process procedure of the estrus notifying ap-
paratus 104 will be described. FIG. 16 is a flowchart (part
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1) depicting an example of a process procedure of the
estrus notifying apparatus 104. For example, the estrus
notifying apparatus 104 performs the operations in the
flowchart depicted in FIG. 16, if in the step count DB 202,
no estrus predictor flag and no estrus indication flag is
setto "1", i.e., ON.

[0124] In the flowchart depicted in FIG. 16, the estrus
notifying apparatus 104 determines whether measure-
ment result information, communications device identifi-
cation information, and relay device identification infor-
mation have been received from the relay device 102
(step S1601). The estrus notifying apparatus 104 stands
by until measurement result information, communica-
tions device identification information, and relay device
identification information are received (step S1601: NO).
[0125] Upon receiving measurement result informa-
tion, communications device identification information,
and relay device identification information (step S1601:
YES), the estrus notifying apparatus 104 updates the
stored contents of the transmission source DB 2083,
based on the received communications device identifi-
cation information and relay device identification infor-
mation (step S1602). For example, at step S1602, the
estrus notifying apparatus 104 stores to the transmission
source DB 203, transmission source relay device infor-
mation in which the communications device ID indicated
by the received communications device identification in-
formation and the relay device ID indicated by the re-
ceived relay device identification information are corre-
lated.

[0126] The estrus notifying apparatus 104 calculates
the step count of the livestock animal A, based on the
communications device identification information and the
measurement result information received at step S1601
and stores the calculated step count to the step count
DB 202 (step S1603). As described above, atstep S1603,
the estrus notifying apparatus 104 calculates a step count
for each communications device 101, based on the re-
ceived communications device identification information
and measurement result information, and stores the cal-
culated step counts. Calculation of the livestock animal
A step counts, based on the received measurement re-
sult information has been described with reference to
FIG. 6, etc. and therefore, description thereof will be omit-
ted hereinafter.

[0127] The estrus notifying apparatus 104 determines
whether among the step counts stored in the step count
DB 202 for the communications device identification in-
formation receive at step S1601, the step counts for the
two most recently measured time slots are respectively
greater than or equal to a threshold defined in the thresh-
old DB 205 (step S1604).

[0128] If the step counts for the two most recently
measured time slots are respectively greater than or
equal to a threshold defined in the threshold DB 205 (step
S1604: YES), the estrus notifying apparatus 104 obtains
the current date, time, and day of the week (step S1605).
For example, the estrus notifying apparatus 104 may ob-
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tain the current date, time, and day of the week by a timer
function of the estrus notifying apparatus 104, or may
obtain the current date, time, and day of the week via the
network 220, for example, according to Network Time
Protocol (NTP). The estrus notifying apparatus 104 may
obtain, as the current date and time, the last date and
time of measurement among the dates and times of
measurement included in the received measurement re-
sult information.

[0129] Upon obtaining the current date, time, and day
of the week, the estrus notifying apparatus 104 obtains
from the working hours DB 206, the working-hours infor-
mation identified by the obtained day of the week (step
S1606). Further, as described above, when identifying
the working-hours information to be obtained, the estrus
notifying apparatus 104 may use the received commu-
nications device identification information. Thus, for each
communications device 101, the estrus notifying appa-
ratus 104 can obtain the working-hours information for
the worker W managing the communications device 101.
[0130] The estrus notifying apparatus 104 determines
from the obtained current date and time, and the working-
hours information, whether the current time is included
in the working hours (step S1607). Further, as described
above, the estrus notifying apparatus 104 may determine
based on the communications device identification infor-
mation received at step S1601, whether the current time
is the working hours of the worker W who transmitted the
current measurement result information. If the current
time is not during the working hours (step S1607: NO),
the estrus notifying apparatus 104 ends the series of op-
erations according to the present flowchart.

[0131] On the other hand, if the current time is during
the working hours (step S1607: YES), the estrus notifying
apparatus 104 sets the estrus predictor flag to "1", and
stores the flag ON date/time for the estrus predictor flag
(step S1608). For example, the estrus notifying appara-
tus 104 stores, as the flag ON date/time, the date and
time of measurement that is currently the most recent
among the received measurementresultinformation. For
example, the estrus notifying apparatus 104 may obtain
the current date and time, and store the obtained current
date and time, as the flag ON date/time.

[0132] The estrus notifying apparatus 104 transmits to
the relay device 102, a change instruction to change the
one-hour interval to a 10-minute interval (step S1609),
and ends the series of operations according to the
present flowchart. At step S1604, if the step counts are
not greater than or equal to the threshold (step S1604:
NO), the estrus notifying apparatus 104 ends the series
of operations according to the present flowchart.

[0133] FIG. 17 is a flowchart (part 2) depicting an ex-
ample of the process procedure of the estrus notifying
apparatus 104. For example, the estrus notifying appa-
ratus 104 performs the operations in the flowchart de-
picted in FIG. 17, if in the step count DB 202, an estrus
predictor flag is set to "1", i.e. ON.

[0134] In the flowchart depicted in FIG. 17, the estrus

10

15

20

25

30

35

40

45

50

55

15

notifying apparatus 104 determines whether measure-
ment result information, communications device identifi-
cation information, and relay device identification infor-
mation have been received from the relay device 102
(step S1701). The estrus notifying apparatus 104 stands
by until measurement result information, communica-
tions device identification information, and relay device
identification information are received (step S1701: NO).
[0135] Upon receiving measurement result informa-
tion, communications device identification information,
and relay device identification information (step S1701:
YES), the estrus notifying apparatus 104, similar to step
S1602, updates the stored contents of the transmission
source DB 203, based on the received communications
device identification information and relay device identi-
fication information (step S1702).

[0136] The estrus notifying apparatus 104 obtains
based on the received relay device identification infor-
mation and the relay device DB 204, the installation po-
sition information of the relay device 102 that transmitted
the currently received measurement result information
(step S1703). At step S1703, the estrus notifying appa-
ratus 104 obtains from the relay device DB 204, the in-
stallation position information to which the relay device
ID in the received relay device identification information
is correlated.

[0137] The estrus notifying apparatus 104 transmits to
the client apparatus 105, the relay device identification
information received at step S1701 and the installation
position information obtained at step S1703 (step
S1704). The estrus notifying apparatus 104 calculates
based on the received measurement result information,
the step count of the livestock animal A having the com-
munications device 101 that transmitted the measure-
ment result information, and stores the calculated step
count to the step count cumulation table 1100 (step
S1705).

[0138] The estrus notifying apparatus 104 determines
whether an hourly step count can be calculated based
on measurement result information transmitted at 10-
minute intervals (step S1706). For example, at step
S1706, the estrus notifying apparatus 104 determines
whether six step counts for cumulation are stored in step
count cumulation table 1100. If six step counts for cumu-
lation are stored, the estrus notifying apparatus 104 de-
termines that an hourly step count can be calculated. If
an hourly step count cannot be calculated (step S1706:
NO), the estrus notifying apparatus 104 transitions to the
operation at step S1701.

[0139] If an hourly step count can be calculated (step
S1706: YES), the estrus notifying apparatus 104 sums
six step counts for cumulation stored in the step count
cumulation table 1100 to calculate an hourly step count,
and stores the calculated step count into the step count
DB 202 (step S1707). Thus, the estrus notifying appara-
tus 104 can calculate an hourly step count from meas-
urement result information transmitted at 10-minute
transmission intervals and can store the step count into
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the step count DB 202.

[0140] The estrus notifying apparatus 104 determines
ifthe hourly step count calculated at step S1607 is greater
than or equal to a threshold defined in the threshold DB
205 (step S1708). If the hourly step count is greater than
or equal to the threshold (step S1708: YES), the estrus
notifying apparatus 104 sets the estrus indication flag to
"1", i.e., ON, and stores the flag ON date/time (step
S1709). The estrus notifying apparatus 104 transmits to
the communications device 101, via the relay device 102,
a change instruction instructing the transmission interval
to be changed from a 10-minute interval to a one-minute
interval (step S1710), and ends the series of operations
according to the present flowchart.

[0141] On the other hand, if the hourly step count cal-
culated at step S1707 is not greater than or equal to the
threshold (step S1708: NO), the estrus notifying appara-
tus 104 sets the estrus predictor flag to "0", i.e., OFF
(step S1711). The estrus notifying apparatus 104 trans-
mits to the communications device 101, via the relay de-
vice 102, a change instruction instructing the transmis-
sion interval to be changed from a 10-minute interval to
a one-hour interval (step S1712), and ends the series of
operations according to the present flowchart. For exam-
ple, upon setting the estrus predictor flag to OFF at step
S1711, the estrus notifying apparatus 104 clears the
stored contents of the step count cumulation table 1100.
[0142] FIG. 18 is a flowchart (part 3) depicting an ex-
ample of the process procedure of the estrus notifying
apparatus 104. For example, the estrus notifying appa-
ratus 104 performs the operations in the flowchart de-
picted in FIG. 18, if in the step count DB 202, an estrus
indication flag is set to "1", i.e., ON.

[0143] In the flowchart depicted in FIG. 18, the estrus
notifying apparatus 104 determines whether measure-
ment result information, communications device identifi-
cation information, and relay device identification infor-
mation have been received from the relay device 102
(step S1801). The estrus notifying apparatus 104 stands
by until measurement result information, communica-
tions device identification information, and relay device
identification information are received (step S1801: NO).
[0144] Upon receiving measurement result informa-
tion, communications device identification information,
and relay device identification information (step S1801:
YES), the estrus notifying apparatus 104, similar to step
S1605, obtains the current date, time, and day of the
week, and determines whether downtime has been set
for the current date and time in the working hours DB 206
(step S1802).

[0145] Ifdowntime has notbeen setforthe current date
and time (step S1802: NO), the estrus notifying appara-
tus 104 updates the stored contents of the transmission
source DB 203, based on the received communications
device identification information and relay device identi-
fication information, similar to step S1702 (step S1803).
The estrus notifying apparatus 104, similar to step
S1703, obtains based on the received relay device iden-
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tification information and the relay device DB 204, the
installation position information of the relay device 102
that transmitted the currently received measurement re-
sult information (step S1804).

[0146] The estrus notifying apparatus 104 transmits to
the client apparatus 105, via the network 220, the com-
munications device identification information and relay
device identification information received at step S1801,
and the installation position information obtained at step
S1804 (step S1805). At step S1805, the estrus notifying
apparatus 104 may refer to the step count DB 202, iden-
tify the livestock animal ID from the communications de-
vice ID in the communications device identification infor-
mation, and transmit the livestock animal ID to the worker
W.

[0147] The estrus notifying apparatus 104 determines
whether a flag release operation for setting the estrus
indication flag to OFF has been received from the worker
W (step S1806). If no flag release operation has been
received (step S1806: NO), the estrus notifying appara-
tus 104 transitions to the operation at step S1801 and
repeats the operations at each of the above steps.
[0148] If a flag release operation has been received
(step S1806: YES), the estrus notifying apparatus 104
sets the estrus indication flag, which is ON, to OFF (step
S1807), transmits to the communications device 101, via
the relay device 102, a change instruction instructing the
transmission interval to be changed from a one-minute
interval to a one-hour interval (step S1808), and ends
the series of operations according to the present flow-
chart. Thus, the estrus notifying apparatus 104 can return
the transmission interval of the communications device
101 to a one-hour interval according to an operation of
the worker W, enabling battery consumption of the com-
munications device 101 to be suppressed.

[0149] Similar to step S1707, the estrus notifying ap-
paratus 104 may calculate an hourly step count based
on measurement result information transmitted at one-
minute intervals, and store the hourly step count to the
step count DB 202. Thus, similar to a case where the
communications device 101 transmits measurement re-
sult information at 10-minute intervals, in a case where
the measurementresultinformation is transmitted at one-
minute intervals, the estrus notifying apparatus 104 can
calculate the step count and store the step count to the
step count DB 202.

[0150] On the other hand, if the current date and time
is a time slot for which downtime is set (step S1802: YES),
the estrus notifying apparatus 104 determines whether
among the livestock animals A in the same herd as the
livestock animal A for which the estrus indication flag is
setto ON, other livestock animals A are present for which
the estrus predictorflag is ON (step S1809). Forexample,
at step S1809, the estrus notifying apparatus 104 refers
to the transmission source DB 203, and identifies the
communications device ID to which the same relay de-
vice ID as the relay device ID indicated by the relay device
identification information received at step S1801 is cor-



31 EP 2 832 218 A1 32

related, as the transmission source relay device ID. After
identifying the communications device ID, the estrus no-
tifying apparatus 104 refers to the step count DB 202,
and determines whether the estrus predictor flag for the
identified communications device IDs is set to ON. By
the operation at step S1809, the estrus notifying appa-
ratus 104 can determine whether other livestock animals
A near the livestock animal A for which the estrus indi-
cation flag is ON, i.e., the livestock animal A for which
estrus has been determined, are present who have the
possibility of entering estrus soon. If no other such live-
stock animals A are present (step S1809: NO), estrus
notifying apparatus 104 transitions to the operation at
step S1803.

[0151] If other such livestock animals A are present
(step S1809: YES), similar to step S1803, the estrus no-
tifying apparatus 104 updates the stored contents of the
transmission source DB 203, based on the received com-
munications device identification information and relay
device identification information (step S1810). Similar to
step S1804, the estrus notifying apparatus 104 obtains
based on the received livestock number, relay device
identification information, and the relay device DB 204,
the installation position information of the relay device
102 that transmitted the measurement result information
currently received (step S1811).

[0152] The estrus notifying apparatus 104 transmits to
the client apparatus 105, via the network 220, the com-
munications device identification information and relay
device identification information received at step S1801,
and the installation position information obtained at
S1811 (step S1812), and transitions to the operation at
step S1806. At step S1812, the estrus notifying appara-
tus 104 further transmits to the client apparatus 105, the
communications device identification information of the
communications devices 101 attached to the other live-
stock animals A identified at step S1809. By the operation
atstep S1812, the estrus notifying apparatus 104, during
downtime, can notify the worker W of the livestock animal
A in estrus and livestock animals A that are near the
livestock animal A in estrus and have the possibility of
entering estrus soon.

[0153] Atstep S1812, similar to step S1805, the estrus
notifying apparatus 104 may refer to the step count DB
202, identify a livestock animal ID from each communi-
cations device ID, and transmit each livestock animal ID
to the worker W.

[0154] Further, in the example described above, al-
though the estrus notifying apparatus 104 is described
to set the estrus predictor flag and the estrus indication
flag to OFF and transmit a change instruction instructing
the transmission interval to be changed to a one-hour
interval if the step count of the livestock animal A does
not satisfy a given condition or if a flag release operation
has been received, configuration is not limited hereto.
Forexample, the estrus notifying apparatus 104 may per-
form the operation in the flowchart depicted in FIG. 19 if
the estrus predictor flag and/or the estrus indication flag
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is set to ON.

[0155] FIG. 19 is a flowchart (part 4) depicting an ex-
ample of the process procedure of the estrus notifying
apparatus 104. In the flowchart depicted in FIG. 19, the
estrus notifying apparatus 104 determines whether the
estrus predictor flag or the estrus indication flag is ON
(step S1901). The estrus notifying apparatus 104 stands
by until the estrus predictor flag or the estrus indication
flag becomes ON (step S1901: NO).

[0156] When the estrus predictor flag or the estrus in-
dication flag becomes ON (step S1901: YES), the estrus
notifying apparatus 104 obtains the current date, time,
and day of the week (step S1902). The estrus notifying
apparatus 104 obtains from the working hours DB 206,
the working-hours information indicated by the obtained
day of the week (step S1903).

[0157] The estrus notifying apparatus 104 determines
from the obtained current date and time, and working-
hours information, whether the current time is included
in the working hours (step S1904). If the current time is
included in the working hours (step S1904: YES), the
estrus notifying apparatus 104 ends the series of oper-
ations according to the present flowchart. If the current
time is outside the working hours (step S1904: NO), the
estrus notifying apparatus 104 sets the estrus predictor
flag and the estrus indication flag to OFF (step S1905).
[0158] The estrus notifying apparatus 104 transmits to
the communications device 101, via the relay device 102,
a change instruction instructing the transmission interval
to be changed to a one-minute interval (step S1906), and
ends the series of operations according to the present
flowchart. For example, at step S1906, the estrus notify-
ing apparatus 104 transmits the change instruction to all
of the communications devices 101. Further, at step
S1906, the estrus notifying apparatus 104 may identify
from the step count DB 202, the communications device
101 for which the estrus predictor flag or the estrus indi-
cation flag is set to ON, and transmit the change instruc-
tion to the identified the communications device 101.
[0159] Thus, when shortening the transmission inter-
val of the communications device 101, if the current time
is during the working hours and thereafter, becomes out-
side the working hours of the worker W while the trans-
mission interval has been shortened, the estrus notifying
apparatus 104 can return the transmission interval of the
communications device 101 to a one-hour interval.
Therefore, the estrus notifying apparatus 104 can sup-
press battery consumption of the communications device
101. For example, the operations depicted in FIG. 19 are
particularly effective when the current time is at night and
the worker W cannot engage in work for some time.
Therefore, for example, the estrus notifying apparatus
104 may perform the operation in the flowchart depicted
in FIG. 19 when the last working hours for one day ends.
[0160] Further, in the operations depicted by the flow-
chart of FIG. 19, the estrus notifying apparatus 104 may
backup in the RAM 503, the magnetic disk 505, etc., the
current settings of the estrus predictor flag and estrus
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indication flag, before setting the estrus predictor flag and
the estrus indication flag to OFF. The estrus notifying
apparatus 104 may set the estrus predictor flag and the
estrus indication flag to ON, based on the backed up
information and when the current time returns to be dur-
ing the working hours, and transmit a change instruction
for the flags to the communications device 101. Thus,
when the current time is again during the working hours,
the estrus notifying apparatus 104 can support the track-
ing of the livestock animal A by the worker W, enabling
the work load of the worker W to be reduced.

[0161] As described above, upon detecting a livestock
animal A in estrus, the estrus notifying apparatus 104
according to the present invention determines whether
other livestock animals A near the livestock animal A in
estrus are present that have the possibility of entering
estrus soon. If other livestock animals near the livestock
animal A in estrus and having the possibility of entering
estrus soon are present, the estrus notifying apparatus
104 notifies the worker W of the livestock animal A in
estrus and the identification information of the other live-
stock animals A having the possibility of entering estrus
soon.

[0162] Thus, according to the estrus notifying appara-
tus 104, even if a livestock animal A has entered estrus
and the current time is outside the working hours, if the
worker W cannot immediately go to the livestock animal
A in estrus, notification of the minimally required infor-
mation is given, enabling adverse effects consequent to
errant judgment to be prevented as much as possible.
The estrus notifying apparatus 104 can suppress the bur-
den placed on the worker W and prevent the worker W
from becoming exhausted.

[0163] Further, if the current time is during the working
hours of the worker W and the worker W can immediately
go to the livestock animal A in estrus, the estrus notifying
apparatus 104 can also prompt the worker to check other
livestock animals A when checking the livestock animal
Ain estrus. Thus, the worker W can be caused to check
not only the livestock animal A in estrus, but other live-
stock animals possibly in estrus, enabling other livestock
animal A indicating estrus to be recognized.

[0164] Accordingtothe estrus notifying apparatus 104,
if an abnormal state of a livestock animal A and the cur-
rent time is included in the working hours, the transmis-
sion interval for the measurement result information of
the communications device 101 can be shortened. Fur-
ther, according to the estrus notifying apparatus 104,
each time measurement result information is received at
the shortened transmission interval, the worker W can
be notified of the relay device ID of the relay device 102
that relayed the received measurement result informa-
tion.

[0165] Thus, if no abnormal state of a livestock animal
Ais detected and/or the current time is outside the work-
ing hours, the estrus notifying apparatus 104 can reduce
the transmission frequency of the measurement result
information of the communications device 101, enabling
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battery consumption of the communications device 101
to be suppressed and reduction of the work load of the
worker W.

[0166] Further, if an abnormal state of a livestock an-
imal A is detected and the current time is included in the
working hours, the estrus notifying apparatus 104 can
shorten the interval at which the worker W is notified of
relay device identification information, which is an indi-
cation of the position of the livestock animal A. Thus, the
estrus notifying apparatus 104 can support the tracking
of alivestock animal Ain an abnormal state by the worker
W and reduce the work load of the worker W.

[0167] According tothe estrus notifying apparatus 104,
if estrus of a livestock animal A is detected and the current
time is included in the working hours of the worker W,
the transmission interval for measurement result infor-
mation the of the communications device 101 can be
shortened. Further, according to the estrus notifying ap-
paratus 104, each time measurement result information
is received at the shortened transmission interval, the
worker W can be notified of the relay device ID of the
relay device 102 that relayed the received measurement
result information. Thus, the estrus notifying apparatus
104 can suppress battery consumption of the communi-
cations device 101 and support the tracking of a livestock
animal A in estrus by the worker W.

[0168] According tothe estrus notifying apparatus 104,
based on the step count for each differing time slot se-
quentially measured, whether a livestock animal A is in
estrus can be determined. Thus, the estrus notifying ap-
paratus 104 can increase the accuracy in detecting es-
trus of a livestock animal A and reduce the work load
placed on the worker W consequent to errant judgment.
[0169] According to the estrus notifying apparatus 104,
if a livestock animal A is detected to be in estrus, the
transmission interval for the measurement result infor-
mation of the communications device 101 can be further
shortened. Thus, the estrus notifying apparatus 104 can
reduce the distance that the livestock animal A can travel
during the transmission interval for the measurement re-
sult information and support the tracking of the livestock
animal A in estrus by the worker W.

[0170] According tothe estrus notifying apparatus 104,
if estrus of the livestock animal A has been determined
to be errantly judged, the transmission interval of the
communications device 101 can be returned to the usual
transmission interval from the shortened transmission in-
terval. Thus, the estrus notifying apparatus 104 can sup-
press battery consumption of the communications device
101 and reduce the work load of the worker W.

[0171] According to the estrus notifying apparatus 104,
the worker W can be notified of the installation position
information indicating the installation position of the relay
device 102. Thus, the estrus notifying apparatus 104 can
simplify the task of grasping the position of the livestock
animal A by the worker W and facilitate support of the
tracking of the livestock animal A.

[0172] The estrus notifying method described in the
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present embodiment may be implemented by executing
a prepared program on a computer such as a personal
computer and a workstation. The program is stored on a
computer-readable recording medium such as a hard
disk, a flexible disk, a CD-ROM, an MO, and a DVD, read
out from the computer-readable medium, and executed
by the computer. The program may be distributed
through a network such as the Internet.

EXPLANATIONS OF LETTERS OR NUMERALS

[0173]

101 communications device

102  relay device

104  estrus notifying apparatus

105 client apparatus

Claims

1. An estrus notifying method of giving notification of

estrus, based on a step count measurement result
from a step counting device attached to each live-
stock animal among a plurality of livestock animals,
the estrus notifying method being executed by a
computer and comprising:

collecting the step count measurement result for
each livestock animal and position information
for each livestock animal;

determining with respect to each livestock ani-
mal and based on the step count measurement
result and a first condition, whether the livestock
animal is in estrus;

referring to a memory unit retaining working
hours of a worker and determining whether the
current time is included in the working hours, if
a given livestock animal has been determined
to be in estrus;

determining with respect to the plurality of live-
stock animals near the given livestock animal,
whether a livestock animal indicates estrus, the
determining being based on the step count
measurement result and a second condition that
is more lax than the first condition, and being
performed when the current time is included in
the working hours; and

outputting, identification information of the given
livestock animal determined to be in estrus and
identification information of each livestock ani-
mal determined to indicate estrus.

The estrus notifying method according to claim 1,
wherein

the determining whether a livestock animal indicates
estrus includes referring to the memory unit retaining
herd information of the plurality of livestock animals,
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and determining with respect to the plurality of live-
stock animals belonging to the same herd as the
given livestock, whether a livestock animal indicates
estrus.

An estrus notifying apparatus that gives notification
of estrus, based on a step count measurement result
from a step counting device attached to each live-
stock animal among a plurality of livestock animals,
the estrus notifying apparatus comprising:

an obtaining unit that collects the step count
measurement result for each livestock animal
and position information for each livestock ani-
mal;

amemory unitretaining working hours of a work-
er;

a first determining unit that determines with re-
spect to each livestock animal and based on the
step count measurement result and a first con-
dition, whether the livestock animal is in estrus;
a second determining unit that if a given live-
stock animal is determined to be in estrus by the
first determining unit, determines whether the
current time is included in the working hours and
if the current time is included in the working
hours, determines with respect to the plurality
of livestock animals near the given livestock an-
imal and determines based on a second condi-
tion that is more lax than the first condition,
whether a livestock animal indicates estrus; and
an output unit that outputs identification informa-
tion of the given livestock animal determined to
be in estrus by first determining unit and identi-
fication information of each livestock animal de-
termined to indicate estrus by the second deter-
mining unit.

The estrus notifying apparatus according to claim 3,
wherein

the second determining unit has herd information of
the plurality of livestock animals and determines with
respectto the plurality of livestock animals belonging
to the same herd as the given livestock, whether a
livestock animal indicates estrus.

An estrus notifying program causing a computer to
give notification of estrus, based on a step count
measurement result from a step counting device at-
tached to each livestock animal among a plurality of
livestock animals, the estrus notifying program caus-
ing the computer to execute:

collecting the step count measurement result for
each livestock animal and position information
for each livestock animal;

determining with respect to each livestock ani-
mal and based on the step count measurement
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result and a first condition, whether the livestock

animal is in estrus;

referring to a memory unit retaining working

hours of a worker and determining whether the

current time is included in the working hours, if 5

a given livestock animal has been determined

to be in estrus;

determining with respect to the plurality of live-

stock animals near the given livestock animal,

whether a livestock animal indicates estrus, the 70

determining being based on the step count

measurement result and a second condition that

is more lax than the first condition, and being

performed when the current time is included in

the working hours; and 15

outputting, identification information of the given

livestock animal determined to be in estrus and

identification information of each livestock ani-

mal determined to indicate estrus.

20
The estrus notifying program according to claim 5,
wherein
the determining whether a livestock animal indicates
estrus includes referring to the memory unit retaining
herd information of the plurality of livestock animals, 25
and determining with respect to the plurality of live-
stock animals belonging to the same herd as the
given livestock, whether a livestock animal indicates
estrus.
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F" E@ s 8 f:‘“”” -
| TRANSMISSION SOURCE 203
DB
T~
COMMUNICATIONS TRANSMISSION SOURCE
DEVICE ID RELAY DEVICE ID
300-1 A GOo1 B1
800-2 A Go2 B2
800-3 A~ GO3 B1
800-m._H Gm Bn
FIG.9 =
RELAY DEVICE DB ~-204
RELAY DEVICE ID INSTALLATION POSITION
900-1 _~ 81 NORTH LATITUDE x1 DEGREES,
LONGITUDE y1 DEGREES
900-2 _~ 82 NORTH LATITUDE x2 DEGREES,
LONGITUDE y2 DEGREES
900-3 A 53 NORTH LATITUDE x3 DEGREES,
2> LONGITUDE y3 DEGREES
900-n -~ 8n NORTH LATITUDE xn DEGREES,
LONGITUDE yn DEGREES
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F1G.10 — 3
] N 205
FHRESHOLD DB :
TIME SLOT THRESHOLD
1000-1 A 0:00-1:00 Thi
1000-2 A 1:00-2:00 Th2
1000-3 A 2:00-3:00 Th3
1000-23.~ 22:00-23:00 Th23
1000-24.~ 23:00-24:00 Th24
FIG.11 1100
DATES AND TIMES] MEASUREMENT |STEP COUNT FOR
OF MEASUREMENT VALUES CUMULATION
1100-1
2012/2/20, 2:00 C16 H6
1100-21
2012/2/20, 1:50 C15 H5
1100-3A
2012/2/20, 1:40 C14 Ha
1100-4A
2012/2/19, 1:30 C13 H3
1100-51
2012/2/19, 1:20 C12 H2
1100-6_-
2012/2/19, 1:10 c11 H1
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