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Description
TECHNICAL FIELD

[0001] The present invention relates to an estrus noti-
fying method, an estrus notifying apparatus, and an es-
trus notifying program.

BACKGROUND ART

[0002] Conventionally, when livestock animals such as
cattle are raised on a pasture, a worker of the livestock
farm periodically goes to the pasture area to check wheth-
er livestock animals have an abnormality. For example,
to manage estrus of pastured cows, a worker goes to the
pasture area almost every day to actually visually check
the presence of a cow exhibiting estrous behavior. In
another case, a pedometer is attached to a cow and if a
count of the pedometer increases by a predetermined
amount, it is determined that the cow is in estrus and the
worker is notified.

[0003]

Patent Document 1: Japanese Laid-Open Patent
Publication No. 2002-139775
Patent Document 2: Japanese Laid-Open Patent
Publication No. 2007-167024

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] The step count of a livestock animal may vary
due to other factors other than estrus and therefore, if
estrus is detected only from the step count a livestock
animal, detection accuracy of estrus detection may be
reduced. For example, if step count of a cow decreases
dueto eating, anincrease in the step countis suppressed
even in estrus and a cow in estrus may not be detected
from the number of the steps. Alternatively, for example,
an increase in the step count of a cow due to the appear-
ance of another animal such as a wild dog may cause a
problem of false detection of a cow in estrus.

[0005] The presentinvention solves the problem of the
conventional techniques and an object of the present in-
vention is to provide an estrus notifying method, an estrus
notifying apparatus, and an estrus notifying program ca-
pable of achieving improvement in detection accuracy of
a livestock animal in estrus.

MEANS FOR SOLVING PROBLEM

[0006] According to one aspect of the present inven-
tion, an estrus notifying method, an estrus notifying ap-
paratus, and an estrus notifying program that determine
estrus based on a step count measurement result from
astep countmeasurement unit attached to each livestock
animal among a plurality of livestock animals are pro-
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posed. The estrus notifying method, the estrus notifying
apparatus, and the estrus notifying program collect the
step count measurement result of each livestock animal
at certain intervals; detect a change time slot in which a
change rate of the step count measurement result rela-
tive to an immediately preceding time slot is greater than
or equal to a predetermined value among a predeter-
mined proportion or more of the plurality of livestock an-
imals; determine for each livestock animal and based on
the step count measurement results excluding the step
count measurement result corresponding to the change
time slot, whether the livestock animal is in estrus; and
output identification information of the livestock animal
determined as being in the estrus.

EFFECT OF THE INVENTION

[0007] According to one aspect of the present inven-
tion, an effect is achievedin thatthe accuracy in detecting
a livestock animal in estrus can be improved.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

FIG. 1 is an explanatory view of an example of an
estrus notifying method according to a first embod-
iment;

FIG. 2 is an explanatory view of a system configu-
ration example of an estrus notifying system 200;
FIG. 3is a block diagram of a hardware configuration
example of a communications device 101;

FIG. 4 is a block diagram of a hardware configuration
example of a relay device 211;

FIG.5is a block diagram of a hardware configuration
of an estrus notifying apparatus 102, etc.;

FIG. 6 is an explanatory view of an example of stor-
age contents of a measurement result information
table 201;

FIG. 7 is an explanatory view of an example of stor-
age contents of a step count information DB 202;
FIG. 8 is an explanatory diagram of an example of
storage contents of a herd management DB 203;
FIG.9is a block diagram of afunctional configuration
example of the estrus notifying apparatus 102;
FIG. 10 is an explanatory diagram of an example of
a screen displayed on a client device 230;

FIG. 11 is an explanatory diagram of an example
(part one) of estrus determination;

FIG. 12 is an explanatory diagram of an example
(part two) of the estrus determination;

FIG. 13 is an explanatory diagram of an example
(part three) of the estrus determination;

FIG. 14 is an explanatory diagram of an example
(part four) of the estrus determination;

FIG. 15 is a flowchart of an example of a communi-
cation process procedure of the relay device 211;
FIG. 16 is a flowchart (part one) of an example of an
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estrus notifying process procedure of the estrus no-
tifying apparatus 102;

FIG. 17 is a flowchart (part one) of an example of an
estrus determining process procedure of the estrus
notifying apparatus 102;

FIG. 18 is a flowchart (part two) of an example of the
estrus determining process procedure of the estrus
notifying apparatus 102;

FIG. 19 is a flowchart of an example of the estrus
notifying process procedure for the client device 230;
FIG. 20 is a block diagram of a functional configura-
tion of an estrus notifying apparatus 2000 according
to a second embodiment; and

FIG. 21 is a flowchart of an example of the estrus
determining process procedure of the estrus notify-
ing apparatus 2000.

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 according to the presentinvention will be described
in detail below with reference to the accompanying draw-
ings.

(First Embodiment)

[0010] FIG. 1is an explanatory view of an example of
an estrus notifying method according to a first embodi-
ment. In FIG. 1, livestock animals A are raised on the
premises of a farm F managed by a worker. The livestock
animals A form herds. The worker is a person engaged
in livestock farming. The farm F refers to facilities includ-
ing the pasture area for pasturing the livestock animals
A. Thelivestock animals A are animals capable of moving
inside the site of the farm F, for example, the pasture
area of the farm F. For example, the livestock animals A
may be animals moving by ambulation such as cattle,
pigs, and horses.

[0011] The livestock animals A1 to An are equipped
with respective communications devices 101. In this
case, the communications devices 101 are portable com-
puters that measure the step counts of the livestock an-
imals A. For example, when walking, the livestock ani-
mals A first put out a right leg toward the ground in the
direction of travel. When the right leg is planted on the
ground, the livestock animals A then put out a left leg
toward the ground in the direction of travel. When the left
leg is planted on the ground, the livestock animals A re-
peat the motion such as putting out a right leg again. In
particular, the step counts of the livestock animals A can
be defined as the numbers of times the livestock animals
A put out a right leg or a left leg toward the ground in the
direction of travel.

[0012] For example, when the livestock animal A is in
estrus, the number of step taken by the livestock animal
A per unit time increases as compared to a normal time.
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The estrus refers to an excited state associated with re-
productive activity of the livestock animal A.

[0013] The communications device 101 can commu-
nicate with multiple relay devices disposed on the premis-
es of the farm F and is a computer capable of communi-
cation with an estrus notifying apparatus 102 via a cor-
responding relay device. The relay devices are respec-
tively disposed at a different position on the farm F and
each of the relay devices forms a communication area
having a radius of 150 m, for example. The communica-
tions device 101 transmits measurement result informa-
tion indicative of a measurement result and a communi-
cations device ID specific to the communications device
101 to any communicable one of the relay devices.
[0014] The estrus notifying apparatus 102 is a compu-
ter capable of receiving from the communications device
101, the measurement result information and the com-
munications device ID of the communications device
101, via the relay device. The estrus notifying apparatus
102 stores for each communications device ID, hourly
measurement result information correspond to a prede-
termined period. The estrus notifying apparatus 102 uses
the measurement result information for each communi-
cations device ID to determine whether a livestock animal
A in estrus is present.

[0015] It is assumed that a livestock animal is deter-
mined as being in estrus if the measurement result ac-
quired for each time slot is continuously greater than or
equal to a threshold value by utilizing a characteristic that
the step count of the livestock animal A increases when
the livestock animal A is in estrus. However, even if a
livestock animal is in estrus, the livestock animal cannot
be determined as being in estrus with such a determina-
tion while eating, which reduces the step count. For ex-
ample, even when estrus starts during a time slot of t0
to t1, if the step count becomes less than the threshold
value due to eating and then becomes greater than or
equal to the threshold value again during a time slot of
t1 to t2, an estrus starting time slot is determined as t1
to t2.

[0016] When estrus is detected, comprehending the
estrus starting time slot is important in terms of improving
the probability of impregnation and sex-choice birth. For
example in the case of cattle, mating within 24 hours from
the start of estrus is desirable for increasing the proba-
bility of impregnation and, if mating cannot be achieved
within this period or a cow does not become pregnant,
mating must be delayed by one month until the next es-
trus period, resulting in an economic loss.

[0017] With regard to the sex-choice birth of cattle,
mating within a period of 8 to 16 hours after the start of
estrus tends to give birth to a female and mating within
a period of 16 to 24 hours tends to give birth to a male.
For example, in the case of Holstein cattle having white
and black patches, since a female is raised as a milk cow
and a male is raised as beef cattle, food and a raising
method differ depending on sex and the sex-choice birth
is important for livestock farmers.
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[0018] Therefore, in the first embodiment, when the
step count of one livestock animal A at this time is greater
than or equal to a threshold value and the step count at
the previous time is less than the threshold value, if the
step counts of other livestock animals A decrease by a
predetermined amount at the previous time as compared
to the time before the previous time, it is considered that
the step count decreased at the previous time due to
eating, and the livestock animal A is determined as being
in estrus. As a result, the detection accuracy of cattle in
estrus is improved.

[0019] An example of the estrus notifying method of
the first embodiment will be described.

[0020] The communications device 101 transmits the
measurement result information indicative of a commu-
nications device ID identifying a livestock animal A and
the step count ofthe livestock animal A, viaarelay device,
at predetermined transmission intervals. The predeter-
mined transmission interval is one hour, for example.
[0021] The estrus notifying apparatus 102 receives the
communications device ID and the measurement result
information from the communications device 101 and
stores the measurement result information of each time
slot, for each communications device ID. The estrus no-
tifying apparatus 102 determines whether the step count
for each time slot is greater than or equal to a threshold
value H. If the step counts for time slots are continuously
greater than or equal to the threshold value H, the estrus
notifying apparatus 102 determines that a livestock ani-
mal is in estrus. As indicated by reference numeral 110,
it is assumed that the step count of the livestock animal
A1 for a time slot of t2 to t3 is N13, which is greater than
or equal to the threshold value.

[0022] When itis determined that the step count of the
livestock animal A1 for the time slot of t2 to t3 is N13 and
is greater than or equal to the threshold value, the estrus
notifying apparatus 102 calculates a degree of reduction
of the step counts of the other livestock animals A2 to An
in the same herd in the previous time slot. The degree
of reduction is a value indicative of a level of reduction
of a measurement value N of the livestock animals A2 to
An for a previous time slot of t1 to t2 based on the meas-
urement value N in a time slot of t0 to t1 that is a time
slot before the previous time slot. In this description, the
degree ofreductionis defined as a rate of ameasurement
resultin the time slot of t1 to t2 relative to a measurement
result in the time slot of tO to t1, i.e., as a reduction rate.
[0023] For example, it is assumed that each of the re-
duction rates of the livestock animals A2 to An is greater
than or equal to 50%. In other words, it is assumed that
the step counts of the livestock animals A2 to An are half
or less for the time slot of t1 to t2 relative to the time slot
of t0 to t1. In this case, it can be considered that the
livestock animals A2 to An are eating during the time slot
of t1 to t2. It can also be considered that the livestock
animal A1 belonging to the same herd is eating during
the time slot of t1 to t2.

[0024] The estrus notifying apparatus 102 considers
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that the measurement value becomes less than the
threshold value during the time slot of t1 to t2 due to
eating even through the livestock animal A1 is in estrus,
and determines that the livestock animal A1 is in estrus
during the time slot of t1 to t2. The estrus notifying ap-
paratus 102 outputs information indicating that the estrus
of the livestock animal A1 started during the time slot of
t1 to t2.

[0025] According to the estrus notifying method of the
first embodiment described above, the detection accu-
racy of the livestock animal A can be improved and the
workload required for comprehending the livestock ani-
mal A in estrus can be reduced.

(System Configuration Example of Estrus Notifying Sys-
tem 200)

[0026] A system configuration example of an estrus
notifying system 200 will be described. FIG. 2 is an ex-
planatory view of a system configuration example of the
estrus notifying system 200. In FIG. 2, the estrus notifying
system 200 includes the multiple communications devic-
es 101, the estrus notifying apparatus 102, the multiple
relay devices 211, and a client apparatus 230.

[0027] In the estrus notifying system 200, the commu-
nications devices 101 and the relay devices 211 are con-
nected via a wireless communications network 210. Each
of the communications devices 101 and the relay devices
211 has a given range around the communications de-
vice or the relay device, for example, a range of a 100-
meter radius around the communications device or the
relay device, as a communicable area enabling commu-
nication through the wireless communications network
210. If the communications device 101 and the relay de-
vice 211 are in a positional relationship enabling the com-
munication, the communications device 101 and the re-
lay device 211 are connected through the wireless com-
munications network 210. For example, the wireless
communications network 210 can be implemented by
near field communication such as radio frequency iden-
tification (RFID).

[0028] The relay devices 211, the estrus notifying ap-
paratus 102, and the client apparatus 230 are connected
via a network 220. For example, the network 220 may
be the Internet, a local area network (LAN), a wide area
network (WAN), etc.

[0029] The communications devices 101 have meas-
urement result information tables 201, etc., and are port-
able computers equipped to the respective livestock an-
imals A raised in the farm F. Each of the communications
devices 101 has a measurement function of measuring
the step count of the livestock animal equipped with the
communications device 101 and a communication func-
tion through the wireless communications network 210.
For example, the communications devices 101 can be
implemented by applying pedometers to which a com-
munication function through the wireless communica-
tions network 210 is added. Storage contents of the
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measurement result information tables 201 will be de-
scribed later with reference to FIG. 7.

[0030] The relay devices 211 are disposed on the
premises of the farm F and are computers having a com-
munication function through the wireless communica-
tions network 210 and a communication function through
the network 220. The multiple relay devices 211 are re-
spectively disposed at different installation positions.
[0031] The estrus notifying apparatus 102 has a step
count information DB 202, a herd management DB 203,
a GPS communications device DB 204, etc., and is a
computer having a communication function through the
network 220. For example, the estrus notifying apparatus
102 can be implemented by applying a server included
in a cloud computing system and a personal computer
(PC) or a notebook PC used by a manager or a worker
W of the farm F. Storage contents of the step count in-
formation DB 202, the herd management DB 203, and
the GPS communications device DB 204 will be de-
scribed later with reference to FIGs. 7 and 8.

[0032] The client apparatus 230 is a computer having
a communication function through the network 220. The
client apparatus 230 can be implemented by applying a
PC or a notebook PC, a portable telephone, and a smart-
phone used by a worker W of the farm F.

(Hardware Configuration Example of Communications
Device 101)

[0033] A hardware configuration example of the com-
munications device 101 will be described. FIG. 3 is a
block diagram of a hardware configuration example of
the communications device 101. In FIG. 3, the commu-
nications device 101 has a central processing unit (CPU)
301, memory 302, an interface (I/F) 303, a sensor 304,
and a timer 305. The constituent elements are connected
to each other through a bus 300.

[0034] The CPU 301 is responsible for general 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
store various programs such as a boot program, for ex-
ample. The RAM is used as a work area of the CPU 301.
[0035] The I/F 303 is connected through a communi-
cation line to the wireless communications network 210
and is connected via the wireless communications net-
work 210 to another device (such as the relay device
211). The I/F 303 is responsible for an internal interface
with the wireless communications network 210 and con-
trols the input and output of data with respect to external
devices.

[0036] The sensor 304 outputs information for detect-
ing behavior of the communications device 101. For ex-
ample, the sensor 304 is implemented by using a gyro
sensor, a three-axis acceleration sensor, etc., and when
acceleration occurs in the communications device 101,
the sensor 304 outputs information corresponding to the
acceleration. The sensor 304 has a function of counting
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steps with respect to the communications device 101.
[0037] The timer 305 has a time measuring function.
For example, the timer 305 measures the actual time.
The timer 305 may measure an elapsed time from a given
time.

(Hardware Configuration Example of Relay Device 211)

[0038] A hardware configuration example of the relay
device 211 will be described. FIG. 4 is a block diagram
of a hardware configuration example of the relay device
211. In FIG. 4, the relay device 211 has a CPU 401,
memory 402, an I/F 403, and an I/F 204. The constituent
elements are connected to each other through a bus 400.
[0039] The CPU 401 is responsible for general control
of the relay device 211. The memory 402 includes ROM,
RAM, and flash ROM. The ROM and the flash ROM store
various programs such as a boot program, for example.
The RAM is used as a work area of the CPU 401.
[0040] The I/F 403 is connected through a communi-
cation line to the wireless communications network 210
and is connected via the wireless communications net-
work 210 to other devices such as the communications
device 101. Further, the I/F 404 is connected through a
communication line to the network 220 and is connected
via the network 220 to other devices such as the estrus
notifying apparatus 102. The I/Fs 403 and 404 are re-
sponsible for an internal interface with the wireless com-
munications network 210 and the network 220, and con-
trol the input and output of data with respect to external
devices.

(Hardware Configuration Example of Estrus Notifying
Apparatus 102, etc.)

[0041] A hardware configuration example of the estrus
notifying apparatus 102 and the client device 230 will be
described. Inthis example, the estrus notifying apparatus
102 and the client device 230 will simply be referred to
as the "estrus notifying apparatus 102, etc."

[0042] FIG. 5 is a block diagram of a hardware config-
uration of the estrus notifying apparatus 102, etc. In FIG.
5, the estrus notifying apparatus 102, etc. have a CPU
501, aROM 502, a RAM 503, a magnetic disk drive 504,
a magnetic disk 505, an optical disk drive 506, an optical
disk 507, a display 508 (103), an I/F 509, a keyboard
510, amouse 511, ascanner 512, and a printer 513. The
constituent units are connected via a bus 500 to each
other.

[0043] The CPU 501 governs overall control of the es-
trus notifying apparatus 102, etc. The ROM 502 stores
therein 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 therein data
written under control of the magnetic disk drive 504.
[0044] The optical disk drive 506, under the control of
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the CPU 501, controls the reading and writing of data
with respect to the optical disk 507. The optical disk 507
stores therein data written under control of the optical
disk drive 506, the data being read by a computer.
[0045] The display 508 (103) displays, for example,
data such as text, images, functional information, etc., in
addition to a cursor, icons, and/or tool boxes. A cathode
ray tube (CRT), a thin-film-transistor (TFT) liquid crystal
display, a plasma display, etc., may be employed as the
display 508 (103).

[0046] The I/F 509 is connected to the network 220
through a communication line and is connected to other
apparatuses (e.g., the relay devices 211 and the client
apparatus 230) through the network 220. The I/F 509
administers an internal interface with the network 220
and controls the input and output of data with respect to
external apparatuses. For example, a modem or a LAN
adaptor may be employed as the I/F 509.

[0047] The keyboard 510 includes, for example, keys
for inputting letters, numerals, and various instructions
and performs the input of data. Alternatively, a touch-
panel-type input pad or numeric keypad, etc. may be
adopted. The mouse 511 is used to move the cursor,
select aregion, or move and change the size of windows.
A track ball or a joy stick may be adopted provided each
respectively has a function similar to a pointing device.
[0048] The scanner 512 optically reads an image and
takes in theimage data into the estrus notifying apparatus
102, etc. The scanner 512 may have an optical character
reader (OCR) function as well. The printer 513 prints im-
age data and text data. The printer 513 may be, for ex-
ample, a laser printer or an ink jet printer.

[0049] Further, for example, among the components
described above, the estrus notifying apparatus 102 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 230 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 in Communications De-
vice 101)

[0050] An example of information stored in the com-
munications device 101 will be described. As described
above, the communications device 101 stores the meas-
urement result information table 201. For example, the
measurement result information table 201 is implement-
ed by using the memory 302 of the communications de-
vice 101.

<Example of Storage Contents of Measurement Result
Information Table 201>

[0051] FIG. 6 is an explanatory view of an example of
storage contents of the measurement result information
table 201. In FIG. 6, the measurement result information
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table 201 has fields for measurement dates/times and
measurement values. By setting information in these
fields, records of measurement result information 600-1
to 600-6 are stored for respective combinations of meas-
urement dates/times and measurement values in the
measurement result information table 201.

[0052] The measurement date/time indicates date and
time of transmission timing of past measurement result
information. In the case of the first embodiment, by way
of example, the measurement dates/times indicate dates
and times of transmission timings of the measurement
resultinformation of the last six times. The measurement
value indicates a measurement value of the step count
of the livestock animal A at the transmission timing of
past measurement result information. In the case of the
first embodiment, by way of example, the measurement
values indicate measurement values of the step counts
of the livestock animal A at the transmission timings of
the measurement result information of the last six times.
[0053] For example, the communications device 101
stores, as a currentmeasurement value, a value acquired
by accumulating the step count of the livestock animal A
until the current time from a given timing such as timing
of setting the measurement value to "0". Each time the
livestock animal A takes one step, acceleration is mo-
mentarily generated in the communications device 101.
When this acceleration is detected by the sensor 304,
the communications device 101 counts up the current
measurement value by "+1".

[0054] When the transmission timing of the measure-
ment result information arrives based on the time meas-
urement result of the time 305, the communications de-
vice 101 stores the measurement result information cor-
related with the current measurement information at the
measurement date/time corresponding to the transmis-
sion timing. The transmission timing is on the hour, for
example.

[0055] In FIG. 6, the measurement result information
600-1 indicates that the measurement value at the time
pointof"500 on February 20,2012"is"C6 (C6 is a positive
integer)". When the measurement result information is
stored, the communications device 101 transmits the
records of the measurement result information stored in
the measurement result information tables 201 via the
relay device 211 to the estrus notifying apparatus 102.
[0056] Although the communications device 101
stores the measurement result information of the last six
times in the described example, configuration is not lim-
ited hereto. Configuration may be such that the commu-
nications device 101 does not store past measurement
result information. For example, in this case, when the
transmission timing of the measurement result informa-
tion arrives, the communications device 101 may trans-
mit the current measurement value as the measurement
result information and delete the measurement result in-
formation. Such a configuration can reduce a data
amount stored by the communications device 101 in
terms of the storage of the measurement result informa-
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tion.

[0057] Althoughthe communications device 101 trans-
mits the records of the measurement result information
stored in the measurement result information tables 201
in this example, configuration is not limited hereto. For
example, the communications device 101 may transmit
only the current measurement result information, or par-
ticularly, only the measurement result information 600-1
in the example of FIG. 6. Such a configuration can reduce
a data amount stored by the communications device 101
in terms of the transmission of the measurement result
information.

[0058] The communications device 101 may transmit
the current measurement result information and the
measurement result information failed in transmission at
past transmission timing. For example, in this case, when
receiving the measurement result information from the
communications device 101, the relay device 211 trans-
mits successful reception information indicative of recep-
tion of the measurement result information to the com-
munications device 101. If the successful reception in-
formation is not received within a given period after trans-
mission of the measurement result information, the com-
munications device 101 determines that the transmission
of the measurement result information has failed.
[0059] In this case, the communications device 101
correlates and stores information indicative of failure of
transmission with the measurement result information
determined as having failed in transmission. When the
transmission timing of the measurement result informa-
tion subsequently arrives, the communications device
101 transmits the current measurement result informa-
tion and the measurement result information failed in
transmission. Such a configuration can ensure transmis-
sion of the measurement result information to the relay
device 211 while reducing a data amount transmitted by
the communications device 101 in terms of the transmis-
sion of the measurement result information.

(Example of Information Stored by Estrus Notifying Ap-
paratus 102)

[0060] An example of information stored by the estrus
notifying apparatus 102 will be described. As described
above, the estrus notifying apparatus 102 stores the step
count information DB 202 and the herd management DB
203. The various DBs 202 and 203 are implemented by
using a storage unit such as the ROM 502, the RAM 503,
the magnetic disk 505, and the optical disk 507 of the
estrus notifying apparatus 102.

<Example of Storage Contents of Step CountInformation
DB 202>

[0061] FIG. 7 is an explanatory view of an example of
storage contents of the step count information DB 202.
In FIG. 7, the step count information DB 202 is stored for
each communications device ID and has a communica-
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tions device ID for identifying the communications device
101. The step count information DB 202 has fields for
dates, step counts for each time slot, and estrus predictor
flags. By setting information in these fields, records of
step-count information 700-1 to 700-3 are stored for re-
spective combinations of dates, step count histories, and
estrus predictor flags in the step count information DB
202.

[0062] The date indicates a date, for example,
year/month/day, of measurement of the number of steps.
The step count indicates the step count of the livestock
animal A based on the measurement result information.
The field of the step count includes a field for each time
slot such as "0:00-1:00", "1:00-2:00", "2:00-3:00", ...,
"22:00-23:00", and "23:00-24:00", for example. Each of
the time slot fields stores information indicative of the
step count of the livestock animal A during the time slot.
For example, the estrus notifying apparatus 102 stores
a value acquired by subtracting a measurement value at
the starting time, from a measurement value at the ending
time of each of the time slot fields as the step count of
the livestock animal A in the time slot into each of the
time slot fields.

[0063] For example, it is assumed that the estrus no-
tifying apparatus 102 acquires the measurement result
information including information indicating that the
measurement value at "2:00 on February 20, 2012" is
"C2" and that the immediately preceding measurement
value at"1:00 on February 20, 2012"is "C1". In this case,
the estrus notifying apparatus 102 stores "N302 (=C2-
C1)" acquired by subtracting "C1" from "C2" in the step
count field identified by a date of "February 20, 2012"
and a time of "2:00".

[0064] The estrus predictorflagfield stores each estrus
predictor flag as "0" indicative of OFF or "1" indicative of
ON, for example. For example, the estrus notifying ap-
paratus 102 stores "1" in the estrus predictor flag field if
the step countacquired as ameasurementresultis great-
er than or equal to a predetermined threshold value. The
setting of the estrus predictor flag will be described later
with reference to FIG. 18.

[0065] For example, the step count information 700-1
has "N301" stored in the field of "0:00-1:00" and "N302"
stored in the field of "1:00-2:00" as well as "1" stored in
the estrus predictor flag field since "N302" is greater than
or equal to the threshold value, for example. The step
count information is stored in the step count information
DB 202 for a predetermined period such as three months,
for example.

[0066] The step count field may be provided with a re-
lay device ID field storing a relay device ID for identifying
the transmission source relay device 211 when the meas-
urement result information is received from the relay de-
vice 211 at each of the times. For example, when meas-
urement result information is received at "2:00 on Feb-
ruary 20, 2012", the relay device ID of the relay device
211 of the transmission source of the measurementresult
information may be stored in the relay device ID field.
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This enables understanding of a communication area in
which the livestock animals A are located in each time
slot. The step count information DB 202 stores the infor-
mation described above for each communications device
ID.

<Example of Storage Contents of Herd Management DB
203>

[0067] FIG. 8 is anexplanatory diagram of an example
of storage contents of the herd management DB 203. In
FIG. 8, the herd management DB 203 has a herd ID field
and a communications device ID field. By setting infor-
mation in these fields in advance, records of herd infor-
mation 800-1 to 800-1 are stored for respective combi-
nations of herd IDs and communications device IDs in
the herd management DB 203.

[0068] The herd ID indicates information for identifying
each herd. The communications device ID indicates in-
formation for identifying each of the communications de-
vices 101. For example, in FIG. 8, the herd information
800-1 indicates that a herd ID "M1" includes the 90 com-
munications devices 101 of communications device IDs
"G101 to G189".

(Functional Configuration Example of Estrus Notifying
Apparatus 102)

[0069] FIG. 9is ablock diagram of a functional config-
uration example of the estrus notifying apparatus 102. In
FIG. 9, the estrus notifying apparatus 102 includes a first
storage unit 901, an acquiring unit 902, a change detect-
ing unit 903, a determining unit 904, an identifying unit
905, an output unit 906, and a second storage unit 907.
The acquiring unit 902 to the output unit 906 are functions
acting as a control unit and, for example, the functions
are implemented by causing the CPU 501 to execute a
program stored on the magnetic disk 505 depictedin FIG.
5, for example, or by the magnetic disk 505, the I/F 509,
etc. Processing results of the functional units are stored
in the RAM 503, for example.

[0070] The first storage unit 901 has a function of stor-
ing measurement results from the respective communi-
cations devices 101 attached to the multiple livestock
animals A. For example, the first storage unit 901 stores
a measurement result of the step count of each livestock
animal in a livestock animal group for each time slot, ac-
quired by the acquiring unit 902 described later. A time
slot is a period having a temporal width. The first storage
unit 901 corresponds to the step count information DB
202 depicted in FIG. 7, for example.

[0071] The acquiring unit 902 has a function of collect-
ing respective measurement results of the multiple live-
stock animals A at certain intervals. The certain intervals
may be predefined intervals and may correspond to tim-
ing of reception of the measurement result information.
The timing of reception of the measurement result infor-
mation is every hour.
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[0072] The change detecting unit 903 has a function
of detecting a change time slot in which a change rate of
a measurement result relative to an immediately preced-
ing time slot is greater than or equal to a predetermined
value in a predetermined proportion or more of the mul-
tiple livestock animals A. In other words, the change de-
tecting unit 903 detects a change time slot in which the
livestock animals A having a change rate of measure-
ment results relative to an immediately preceding time
slot greater than or equal to a predetermined value ac-
count for a predetermined proportion or more of the mul-
tiple livestock animals A. The predetermined proportion
may arbitrarily be defined as 70 or 80 percent, for exam-
ple, and is 100 percent (all the animals) in this description
for convenience of description.

[0073] The change rate relative to an immediately pre-
ceding time slot is a change rate between the step count
forthe previous time slot and the step count for the current
time slot. The change rate may be represented by a re-
duction percentage indicative of a degree of reduction or
an increase percentage indicative of a degree of in-
crease, for example. A change rate greater than or equal
to a predetermined value is, for example, a value of 50%.
Therefore, for example, the change detecting unit 903
detects atime slotin which the step counts of the livestock
animals A are reduced by 50% or more relative to the
previous time or are increased by 50% or more relative
to the previous time. The step counts of the livestock
animals A may be reduced while eating, for example.
The step counts of the livestock animals A may be in-
creased during an urgent situation such as when a wild
dog appears or thunder occurs. Therefore, the change
time slot is a time slot during eating or during an urgent
situation.

[0074] The determining unit 904 has a function of de-
termining the presence/absence of estrus for each of the
multiple livestock animals A based on multiple step count
measurement results, excluding measurement results
corresponding to the change time slot. For example, the
determining unit 904 determines that estrus has started
if a measurement result of the determination object live-
stock animal A in the current time slot is greater than or
equal to a threshold value. The determining unit 904 de-
termines the presence/absence of estrus, excluding the
measurement results corresponding to a time slot in
which the step counts of the livestock animals A are re-
duced by 50% or more as compared to the previous time
and a time slot in which the numbers of the steps are
increased by 50% or more as compared to the previous
time. In other words, the determining unit 904 does not
make a determination on estrus for a time slot considered
as an eating time and a time slot considered as an urgent
situation.

[0075] The output unit 906 has a function of outputting
identification information of the livestock animal A deter-
mined as being in estrus by the determining unit 904.
The identification information is a communications de-
vice ID, for example.
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[0076] The identifying unit 905 has a function of iden-
tifying an estrus start time on the assumption that an in-
dication of estrus has continued during the change time
slot if the determining unit 904 determines that a livestock
animal is in estrus. For example, if the previous time slot
is a time slot considered as an eating time or an urgent
situation, the identifying unit 905 identifies the previous
time slot as the estrus start time if the determining unit
904 determines that a livestock animal is in estrus in the
current time slot. In other words, although estrus started
in the previous time slot, if the presence/absence of the
estrus cannot be determined due to an eating or urgent
state, the identifying unit 905 identifies the estrus start
time of the livestock animal A on the assumption that the
estrus started in the previous time slot. The estrus start
time is a time of a starting point of each time slot and is,
for example, 1:00 in the case of the time slot of 1:00-2:00.
[0077] The output unit 906 outputs the identification
information of the livestock animal A determined as being
in estrus and the estrus start time identified by the iden-
tifying unit 905.

[0078] The second storage unit 907 has a function of
storing multiple livestock animals A1 to An forming a herd
in a livestock animal group. The change detecting unit
903 refers to the second storage unit 907 to detect a
change time slot in which a change rate of measurement
results relative to an immediately preceding time slot is
greater than or equal to a predetermined value in a pre-
determined proportion or more of multiple livestock ani-
mals belonging to the same herd. In other words, the
change detecting unit 903 detects a change time slot in
which the livestock animals A1 to A in the same herd
having the change rate greater than or equal to the pre-
determined value accountfor a predetermined proportion
or more.

[0079] Forexample, the change detecting unit 903 de-
tects a change time slot in which 80 percent of the live-
stock animals A1 to An in the same herd can be consid-
ered to be eating or in an urgent situation. The livestock
animals A1 to An in the same herd have a similar behav-
ioral pattern and therefore, the detection accuracy of the
change time slot considered as the eating time or urgent
situation can be improved by detecting the change time
slot for the livestock animals A1 to An in the same herd.
[0080] Specific description will be made of a case
where the livestock animal A1 is determined as being in
estrus when a measurementresult of the livestock animal
A1ineach time slotis greater than or equal to the thresh-
old value for two consecutive times.

[0081] The first storage unit 901 stores measurement
results of the step counts of respective livestock animals
in a livestock animal group in first, second, and third con-
secutive time slots as time elapses. For example, the first
storage unit 901 stores the measurement results in the
consecutive time slots of 0:00-1:00 as a first time,
1:00-2:00 as a second time, and 2:00-3:00 as a third time
for each livestock animal A.

[0082] Theacquiring unit902 acquires a measurement
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result of the step count of any livestock animal A in the
livestock animal group for the third time slot. For example,
the acquiring unit 902 acquires a measurement result of
a communications device ID "G101" having a herd 1D
"M1" from 2:00-3:00 as a measurement result of the live-
stock animal A1 that is the determination object at this
time.

[0083] If the measurement result of the step count of
the livestock animal A1 during the third time slot acquired
by the acquiring unit 902 is greater than or equal to the
threshold value, the determining unit 904 determines
whether the measurement result of the step count of the
livestock animal A1 during the second time slot is greater
than or equal to the threshold value. For example, if the
measurement result at this time from 2:00-3:00 is greater
than or equal to the threshold value, the determining unit
904 determines whether the measurement result at the
previous time from 1:00-2:00 is greater than or equal to
the threshold value.

[0084] If the determining unit 904 determines that the
measurement result of the step count of the livestock
animal A1 during the second time slot is less than the
threshold value, the acquiring unit 902 acquires the
measurement results of the step counts of the other live-
stock animals A2 to An different from the livestock animal
A1 in the livestock animal group in the first and second
time slots from the first storage unit 901. For example,
the acquiring unit 902 acquires the measurement results
of the step counts of the livestock animals A2 to An at
the time before the previous time from 0:00-1:00, and at
the previous time from 1:00-2:00.

[0085] The change detecting unit 903 calculates a de-
gree of reduction of the step counts of the other livestock
animals A2 to An from the first time slot to the second
time slot, based on the measurement results of the step
counts of the other livestock animals A2 to An in the first
and second time slots acquired by the acquiring unit 902.
The degree of reduction is a change rate for determining
whether the step counts are reduced due to eating, in
the entire herd including the livestock animal A and is
particularly a value indicative of a level of reduction of
the step count for the second time slot based on the step
count for the first time slot. The degree of reduction can
be represented by a difference or a proportion for each
of the livestock animals A2 to An, for example. The de-
gree of reduction may be an overall average of the live-
stock animals A2 to An or an overall rate of the livestock
animals A2 to An acquired from respective differences
or proportions calculated for the livestock animals A2 to
An.

[0086] In this example, the degree of reduction is a
proportion for each of the livestock animals A2 to An. For
example, assuming that the measurement result is "100
steps" for the first time slot and "25 steps" for the second
time slot, the second time slotis 25% of the first time slot.
In this case, the degree of reduction can be represented
as a reduction percentage of 75%. For example, if 80
percent or more of the livestock animals A2 to An has a
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reduction percentage of 50%, it can be considered that
the livestock animals were eating. In this example, it is
considered that the livestock animals were eating if all
the livestock animals A2 to An have a reduction percent-
age of 50%. The change detecting unit 903 may calculate
an average value of the degrees of reduction of all the
livestock animals A2 to An to use this average value as
the degree of reduction.

[0087] If the degree of reduction calculated by the
change detecting unit 903 is greater than or equal to a
predetermined value, the determining unit 904 deter-
mines that the livestock animal A is in estrus. The iden-
tifying unit 905 identifies a time of the starting point of the
second time slot as the estrus start time of the livestock
animal A1. If the determining unit 904 determines that
the livestock animal A is in estrus, the output unit 906
outputs the identification information of the livestock an-
imal A and the estrus start time.

[0088] A degree of reduction greater than or equal to
the predetermined value means that the reduction per-
centage is greater than or equal to 50%, for example. If
the reduction percentage is greater than or equal to 50%,
the determining unit 904 determines that the herd includ-
ing the livestock animal A1 is eating during the second
time slot. If the reduction percentage is less than 50%,
the determining unit 904 considers that the herd including
the livestock animal A1 is not eating during the second
time slot and therefore, determines that the livestock an-
imal A1 is not in estrus. In this case, the output unit 906
does not output the identification information of the live-
stock animal A1.

[0089] If the determining unit 904 determines that the
measurement result of the step count of the livestock
animal A1 during the second time slot is greater than or
equal to the threshold value, i.e., if 1:00-2:00 is not eating
time and the measurement results are continuously
greater than or equal to the threshold value from
1:00-2:00 and 2:00-3:00, the output unit 906 outputs the
identification information of the livestock animal A1. In
this case, the identifying unit 905 identifies 1:00 as the
estrus start time since the estrus of the livestock animal
A1 starts between 1:00 and 2:00.

[0090] As a result, when a measurement result of the
livestock animal A1 at this time is greater than or equal
to the threshold value and a measurement result at the
previous time is less than the threshold value, if it is con-
sidered that the livestock animal A1 was eating from the
measurement results of the other livestock animals A2
to An at the previous time, the estrus of the livestock
animal A1 can be considered as having started in the
previous time slot. Therefore, a period of estrus of the
livestock animal A1, or particularly, a staring period of
the estrus can accurately be detected. To correctly detect
the estrus start timing, for example, the time slots of the
measurement results stored in the first storage unit 901
may be defined as time slots having a temporal width
shorter than one hour, such as 45 minutes and 30 min-
utes.
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[0091] A DB may be stored that correlates the commu-
nications device IDs of the livestock animals A with an
address of the client device 230 of a worker and, if estrus
of a livestock animal A is detected, the output unit 906
may output information indicative of the estrus of the live-
stock animal A to the corresponding address. As a result,
the worker managing the livestock animal A can be no-
tified of the estrus of the livestock animal A.

[0092] Description will be made of the case that the
livestock animal A1 is determined as being in estrus when
a measurement result of the livestock animal A1 in each
time slot is greater than or equal to the threshold value
for three consecutive times.

[0093] If the measurement result of the step count of
the livestock animal A1 during the third time slot is greater
than or equal to the threshold value, the determining unit
904 determines whether the measurement result of the
step count of the livestock animal A1 during the second
time slot is less than the threshold value while the meas-
urement result of the step count of the livestock animal
A1 during the first time slot is greater than or equal to the
threshold value. In other words, if the measurementresult
at this time is greater than or equal to the threshold value,
the determining unit 904 determines whether the meas-
urementresult atthe previous time is less than the thresh-
old value while the measurementresult at the time before
the previous time is greater than or equal to the threshold
value.

[0094] If the measurement result of the step count of
the livestock animal A1 for the second time slot is less
than the threshold value while the measurement result
of the step count of the livestock animal A1 for the first
time slot is greater than or equal to the threshold value,
the acquiring unit 902 acquires the measurement results
of the step counts of the other livestock animals A2 to An
in the first and second time slots from the first storage
unit 901. In other words, if the measurement result of A1
at this time is greater than or equal to the threshold value
and the measurement result at the previous time is less
than the threshold value while the measurement result
at the time before the previous time is greater than or
equal to the threshold value, the acquiring unit 902 ac-
quires the measurement results of the step counts of the
other livestock animals A2 to An in the first and second
time slots.

[0095] The change detecting unit 903 calculates a de-
gree of reduction of the step counts of the other livestock
animals A2 to An as described above. If the degree of
reduction calculated by the change detecting unit 903 is
greater than or equal to the predetermined value, the
determining unit 904 determines that the livestock animal
A1 is in estrus.

[0096] As a result, when the measurement results of
the livestock animal A1 at this time and the time before
the previous time are greater than or equal to the thresh-
old value and the measurement result at the previous
time is less than the threshold value, it can be considered
that this is due to eating, i.e., that the measurement re-
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sults are greater than or equal to the threshold value for
three consecutive times. Therefore, it can be considered
that the estrus started from the time before the previous
time. As a result the starting period of estrus of the live-
stock animal A1 can correctly be detected.

[0097] Description will be made of the case of giving
consideration to the fact that the step count of the live-
stock animal A increases in an urgent state such as when
another animal like a wild dog appears. First, description
will be made of the case that the livestock animal A1 is
determined as being in estrus when a measurement re-
sult of the livestock animal A1 becomes greater than or
equal to the threshold value only once.

[0098] If the measurement result of the step count of
the livestock animal A1 for the third time slot is greater
than or equal to the threshold value, the acquiring unit
902 acquires the measurement results of the step counts
of the other livestock animals A2 to Anin the second and
third time slots from the first storage unit 901. The change
detecting unit 903 calculates a degree of increase of the
step counts of the other livestock animals A2 to An from
the second time slot to the third time slot based on the
measurement results of the step counts of the other live-
stock animals A2 to An in the second and third time slots
acquired by the acquiring unit 902.

[0099] The degree of increase is a change rate for de-
termining whether the step counts are increased due to
an urgent state in the entire herd including the livestock
animal A and is particularly a value indicative of a level
of increase of the step count for the third time slot based
on the step count for the second time slot. The degree
of increase can be represented by a difference or a pro-
portion for each of the livestock animals A2 to An, for
example. The degree of increase may be an overall av-
erage of the livestock animals A2 to An or an overall rate
ofthe livestock animals A2 to An acquired from respective
differences or proportions calculated for the livestock an-
imals A2 to An.

[0100] Inthis example, the degree of increase is a pro-
portion for each of the livestock animals A2 to An. For
example, assuming that the measurement result is "100
steps" for the second time slot and "150 steps" for the
third time slot, the second time slot is 150% of the first
time slot. In this case, the degree of reduction can be
represented as an increase percentage of 50%. For ex-
ample, if 80 percent or more of the livestock animals A2
to An has an increase percentage of 50%, it can be con-
sidered that the livestock animals were in an urgent state.
In this example, itis considered that the livestock animals
were in an urgent state if all the livestock animals A2 to
An have an increase percentage of 50%. The change
detecting unit 903 may calculate an average value of the
degrees of increase/reduction of all the livestock animals
A2 to An to use this average value as the degree of re-
duction.

[0101] If the degree of increase calculated by the
change detecting unit 903 is less than a predetermined
value, the determining unit 904 determines that the live-
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stock animal A is in estrus. The degree of reduction less
than a predetermined value means that the increase per-
centage is less than 50%, for example. If the increase
percentage is less than 50%, the determining unit 904
considers that the herd including the livestock animal A1
is not in an urgent state during the third time slot and
therefore, determines that the livestock animal A1 is sim-
ply not in estrus. If the increase percentage is greater
than or equal to 50%, the determining unit 904 considers
that the herd including the livestock animal A1 is in an
urgent state and therefore determines that the livestock
animal A1 is not in estrus.

[0102] As a result, even when a measurement result
of the livestock animal A1 at this time is greater than or
equal to the threshold value, if it is considered that the
livestock animal A1 is in an urgent state from the meas-
urement results of the other livestock animals A2 to An
at this time, the livestock animal A1 can be considered
as notin estrus. Therefore, a false report can be prevent-
ed.

[0103] Description will be made of the case that the
livestock animal A1 is determined as being in estrus when
a measurement result of the livestock animal A1 in each
time slot is greater than or equal to the threshold value
for three consecutive times with consideration given to
whether the livestock animal A1 is in an urgent state. The
same description applies to the case that the livestock
animal A1 is determined as being in estrus when a meas-
urement result of the livestock animal A1 in each time
slot is greater than or equal to the threshold value for two
consecutive times with consideration given to whether
the livestock animal A1 is in an urgent state.

[0104] If the measurement result of the step count of
the livestock animal A1 for the third time slot acquired by
the acquiring unit 902 is greater than or equal to the
threshold value, the determining unit 904 determines
whether the measurement result of the step count of the
livestock animal A1 for the first and second time slots is
greater than or equal to the threshold value. In other
words, the determining unit 904 determines whether the
measurement result of the livestock animal A1 is greater
than or equal to the threshold value for three consecutive
times.

[0105] If the determining unit 904 determines that the
measurement result of the step count of the livestock
animal A1 for the first and second time slots is greater
than or equal to the threshold value, i.e., that the meas-
urement result is greater than or equal to the threshold
value for three consecutive times, the acquiring unit 902
acquires the measurement results of the step counts of
the other livestock animals A2 to An in the second and
third time slots from the first storage unit 901.

[0106] The change detecting unit 903 calculates a de-
gree of increase of the step counts of the other livestock
animals A2 to An from the second time slot to the third
time slot. If the degree of increase calculated by the
change detecting unit 903 is less than the predetermined
value, the determining unit 904 determines that the live-
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stock animal A1 is in estrus. If the livestock animal A1 is
not in an urgent state, the output unit 906 outputs the
identification information of the livestock animal A1 on
the assumption that the estrus of the livestock animal A1
started at the first time.

[0107] If the degree of increase calculated by the
change detecting unit 903 is greater than or equal to the
predetermined value, it can be considered that the live-
stock animal A1 was in an urgent state. If the degree of
increase becomes greater than or equal to the predeter-
mined value next time, the determining unit 904 deter-
mines that the livestock animal A1 is in estrus. The iden-
tifying unit 905 identifies the estrus start time on the as-
sumptionthatthe estrus of the livestock animal A1 started
at the first time. The output unit 906 outputs the identifi-
cation information of the livestock animal A and the estrus
start time.

[0108] As a result, even if the measurement result of
the livestock animal A1 is greater than or equal to the
threshold value for three consecutive times, the meas-
urement result at the third time can be considered as an
urgent state. Therefore, even if the measurement result
of the livestock animal A1 is greater than or equal to the
threshold value for three consecutive times, it can be
considered that the livestock animal A1 is not in estrus
in the case of the urgent state, and a false report can be
prevented.

[0109] If the measurement result of the livestock ani-
mal A1 at the fourth time is greater than or equal to the
threshold value, it can be considered that the livestock
animal A1 is in estrus and the identification information
of the livestock animal A1 can be output on the assump-
tion that the estrus have started during the first time slot
corresponding to the first time. As a result, a staring pe-
riod of the estrus can accurately be detected while afalse
report is prevented.

[0110] The acquisition of the measurement results of
the step counts of the other livestock animals A2 to An
by the acquiring unit 902 will be described. The second
storage unit 907 has a function of storing the multiple
livestock animals A1 to An forming a herd in a livestock
animal group. For example, the second storage unit 907
stores the herd management DB 203 depicted in FIG. 8.
The change detecting unit 903 has a function of referring
to the second storage unit 907 to extract the other live-
stock animals A2 to An forming a herd with the livestock
animal A1. The acquiring unit 902 acquires the measure-
ment results of the step counts of the other livestock an-
imals A2 to An extracted by the change detecting unit
903. The acquiring unit 902 can acquire the measure-
ment results of the step counts of the other livestock an-
imals A2 to An in this way.

[0111] The herds may not be stored in advance in the
second storage unit 907 as the herd information 800-1
and, for example, multiple livestock animals A located in
each communication area of the relay device 211 can be
set as a herd. For example, if two communication areas
are closely present and one herd is located across two
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communication areas, a herd may not be set.

[0112] In this case, herds may be set when livestock
animals are located in communication areas separated
from each other such that one herd is not located across
two communication areas. For a livestock animal A set
as afirst animal presentin a communication area without
setting of a herd, a new herd may be set if a herd of the
other livestock animals A is not setin the same area while
no other communication area is located closer such that
a herd is present across the communication areas.

(Example of Screen Displayed on Client Device 230)

[0113] An example of a screen displayed on the client
device 230 will be described.

[0114] FIG. 10is an explanatory diagram of an exam-
ple of a screen displayed on the client device 230. In FIG.
10, the display 508 displays notification information 1001
and a current time 1002. The notification information
1001 is displayed as a communications device ID that is
information identifying the livestock animal A in estrus
and an estrus starting time slot "13:00-14:00".

[0115] The current time 1002 indicates 16:00 and a
temporal difference from the start time of the estrus is up
to three hours. In particular, if the estrus started at 13:00,
the temporal difference is maximized to three hours and,
if the estrus started at 14:00, the temporal difference is
minimized to two hours. Such a display screen can make
a notification of a start timing of estrus if estrus of the
livestock animal A started while suppressing a temporal
difference from the start time of the estrus. Therefore,
probability of impregnation can be improved and sex-
choice birth can effectively be achieved. Although the
notification information 1001 is displayed as the estrus
starting time slot "13:00-14:00", this is not a limitation
and, for example, "estrus starting time: 13:30" may be
displayed as a midpoint of the temporal width.

(Example of Estrus Determination)

[0116] An example of estrus determination will be de-
scribed with reference to FIGs. 11 to 14. FIG. 11 is an
explanatory diagram of an example (part one) of the es-
trus determination. In FIG. 11, an explanatory diagram
1100 has a horizontal axis indicative of time and a vertical
axis indicative of the step count acquired as a measure-
ment result to represent a relationship between a time
slot and the step count of a determination object livestock
animal A1 belonging to a certain herd. A predetermined
threshold value is set for the step count. A time of acqui-
sition of information of the step count for each time slot
by the estrus notifying apparatus 102 is an ending time
of the time slot and, for example, a time of acquisition of
information of the step count for the time slot from
4:00-5:00 is 5:00. It is basically determined that the de-
termination objet livestock animal A1 is in estrus if the
step count for each time slot is greater than or equal to
the threshold value for three consecutive times.
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[0117] In an example depicted in the explanatory dia-
gram 1100, when the step countis reduced due to eating,
if the step counts in the time slots before and after the
eating are greater than or equal to the threshold value,
it is determined that the livestock animal A1 is in estrus.
The explanatory diagram 1100 represents a relationship
between a time slot and the step count of the livestock
animal A1 belonging to a certain herd and the step count
from 4:00-5:00 is greater than or equal to the threshold
value. The step count from 5:00-6:00 is less than the
threshold value. The step count from 6:00-7:00 is greater
than or equal to the threshold value.

[0118] Itis assumed that the step countfrom 6:00-7:00
is the current measurement result. Since the step count
from 4:00-5:00 is greater than or equal to the threshold
value, the measurement result from 5:00-6:00 may rep-
resentthatthe step countis reduced due to eating. There-
fore, the estrus notifying apparatus 102 calculates a de-
gree of reduction of the step count from 5:00-6:00 for the
other livestock animals A2 to An in the same herd. The
degree of reduction of the step count from 5:00-6:00 is
a value indicative of a level of reduction of the step count
from 5:00-6:00 based on the step count from 4:00-5:00.
If the degree of reduction is greater than or equal to the
predetermined value, i.e., if the step counts of the other
livestock animals A2 to An are reduced, the estrus noti-
fying apparatus 102 determines that the livestock ani-
mals are eating in the time slot from 5:00-6:00.

[0119] The estrus notifying apparatus 102 determines
that the step count from 5:00-6:00 during eating indicates
the estrus of the determination object livestock animal
A1 since the step counts in the time slots before and after
the eating are greater than or equal to the threshold value.
The estrus notifying apparatus 102 outputs at 7:00 the
information indicating that the estrus of the livestock an-
imal A started between 4:00 and 5:00. If the degree of
reduction is less than the predetermined value, i.e., if the
step counts of the other livestock animals A2 to An are
not reduced, the estrus notifying apparatus 102 deter-
mines that the livestock animal A1 is not in estrus.
[0120] The case of determination of estrus without con-
sidering the eating will additionally be described. It is as-
sumed that since the step count from 5:00-6:00 is less
than the threshold value, the continuity of the time slots
having the step counts greater than or equalto the thresh-
old value is reset, for example. In other words, it is as-
sumed that whether the step count is greater than or
equal to the threshold value for three consecutive time
slots is subsequently determined by using a time slot
from 6:00-7:00 as a starting point in terms of continuity.
In this case, the information indicative of the estrus of the
livestock animal A1 starting between 6:00 and 7:00 is
output at 9:00 after two time slots. Therefore, the start
time of estrus is detected as a time delayed by two hours
and the time of notification is delayed by one hour.
[0121] In the determination example depicted in the
explanatory diagram 1100, if the step count are greater
than or equal to the threshold value in the time slots be-

10

15

20

25

30

35

40

45

50

55

13

fore and after the eating, it is determined that the estrus
of the livestock animal A1 started during the time slot in
which the step count became greater than or equal to
the threshold value for the first time. As a result, the start
timing of estrus can correctly be detected and can be
reported at an earlier time with a temporal difference from
the estrus start timing suppressed. Therefore, probability
of impregnation can be improved and sex-choice birth
can effectively be achieved.

[0122] Interms of further improvement in correctness,
the livestock animal A1 may be determined as being in
estrus if the step count is greater than or equal to the
threshold value in the time slot from 7:00-8:00 next to the
time slot from 6:00-7:00. In other words, the livestock
animal A1 may be determined as being in estrus if the
step countis greater than or equal to the threshold value
for three consecutive times except eating.

[0123] Althoughitis determined that the determination
object livestock animal A1 is in estrus if the step count
for each time slot is greater than or equal to the threshold
value for three consecutive times in this example, it may
be determined that the determination object livestock an-
imal A1 is in estrus if the step count for each time slot is
greater than or equal to the threshold value for two con-
secutive times. In this case, when the current number of
steps is greater than or equal to the threshold value, if it
is determined that the livestock animal was eating in the
previous time slot, the livestock animal A1 may be deter-
mined as being in estrus.

[0124] FIG. 12is an explanatory diagram of an exam-
ple (part two) of the estrus determination. In FIG. 12, an
explanatory diagram 1200 represents another example
of determining that the livestock animal A1 is in estrus if
the step count is reduced due to eating while the step
counts in the time slots before and after the eating are
greater than or equal to the threshold value. In the ex-
planatory diagram 1200, the step counts from 4:00-5:00,
from 5:00-6:00, and from 7:00-8:00 are greater than or
equal to the threshold value. The step count from
6:00-7:00 is less than the threshold value.

[0125] Itis assumed that the step count from 7:00-8:00
is the current measurement result. Since the step count
acquired three times before from 4:00-5:00 and the step
count acquired two times before from 5:00-6:00 are
greater than or equal to the threshold value, the meas-
urement result at the previous time from 6:00-7:00 may
represent that the step count is reduced due to eating
although the livestock animal A1 is already in estrus be-
tween 6:00 and 7:00. Therefore, the estrus notifying ap-
paratus 102 calculates a degree of reduction of the step
count from 6:00-7:00 for the other livestock animals A2
to Anin the same herd. If the degree of reduction is great-
er than or equal to the predetermined value, i.e., if the
step counts of the other livestock animals A2 to An are
reduced, the estrus notifying apparatus 102 determines
that the livestock animals were eating in the time slot
from 6:00-7:00.

[0126] The estrus notifying apparatus 102 determines
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that the determination object livestock animal A1 is in
estrus since the step counts in the time slots before and
after the eating are greater than or equal to the threshold
value. The estrus notifying apparatus 102 outputs at 8:00
the information indicating that the estrus of the livestock
animal A started between 4:00 and 5:00. If the degree of
reduction is less than the predetermined value from
6:00-7:00, i.e., if the step counts of the other livestock
animals A2 to An are not reduced, the estrus notifying
apparatus 102 determines that the livestock animal A1
is not in estrus.

[0127] The case of determination of estrus without con-
sidering the eating will additionally be described. It is as-
sumed that since the step count from 6:00-7:00 is less
than the threshold value, the continuity of the time slots
having the step counts greater than or equal to the thresh-
old value is reset, for example. In other words, it is as-
sumed that the time slot from 7:00-8:00 is used as a start-
ing point in terms of continuity to determine that the step
count is greater than or equal to the threshold value for
three consecutive time slots including the subsequent
time slots, i.e., the time slots from 8:00-9:00 and from
9:00-10:00. In this case, the information indicative of the
estrus of the livestock animal A1 starting between 7:00
and 8:00 is output at 10:00. Therefore, the start time of
estrus is detected as a time delayed by three hours and
the time of notification is delayed by two hour.

[0128] FIG. 13 is an explanatory diagram of an exam-
ple (part three) of the estrus determination. In FIG. 13,
an explanatory diagram 1300 represents an example of
determining that the livestock animal A1 is in estrus if the
step count is greater than or equal to the threshold value
for two consecutive times while the step count is reduced
due to eating in the time slot before the step count be-
comes greater than or equal to the threshold value. In
the explanatory diagram 1300, the step counts from
5:00-6:00 and from 6:00-7:00 are greater than or equal
to the threshold value.

[0129] Itis assumed that the step countfrom 6:00-7:00
is the current measurement result. Since the step count
at the previous time from 5:00-6:00 is greater than or
equal to the threshold value, the measurement result at
the time before the previous time from 4:00-5:00 may
represent that the step count is reduced due to eating
although the livestock animal A1 is already in estrus be-
tween 4:00-5:00. Therefore, the estrus notifying appara-
tus 102 calculates a degree of reduction of the step count
from 4:00-5:00 for the other livestock animals A2 to An
in the same herd. If the degree of reduction is greater
than or equal to the predetermined value, i.e., if the step
counts of the other livestock animals A2 to An are re-
duced, the estrus notifying apparatus 102 determines
that the livestock animals were eating in the time slot
from 4:00-5:00.

[0130] The estrus notifying apparatus 102 determines
that the livestock animal A1 is in estrus even though the
step count is greater than or equal to the threshold value
for two consecutive times rather than three consecutive
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times, since the step counts is reduced due to eating in
the time slot before the step count becomes greater than
or equal to the threshold value.

[0131] FIG. 14 is an explanatory diagram of an exam-
ple (part four) of the estrus determination. In FIG. 14, an
explanatory diagram 1400 represents an example of re-
fraining from determining a livestock animal as being in
estrus during an urgent situation even if the step count
is greater than or equal to the threshold value for three
consecutive times. In the explanatory diagram 1400, the
step counts from 4:00-5:00, from 5:00-6:00, and from
6:00-7:00 are greater than or equal to the threshold value.
Therefore, the step count of the livestock animals A1 for
each time slot is greater than or equal to the threshold
value for three consecutive times.

[0132] Inthe explanatory diagram 1400, with regard to
the step count from 6:00-7:00 greater than or equal to
the threshold value, consideration is given to whether the
livestock animal is in an urgent state due to appearance
of another animal such as a wild dog. For example, the
estrus notifying apparatus 102 calculates a degree of in-
crease of the step count from 6:00-7:00 for the other live-
stock animals A2 to An in the same herd. If the degree
of increase is greater than or equal to the predetermined
value, i.e., ifthe step counts of the other livestock animals
A2 to An are increased, the estrus notifying apparatus
102 determines thatthe livestock animals are in an urgent
state from 6:00-7:00.

[0133] If the step count for the next time slot from
7:00-8:00 is less than the threshold value, the estrus no-
tifying apparatus 102 determines that the livestock ani-
mal A1 is not in estrus. On the other hand, if the step
count for the next time slot from 7:00-8:00 is greater than
or equal to the threshold value, the estrus notifying ap-
paratus 102 determines that the livestock animal A1 is
in estrus. For example, the estrus notifying apparatus
102 does not count the time slot from 6:00-7:00 in an
urgent state in terms of the consecutive number of times
and considers that the step count is greater than or equal
to the threshold value for three consecutive times in three
time slots from 4:00-5:00, from 5:00-6:00, and from
7:00-8:00, determining that the livestock animal A1 is in
estrus.

[0134] A degree of increase in a time slot after
7:00-8:00 may also be calculated for the other livestock
animals A2 to An to determine estrus in consideration of
the degree of increase. In particular, if the step count is
greater than or equal to the threshold value in a time slot
after 7:00-8:00 and the degree of increase is greater than
or equal to the predetermined value, the determination
of estrus may be shifted to a subsequent time in each
case.

[0135] If it is determined that the livestock animal A1
is in estrus, the estrus notifying apparatus 102 outputs
at 8:00 the information indicating that the estrus of the
livestock animal A1 started between 4:00 and 5:00. If the
degree of increase in the time slot from 6:00-7:00 is less
than the predetermined value, i.e., if the step counts of
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the other livestock animals A2 to An are not increased,
the estrus notifying apparatus 102 determines that the
livestock animal A1 is not in an urgent state from
6:00-7:00 and determines that the livestock animal A1 is
in estrus. For example, the estrus notifying apparatus
102 outputs at 7:00 the information indicating that the
estrus of the livestock animal A1 started between 4:00
and 5:00.

[0136] In the determination example depicted in the
explanatory diagram 1400, false detection can be pre-
vented when estrus of the livestock animal A1 is detected.
Therefore, unnecessary work of a worker going to a pas-
ture area due to false detection can be reduced. In the
explanatory diagram 1400, when the step count of the
livestock animal A1 is greater than or equal to the thresh-
old value for three consecutive times, only the degree of
increase at the third time is taken into consideration, or
particularly, the degree of increase is taken into consid-
eration only when it is determined whether the livestock
animal is in estrus. This is because a frequency of the
urgent state is smaller than eating and the degree of in-
crease is intended to be taken into consideration at least
when determination of estrus is made. A degree of in-
crease may be taken into consideration also at the first
and second times.

(Communication Process Procedure of Relay Device
211)

[0137] A communication process procedure of the re-
lay device 211 will be described. FIG. 15 is a flowchart
of an example of the communication process procedure
of the relay device 211. In the flowchart of FIG. 15, the
relay device 211 determines whether measurement re-
sult information and a communications device ID have
beenreceived from the communications device 101 (step
S1501). The measurement result information and the
communications device ID are transmitted from the com-
munications device 101 at intervals of one hour, for ex-
ample.

[0138] The relay device 211 waits until measurement
result information and a communications device ID have
been received (step S1501: NO). When measurement
result information and a communications device ID have
been received (step S1501: YES), the relay device 211
transmits the received measurement result information
and the communications device ID to the estrus notifying
apparatus 102 (step S1502) and terminates a series of
operations of this flowchart.

[0139] As described above, if the measurement result
information and the communications device ID are re-
ceived, the relay device 211 can transmit these records
of information to the estrus notifying apparatus 102.

(Estrus Notifying Process Procedure of Estrus Notifying
Apparatus 102)

[0140] An estrus notifying process procedure of the es-
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trus notifying apparatus 102 will be described. FIG. 16 is
aflowchart (partone) of an example of the estrus notifying
process procedure of the estrus notifying apparatus 102.
In the flowchart of FIG. 16, the estrus notifying apparatus
102 first determines whether measurement result infor-
mation and a communications device ID of a communi-
cations device 101 have been received from the relay
device 211 (step S1601). The estrus notifying apparatus
102 waits until the measurement result information and
the communications device ID have been received (step
S1601: NO). The measurement result information and
the communications device ID are transmitted from the
relay device 211 at intervals of one hour, for example.
[0141] When the measurement result information and
the communications device ID have been received (step
S1601: YES), the estrus notifying apparatus 102 stores
the measurement result information and the communi-
cations device ID into the step count information DB 202
(see FIG. 7) (step S1602). The estrus notifying apparatus
102 sets "1" as "i" indicative of a value of "1 to I" of the
herd IDs "M1" to "M1" (step S1603). The estrus notifying
apparatus 102 selects herd information 800-i of a herd
ID "Mi" (step S1604). The herd information 800-i includes
a herd ID and communications device IDs. The estrus
notifying apparatus 102 selects a communications de-
vice ID from the herd information 800-i of the herd ID "Mi"
(step S1605).

[0142] The estrus notifying apparatus 102 acquires
from the step count information DB 202, the measure-
ment result information that is the step count information
700 corresponding to the communications device ID (see
FIG. 7) (step S1606). The estrus notifying apparatus 102
executes an estrus determining process (step S1607).
Details of the estrus determining process will be de-
scribed later with reference to FIGs. 17 and 18. The es-
trus notifying apparatus 102 determines whether an un-
selected communications device ID is present (step
S1608). If an unselected communications device ID ex-
ists (step S1608: YES), the estrus notifying apparatus
102 transitions to the operation at step S1605. If an un-
selected communications device ID does not exist (step
S1608: NO), the estrus notifying apparatus 102 adds "1"
to "i" (step S1609).

[0143] The estrus notifying apparatus 102 determines
if "i" is greater than "I" (step S1610). If "i" is equal to or
less than "I" (step S1610: NO), the estrus notifying ap-
paratus 102 transitions to the operation at step S1604.
If "i" is greater than "I" (step S1610: YES), the estrus
notifying apparatus 102 terminates a series of operations
of this flowchart. As a result, the estrus notifying appa-
ratus 102 can define the communications device IDs as
the object of the estrus determination.

[0144] The estrus determining process procedure de-
picted at step S1607 of FIG. 16 will be described with
reference to FIG. 17. FIG. 17 is a flowchart (part one) of
an example of the estrus determining process procedure
of the estrus notifying apparatus 102. In the flowchart of
FIG. 17, the estrus notifying apparatus 102 refers to the
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step count information DB 202 to determine whether the
estrus predictor flag is "1" indicative of ON (step S1701).
The estrus predictor flag is a flag set to "1" when an in-
dication of estrusis presentandis setto "1" atstep S1713
and step S1804 of FIG. 18 as described later in detail.
[0145] If the estrus predictor flag is "0" (step S1701:
NO), the estrus notifying apparatus 102 determines if the
current measurement value is greater than or equal to
the threshold value (step S1702). If the current measure-
ment value is less than the threshold value (step S1702:
NO), the estrus notifying apparatus 102 terminates a se-
ries of operations of this flowchart. If the current meas-
urement value is greater than or equal to the threshold
value (step S1702: YES), the estrus notifying apparatus
102 determines if the measurement value is greater than
or equal to the threshold value for two consecutive times
(step S1703).

[0146] If the measurement value is not greater than or
equal to the threshold value for two consecutive times
(step S1703: NO), i.e., if the measurement value be-
comes greater than or equal to the threshold value for
the first time, the estrus notifying apparatus 102 transi-
tions to the operation at step S1801 of FIG. 18. If the
measurementvalue is greater than or equal to the thresh-
old value for two consecutive times (step S1703: YES),
the estrus notifying apparatus 102 determines whether
the measurement value is greater than or equal to the
threshold value for three consecutive times (step S1704).
If the measurement value is not greater than or equal to
the threshold value for three consecutive times (step
S1704: NO), i.e., if the measurement value is greater
than or equal to the threshold value for two consecutive
times, the estrus notifying apparatus 102 transitions to
the operation at step S1801 of FIG. 18.

[0147] If the measurement value is greater than or
equal to the threshold value for three consecutive times
(step S1704: YES), the estrus notifying apparatus 102
acquires from the step count information DB 202, the
measurement results of the other livestock animals A in
the same herd (see FIG. 7) to calculate a degree of in-
crease of the other livestock animals A in the same herd
(step S1705). The degree of increase is a value indicative
of anincrease in the step counts of the livestock animals
A'in the entire herd during an urgent situation and is par-
ticularly a value indicative of a level of increase in the
step counts of the other livestock animals A from the pre-
vious time slot to the currenttime slot. The estrus notifying
apparatus 102 determines whether the calculated de-
gree of increase is less than a predetermined value
(step S1706).

[0148] Ifthedegreeofincreaseis greaterthan orequal
to the predetermined value B (step S1706: NO), i.e., in
the case of an urgent state increasing the step counts of
the other livestock animals A, the estrus notifying appa-
ratus 102 sets the estrus predictorflagto"1" (step S1713)
and terminates a series of operations of this flowchart.
For example, the estrus predictor flag is set to "1" in the
determination for the time slot from 6:00-7:00 depicted
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in FIG. 14. If the degree of increase is less than the pre-
determined value B (step S1706: YES), i.e., if the step
counts of the other livestock animals A are notincreased,
the estrus notifying apparatus 102 determines that the
estrus started three time slots before (step S1707). The
determination of the start of estrus leading to step S1707
corresponds to the estrus determination depicted in FIG.
14.

[0149] The estrus notifying apparatus 102 transmits
the communications device ID and information of the es-
trus starting time slot to the client device 230 (step S1708)
and terminates a series of operations of this flowchart.
At step S1701, if the estrus predictor flag is "1" at step
S1701 (step S1701: YES), the estrus notifying apparatus
102 determines whether the current measurement value
is greater than or equal to the threshold value (step
S1709). If the current measurement value is less than
the threshold value (step S1709: NO), the estrus notifying
apparatus 102 sets the estrus predictor flag to "0" (step
S1711) and terminates a series of operations of this flow-
chart.

[0150] Ifthe currentmeasurementvalueis greaterthan
or equal to the threshold value (step S1709: YES), the
estrus notifying apparatus 102 determines a time slot in
which the estrus started (step S1710). For example, if
the timing of setting the estrus flag to "1" is step S1713,
it is determined that the estrus started four time slots
before and, if the timing is step S1804 of FIG. 18, it is
determined that the estrus started two time slots before.
[0151] The determination of the estrus having started
four time slots before corresponds to the estrus determi-
nation depicted in FIG. 14. The determination of the es-
trus having started two time slots before corresponds to
the estrus determination depicted in FIG. 13. When the
estrus flag is set to "1", the timing of the setting may also
be stored or a different flag may be setin each case. The
estrus notifying apparatus 102 sets the estrus predictor
flag to "0" (step S1712) and transitions to step S1708.
[0152] FIG. 18 is a flowchart (part two) of an example
of the estrus determining process procedure of the estrus
notifying apparatus 102. In the flowchart of FIG. 18, the
estrus notifying apparatus 102 acquires from the step
count information DB 202, the measurement results of
the other livestock animals A in the same herd (see FIG.
7) to calculate a degree of reduction of the other livestock
animals A in the same herd (step S1801). The degree of
reduction is a value indicative of a reduction in the step
counts of the livestock animals A in the entire herd due
to eating and is particularly a value indicative of a level
of reduction in the step counts from the time slot before
the previous time slot to the previous time slot. The estrus
notifying apparatus 102 determines if the calculated de-
gree of reduction is greater than or equal to a predeter-
mined value o (step S1802). Therefore, at step S1802,
the estrus notifying apparatus 102 determines whether,
in the previous time slot, the livestock animals are eating.
[0153] If the degree of reduction is less than the pre-
determined value o (step S1802: NO), i.e., if the livestock
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animals are not eating in the previous time slot, the estrus
notifying apparatus 102 terminates a series of operations
of this flowchart. If the degree of reduction is greater than
orequal to the predetermined value o (step S1802: YES),
the estrus notifying apparatus 102 determines if the step
count is greater than or equal to the threshold value in
the time slot before the previous time slot (step S1803).
[0154] If the step count is not greater than or equal to
the threshold value in the time slot before the previous
time slot (step S1803: NO), the estrus notifying apparatus
102 sets the estrus predictor flag to "1" (step S1804) and
terminates a series of operations of this flowchart. For
example, the estrus flag is set to "1" in the determination
for the time slot from 5:00-6:00 depicted in FIG. 13. If the
step count is greater than or equal to the threshold value
in the time slot before the previous time slot (step S1803:
YES), the estrus notifying apparatus 102 determines if
the step count is greater than or equal to the threshold
value in the time slot before the two previous time slots
(step S1805).

[0155] If the step count is not greater than or equal to
the threshold value in the time slot before the two previ-
ous time slots (step S1805: NO), the estrus notifying ap-
paratus 102 determines that the estrus started two time
slots before (step S1806) and transitions to the operation
at step S1708 of FIG. 17. The determination of the start
of estrus leading to step S1806 corresponds to the estrus
determination depicted in FIG. 11.

[0156] If the step count is greater than or equal to the
threshold value in the time slot before the two previous
time slots (step S1803: YES), the estrus notifying appa-
ratus 102 determines that the estrus started three time
slots before (step S1807) and transitions to the operation
at step S1708 of FIG. 17. The determination of the start
of estrus leading to step S1807 corresponds to the estrus
determination depicted in FIG. 12.

[0157] The estrus determining process depicted in
FIGs. 17 and 18 enables the detection of the estrus of
the livestock animal A with consideration given to eating
and can improve the detection accuracy of the livestock
animal A. For example, the estrus determining process
can preventthe probability ofimpregnation from decreas-
ing due to determining that the estrus start timing is after
eating. Therefore, the probability of impregnation can be
improved and sex-choice birth can effectively be
achieved.

[0158] The estrus determining process depicted in
FIGs. 17 and 18 enables the detection of the estrus of
the livestock animal A with consideration given to wheth-
er the livestock animal A is in an urgent state. As a result,
false detection can be prevented when the estrus of the
livestock animal A is detected. Therefore, unnecessary
work of a worker going to the pasture area due to false
detection can be reduced.

10

15

20

25

30

35

40

45

50

55

17

(Estrus Notifying Process Procedure of Client Device
230)

[0159] An estrus notifying process procedure of the cli-
ent device 230 will be described. FIG. 19 is a flowchart
of an example of the estrus notifying process procedure
of the client device 230. In the flowchart of FIG. 19, the
client device 230 determines whether the communica-
tions device ID and the information of the time slot have
been received from the estrus notifying apparatus 102
(step S1901).

[0160] The client device 230 waits until the communi-
cations device ID and the information of the estrus start-
ing time slothave been received (step S1901: NO). When
the communications device ID and the information of the
estrus starting time slot have been received (step S1901:
YES), the client device 230 outputs the communications
device ID and the information of the estrus starting time
slot (step S1902) and terminates a series of operations
of this flowchart. As a result, if the livestock animal A is
in estrus, a worker managing the livestock animal A can
be notified of the estrus of the livestock animal A.
[0161] As described above, when the step count of the
livestock animal A at this time is greater than or equal to
the threshold value and the number of the steps at the
previous time is less than the threshold value, if the step
counts of the other livestock animals A are reduced by a
predetermined amount from the time before the previous
time to the previous time, the estrus notifying apparatus
102 according to the first embodiment determines that
the livestock animal A is in estrus. As a result, the estrus
of the livestock animal A can be determined in consider-
ation of a reduction in the step count during eating and
the detection accuracy of the livestock animal A in estrus
can be improved.

[0162] For example, the probability of impregnation
can be prevented from decreasing due to determining
that the estrus start timing is after eating. Therefore, the
probability of impregnation can be improved and sex-
choice birth can effectively be achieved. As a result, the
workload required for comprehending the livestock ani-
mal A in estrus can be reduced.

[0163] The estrus notifying apparatus 102 according
to the first embodiment can determine that the livestock
animal A is in estrus if the number of the steps is greater
than or equal to the threshold value in the time slots be-
fore and after the time slot determined as the eating time.
Therefore, the detection accuracy of the livestock animal
A can be improved further.

[0164] The estrus notifying apparatus 102 according
to the first embodiment can determine that the livestock
animal A is in estrus with consideration given to whether
the livestock animal A is in an urgent state even if the
number of the steps is greater than or equal to the thresh-
old value. As a result, false detection can be prevented
when estrus of the livestock animal A is detected. There-
fore, unnecessary work of a worker going to a pasture
area due to false detection can be reduced.
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[0165] If the step count for each time slot is greater
than or equal to the threshold value for three consecutive
times, the estrus notifying apparatus 102 according to
the first embodiment can determine that the livestock an-
imal A is in estrus with consideration given to whether
the livestock animals A are in an urgent state during the
third time slot. As a result, false detection can be pre-
vented when estrus of the livestock animal A is detected.

(Second Embodiment)

[0166] An estrus notifying apparatus according to a
second embodiment will be described. In the first em-
bodiment, estrus is determined with consideration given
to eating and an urgent state if the step counts measured
in respective time slots are continuously greater than or
equal to the threshold value. In the second embodiment,
estrus is determined with consideration given only to an
urgent state if the step count is greater than or equal to
the threshold value in a single time slot rather than if the
step counts measured in respective time slots are con-
tinuously greater than or equal to the threshold value.
The portions identical to those described in the first em-
bodiment are denoted by the same reference numerals
used in the first embodiment and will not be again de-
scribed.

(Functional Configuration Example of Estrus Notifying
apparatus 2000)

[0167] FIG. 20 is a block diagram of a functional con-
figuration of an estrus notifying apparatus 2000 accord-
ing to the second embodiment. In FIG. 20, the estrus
notifying apparatus 2000 includes a first storage unit
2001, an acquiring unit 2002, a change detecting unit
2003, a determining unit 2004, an identifying unit 2005,
and an output unit 2006. The acquiring unit 2002 to the
output unit 2006 are functions acting as a control unit
and, forexample, the functions are implemented by caus-
ing the CPU 501 to execute a program stored in the mag-
netic disk 505 depicted in FIG. 5, for example, or by the
magnetic disk 505, the I/F 509, etc. Processing results
of the functional units are stored in the RAM 503, for
example.

[0168] Thefirst storage unit 2001 stores measurement
results of the step counts of respective livestock animals
in a livestock animal group in first and second consecu-
tive time slots as time elapses. For example, the first
storage unit 2001 stores measurement results in consec-
utive time slots from 0:00-1:00 as a first time and from
1:00-2:00 as a second time for each of the livestock an-
imals A. The first storage unit 2001 corresponds to the
step count information DB 202 depicted in FIG. 7, for
example.

[0169] The acquiring unit 2002 acquires a measure-
ment result of the step count of any of the livestock ani-
mals A in the livestock animal group for the second time
slot from the first storage unit 2001. For example, the
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acquiring unit 2002 acquires a measurement result from
1:00-2:00 of the communications device ID "G101" of the
herd ID "M1" as the measurement result of the livestock
animal A1 that is the determination object at the this time,
for example.

[0170] If the determining unit 2004 determines that the
measurement result of the step count of the livestock
animal A1 for the second time slot is greater than or equal
to the threshold value, the acquiring unit 2002 acquires
the measurement results of the step counts of the other
livestock animals A2 to An different from the livestock
animal A1 in the livestock animal group in the first and
second time slots from the first storage unit 2001. For
example, the acquiring unit 2002 acquires the measure-
ment results of the step counts of the livestock animals
A2 to An at the previous time from 0:00-1:00, and at the
this time from 1:00-2:00.

[0171] The change detecting unit 2003 calculates a de-
gree of increase of the step counts of the other livestock
animals A2 to An from the first time slot to the second
time slot based on the measurement results of the step
counts of the other livestock animals A2 to An in the first
and second time slots acquired by the acquiring unit
2002. The degree of increase is a change rate for deter-
mining whether the step counts are increased due to an
urgent state in the entire herd including the livestock an-
imal A and is particularly a value indicative of a level of
increase of the step count for the second time slot based
on the step count for the first time slot.

[0172] If the degree of increase calculated by the
change detecting unit 2003 is less than a predetermined
value, i.e., if it can be considered that the livestock ani-
mals are not in an urgent state, the determining unit 2004
determines that the livestock animal A1 is in estrus. The
identifying unit 2005 identifies the second time slot as
the time slot in which the estrus of the livestock animal
A1 started. The output unit2006 outputs the identification
information of the livestock animal A1 as well as infor-
mation indicating that the estrus of the livestock animal
A1 started during the second time slot.

(Estrus Determining Process Procedure of Estrus Noti-
fying Apparatus 2000)

[0173] An estrus determining process procedure of the
estrus notifying apparatus 2000 will be described. FIG.
21 is a flowchart of an example of the estrus determining
process procedure of the estrus notifying apparatus
2000. In the flowchart of FIG. 21, the estrus notifying
apparatus 2000 first determines if the current measure-
ment value is greater than or equal to the threshold value
(step S2101). If the current measurement value is less
than the threshold value (step S2101: NO), the estrus
notifying apparatus 2000 terminates a series of opera-
tions of this flowchart.

[0174] Ifthecurrentmeasurementvalueis greaterthan
or equal to the threshold value (step S2101: YES), the
estrus notifying apparatus 2000 acquires from the step
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count information DB 202, the measurement results of
the other livestock animals A in the same herd (see FIG.
7) to calculate a degree of increase of the other livestock
animals A in the same herd (step S2102). The degree of
increase is a value indicative of an increase in the step
counts of the livestock animals A in the entire herd during
an urgent situation and is particularly a value indicative
of a level of increase in the step counts of the other live-
stock animals A from the previous time slot to the current
time slot. The estrus notifying apparatus 2000 deter-
mines whether the calculated degree of increase is less
than the predetermined value 3 (step S2103).

[0175] Ifthedegreeofincreaseis greaterthan orequal
to the predetermined value B (step S2103: NO), i.e., in
the case of an urgent state increasing the step counts of
the other livestock animals A, the estrus notifying appa-
ratus 2000 considers that the livestock animal A is notin
estrus and terminates a series of operations of this flow-
chart. If the degree of increase is less than the predeter-
mined value B (step S2103: YES), i.e., if the step counts
of the other livestock animals A are not increased, the
estrus notifying apparatus 2000 determines that the es-
trus started in the current time slot (step S2104). The
estrus notifying apparatus 2000 transmits the communi-
cations device ID and information of the estrus starting
time slot to the client device 230 (step S2105) and ter-
minates a series of operations of this flowchart.

[0176] As described above, the estrus notifying appa-
ratus 2000 according to the second embodiment can re-
frain from determining a livestock animal as being in es-
trus even though the livestock animal is not in estrus
when the livestock animal temporarily moves around or
when the step count is increased due to appearance of
a wild dog, etc. In other words, false detection can be
prevented when estrus of the livestock animal A is de-
tected. Therefore, unnecessary work of a worker going
to a pasture area due to false detection can be reduced.
[0177] In the second embodiment, a livestock animal
may be determined as being in estrus if the step count
for each time slot is greater than or equal to the threshold
value for three consecutive times as is the case with the
first embodiment. If consideration is given to whether the
livestock animals are in an urgent state, for example, a
degree of increase may be used only at the time of third
determination as is the case with the first embodiment.
[0178] The estrus notifying method described in the
present embodiment may be implemented by executing
a prepared program on a computer such as a personal
computer and a workstation. The estrus notifying pro-
gram is stored on a computer-readable recording medi-
um 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 estrus no-
tifying program may be distributed through a network
such as the Internet.
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EXPLANATIONS OF LETTERS OR NUMERALS

[0179]

101 communications device
102 estrus notifying apparatus
21 relay device

202 step count information DB
203 disease information DB
230 client apparatus

901 first storage unit

902 acquiring unit

903 change detecting unit
904 determining unit

905 identifying unit

906 output unit

907 second storage unit

2000 estrus notifying apparatus
2001  first storage unit

2002  acquiring unit

2003 change detecting unit
2004  determining unit

2005 identifying unit

2006  output unit

Claims

1. An estrus notifying method executed by a computer
that determines estrus based on a step count meas-
urement result from a step count measurement unit
attached to each livestock animal among a plurality
of livestock animals, the estrus notifying method
comprising:

collecting the step count measurement result of
each livestock animal at certain intervals;
detecting a change time slot in which a change
rate of the step count measurement result rela-
tive to an immediately preceding time slot is
greater than or equal to a predetermined value
among a predetermined proportion or more of
the plurality of livestock animals;

determining for each livestock animal and based
on the step count measurement results exclud-
ing the step count measurement result corre-
sponding to the change time slot, whether the
livestock animal is in estrus; and

outputting identification information of the live-
stock animal determined as being in the estrus.

2. The estrus notifying method according to claim 1,
further comprising
identifying an estrus start time of the livestock animal
determined as being in estrus, the estrus start time
being identified on an assumption that an indication
of estrus continued through the change time slot and
if the livestock animal is determined as being in es-
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trus, wherein

the outputting includes outputting identification infor-
mation of the livestock animal determined as being
in the estrus and the identified estrus start time.

The estrus notifying method according to claim 1,
wherein

the detecting includes referring to a storage unit stor-
ing information of a herd of the plurality of livestock
animals, to detect a change time slot in which a
change rate of the step count measurement result
relative to an immediately preceding time slot is
greater than or equal to a predetermined value in a
predetermined proportion or more of the plurality of
livestock animals belonging to the same herd.

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

an acquiring unit that collects the step count
measurement result of each livestock animal at
certain intervals;

a change detecting unit that detects a change
time slot in which a change rate of the step count
measurement result relative to an immediately
preceding time slot is greater than or equal to a
predetermined value among a predetermined
proportion or more of the plurality of livestock
animals;

a determining unit that determines for each live-
stock animal and based on the step countmeas-
urement results excluding the step count meas-
urement result corresponding to the change
time slot, whether the livestock animal is in es-
trus; and

an output unitthat outputs identification informa-
tion of the livestock animal determined as being
in the estrus.

The estrus notifying apparatus according to claim 4,
further comprising

an identifying unit that identifies an estrus start time
ofthe livestock animal determined as being in estrus,
the estrus start time being identified on an assump-
tion that an indication of estrus continued through
the change time slot and if the livestock animal is
determined as being in estrus, wherein

the output unit outputs identification information of
the livestock animal determined as being in the es-
trus and the identified estrus start time.

The estrus notifying apparatus according to claim 4,
wherein

the change detecting unit refers to a storage unit
storing information of a herd of the plurality of live-
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stock animals, to detect a change time slot in which
a change rate of the step count measurement result
relative to an immediately preceding time slot is
greater than or equal to a predetermined value in a
predetermined proportion or more of the plurality of
livestock animals belonging to the same herd.

An estrus notifying program executed by a computer
that determines estrus based on a step count meas-
urement result from a step count measurement unit
attached to each livestock animal among a plurality
of livestock animals, the estrus notifying program
causing the computer to execute a process compris-

ing:

collecting the step count measurement result of
each livestock animal at certain intervals;
detecting a change time slot in which a change
rate of the step count measurement result rela-
tive to an immediately preceding time slot is
greater than or equal to a predetermined value
among a predetermined proportion or more of
the plurality of livestock animals;

determining for each livestock animal and based
on the step count measurement results exclud-
ing the step count measurement result corre-
sponding to the change time slot, whether the
livestock animal is in estrus; and

outputting identification information of the live-
stock animal determined as being in the estrus.
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