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mixing operation, a time longer than or equal to a prede-
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carried out for a required time. An information processing
device (1) includes: a transfer time estimating section
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Description
Technical Field

[0001] The present invention relates to an information processing device, an information processing method, and an
information processing program each for generating a waste disposal schedule.

Background Art

[0002] A waste incineration facility includes a waste pit for temporarily storing waste that has been brought in by a
garbage truck. The waste inside the waste pit is mixed by a crane and then transferred to an incinerator for incineration.
The mixing, which is carried out in order to homogenize waste that is to be fed into the incinerator, is an important process
for stably burning waste. Prior art documents which disclose automatic control of such a crane include, for example,
Patent Literature 1 below. Patent Literature 1 discloses a control device which (i) determines, on the basis of a waste
color tone map indicative of color tones of waste inside a waste pit, that heterogeneous waste is present in the waste
pit and (ii) controls a crane so as to cause the crane to mix the heterogeneous waste.

Citation List

[Patent Literature]

[Patent Literature 1]

[0003] Japanese Patent Application Publication, Tokukai, No. 2007-126246
Summary of Invention

Technical Problem

[0004] In a waste incineration plant, in order to accept waste that is brought in one after another, it is necessary to
transferwaste to anotherarea from an area (an acceptance area) of the waste pit, which areais located almostimmediately
below an entrance through which waste is brought in (hereinafter referred to as a "bringing-in entrance"). However, the
technique disclosed in Patent Literature 1 does not consider allotment of time to the transfer. Thus, according to the
technique disclosed in Patent Literature 1, waste piles up high in the acceptance area during an automatic operation,
and additional waste cannot be accepted. Therefore, the technique disclosed in Patent Literature 1 is insufficient to
achieve medium- to long-term control of the crane.

[0005] Main operations carried out by means of a crane also include an operation to put waste into a waste hopper
which leads to an incinerator. Typically, a large crane is used in a waste pit, and at most two cranes are provided in a
single waste pit. However, two cranes that are provided in the waste pit may contact each other. It is therefore not
preferable to operate the cranes in areas that are close to each other. This may make it difficult to allot time to a mixing
operation in a time frame during which waste is brought in one after another.

[0006] An aspect of the presentinvention has been made in view of the above problems, and has an object to provide,
for example, an information processing device which makes it possible to allot, to a mixing operation, a time longer than
or equal to a predetermined time, while ensuring that a transfer operation is carried out for a required time.

Solution to Problem

[0007] To solve the above problems, an information processing device in accordance with an aspect of the present
invention includes: a transfer time estimating section configured to estimate a time in a series of time frames which
includes (i) a first time frame during which a relatively large amount of waste is brought into a waste pit and (ii) a second
time frame during which a smaller amount of waste is brought into the waste pit than during the first time frame, the time
being required for a transfer operation to cause a crane to transfer waste that has been brought into the waste pit; and
a scheduler section configured to divide, between a mixing operation and the transfer operation, an operation time,
during which the mixing operation or the transfer operation is allowed to be carried out with respect to waste by means
of the crane in the series of time frames, in a manner which satisfies the following requirements: (1) a requirement that
the transfer operation is carried out for at least the time that has been estimated by the transfer time estimating section;
and (2) a requirement that the mixing operation is carried out for a time equal to or longer than a predetermined time in
the first time frame during which a relatively large amount of waste is brought into the waste pit.
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[0008] To solve the above problems, an information processing method in accordance with an aspect of the present
invention, which is carried out by an information processing device, includes the steps of: estimating a time in a series
of time frames which includes (i) a first time frame during which a relatively large amount of waste is brought into a waste
pit and (ii) a second time frame during which a smaller amount of waste is brought into the waste pit than during the first
time frame, the time being required for a transfer operation to cause a crane to transfer waste that has been brought
into the waste pit; and dividing, between a mixing operation and the transfer operation, an operation time, during which
the mixing operation or the transfer operation is allowed to be carried out with respect to waste by means of the crane
in the series of time frames, in a manner which satisfies the following requirements: (1) a requirement that the transfer
operation is carried out for at least the time that has been estimated in the estimating; and (2) a requirement that the
mixing operation is carried out for a time equal to or longer than a predetermined time in the first time frame during which
a relatively large amount of waste is brought into the waste pit.

Advantageous Effects of Invention

[0009] An aspect of the present invention makes it possible to allot, to mixing work, a time longer than or equal to a
predetermined time period, while ensuring that a transfer operation is carried out for a required time.

Brief Description of Drawings
[0010]

Fig. 1 is a block diagram illustrating an example configuration of main parts of an information processing device in
accordance with an embodiment of the present invention.

Fig. 2 is a view illustrating an example in which an operation time is divided for each day of a week.

Fig. 3 is a view illustrating an example in which an operation time is divided for each of six time frames obtained by
dividing a day by the four hours.

Fig. 4 is a flow chart showing an example of a process carried out by the information processing device.

Description of Embodiments
[Operation carried out with use of crane in waste incineration plant]

[0011] An information processing device in accordance with the present embodiment is a device for generating a
schedule according to which operations are carried out by means of a crane in a waste incineration plant. The following
description will discuss the operations which are carried out by means of the crane in the waste incineration plant. The
waste incineration plant includes a waste pit which is a facility for storing waste which has been brought into the waste
incineration plant. The waste pit is provided with a crane which has a bucket for grabbing waste. The crane is capable
of moving waste by (i) causing the bucket to grab and lift the waste in the waste pit, (ii) moving the bucket while grabbing
and lifting the waste, and (iii) releasing, at a destination to which the waste has been moved, the waste which has been
grabbed and lifted. The information processing device in accordance with the present embodiment generates a schedule
according to which the crane is caused to carry out the following three operations (a transfer operation, a mixing operation,
and a putting-in operation).

(1) Transfer operation

[0012] The transfer operation is an operation to transfer, in the waste pit, waste which has been brought into the waste
incineration plant. The waste which has been brought into the waste incineration plant by a garbage truck or the like is
dropped into the waste pit through a predetermined bringing-in entrance. This requires the transfer operation to transfer
waste from an area (acceptance area), located almost immediately below the bringing-in entrance of the waste pit, to
an area (mixing area) for carrying out the mixing operation (described later). By carrying out the transfer operation, it is
possible to keep the waste pit in a state which allows acceptance of newly brought-in waste.

(2) Mixing operation

[0013] The mixing operation is an operation to mix waste by releasing (dropping), in the waste pit, waste which has
been grabbed and lifted in the waste pit. The mixing operation is carried out so that waste is homogenized for achievement
of stable incineration. In particular, in a case where the waste incineration plant includes a power generation facility in
which heat generated by incineration of waste is used, the mixing operation is important for stable power generation.
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The mixing operation, which is carried out basically in the mixing area in the waste pit, can alternatively be carried out
in the acceptance area in a time frame during which no waste is brought in.

(3) Putting-in operation

[0014] The putting-in operation is an operation to put, into a waste hopper, waste which has been grabbed and lifted
in the waste pit. Then, the waste which has been put into the waste hopper by the putting-in operation is incinerated
because the waste hopper leads to an incinerator. A decrease in amount of the waste remaining in the waste hopper
causes the waste hopper to issue a putting-in command to put in waste. Therefore, the putting-in operation is triggered
by the putting-in command and carried out as needed. In the putting-in operation, sufficiently mixed waste is preferably
put into the waste hopper.

[Configuration of information processing device]

[0015] Fig. 1 is a block diagram illustrating an example configuration of components of an information processing
device 1 in accordance with an embodiment of the present invention. As illustrated in Fig. 1, the information processing
device 1 includes: a control section 10 which collectively controls sections of the information processing device 1; and
a storage section 20 which stores various kinds of data to be used by the information processing device 1. The information
processing device 1 also includes an input section 30 which receives an input operation carried out with respect to the
information processing device 1.

[0016] The control section 10 includes an operation allowed time calculating section 101, a putting-in time estimating
section 102, a bringing-in amount estimating section 103, a transfer time estimating section 104, a scheduler section
105, a waste state determining section 106, and an operation order determining section 107. The storage section 20
stores incinerator information 201, bringing-in information 202, and waste state information 203.

[0017] The operation allowed time calculating section 101 calculates an operation allowed time in a target period,
which is a period for which the information processing device 1 generates a schedule. The operation allowed time is a
time during which any of the putting-in operation, the transfer operation, and the mixing operation is allowed to be carried
out. The target period is not limited to any particular period, and can be set to, for example, one day, one week, one
month, or one year. Alternatively, a user of the information processing device 1 can specify the target period by an input
operation carried out via the input section 30.

[0018] The putting-in time estimating section 102 estimates (i) a putting-in amount of waste to be put into the waste
hopper and (ii) a required time for the putting-in operation. Specifically, the putting-in time estimating section 102 carries
out the estimation on the basis of the incinerator information 201. The putting-in amount and the required time, which
are estimated by the putting-in time estimating section 102, can have respective ranges. For example, the putting-in
time estimating section 102 can estimate an upper limit and a lower limit of the putting-in amount.

[0019] Theincineratorinformation 201 is information about anincinerator of the waste incineration plant. The incinerator
information 201 only needs to be information that is correlated with (i) the putting-in amount of waste to be put into the
waste hopper and (ii) the required time for the putting-in operation. The description of the present embodiment will
discuss an example in which the incinerator information 201 is information indicative of a waste incineration plan for the
waste incineration plant. This information can be information indicative of an amount of waste to be incinerated in a
predetermined period (for example, a period such as one day, one month, and one year). Alternatively, the incinerator
information 201 can be information indicative of, for example, an operation history (an operation record) of the incinerator.
In this case, the putting-in time estimating section 102 estimates the putting-in amount of waste in the target period from
the amount of waste that was incinerated in the past.

[0020] The bringing-in amount estimating section 103 estimates a bringing-in amount of waste to be brought into the
waste pit in the target period. The bringing-in amount, which is estimated by the bringing-in amount estimating section
103, can have a range. For example, the bringing-in amount estimating section 103 can estimate an upper limit and a
lower limit of the bringing-in amount. The bringing-in amount estimating section 103 can estimate the bringing-in amount
of waste on the basis of the putting-in amount estimated by the putting-in time estimating section 102. This is because
the waste incineration plan is made on the basis of the amount of waste that was brought in in the past, and the putting-
in amount of waste in a given target period is not very different from the bringing-in amount of waste in the given target
period. The bringing-in amount estimating section 103 can alternatively use the bringing-in information 202 to estimate
the bringing-in amount.

[0021] The bringing-in information 202 is information about bringing-in of waste into the waste incineration plant. The
bringing-in information 202 only needs to be information that is correlated with the bringing-in amount of waste that has
been brought into the waste incineration plant. The description of the present embodiment will discuss an example in
which the bringing-in information 202 is information indicative of a waste bringing-in plan for the waste incineration plant.
This information can be information indicative of an amount of waste to be brought in in a predetermined period (for
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example, a period such as one day, one month, and one year). Alternatively, the bringing-in information 202 can be
information indicative of, for example, a bringing-in history (a bringing-in record) of waste that has been brought into the
waste incineration plant. In this case, the bringing-in amount estimating section 103 estimates the bringing-in amount
of waste in the target period from the amount of waste that was brought in in the past.

[0022] The transfer time estimating section 104 estimates a required time for the transfer operation in the target period.
The target period is a series of time frames which includes (i) a first time frame during which a relatively large amount
of waste is brought into the waste pit and (ii) a second time frame during which a smaller amount of waste is brought
into the waste pit than during the first time frame. Specifically, the transfer time estimating section 104 estimates the
required time for the transfer operation on the basis of the bringing-in amount estimated by the bringing-in amount
estimating section 103. For example, the transfer time estimating section 104 can calculate, as the required time for the
transfer operation, a time required for transfer of all the waste in the bringing-in amount estimated by the bringing-in
amount estimating section 103.

[0023] The scheduler section 105 divides, between the mixing operation and the transfer operation, an operation time,
during which the mixing operation or the transfer operation is allowed to be carried out with respect to the waste in the
target period. The scheduler section 105 carries out the division in a manner which satisfies predetermined requirements,
though specifically described later. Further, the scheduler section 105 allots a given operation time to the putting-in
operation in both (a) the first time frame, which is included in the target period and during which a relatively large amount
of waste is brought in, and (b) the second time frame, which is included in the target period and during which a smaller
amount of brought-in waste than during the first time frame. As described above, the scheduler section 105 makes it
possible to generate a schedule indicating at what ratios to carry out the respective operations in each of the time frames
included in the target period. In other words, the schedule generated by the scheduler section 105 is information indicative
of times for which the respective operations are carried out in each of the time frames included in the target period, or
a ratio among the times for which the respective operations are carried out.

[0024] The waste state determining section 106 determines a state of waste in the waste pit. Examples of the state
of waste determined by the waste state determining section 106 include (1) the height of waste (height from the bottom
of the waste pit) in each place in the waste pit, and (2) a degree of mixing, a moisture amount, and a type of waste in
the each place in the waste pit. The waste state determining section 106 can determine the state of waste with reference
to the waste state information 203 indicative of such a state of waste.

[0025] The description of the present embodiment will discuss an example in which a state of waste in each place in
the waste pit is managed in units of blocks (for example, 1 m cubic blocks) which are defined by equally dividing the
lengths, extending in the respective longitudinal, transverse, and height directions, of the interior of the waste pit. In this
case, the waste state information 203 can be information indicative of (i) a degree of mixing of waste in each of the
blocks and (ii) whether waste is present in each of the blocks. The waste state determining section 106 can determine,
from the information indicative of whether waste is present in each of the blocks, the height of waste in each place in
the waste pit. Note that a method for evaluating the degree of mixing of waste is not limited to any particular method.
For example, the number of times of mixing of waste can be the degree of mixing as it is. The degree of mixing can
alternatively be a degree of mixing which degree is calculated on the basis of, for example, the appearance of waste, a
mixing state, a moisture amount, and/or a type of waste. The waste state information 203 is preferably updated whenever
needed so as to include information indicative of a state of waste at a point in time which should be considered in
generating the schedule. The waste state information 203 can be updated by the information processing device 1 or by
another device.

[0026] The operation order determining section 107 determines, on the basis of a result of the division of the operation
time which result has been obtained from the scheduler section 105, an order in which the mixing operation, the transfer
operation, and the putting-in operation are carried out in the target period. This makes it possible to determine, within
the scope of the schedule generated by the scheduler section 105, the order in which the mixing operation, the transfer
operation, and the putting-in operation, which are the main operations carried out in the waste pit, are carried out.
[0027] Use of the order thus determined also makes it possible to automatically control a crane in a manner which
ensures (1) that the transfer operation is carried out for a required time and (2) that the mixing operation is carried out
for a time equal to or longer than a predetermined time in the time frame during which a relatively large amount of waste
is brought in. Therefore, the control section 10 of the information processing device 1 can further include a crane control
section for operating a crane in accordance with the order determined by the operation order determining section 107.
In this case, the information processing device 1 can also be referred to as a crane control device. It is, of course,
possible to cause a crane control device that is separate from the information processing device 1 to control the crane
by notifying the crane control device of the schedule generated by the information processing device 1. Note that the
operation order determining section 107 can be omitted in a case where it is unnecessary to determine the order in
which the operations are carried out.
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[Flow of process]

[0028] The following description will discuss, with reference to Fig. 4, a flow of a process carried out by the information
processing device 1 in accordance with the present embodiment. Fig. 4 is a flow chart showing an example of a process
(an information processing method) carried out by the information processing device 1 in accordance with the present
embodiment. The following description will also discuss Fig. 2, which is a view illustrating an example in which an
operation time is divided for each day of the week, and Fig. 3, which is a view illustrating an example in which an operation
time is divided for each of six time frames obtained by dividing a day by the four hours.

[0029] In S1, the operation allowed time calculating section 101 calculates an operation allowed time in a target period.
Assuming that operations can be carried out for 24 hours per day, an operation allowed time A in a target period T is
found from, for example, Equation 1 below.

Operation allowed time A = 60 minutes x 24 hours x T

days ... (Equation 1)

[0030] For example, in a case where the target period T is one week (seven days), the operation allowed time A is
calculated as 10,080 minutes from Equation 1.

[0031] In S2, the putting-in time estimating section 102 determines a putting-in amount of waste in the target period
T. The putting-in amount of waste in the target period T is found from Equation 2 below.

Putting-in amount of waste in target period T =

Putting-in amount per day x T days ... (Equation 2)

[0032] Note that the putting-in time estimating section 102 can determine the putting-in amount per day on the basis
of the waste incineration plan included in the incinerator information 201. For example, in a case where 240 tons of
waste per day is planted to be incinerated, the putting-in time estimating section 102 determines that the putting-in
amount per day is 240 tons, and calculates, from Equation 2, the putting-in amount of waste in the target period T as
1,680 tons.

[0033] In S3, the bringing-in amount estimating section 103 estimates an amount of waste to be brought into the waste
pit in the target period T. Specifically, the bringing-in amount estimating section 103 estimates a lower limit and an upper
limit of the bringing-in amount of waste. This estimation can be carried out on the basis of the putting-in amount of waste
in the target period T. For example, the bringing-in amount estimating section 103 can (i) estimate that the lower limit
of the bringing-in amount of waste is half (50% of) the putting-in amount of waste in the target period T and (ii) estimate
that the lower limit of the bringing-in amount of waste is two times (200% of) the putting-in amount of waste in the target
period T. In this case, when the putting-in amount of waste is estimated in S2 to be 1,680 tons, the lower limit and the
upper limit of the bringing-in amount of waste are estimated to be 840 tons and 3,360 tons, respectively. Alternatively,
the bringing-in amount estimating section 103 can estimate the bringing-in amount on the basis of the bringing-in infor-
mation 202.

[0034] In S4, the putting-in time estimating section 102 estimates a required time for the putting-in operation in the
target period T. A required time B for the putting-in operation in the target period T is found from Equation 3 below.

Required time B for putting-in operation = Operation
time for which putting-in operation is carried out once x
Number of times of putting-in per hour x 24 hours x T days
... (Equation 3)

[0035] Note that an operation time for which the putting-in operation is carried out once is set in advance. In addition,
the number of times of putting-in per hour is calculated from the putting-in amount calculated in S2. For example,
assuming that the operation time for which the putting-in operation is carried out once is five minutes, and when the
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putting-in amount calculated in S2 is 1,680 tons, the required time for the putting-in operation in the target period T is
calculated as 3,360 minutes from Equation 3. The ratio of the required time B for the putting-in operation to the operation
allowed time A is approximately 33%.

[0036] In S5, the transfer time estimating section 104 estimates a required time for the transfer operation in the target
period T. Specifically, the bringing-in amount estimating section 103 estimates a lower limit C1 and an upper limit C2 of
the required time for the transfer operation in the target period T. This estimation can be carried out by using, for example,
Equations 4 and 5 below. Note that the lower limit and the upper limit of the bringing-in amount are those estimated in
S3. Further, (i) an amount of waste transferred by the transfer operation carried out once and (ii) an operation time for
which the transfer operation is carried out once are set in advance.

Lower limit C1 of required time for transfer operation
= (Lower limit of bringing-in amount / Amount of waste
transferred by transfer operation carried out once) x
Operation time for which transfer operation is carried out

once ... (Equation 4)

Upper limit C2 of required time for transfer operation
= (Upper limit of bringing-in amount / Amount of waste

transferred by transfer operation carried out once) x

Operation time for which transfer operation is carried out
once ... (Equation 5)

[0037] For example, the amount of waste that is transferred by the transfer operation carried out once can be set to
2.5 tons, and the operation time for which the transfer operation is carried out once can be set to 2.5 minutes. In this
case, when the lower limit and the upper limit of the bringing-in amount are 840 tons and 3,360 tons, respectively, the
lower limit C1 and the upper limit C2 of the required time for the transfer operation are estimated to be 840 minutes
(approximately 9% of the operation allowed time A) and 3,360 minutes (approximately 33% of the operation allowed
time A), respectively.

[0038] The process described above shows that the putting-in operation needs to be carried out for approximately
33% of the operation allowed time A, and the transfer operation needs to be carried out for approximately 9% to approx-
imately 33% of the remaining approximately 67% of the operation time. This makes it clear that the mixing operation
can be carried out for approximately 34% to approximately 58% of the operation allowed time A.

[0039] In S6, the waste state determining section 106 determines a state of waste in the waste pit at the time when
the operations start to be carried out, i.e., at the beginning of the target period T. The state of waste at the time when
the operations start to be carried out can be determined with reference to the waste state information 203.

[0040] In S7,the scheduler section 105 divides the operation time in the target period T between the mixing operation
and the transfer operation. For example, assuming that the target period T is one week, the scheduler section 105 can
divide the operation time for each day of the week first. The following description will discuss an example in which the
operation time is divided for each day of the week.

<<Division of operation time for each day of week>>

[0041] First, the scheduler section 105 divides the operation time so as to allot a time to the putting-in operation for
each day of the week. The putting-in operation needs to be carried out regularly while the incinerator is in operation.
Thus, the scheduler section 105 (i) calculates aratio of (a) the required time B, estimated in S4, for the putting-in operation
to (b) the operation allowed time A calculated in S1 and (ii) sets the calculated ratio as a ratio of the putting-in operation
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to the operation time of each day of the week. For example, in a case where the above ratio is 33%, the scheduler
section 105 also sets, to 33%, a ratio of the putting-in operation to the operation time of each day of the week.

[0042] Next, the scheduler section 105 divides, between the mixing operation and the transfer operation, the remaining
time (during which the putting-in operation is not carried out) of each day of the week. It is possible to apply, to this
division, a solution for a scheduling problem, such as simulated annealing, mixed-integer linear programming, a genetic
algorithm, or a neural network.

[0043] The above division is preferably carried out in consideration of (i) constraints on operation of the waste pit and
(i) an evaluation value of a result of the division. The constraints can include a requirement that the height of waste (the
height of waste in the acceptance area or the height of waste in the mixing area) does not exceed a threshold. In addition,
this division is carried out in consideration of the state of waste, which state has been determined in S6. In other words,
the scheduler section 105 carries out the division appropriately (so as to achieve a higher evaluation value) by evaluating
what state the waste in the state determined in S6 reaches in a case where the mixing operation and the transfer operation
are carried out in accordance with the result of the division.

[0044] The evaluation value can be calculated by evaluating the state of waste during the target period and/or at the
end of the target period, the state being obtained in a case where the mixing operation and the transfer operation are
carried out in accordance with the result of the division. For example, the scheduler section 105 can calculate, as the
evaluation value, an average value of degrees of mixing in respective blocks during the target period, the average value
being obtained in a case where the mixing operation and the transfer operation are carried out in accordance with the
result of the division. Alternatively, for example, the scheduler section 105 can calculate, as the evaluation value, an
average value of degrees of flatness of waste during the target period, the average value being obtained in a case where
the mixing operation and the transfer operation are carried out in accordance with the result of the division. Note that a
degree of flatness is an index value indicating to what degree waste in the waste pit has a flat surface. The degree of
flatness can be a variance in height of waste in a predetermined area (for example, an area of 3 X3 blocks).

[0045] Further, the scheduler section 105 carries out the division in a manner which satisfies the requirements below.
This makes it possible to, while ensuring that the transfer operation is carried out at least for a required time, allow the
mixing operation to be carried out for a time equal to or longer than a predetermined time in the time frame during which
a relatively large amount of waste is brought in.

(1) a requirement that the transfer operation is carried out for at least the lower limit C1 estimated in S5.
(2) a requirement that the mixing operation is carried out for a time equal to or longer than a predetermined time on
a day of the week on which a relatively large amount of waste is brought in.

Note that these requirements can each be one of the above constraints. Note also thatitis possible to apply the evaluation
value which becomes low when these requirements are not satisfied. Also in this case, the division which satisfies these
requirements can be carried out.

[0046] Further, the scheduler section 105 can divide the operation time between the mixing operation and the transfer
operation not only in a manner which satisfies the above requirements (1) and (2) but also in a manner which satisfies
a predetermined requirement regarding the height of waste in the waste pit at a point in time when the operation that is
carried out during the target period is ended. This (i) allows the transfer operation to be carried out for a required time,
(i) allows the mixing operation to be carried out for a time equal to or longer than a predetermined time in a time frame
during which a relatively large amount of waste is brought in, and (iii) allows the predetermined requirement regarding
the height of waste in the waste pit to be satisfied.

[0047] Examples of the above predetermined requirement include the following requirements:

(A) a requirement that the height of waste in the acceptance area is less than a threshold;
(B) a requirement that there is no difference in level of not less than a predetermined height in the waste pit; and
(C) a requirement that the degree of flatness is not less than a threshold.

<<Division by genetic algorithm>>

[0048] Inacase where a genetic algorithm is used to carry out the above division, the scheduler section 105 generates,
as a first-generation gene group, a plurality of genes each indicating a pattern in which the remaining time of each day
of the week is divided between the mixing operation and the transfer operation. Then, the scheduler section 105 uses
a genetic algorithm, in which (i) an evaluation, by an evaluation function, of fitness of each of the genes included in the
generated gene group and (ii) an update on the gene group on the basis of the evaluation are repeatedly carried out,
to select a gene having improved fitness.

[0049] The evaluation which is carried out by use of the requirements (1) and (2) (described earlier), the constraints
(described earlier), and the evaluation value (described earlier) makes it possible to, while ensuring that the transfer
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operation is carried out for at least a required time, carry out the mixing operation for a time equal to or longer than a
predetermined time in a time frame during which a relatively large amount of waste is brought in. Further, by using the
evaluation value of the degree of mixing and/or the degree of flatness to select a gene, it is possible to generate a
schedule that allows waste to be in a desirable state in terms of the degree of mixing and/or the degree of flatness.

<<Example of result of division>>

[0050] The scheduler section 105 is capable of generating, for example, an operation schedule as illustrated in Fig.
2, by carrying out the process described earlier. (a) of Fig. 2 illustrates an example of respective variations in bringing-
in amount of waste, putting-in amount of waste, and remaining amount of waste in the waste pit for each day of the
week. (b) of Fig. 2 illustrates the height of waste in each place in the waste pit. (c) of Fig. 2 illustrates an example in
which an operation time is divided for each day of the week.

[0051] Inthe example illustrated in (a) of Fig. 2, the bringing-in amount is zero, i.e., no waste is brought in on Saturday
and Sunday, and waste is brought in on Monday through Friday. In other words, assuming that the target period is one
week, a first time frame during which a relatively large amount of waste is brought in is from Monday to Friday, and a
second time frame during which a smaller amount of waste is brought in than during the first time frame is from Saturday
to Sunday. Meanwhile, the putting-in amount is constant throughout a week. Thus, the remaining amount of waste greatly
increases on Monday, changes at a generally high level on weekdays, and decreases on weekends.

[0052] In the example illustrated in (b) of Fig. 2, there is a belt-like area (i) which extends in the traverse direction of
the crane that conveys waste and (ii) in which the height of waste is low. This area is the acceptance area. In a case
where the transfer operation is carried out, on weekends during which no waste is brought in, until the height of waste
in the acceptance area becomes low as illustrated in (b) of Fig. 2, it is possible to minimize the ratio of the transfer
operation to the operation time for weekdays so as to allot a time for the mixing operation.

[0053] Specifically, the scheduler section 105 allots a time for the mixing operation for weekdays by carrying out the
division in a manner which satisfies the requirement (2) described earlier. In the example illustrated in (c) of Fig. 2, for
Saturday on which no waste is brought in, 30% of the operation time is allotted to the putting-in operation, 20% of the
operation time is allotted to the transfer operation, and the remaining 50% of the operation time is allotted to the mixing
operation,. For Sunday, 30% of the operation time is allotted to the putting-in operation, 60% of the operation time is
allotted to the transfer operation, and the remaining 10% of the operation time period is allotted to the mixing operation.
By thus causing the transfer operation to be carried out at a higher ratio on Sunday, it is possible to reduce, as much
as possible, the amount of waste in the acceptance area on Monday on which waste is brought in.

[0054] In the example illustrated in (c) of Fig. 2, even on weekdays from Monday to Friday on each of which waste is
brought in, at least 30% of the entire operation time is allotted to the mixing operation. Thus, by causing the crane to
carry out the operations in accordance with such allotment, it is possible, even on weekdays on which a relatively large
amount of waste is brought in, to subject mixed waste to incineration so as to stably burn the waste.

[0055] The scheduler section 105 can divide the operation time on the basis of the upper limit C2 among the estimation
values of the required time for the transfer operation, the estimation values having been obtained in S5. Alternatively,
the scheduler section 105 can divide the operation time by using the estimated values (the lower limit C1 and the upper
limit C2) of the required time for the transfer operation, the estimation values having been obtained in S5. In this case,
two results of the division are obtained.

[0056] By thus carrying out a plurality of types of division so as to generate a plurality of schedules, it is possible to
flexibly operate the crane in accordance with, for example, an actual bringing-in amount of waste. Assume, for example,
that 30% of the operation time is allotted to the mixing operation according to one of the schedules, and 40% of the
operation time is allotted to the mixing operation according to the other of the schedules. In this case, under a situation
where a bringing-in amount of waste is larger than is expected and more time is needed for the transfer operation, the
ratio of the mixing operation to the operation time can be limited to at most approximately 30%. Alternatively, under a
situation where a bringing-in amount of waste is smaller than is expected and less time is needed for the transfer
operation, the ratio of the mixing operation to the operation time can be set to approximately 40%. This also applies to
division of the operation time for each time frame of one day (described below).

<<Division of operation time for each time frame of one day> >

[0057] The scheduler section 105 can generate, on the basis of the operation schedules generated as described
earlier, an operation schedule in which the target period T is made shorter. For example, the scheduler section 105 can
(i) assume the target period T to be one day, (ii) divide the one day into a plurality of time frames, and (iii) divide the
operation time among the time frames.

[0058] For example, in the example illustrated in (c) of Fig. 2, for Saturday, 30% of the operation time is allotted to the
putting-in operation, 20% of the operation time is allotted to the transfer operation, and 50% of the operation time is
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allotted to the mixing operation. The scheduler section 105 allots an operation time for each of the time frames so that
a sum of operation times of each operation carried out from the start to the end of the entire operation time for Saturday
is consistent with a corresponding one of the above operation time ratios. The same applies to the other days of the
week. Various solutions for a scheduling problem can also be applied to this division as with the division of the operations
among the days of the week (described earlier).

[0059] Then, the scheduler section 105 divides the operation time in a manner which satisfies the following require-
ments: (1) a requirement that the transfer operation is carried out at the ratio allotted for each day of the week; and (2)
a requirement that the mixing operation is carried out for a time equal to or longer than a predetermined time in a time
frame during which a relatively large amount of waste is brought in. In addition, the scheduler section 105 preferably
divides the operation time not only in a manner which satisfies the above requirements but also in a manner which
satisfies (3) a predetermined requirement regarding the height of waste in the waste pit at the end of the operations for
each day. The predetermined requirement can be a requirement as exemplified earlier by the requirements (A) to (C).

<<Example of result of division>>

[0060] Fig. 3 isa view llustrating an example in which the operation time is divided for each of six time frames obtained
by dividing one day by the four hours. More specifically, (a) of Fig. 3 is a view illustrating an example of a bringing-in
amount of waste for each of the time frames of a day (weekday) of the week on which waste is brought in. (b) of Fig. 3
is a view illustrating an example in which an operation time is divided for each of the time frames of a weekday.
[0061] On the day illustrated in (a) of Fig. 3, waste starts to be brought in at 8 o’clock. The bringing-in amount reaches
apeak at 9 o’clock and decreases until 12 o’clock. Then, the bringing-in amount increases again at 13 o’clock and starts
to decrease again at 14 o’clock, and the bringing-in of waste ends at 16 o’clock. On such a day, it is important to allot,
for the mixing operation, an operation time as long possible in the time frames (from 8 o’clock to 11 o’clock and around
13 o’clock) during which a relatively large amount of waste is brought in. For this reason, the scheduler section 105
carries out the division in a manner which satisfies the above requirement (2).

[0062] In the example illustrated in (b) of Fig. 3, in the time frame from 0 o’clock to 4 o’clock, which time frame is
included in the time frames during which no waste is brought in, 30% of the operation time is allotted to the putting-in
operation, 40% of the operation time is allotted to the transfer operation, and the remaining 30% of the operation time
is allotted to the mixing operation. Furthermore, in the time frame from 4 o’clock to 8 o’clock, which time frame (i) is
included in the time frames during which no waste is brought in and (ii) immediately precedes 8 o’clock at which waste
starts to be brought in, 30% of the operation time is allotted to the putting-in operation, 60% of the operation time is
allotted to the transfer operation, and the remaining 10% of the operation time is allotted to the mixing operation. By
thus increasing the ratio of the transfer operation in the time frame which immediately precedes the time at which waste
starts to be brought in, it is possible to reduce the amount of waste in the acceptance area as much as possible at the
time at which waste starts to be brought in. This allows a time for the mixing operation to be allotted after waste starts
to be brought in.

[0063] For example, in the example illustrated in (b) of Fig. 3, even in the time frame from 8 o’clock to 12 o’clock,
during which time frame the largest amount of waste is brought in, 30% of the operation time is allotted to the mixing
operation. Further, in the time frame from 12 o’clock to 16 o’clock, during which time frame the second largest amount
of waste is brought in, 40% of the operation time is allotted to the mixing operation. In the example illustrated in (b) of
Fig. 3, at least 30% of the operation time is thus allotted through the time frames as a whole (during which waste is
brought in) of a day during which time frame a relatively large amount of waste is brought in. Thus, by causing the crane
to carry out the operations in accordance with such allotment, it is possible, even in a time frame during which a relatively
large amount of waste is brought in, to subject mixed waste to incineration so as to stably burn the waste.

[0064] In the example illustrated in (b) of Fig. 3, 50% of the operation time is allotted to the mixing operation in the
time frame from 16 o’clock, at which the bringing-in of waste is ended, to 20 o’clock, and 30% of the operation time is
allotted to the mixing operation in the time frame from 20 o’clock to 24 o’clock. This allows waste that has been sufficiently
mixed to be subjected to incineration in the following day even in a time frame during which (i) a time needs to be spared
for the transfer operation and (ii) a large amount of waste is brought in.

[Determination of order in which operations are carried out]

[0065] While achieving satisfaction of a requirement that the mixing operation and the transfer operation are carried
out for the respective times into which the scheduler section 105 has divided the operation time as described earlier,
the operation order determining section 107 determines an order in which the operations are carried out in the target
period. For example, the operation order determining section 107 can use such a solution for a scheduling problem as
described earlier to determine an order which increases a predetermined evaluation value, while achieving satisfaction
of predetermined constraints.
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[0066] For example, the operation order determining section 107 can determine an order which satisfies the require-
ments below. Note that it is not necessary to use all the following requirements, and it is possible to use only necessary
one(s) of the requirements:

(a) a requirement that the mixing operation and the transfer operation are carried out for the respective times into
which the scheduler section 105 has divided the operation time;

(b) arequirement that, in a case where the acceptance area has a place in which waste has a maximum height that
is not less than a threshold, the transfer operation to transfer the waste from the place is carried out next; and

(c) arequirement that, in a case where the waste hopper issues a command to put in waste, the putting-in operation
is carried out next.

[0067] In addition, the evaluation value can be calculated by, for example, evaluating such matters as listed below.
Also for the evaluation value, it is not necessary to use all the following evaluation values, and it is possible to use only
necessary one(s) of the evaluation values:

(d) an evaluation value obtained by evaluating a degree of mixing (the evaluation value is high in a case where
waste which has been mixed one or more times the number of which is not less than the predetermined number is
present on a surface layer of the waste pit, and the evaluation value is low in a case where such waste is not present
on the surface layer of the waste pit,); and

(e) an evaluation value obtained by evaluating a degree of flatness (the evaluation value is low in a case where a
variance in height of waste in a predetermined area in the waste pit is not less than a threshold, and the evaluation
value is high in a case where the variance is less than the threshold).

[0068] As described above, while achieving satisfaction of the requirement that the mixing operation and the transfer
operation are carried out for the respective times into which the scheduler section 105 has divided the operation time,
the operation order determining section 107 determines an order in which the mixing operation, the transfer operation,
and the putting-in operation are carried out in the target period. This makes it possible to determine, within the scope of
the schedule generated by the scheduler section 105, the order in which the mixing operation, the transfer operation,
and the putting-in operation, which are the main operations carried out in the waste pit, are carried out.

[Software Implementation Example]

[0069] Control blocks of the information processing device 1 (particularly, each section included in the control section
10) can be realized by a logic circuit (hardware) provided in an integrated circuit (IC chip) or the like or can be alternatively
realized by software.

[0070] In the latter case, the information processing device 1 includes a computer that executes commands of a
program that is software realizing the foregoing functions. The computer, for example, includes at least one processor
and at least one computer-readable storage medium in which the program is stored. An object of the present invention
can be achieved by the processor of the computer reading and executing the program stored in the storage medium.
Examples of the processor encompass a central processing unit (CPU). Examples of the storage medium encompass
a "non-transitory tangible medium" such as a read only memory (ROM), a tape, a disk, a card, a semiconductor memory,
and a programmable logic circuit. The computer may further include a random access memory (RAM) or the like in which
the program is loaded. Further, the program may be made available to the computer via any transmission medium (such
as a communication network and a broadcast wave) which allows the program to be transmitted. Note that an aspect
of the present invention can also be achieved in the form of a computer data signal in which the program is embodied
via electronic transmission and which is embedded in a carrier wave.

[Additional Remarks]

[0071] An information processing device in accordance with an aspect of the present invention includes: a transfer
time estimating section configured to estimate a time in a series of time frames which includes (i) a first time frame during
which a relatively large amount of waste is brought into a waste pit and (ii) a second time frame during which a smaller
amount of waste is brought into the waste pit than during the first time frame, the time being required for a transfer
operation to cause a crane to transfer waste that has been brought into the waste pit; and a scheduler section configured
to divide, between a mixing operation and the transfer operation, an operation time, during which the mixing operation
or the transfer operation is allowed to be carried out with respect to waste by means of the crane in the series of time
frames, in a manner which satisfies the following requirements: (1) a requirement that the transfer operation is carried
out for at least the time that has been estimated by the transfer time estimating section; and (2) a requirement that the
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mixing operation is carried out for a time equal to or longer than a predetermined time in the first time frame during which
a relatively large amount of waste is brought into the waste pit.

[0072] According to the information processing device, the scheduler section may divide the operation time between
the mixing operation and the transfer operation not only in the manner which satisfies the requirements (1) and (2) but
also in a manner which satisfies a predetermined requirement regarding a height of waste in the waste pit at a point in
time when operations that are carried out during the series of time frames is ended.

[0073] The information processing device may include an operation order determining section configured to, while
achieving satisfaction of a requirement that the mixing operation and the transfer operation are carried out for respective
times into which the scheduler section has divided the operation time, determine an order in which the mixing operation,
the transfer operation, and a putting-in operation to put the waste in the waste pit into a hopper are carried out.

[0074] An information processing method in accordance with an aspect of the present invention includes the steps of:
estimating a time in a series of time frames which includes (i) a first time frame during which a relatively large amount
of waste is brought into a waste pit and (ii) a second time frame during which a smaller amount of waste is brought into
the waste pit than during the first time frame, the time being required for a transfer operation to cause a crane to transfer
waste that has been brought into the waste pit; and dividing, between a mixing operation and the transfer operation, an
operation time, during which the mixing operation or the transfer operation is allowed to be carried out with respect to
waste by means of the crane in the series of time frames, in a manner which satisfies the following requirements: (1) a
requirement that the transfer operation is carried out for at least the time that has been estimated in the estimating; and
(2) a requirement that the mixing operation is carried out for a time equal to or longer than a predetermined time in the
first time frame during which a relatively large amount of waste is brought into the waste pit.

[0075] The following information processing program also falls within the scope of the present invention: an information
processing program for causing a computer to function as the information processing device described earlier, the
information processing program causing the computer to function as the transfer time estimating section and the scheduler
section.

[0076] The presentinvention is not limited to the embodiments, but can be altered by a skilled person in the art within
the scope of the claims. The present invention also encompasses, in its technical scope, any embodiment derived by
combining technical means disclosed in differing embodiments.

Reference Signs List
[0077]

1 Information processing device

104  Transfer time estimating section
105  Scheduler section

107  Operation order determining section

Claims
1. Aninformation processing device comprising:

a transfer time estimating section configured to estimate a time in a series of time frames which includes (i) a
first time frame during which a relatively large amount of waste is brought into a waste pit and (ii) a second time
frame during which a smaller amount of waste is brought into the waste pit than during the first time frame, the
time being required for a transfer operation to cause a crane to transfer waste that has been brought into the
waste pit; and

a scheduler section configured to divide, between a mixing operation and the transfer operation, an operation
time, during which the mixing operation or the transfer operation is allowed to be carried out with respect to
waste by means of the crane in the series of time frames, in a manner which satisfies the following requirements:

(1) a requirement that the transfer operation is carried out for at least the time that has been estimated by
the transfer time estimating section; and

(2) a requirement that the mixing operation is carried out for a time equal to or longer than a predetermined
time in the first time frame during which a relatively large amount of waste is brought into the waste pit.

2. The information processing device according to claim 1, wherein the scheduler section divides the operation time
between the mixing operation and the transfer operation not only in the manner which satisfies the requirements
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(1) and (2) but also in a manner which satisfies a predetermined requirement regarding a height of waste in the
waste pit at a point in time when operations that are carried out during the series of time frames is ended.

3. The information processing device according to claim 1 or 2, further comprising

an operation order determining section configured to, while achieving satisfaction of a requirement that the mixing
operation and the transfer operation are carried out for respective times into which the scheduler section has divided
the operation time, determine an order in which the mixing operation, the transfer operation, and a putting-in operation
to put the waste in the waste pit into a hopper are carried out.

4. Aninformation processing method carried out by an information processing device, the method comprising the steps
of:

estimating a time in a series of time frames which includes (i) a first time frame during which a relatively large
amount of waste is brought into a waste pit and (ii) a second time frame during which a smaller amount of waste
is brought into the waste pit than during the first time frame, the time being required for a transfer operation to
cause a crane to transfer waste that has been brought into the waste pit; and

dividing, between a mixing operation and the transfer operation, an operation time, during which the mixing
operation or the transfer operation is allowed to be carried out with respect to waste by means of the crane in
the series of time frames, in a manner which satisfies the following requirements:

(1) a requirement that the transfer operation is carried out for at least the time that has been estimated in
the estimating; and

(2) a requirement that the mixing operation is carried out for a time equal to or longer than a predetermined
time in the first time frame during which a relatively large amount of waste is brought into the waste pit.

5. Aninformation processing program for causing a computer to function as an information processing device according

to claim 1, the information processing program causing the computer to function as the transfer time estimating
section and the scheduler section.

13
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FIG. 4

( START )
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ESTIMATE REQUIRED TIME FOR PUTTING-IN OPERATION 54

ESTIMATE REQUIRED TIME FOR TRANSFER OPERATION S5

DETERMINE STATE OF WASTE AT TIME WHEN OPERATIONS |- S6
START TO BE CARRIED OUT

DIVIDE OPERATION TIME BETWEEN MIXING OPERATION AND - S7
TRANSFER OPERATION

( END )
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