SPECIFICATION
PROGRAM FOR PREDICTING DAY OF OVULATION AND METHOD OF PREDICTING THE SAME

Technical field
[0001]

The present invention relates to techniques to predict the day of
ovulation.

Background art
[0002]

Various methods have been investigated to predict the day of ovulation.
They include icong-term and immediate prediction methods.

[0003]

Long-term prediction methods provide predictions of the first day of
menstruation and the day of ovulation in the future, based on data of several
past menstrual cycles. More specifically, long term methods include the
Knaus-0gino method (the calendar rhythm method) and the midpoint method. The
midpoint methed adds the number of days equal to half the average length of
a menstrual cycle to the first day of the last menstruation to use it as an
anticipated day of ovulation.

[0004]

Immediate prediction methods predict that the day of ovulation is coming
or ovulation has occurred bhased on physical data. More specifically,
predictions are made using basal body temperature {the coverline calculation
method} or using change in physical condition (e.g., cervical mucus is
examined) .

[0005]

Other techniques to predict a menstruation day and the day of ovulation
include, for example, the one described in Patent literature 1.

Related art document (s)

Patent literature

[0006]

Patent literature 1: Japanese Patent No. 5179799

Summary of the invention
Problems to be solved by the invention
[0007]

All of the aforementioned prediction methods are, however, difficult
to provide a reliable prediction of the day of ovulation. For example, in the
Knaus-0gino method, the day of ovulation is predicted under the assumption
that a period between the day of ovulation and the first day of the next
menstruation is constant {14 days). The period between the day of owvulation
and the first day of the next menstruation differs from woman to woman as the
length of a menstrual cycle does. It is thus difficult to provide a reliable



prediction of the day of ovulation using the Knaus-0Oginc method. Furthermore,
transition from follicular to luteal phase typically occurs after ovulation.
The coverline calculation method can thus be used only to grasp the day of
ovulaticn afterward.

[0008]

In addition, it is desired to provide reliable predictions of the day
of ovulation even for a woman who does not have sufficient data of her menstrual
cycle and the day of ovulation.

[0009]

The present invention was made to solve the aforementioned problems and
an cbject thereof is to provide techniques to provide reliable predictions
of the day of ovulation.

Means to sclve the prcblem
[0C10]

In order to solve the aforementioned problems, a process is executed
in a program for predicting a day of ovulation in the present invention on
a computer, the process including: caiculating a predicted ovulation day data
corresponding to a particular menstrual cycle by applying the particular
menstrual cycle to a relationship between a period between a menstrual day
and a day of ovulation and an average length of a menstrual cycle, the
relationship being estimated based on data of a plurality of persons which
have been previcusly obtained.

Furthermore, in order to sclve the aforementioned problems, a method
of predicting a day of ovulation in the present invention calculates a predicted
ovulation day data corresponding to a particular menstrual cycle by applying
the particular menstrual cycle to a relationship between a period between a
menstrual day and a day of ovulation and an average length of a menstrual cycle,
the relationship being estimated based on data of a plurality of persons which
have been previously obtained.

Effect of the invention
[0011]

According to the present invention, by using an average tendency related
to the day of ovulation in a peopulation of women with the same average length
of their menstrual cycle, it is possible to provide reliable predictions of
the day of ovulation based on a woman's menstrual cycle.

Brief description of the drawings
[0012]

Fig. 1 is a schematic view showing a configuration applicable to all
embodimants;

Fig. 2 is a diagram used to supplement the description of a first
embodiment;

Fig. 3 is a diagram used to supplement the description of the first
embodiment;



Fig. 4 is a flowchart showing a process of a program according to the
first embodiment;

Fig. 5 is a flowchart showing a process of a program according to a second
embodiment;

Fig. & 1s a diagram used to supplement the description of a third
embodiment;

Fig. 7 is a flowchart showing a process of a program accerding to the
third embodiment;

Fig. 8 is a diagram used to supplement the description of a fourth
embodiment; and

Fig. 9 is a flowchart showing a process of a program according to the
fourth embodiment.

Modes for carrying out the invention
[C013]
<Configuration applicable to all embodiments>

Referring to Fig. 1, a configuration applicable to all embodiments is
described.
[0014]

A user terminal 1 is a mobile terminal (e.g., a smartphone or a tablet
computer) or a perscnal computer ownedby a person. The user terminal 1 includes
an input unit la and a display unit lb. The user terminal 1 is an example of
a "computer."

[0015]

A server 2 includes a database (DB) 2a in which data cobtained from users
are recorded and managed. Furthermore, the server 2 builds a predetermined
program using the data stored cn the database 2a.

[0016]

Examples of the data recorded in the database 2Za are the first day(s)
of menstruation, the day(s) of ovulaticn, and the day(s) with sexual activity.
These data are available via, for example, menstrual day prediction services
or preghancy support services for personal use, provided as amcbile application
or a web page. These data have also scmetimes been collectad for conventional
medical investigations, but the number is only dozens to hundreds. In contrast,
the server 2 can collect data on a larger scale (at least thousands to tens
of thousands) than before, using a service or services as above. Diagrams
{graphs) referred to in the fecllowing embodiments show the results obtained
on the basis of such large-scale data. Such large-scale data is an example
of "data of a plurality of persons which have been previously obtained” in
the present invention.

[0017]

The program built by the server 2 is implemented as, for example, an
application software. A user can download this software as a mobile
application to the user terminal 1. The user can execute the program of the
present invention by running the mobile application. Hereinafter, details of
this program are described in each embodiment.



[0018]

Although an example where a program is executed on the user terminal
1 is described in each embodiment, the computer on which the program is to
be executed is not limited to the user terminal 1. For example, the user
terminal 1 may serve only as input means and display means and the server 2
may execute the program based on an input from the user terminal 1.
Alternatively, one or more programs may be executed on the user terminal 1
and the remaining program(s) may be executed on the server 2,

[0019]
<First Embodiment>

Referring to Figs. 2 to 4, a program according tc a first embodiment
is described. This embodiment describes an example where the day of ovulaticn
of a user is predicted based on an average length of her menstrual cycle.
[0o0z20]

A process of calculating a particular menstrual cycle is executed in
the program according to this embodiment on the user terminal 1, based on
menstruation data which have been received a plurality of times through the
input unit la.

[0021]

The "menstrual day data"” is data related to menstrual days of the user.
For example, the menstrual day data contains the first day of menstruation
(date). Alternatively, the menstrual day data can contain the number of days
of a menstrual cycle if the cycle is known.

[0022]

. The user enters the menstrual day data through the input unit la of the
user terminal 1. An input operation is performed using touch keys of the user
terminal 1 or the voice of the user.

[0023]

If the user enters the first days of, for example, three menstrual cycles,
executed in the program on the user terminal 1 is a process of calculating
two menstrual cycles by determining the number of days from the first day of
a first menstruation to the first day of a second menstruation and the number
of days from the first day of the second menstruation to the first day of a
third menstruation. A process of calculating an average length of the
menstrual cycle is then executed in the program on the user terminal 1 by
averaging the lengths of twoe menstrual cycles.

[0024]

Alternatively, executed in the programon the user terminal 1 is a process
of calculating a menstrual cycle by applying a past menstrual cycle or cycles
(which can be determined from at least two menstrual day data entered) of the
user to a statistical model based on large-scale data to weight the menstrual
cycles using a specific weight (for example, the last menstrual cycle is
assigned with "1" and the menstrual cycle just before the last one is assigned
with "0.9").

[0025]
The "particular menstrual cycle" as used in this embodiment conceptually



includes an average length of the menstrual cycle of a user who has entered
her menstrual day data and an average length of the menstruzl cycle calculated
using a statistical model.

[0026]

It should ke noted that a user who knows her particular menstrual cycle
in advance 1is only required to enter a value of that cycle once.
[0027]

Executed in the program on the user terminal 1 is a process cf calculating
a predicted ovulatiocon day data corresponding to a particular menstrual cycle
by applying the particular menstrual cycle to a relaticnship between a period
between a menstrual day and a day of ovulation and the average length of the
menstrual cycle, estimated based on the data of a plurality of persons which
have been previously obtained., The "period between the menstrual day and the
day of ovulation" conceptually includes the number of days from the first day
of menstruation prior to the day of ovulation teo the day of ovulation in a
menstrual cycle and the number of days from the day of ovulation to the first
day of the next menstruation.

[0028]

The "predicted ovulation day data"” is data related to prediction of the
day of ovulation. The predicted ovulaticn day data is calculated as, for
example, a numerical value reckoned from the menstrual day, such as plus 10
days from the menstrual day pricr to the predicted day of ovulaticn in a
menstrual cycle or minus 10 days from a next predicted menstrual day, or
calculated as a date such as what day of what menth. The "predicted menstrual
day" is the first day of future menstruation predicted by adding the particular
menstrual cycle te the first day of previous menstruation.

[0029]

Referring to Figs. 2 and 3, in calculating the predicted ovulation day
data ©f & user, the use of the menstrual cycle (particular menstrual cycle)
of the user and a relational expression between the period between the menstrual
day and the day of ovulation and the average length of the menstrual cycle
is described.

[0030]

Fig. 2 is a graph showing the regularity of a menstrual cycle of an
individual. The horizontal axis represents an average (in the number of days)
of the former halves of the menstrual cycles for a plurality of menstrual cycles.
The vertical axis represents an average (in the number of days) of the latter
halves of the menstrual cycles for the plurality of menstrual cycles. The
points on the graph represent a distributicon of individuals who have the data
of their twelve or more menstrual cycles.

[0031)]

As apparent from the graph, a strong correlation is found between the
past menstrual cycles and the future menstrual cycles. In other words, it can
be considered that the menstrual cycle (average length of the menstrual cycle)
of an individual is generally constant.

(00321



Fig. 3 i1s a graph showing a relationship between the day of ovulaticn
and the average length of the menstrual cycle. The horizontal axis represents
the average length of the menstrual cycle. The vertical axis represents the
day of ovulation relative to the first day of the next menstruation. Each point
shown on the graph represents an average value for the day of ovulation relative
to the first day of the next menstruation in a plurality of persons having
the same average length of their menstrual cycle. The broken line represents
the day of ovulation relative to the first day of the next menstruation according
te the Knaus-0Oginc method (i.e., fixed 14 days regardless of the difference
in average lengths of menstrual cycles). The dot-dash line represents the day
of ovulation relative to the first day of the next menstruation according to
the midpoint method.

[0033]

As apparent from this graph, the day of ovulation predicted using the
conventional methods (the Knaus-0Oginc method and the midpoint method) is
significantly away from the day of ovulation actually obtained.

[0034]

The present inventors had conceived that, based on the findings about
the relationship between the period between the menstrual day and the day of
ovulaticn and the average length of the menstrual cycle estimated from
large—-scale data of the plurality of persons as shown in Fig. 3, a reliable
prediction of the day of ovulation can be made by applying a menstrual cycle
{which is generally constant) of an individual to the relationship described
above,

[0035]

More specifically, the server 2 in this embodiment estimates in advance
a relational equation (hereinafter, scometimes referred to as a "relational
equation 8") for the period between the menstrual day and the day of ovulation
and the average length of themenstrual cycle. As aspecificexample, the server
2 estimates the relaticnal equation S according to adistribution of the average
values of the days of ovulation of the plurality of persons having the same
average length of their menstrual cycle shown in Fig. 3. The estimated
relational eguation S is incorporated into the program.

[0036]

The relational equation S based on the distribution of the average values
shown in Fig. 3 can be cbtained by least sguare approximation of the plotted
data to a straight or curved line. For example, if the data is approximated
by a quadratic curve, the relational equation § can be given as fix) = ax? +
bx + ¢. 1In the egquaticn, x represents a particular menstrual cycle, f(x)
represents a predicted ovulation day data for an average length of the menstrual
cycle x, and a, b, and ¢ are constants.

[0037]

It should be noted that the relaticnal equation S is not limited to the
one estimated based on the distribution of the average values. The relational
equation 3 can be estimated based on, for example, a distribution of medians.
[0038]



A process of calculating the predicted ovulation day data o¢f the user
by substituting (applying) the particular menstrual cycle x for (to) the
relational equation S is executed in the program cn the user terminal 1. The
predicted covulation day data thus calculated is reliable because it is based
on an average tendency of the day of ovulation of the women having the same
menstrual cycle.

[0039]

The calculation of the predicted ovulation day data is not limited to
the cne performed using the relational equation 8. For example, the server
2 builds, in advance, a relationship between the period between the menstrual
day and the day of ovulation and the average length of the menstrual cycle
obtained from the large-scale data, as a takle data. A process of calculating
the predicted ovulation day data by adapting ({(applying) the particular
menstrual cycle to the table data is executed in the program on the user terminal
1.

(00401

Furthermore, a process of displaying the predicted ovulation day data
on the display unit 1b can ke executed in the program according to this
embodiment on the user terminal 1. The predicted ovulation day data can be
displayed as a date (what day of what month) of the predicted day ¢f ovulation
or the number of days (howmany days lie ahead) to the predicted day of ovulation.
The user can visually know the predicted day of ovulation when the predicted
ovulation day data thus calculated is displayed on the display unit lb.
(004117

The means to present the predicted ovulation day data to the user is
not limited to the display. For example, when the user terminal 1 has an audic
function, a process of notifying the predicted ovulation day data with sound
can be executed in the program. Alternatively, when the user terminal 1 has
a communication function using, for example, emaills, a process of notifying
the predicted ovulation day data using an email can be executed in the program.
It should be noted that, in the program of this embodiment, the process of
displaying the predicted ovulation day data is notf essential.

[(0042]

Next, referring to Fig. 4, an example is described where the program
according to this embodiment is executed on the user terminal 1. Described
herein is a case where a user uses the software containing the program according
te this embodiment for the first time. The user is assumed not to have records
such as her menstrual c¢ycles. Furthermore, a mobile application with the
progrem according te this embodiment has downloaded to the user terminal 1,
[0043]

When menstruation begins, the user starts the mobile application on the
user terminal 1 and enters the first day of menstruation (§10). The user repeats
entering the first day of menstruation a plurality of times (twice or more)
{511).

[0044]
If the plural inputs of the first day of menstruation have been completed



(Y at 3511), the user terminal 1 calculates a menstrual cycle (particular
menstrual cycle) of the user from the plurality of first days of menstruaticn
{(menstrual day data) entered at S11 (512).

[0045]

The user terminal 1 substitutes the menstrual cycle calculated at 812
for the relational equation 3 estimated in advance for the period between the
menstrual day and the day of ovulation and the average length of the menstrual
cycle to calculate the predicted covulation day data of the user (513).
[004¢6]

The user terminal 1 displays the predicted ovulation day data calculated
at 513 on the display unit 1b (S14).

[0047]

As described above, with the program according to this embediment, even
for users who don' t have sufficient data on their day of ovulation and menstrual
day, it is possible to provide reliable predictions of the day of ovulation
by using an average tendency (the estimated relational equation S) of the day
of ovulation in a population of women having the same menstrual cycle. Besides,
the program according te this embodiment contributes to improving the
probability of pregnancy because it can provide such reliable predictions in
advance (prior to the day of owvulation).

[0048]
<Second Embodiment>

Referring to Fig. 5, a program according to a second embodiment is
described. The period between the menstrual day and the day of ovulation may
differ from woman to woman in the population of women having the same menstrual
cycle. This embodiment describes prediction of the day of owvulation
considering such individual differences. Detaileddescriptions maybe omitted
for components and parts similar to those in the first embodiment.

[0049]

Executed in the program according to this embodiment on the user terminal
1 is a process of calculating a plurality of periods between the menstrual
day and the day of ovulation based on ovulation day data entered multiple times
through the input unit la and the menstrual day data to calculate a difference
D between a maximum value and a minimum value of the period.

[0050]

The "ovulation day data"™ is data related to the day of ovulation of the
user. The ovulation day data is, for example, a date of ovulation determined
using a medical procedure. Alternatively, when the day of cvulaticon is
predicted using the coverline calculation methed or the like, the ovulation
day data can be the number of days such as a certain day or days after the
menstrual day. The "maximum value (of the period)" is the number of days of
the longest period between the menstrual day and the day of ovulation. The
"minimum value of the period" is the number of days of the shortest period
between the menstrual day and the day of ovulation. The "difference D between
the maximum value and the minimum value of the period" is, for example, a
difference between the maximum number of days and the minimum number of days



among the numbers of days from the day of ovulation and the first day of the
following menstruation (or the numbers of days from the first day of
menstruation pricr to the day of ovulation to the day of ovulation), which have
been calculated a plurality of times.

[0051]

According te an analysis of large-scale data, the period between the
menstrual day and the day of ovulation less likely varies significantly when
focused on a given individual. Based on this finding, when the aforementioned
difference D is large, a possible cause would be a wrong input of data or the
aforementicned period is deviated from the average tendency of the large-scale
data on which the prediction of the day ¢f ovulation is based, which can be
considered te be less reliable. 1In such cases, it is highly possibkle that a
prediction of an exact day of ovulaticn is difficult even when the menstrual
day data and the ovulation day data entered are used. On the other hand, when
the aforementioned difference D is small, it can be considered that the
reliability of the ovulation day data entered is high. In such cases, a more
accurate prediction of the day of ovulation appropriate for the tendency of
a given individual can be made using the ovulation day data entered.
[0052]

Accordingly, in calculating the predicted ovulation day data, when the
difference D is equal to or smaller than a threshold value, a process of
calculating the predicted ovulation day data is executed in the program on
the user terminal 1, based on a plurality of periods between the menstrual
day and the day of ovulation. As a specific example, executed in the program
on the user terminal 1 is a process of calculating an average value of the
calculated plurality of periods between the menstrual day and the day of
ovulation to provide this average value as the predicted ovulation day data.
[0053]

On the other hand, when the difference D is larger than the threshold
value {or when only one cvulation day data is present), a process of calculating
the predicted ovulation day data is executed in the program on the user terminal
1 using a calculation process (a process using the relational equation S and
the particular menstrual cycle) similar to the one in the first embodiment.
[0054]

The threshold value is a value that is used as a criterion to determine
whether the data entered by the user is used to calculate the predicted ovulation
day data. Any value can be set for the threshold value based on the result(s)
of analysis for the large-scale data.

[0055]

Next, referring to Fig. 5, an example is described where the program
according to this embodiment is executed on the user terminal 1.

[0056]

When menstruation begins, the user starts the mobile application on the
user terminal 1 and enters the first day of menstruation. When the day of
ovulation has been determined, the user starts the mobile application on the
user terminal 1 and enters the day of ovulation (820). The user repeats entering



the first day of menstruation and the day of ovulation a plurzlity of times
(e.g., three times for the first day of menstruation and twice for the day
cf ovulation) (S821).

[0057]

If the plural inputs have been completed (Y at S21), the user terminal
1 calculates a menstrual cycle (particular menstrual cycle) of the user from
the plurality of first days of menstruation (menstrual day data) entered at
521 (822).

[0058]

Furthermore, the user terminal 1 calculates a plurality of periods
between the menstrual day and the day ¢f ovulation based on the first days
of menstruation and the days of ovulation, which have been entered a plurality
of times at $21, to calculate a difference D between a maximum value and a
minimum value of the pericd (823).

[0059]

When the difference D calculated at 323 is egual to or smaller than a
threshold wvalue (Y at S524), the user terminal 1 calculates the predicted
ovulation day data of the user based on the plurality cf periods between the
menstrual day and the day of ovulation obtained at 3523 (S25).

[0060]

On the other hand, when the difference D calculated at 523 is larger
than the threshold wvalue (N at S24), the user terminal 1 substitutes the
menstrual cycle calculated at 322 for the relational equation S between the
period between the menstrual day and the day of ovulation and the average length
of the menstrual cycle, which have been estimated in advance, to calculate
the predicted ovulation day data of the user (3526).

[0061]

The user terminal 1 displays the predicted ovulation day data calculated
at S25 or 526 on the display unit 1b (S27).
[0062]

While the example where the particular menstrual cycle is calculated
in advance is described with reference to Fig. 5, the present invention is
not limited theretc. The particular menstrual cycle can be calculated only
when the difference D calculated at $23 is determined to be larger than the
threshold value.

[0063]

As described above, the program according to this embodiment can provide
more reliable predictions of the day of ovulation while considering personal
differences, by using the ovulation day data. Accordingly, it is beneficial
for users who enter the covulation day data obtained using medical means or
the like.

[0064]
<Third Embodiment>

Referring to Figs. & and 7, a program according to a third embodiment
is described. From the predicted ovulation day data which have been calculated,
the user can know an approximate highly fertile period. This embodiment
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describes an example where a more reliable highly fertile period (first highly
fertile period) is calculated. Detailed descriptions may be omitted for
components and parts similar to those in the first and second embodiments.
[0065]

Executed in the program according to this embodiment on the user terminal
1 is a process of calculating the first highly fertile period based on data
on a rate of pregnancy around the day of ovulation, which are based on the
data of a plurality of persons which have been previously obtained, as well
as the predicted ovulatioen day data which have been calculated.

[00686]

The "rate of pregnancy" is a percentage of the number of women who
actually get predgnant relative to the number of women with sexual activity
on a certain day (for example, the day of ovulation). A "rate of pregnancy
around the day of ovulation" is a rate of pregnancy obtained for days arcund
the day of ovulation.

[0067]

Fig. 6 is a graph showing the rate of pregnancy arcund the day of ovulation.
The vertical axis represents the rate of pregnancy and the horizontal axis
represents the number of days reckoned from the day of ovulaticn (0). According
to this graph, it can be seen that the rate of pregnancy rises several days
before the day of ovulation. The data shown on this graph is an example ¢f
"data related to a rate of pregnancy around the day of ovulation.™
[0068]

A process of calculating the first highly fertile period by applying
the predicted ovulation day data which have been calculated to the data shown
on the graph is executed in the program on the user terminal 1. As a specific
example, with the day of ovulation denoted by "0" on the aforementioned graph
used as the predicted day of ovulation, the first highly fertile period can
be calculated by determining a periocd during which the rate of pregnancy is
equal to or higher than a predetermined rate of pregnancy around the reference
day.

[0069]

Furthermore, a process of displaying the calculated first highly fertile
period on the display unit 1lb is executed in the program according teo this
embodiment on the user terminal 1. How the first highly fertile period is
displayed is not specifically limited. Furthermore, the first highly fertile
period may be displayed along with the predicted ovulation day data calculated
in the first and second embodiments, or only either of them may be displayed.
Similar to the predicted ovulation day data, means to present the first highly
fertile period to the user is not iimited to the display.

[0070]

Next, referring to Fig. 7, an example is described where the program
according to this embodiment is executed on the user terminal 1. Described
herein is an example where the process in the third embodiment is added to
the process in the first embodiment.

[0071]
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The user terminal 1 calculates the predicted ovulation day data using
processes similar to those in the first embodiments (see, 310 to S13) (830).
[0072]

The user terminal 1 calculates the first highly fertile period by
applying the predicted ovulation day data calculated at $30 to the data on
the rate of pregnancy around the ovulation day based on the data of a plurality
of persons which have been previously obtained (S31).

[0073]

The user terminal I displays the predicted ovulation day data calculated
at 830 and the first highly fertile pericd calculated at 831 on the display
unit 1b (832},

[0074]

With the program according to this embodiment, the first highly fertile
pericd can be calculated based on the predicted ovulation day data which have
been calculated. The user can improve the probability of pregnancy by
obtaining the data related to the first highly fertile period in addition to
the predicted covulation day data.

[0075]
<Fourth Embodiment>

Referring to Figs. 8 and 9, a program according to a fourth embodiment
is described. Themenstrual cycle and the day of ovulation can vary temporarily
depending on, for example, physical conditions of the user. This embodiment
describes an example where a highly fertile period (second highly fertile
period) that is different from the one obtained in the third embodiment is
calculated or an example where the end of ovulation is calculated, using the
basal body temperature. Detailed descriptions may be omitted for components
and parts similar te those in the first through third embodiments.

{0076]

Executed on the user terminal 1 by a program according to this embodiment
is detection of the presence or absence of a pre-ovulation signal, which
indicates a sign before ovulation and/or a post-ovulation signal, which
indicates a sign after ovulation, based on the basal body temperature entered
a plurality of times through the input unit la.

[Q077]

The pre-ovulation signal and the post-ovulation signal can be detected
based on the basal body temperature. Various methods can be used for the
detection of the pre-ovulation signal and the post-ovulation signal.
[0078]

Pre-ovulation signals can be detected by performing the following three
steps in the program: (1) smoothing the bkasal body temperature recorded every
day using a moving average of every three days; (2) detecting that the smoothed
basal body temperature rises in three or more consecutive days; and (3) judging
that the rise in (2) is not the cone that has occurred on or before the day
that 1is 17 days prior teo [the menstrual cycle of the user plus 1 day].
Alternatively, the detection of the pre-owvulaticn signal can be made by
automatically generating, using a program, a statistical model of variation
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in basal body temperature during the feollicular phase to detect a characteristic
pattern prior to ovulation based on it. More specifically, a process of
generating a stochastic model for estimating averages and variance values of
the variations in the follicular phase of the user for every number of days
is executed in the program on the user terminal 1. A basic pattern cf variation
of the follicular phase can be obtained from this model. A process of
determining that a sign prior to ovulation has occurred is executed in the
program on the user terminal 1, when a variation out of such pattern has found.
Parameters indicating what kind ¢f variation is detected with what degree of
accuracy can be determined in advance by, for example, analyzing large-scale
data.

[00792]

On the other hand, the post-ovulaticn signal can be detected using, for
example, the coverline calculation method. More specifically, a process of
determining that a post-ovulation signal is detected is executed in the program
on the user terminal 1 when an increase in body temperature by at least 0.3
degrees from an average body temperature during the period from il days after
the first day of the last menstruation to the day before is detected based
on the basal body temperature recorded daily.

[0080]

Furthermore, when the pre-ovulation signal is detected, a process of
calculating the second highly fertile periecd is executed in the program
according teo this embodiment on the user terminal 1 based on the pre-ovulation
signal. On the other hand, when the post-ovulation signal is detected, a
process of determining that the ovulation has ended is executed in the program
according to this embodiment on the user terminal 1 based on the post-ovulation
signal.

[0081]

Fig. 8 is a histogram showing the freguencies of occurrence of the
pre-ovulation signals (indicated by diagonal hatching from upper left to lower
right) and the post-ovulation signals (indicated by diagonal hatching from
upper right to lower left) relative to the day of ovulation. The vertical axis
represents the frequency and the horizontal axis represents the number of days
reckoned from the day of ovulation (0). Cross-hatching corresponds to overlap
of the histogram bars.

[0082]

As can be seen from this graphical representation, the pre-ovulation
signal is remarkably detected from & days before the day of ovulaticn and
decreases 4 days after the day of ovulation and later. 1In contrast, the
post-ovulation signal is remarkably detected after the day of ovulation. It
can be seen that it i1s highly possible that ovulation will occur in abeout 10
days from the day on which the pre-ovulation signal is detected. ©On the cother
hand, it can be seen that it is highly possible that ovulation has ended on
the day when the post-ovulation signal is detected.

[0083]
The preogram according te this embodiment is constructed based on, for
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example, data represented by the aforementioned histogram. As a specific
example, executed in the program on the user terminal 1 is a process of
calculating a periodas the highly fertile period (second highly fertile period)
by adding 10 days to the day on which the pre-ovulation signal is detected.
On the other hand, a process of determining that the ovulation has ended is
executed in the program on the user terminal 1 on the day when the post-ovulation
signal is detected.

[0084]

When the pre-ovulation signal is detected, a process of displaying the
second highly fertile period on the display unit 1b is executed in the program
on the user terminal 1., How the second highly fertile period is displayed is
not specifically limited. Furthermore, the second highly fertile period may
be displayed along with the predicted ovulation day data calculated in the
first and second embodiments, or with the first highly fertile period calculated
in the third embodiment. Alternatively, only either of them may be displayed.
It should be noted that means to present the second highly fertile period to
the user is not limited to the display.

[0085]

When the post-ovulation signal i1s detected, a process of displaying on
the display unit 1b a message indicating that the ovulation has ended is executed
in the program on the user terminal 1. How the end message is displayed is
not specifically limited. In addition, means to present the end message to
the user is not limited to the display.

[0086]

The program can be configured to detect either one of the pre-ovulation
signal and the post-ovulation signal. In such a case, either one of the process
of calculating the second highly fertile period and the process of determining
the end of the ovulationis executed in the program on the user terminal 1.
[0087]

Furthermcre, based on the pre-ovulaticn signal, a process of modifying
the first highly fertile period may be executed in the program cn the user
terminal 1 rather than presenting the second highly fertile periocd. As a
specific example, when the pre-ovulaticn signal is detected before the first
highly fertile period, a process of calculating a combined period of the first
highly fertile period and the second highly fertile period as a modified period
{third highly fertile pericd) is executed in the program on the user terminal
1.

[0088]

Next, referring te Fig. 9, an example i1s described where the program
according to this embodiment is executed on the user terminal 1. Although only
the process with the basal body temperature is described here, it can be executed
by appropriately combining with the first through third embodiments, as
described above.

[0089]

The user starts the mobile application on the user terminal 1 and enters

her daily basal body temperature (354C).
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[0090]

The user terminal 1 detects the presence or absence of the pre-ovulation
signal and the post-ovulation signal based on the basal body temperatures
entered at $40 (S8S41).

[0091]

If the post-ovulation signal is detected (Y at 342), the user terminal
1 determines that the ovulation has ended prior to the day on which the
post-ovulation signal is detected (S43).

[0092]

The user terminal 1 displays on the display unit 1b a message indicating
that the ovulation has ended based on the determination result at 543 (844).
[0093]

On the other hand, if the post-ovulaticn signal is not detected and the
pre-ovulation signal is detected (Y at S$45), the user terminal 1 calculates
a period correspending to 10 days from the day on which the pre-cvulation signal
is detected as the second highly fertile period (S546}.

[0094]

The user terminal 1 displays the second highly fertile period calculated
at 546 on the display unit 1lb (S47).
[0095]

While the example where the presence or absence of the pre-ovulation
signal is determined only when the post-ovulation signal is absent is described
with reference to Fig. 9, the present invention is not limited thereto. For
example, the calculation of the second highly fertile pericd may be performed
based only on the presence or absence of the pre-ovulaticon signal {(without
censidering the presence or absence of the post-ovulation signal).

[0096]

With the program according tc this embodiment, the data (the second
highly fertile period or the end of ovulation) can be calculated in
consideration with, for example, current physical conditions based on the basal
body temperature. Accordingly, it is possible to provide a more reliable
prediction of the day of ovulation and present the highly fertile period,
allowing improvement of the probability of pregnancy.

[0097]
<Others>

The user terminal 1 may send the menstrual day data and the ovulation
day data received in the aforementioned embodiments to the server 2. The server
2 canbuild a programwith a higher accuracy by storing the data thus transmitted
in the database 2a and reflecting the data tfo a conventicnal program. The
program built is distributed to the user terminal 1 as, for example, an upgraded
version of the mobile application.

(00981

The aforementioned embodiments can be achieved by executing the various
processes described above on a computer or a micro-processor by a program.
In such a case, all processes may be executed by a program or programs, oY
one Or more processes may be processed by hardware and the remaining process (es)
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is/are processed by a program or pregrams., rurthermore, it is possible to
supply a program to a computer using a non-transitory computer readable medium
with an executable program recorded thereon. Examples of the non-transitory
computer readable medium include a magnetic recording medium (such as a flexible
disk, a magnetic tape, and a hard disk drive), and CD-ROM (Read Only Memory).
(00991

While some embodiments of the present invention have been described,
these embodiments are provided as examples and are neot intended to limit the
scope cf the invention. These embodiments can appropriately be combined to
practice, and various omissions, substitutions, and modifications can be made
without departing from the spirit of the present invention. These embodiments
and their modified versions are encompassed in the scope and spirit of the
invention and also fall within the scope of the invention described in claims
and the equivalents thereof.

Denotaticon of reference numerals

[0100]
1 user terminal
2 server

16



Claims

i, Aprogram for predicting a day of ovulation, wherein a process is executed
in the program on a computer, the process comprising:

calculating a predicted ovulation day data corresponding to a particular
menstrual cycle by applying the particular menstrual cycle to a relationship
between a period between a menstrual day and a day of ovulation and an average
length of a menstrual cycle, the relationship being estimated based on data
of a plurality of persons which have been previously obtained.

2. The program according to Claim 1, wherein a process is executed in the
program on the computer, the process comprising:

calculating the particular menstrual cycle based on menstrual day data
which have been entered a plurality of times through an input unit,

3. The program according to Claim 2, wherein a process is executed in the
program on the computer, the proccess comprising:

calculating a plurality of periods between the menstrual day and the
day of ovulation, based on ovulation day data which have been entered a plurality
of times to the computer through the input unit, and the menstrual day data,
to calculate a difference between a maximum value and a minimum value of each
of the periods; and

calculating, in the calculation of the predicted ovulation day data,
the predicted ovulation day data based on the plurality of periods between
the menstrual day and the day of ovulation if the difference is equal to or
smaller than a thresheld wvalue.

4. The program according to any one cof Claims 1 to 3, wherein a process
is executed in the program on the computer, the process comprising:
displaying the predicted ovulation day data on a display unit.

5. The program according to any one of Claims 1 to 4, wherein a process
is executed in the program on the computer, the process comprising:

calculating a first highly fertile period bhased on data related to a
rate of pregnancy around the day of ovulation based on the data of a plurality
of persons which have been previously obtained and the calculated predicted
ovulation day data.

6. The program according to Claim 5, wherein a process is executed in the
program on the computer, the process comprising:
displaying the first highly fertile period on the display unit,

7. The program according to Claim 5 or &, wherein a process is executed
in the program on the computer, the process comprising:

detecting the presence or absence of a pre-ovulation signal and/or a
post-ovulation signal based on basal body temperatures which have been entered
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aplurality of times through the input unit, the pre-ovulation signal indicating
a sign before ovulation, the pest-owvulation signal indicating a sign after
ovulaticon; and

calculating, if the pre-ovulation signal is detected, a second highly
fertile period based on the pre-ovulation signal, and determining, if the
post-ovulation signal is detected, that the ovulation has ended based on the
post-ovulation signal.

8. The program according to Claim 7, wherein a process 1s executed in the
program on the computer, the process comprising:

displaying the second highly fertile period or a message indicating that
ovulation has ended, on the display unit.

9. A method of predicting a day of ovulation, ccmprising:

calculating a predicted ovulation day data corresponding to a particular
menstrual cycle by applying the particular menstrual cycle to a relationship
between a period between a menstrual day and a day of ovulation and an average
length of a menstrual cycle, the relationship being estimated based con data
of a plurality of perscns which have been previously obtained.
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