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DESCRIPTION
WASTE COMPOSITION ESTIMATION DEVICE, SYSTEM, PROGRAM, METHOD,
AND DATA STRUCTURE

TECHNICAL FIELD

[0001] The present invention relates to a device, a system, a program, and a method for
estimating composition of waste in a waste treatment plant.

BACKGROUND ART

[0002] In a waste treatment plant, waste including various components, such as household
garbage and bulky crushed waste, pruned branches, sludge, and so on, are thrown into a
waste pit. The waste including the various components is thrown into an incinerator
together, and an incineration process is applied thereto in the incinerator. In this regard, in
the case that the composition of the waste thrown into the incinerator changes suddenly,
when incinerating the waste, temperature in the incinerator may change suddenly, or a
poisonous gas or material such as dioxin or the like may be generated; and, this may result
in an environmental problem.

[0003] For dealing with the above problem, for example, in Patent Literature 1, general
waste materials and heterogeneous waste materials, which are thrown into a waste pit, are
discriminated based on colors thereof, and the waste in the pit is stirred by controlling a crane
to thereby make composition of the waste uniform.

[0004] However, in the technique disclosed in Patent Literature 1, it is difficult to
discriminate between waste materials such as kitchen waste, plastics, and so on which have
similar colors and different composition, and it is also difficult to discriminate between waste
materials such as comforters and so on which have similar composition and different colors.
CITATION LIST

PATENT LITERATURE

[0005] PTL 1: Japanese Patent Publicatién No. 5025120
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TECHNICAL PROBLEM

[0006] Embodiments of the present invention seek to provide a device, a system, a
program, and a method which can estimate composition of waste even if waste materials
having different components and similar colors and waste materials having similar
components and different colors are mixed in waste.

SOLUTION TO PROBLEM

[0006a] A first aspect of the present invention provides a device comprising an
estimation unit which inputs, to a model that is constructed by performing learning using
training data associated with a captured image of waste stored in a waste pit, data of a new
captured image of waste stored in the waste pit to thereby obtain a value representing
composition of the waste corresponding to the new image; wherein the training data is
collected from at least one of a value representing a characteristic of waste identified based
on operation history of a waste treatment plant, and a label representing result of
classification of composition of waste, wherein classification is performed by an operator
based on image data of the waste in the waste pit.

[0006b] A second aspect of the present invention provides a waste treatment plant
system comprising an estimation unit which inputs, to a model that is constructed by
performing learning using training data associated with a captured image of waste stored in
a waste pit, data of each of blocks of a captured new image that is obtained by dividing the
captured new image of the waste stored in the waste pit into plural blocks, and generates
an inference map that associates values representing composition of the waste
corresponding to the new image with the respective blocks, and an instruction unit which
generates, based on the inference map, at least one of an instruction to a crane control
device which controls a crane and an instruction to a combustion control device which
controls an incinerator.

[0006¢] A third aspect of the present invention provides a method for estimating
composition of waste stored in a waste pit of a waste treatment plant comprising a step for
inputting, to a model that is constructed by performing learning using training data
associated with a captured image of waste stored in a waste pit, data of a new captured
image of waste stored in the waste pit, and thereby obtaining a value representing

composition of the waste corresponding to the new image; wherein the training data is
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collected from at least one of a value representing a characteristic of waste identified based
on operation history of a waste treatment plant, and a label representing result of
classification of composition of waste, wherein classification is performed by an operator
based on image data of the waste in the waste pit.

[0006d] There is also provided a program that makes a processor in the waste
treatment plant to perform the method according to the third aspect.

[0007] (Mode 1) According to mode 1, a device is provided, and the device comprises: a
training data generation unit which generates training data associated with a captured
image of waste stored in a waste pit; a model construction unit which constructs a model
by performing learning using the training data; and an estimation unit which inputs, in the
model, data of a new captured image of waste stored in a waste pit, and obtains a value
representing composition of the waste corresponding to the new image.

[0008] (Mode 2) According to mode 2, the mode comprises the device of mode 1,
wherein the estimation unit further divides the captured new image of the waste into plural
blocks; regarding each of the blocks, outputs a value representing composition of the
waste corresponding to the new image; and generates an inference map which associates
outputted values representing composition of the waste with the respective blocks.

[0009] (Mode 3) According to mode 3, the mode comprises the device of mode 2,
wherein the device further comprises an instruction unit which generates, based on the
inference map, at least one of an instruction to a crane control device which controls a
crane and an instruction to a combustion control device which controls an incinerator.
[0010] (Mode 4) According to mode 4, the mode comprises the device of mode 3,
wherein the instruction to the crane control device is an instruction to a crane to move
waste stored in the waste pit; and the instruction to the combustion control device is an
instruction required to incinerate waste thrown into the incinerator.

[0011] (Mode 5) According to mode 5, the mode comprises the device of any one of
modes 1 to 4, wherein the training data is collected from at least one of a value
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characteristic of waste identified based on operation history of a waste treatment plant and a
label representing result of classification of composition of waste, wherein classification is
performed by an operator based on image data of the waste in the waste pit.

[0012] (Mode 6) According to mode 6, the mode comprises the device of any one of
modes 1-5, wherein the value representing composition of the waste is an index that
represents flammability of the waste.

[0013] (Mode 7) According to mode 7, a waste treatment plant system is provided, and
the system comprises: a training data generation unit which generates training data
associated with a captured image of waste stored in a waste pit; a model construction unit
which constructs a model by performing learning using the training data; an estimation unit
which divides a new captured image of waste stored in a waste pit into plural blocks, inputs
data of the respective blocks of the new image in the model, and generates an inference map
which associates values representing composition of the waste corresponding to the new
image with the respective blocks; and an instruction unit which generates, based on the
inference map, at least one of an instruction to a crane control device which controls a crane
and an instruction to a combustion control device which controls an incinerator.

[0014] (Mode 8) According to mode 8, a method for estimating composition of waste
stored in a waste pit of a waste treatment plant is provided, and the method comprises: a
step for generating training data associated with a captured image of waste stored in a waste
pit; a step for constructing a model by performing learning using the training data; and a
step for inputting, in the model, data of a new captured image of waste stored in a waste pit,
and obtaining a value representing composition of the waste corresponding to the new image.
[0015] (Mode9) According to mode 9, a program is provided, and the program is that
which makes a processor in the waste treatment plant to perform the method according to
mode 8.

[0016] (Mode 10) According to mode 10, a data structure that is used by a device for
controlling operation of a waste treatment plant, for estimating composition of waste

corresponding to an image of the waste stored in a waste pit in the waste treatment plant, is
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provided; and the data structure is characterized in that it comprises training data that
comprises a value that is generated from operation history of the waste treatment plant and
represents composition of waste, and an image of the waste which corresponds to a value
representing the composition of the waste; and the device estimates, by performing learning
that uses the training data, composition of waste corresponding to a new captured image of
the waste stored in the waste pit.
BRIEF DESCRIPTION OF DRAWINGS
[0017] Fig. 1is a schematic diagram of a waste treatment plant relating to an embodiment.

Fig. 2 is a schematic configuration diagram of a waste treatment plant system
relating to an embodiment.

Fig. 3 is a function configuration diagram of an information processing device of a
waste treatment plant relating to an embodiment.

Fig. 4 is an example construction of an inference map which shows correspondence
between output data and positions in a waste pit.

Fig. 5 is a flow chart showing operation of a waste treatment plant system relating to
an embodiment.
DESCRIPTION OF EMBODIMENTS
[0018] In the following description, embodiments of the present invention will be explained
with reference to the figures.
[0019] Fig. 1 shows a schematic diagram of a waste treatment plant according to an
embodiment; and, in Fig. 1, 1 denotes an incinerator for incinerating waste, 2 denotes a
waste heat boiler, 3 denotes a pit for storing waste, 4 denotes a hopper, 5 denotes a crane for
moving waste from the pit 3 to the hopper 4, and 6 denotes an imaging device for capturing
an image of a surface of waste stored in the pit 3. Also, in Fig. 1, 21 denotes a platform,
wherein waste collected by a waste collecting vehicle 22 is thrown into the waste pit 3 from
the platform 21.
[0020] Fig. 2 shows a configuration diagram of a system 100 for controlling operation of

the waste treatment plant shown in Fig. 1. The waste treatment plant system 100 is a system



-5-

configured to estimate, based on image data captured by the imaging device 6, a value
representing composition of waste, and control, based on the value representing estimated
composition of the waste, operation of the waste treatment plant. The waste treatment plant
system 100 comprises an information processing device 200, the imaging device 6 for
capturing an image in the waste pit 3 (shown in Fig. 1), a crane control device 110, and a
combustion control device 120. The information processing device 200 is communicably
and mutually coupled to the imaging device 6, the crane control device 110, and the
combustion control device 120, via a network such as an in-plant LAN (Local Area Network)
or the like constructed in the waste treatment plant, for example. The information
processing device 200 may be constructed by use of a personal computer, a workstation, or a
server device, or may be constructed by use of a portable computer such as a tablet terminal.
In this regard, it should be reminded that the above construction is an example, and the
construction to which the present invention is applicable is not limited to the construction
shown in Fig. 2. For example, the number of each of the imaging device 6, the crane
control device 110, the combustion control device 120, and the information processing device
200 may be two or more than two.

[0021] The imaging device 6 is a device for capturing an image of a surface of waste piled
in the waste pit 3, and obtaining image data representing the inside of the pit 3. For
example, the imaging device 6 may be an RGB camera for capturing a shape and chromatic
image of waste, a near infrared camera for capturing a near infrared image of waste, or a 3D
camera or an RGB-D camera for capturing a three dimensional image of waste.

[0022] The information processing device 200 comprises a processor 202, a memory 204, a
communication interface 206, and a storage 208. In an embodiment, the information
processing device 200 generates, based on image data that is transmitted from the imaging
device 6 and represents the inside of the waste pit 3, training data that is to be supplied to a
learning model.  Details of functions performed in the information processing device 200
will be explained later with reference to Fig. 3.

[0023] The processor 202 is constructed to read a program stored in the memory 204 and
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execute a process according thereto. As a result that the processor 202 executes programs
stored in the memory 204, the respective functions in processing, that will be explained later,
are realized. In an embodiment, the processor 202 is realized as a device such as a CPU
(Central Processing Unit), MPU (Micro Processor Unit), a FPGA (Field-Programmable Gate
Array), or the like.

[0024] The memory 204 temporarily stores a program and data. The program may be
loaded from the storage 208, for example. The data comprises data inputted to the
information processing device 200, data generated by the processor 202, and data loaded
from the storage 208. In an embodiment, the memory 204 may be realized as a volatile
memory such as a RAM (Random Access Memory) or the like. Data stored in the memory
204 comprises image data of waste captured by the imaging device 6, training data generated
based on image data of waste, and so on.

[0025] The communication interface 206 communicates signals between the imaging
device 6, the crane control device 110, the combustion control device 120, and the
information processing device 200. In an embodiment, the communication interface 206
receives image data outputted from the imaging device 6, for example. In another
embodiment, the communication interface 206 sends an instruction generated by the
processor 202 to the crane control device 110 or the combustion control device 120.

[0026] The storage 208 holds programs and data permanently. The storage 208 is realized
as a nonvolatile storage device such as a ROM (Read-Only Memory), a hard disk device, a
flash memory, or the like, for example. The programs stored in the storage 208 comprises a
program for generating, based on image data of waste captured by the imaging device 6,
training data, and a program for giving an instruction to the crane control device 110 or the
combustion control device 120, for example. For example, operation history of the waste
treatment plant is stored, in time series, in the storage 208. The operation history of the
waste treatment plant includes raw data measured by devices such as plural sensors and so on
attached to the waste treatment plant, for example, a temperature sensor for sensing

temperature in the incinerator 1 (shown in Fig. 1). Further, the storage 208 comprises a
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database 209, and the database 209 stores, in time series, process data obtained based on the
operation history of the waste treatment plant, for example. In this regard, it should be
reminded that the process data may be stored in the memory 204.

[0027] The crane control device 110 is a device for controlling operation of the crane 5
(shown in Fig. 1). The crane control device 110 makes the crane 5 to perform operation for
stirring waste in the waste pit 3 or conveying waste in the waste pit 3 to the hopper 4 (shown
in Fig. 1), in accordance with an instruction transmitted from the information processing
device 200. Stirring of waste in the waste pit 3 is operation to grasp a part of waste piled at
a block in the waste pit 3 and move the part of waste to a different block in the waste pit, or
operation to drop the part of waste grasped by the crane 5 on the same block again. By
repeating stirring of waste, the waste materials can be mixed to make the composition of the
waste in the waste pit 3 homogeneous. Thus, it becomes possible to make combustion of
waste in the incinerator 1 homogeneous.

[0028] The combustion control device 120 is a device for controlling combustion in the
incinerator 1 (shown in Fig. 1). The combustion control device 120 controls time of
combustion and/or temperature of combustion in the incinerator 1, or controls the quantity of
air supplied to the incinerator 1, in accordance with an instruction transmitted from the
information processing device 200.

[0029] Fig. 3 is a block diagram showing a functional construction of the information
processing device 200 relating to an embodiment of the present invention. The information
processing device 200 relating to the present embodiment comprises a training data
generation unit 220, a model construction unit 230, an image acquisition unit 240, an
estimation unit 250, and an instruction unit 260. Each of the units 220 to 260 represents a
function realized by reading a computer program in the memory 204 and executing the
computer program by the processor 202 shown in Fig. 2.

[0030] According to the present embodiment, a learning model is constructed by generating
training data from image data of waste included in operation history of the waste treatment

plant and so on, collecting plural sets, each set comprising the image data of waste and the
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training data, and machine-learning the sets. Thereafter, the image data of the waste, which
is an object relating to estimation, is inputted to the constructed learning model, an output
(result of inference) is obtained therefrom, and an inference map is generated based on the
output. Further, based on the inference map, instructions are given to the crane control
device 110 (shown in Fig. 2) and the combustion control device 120 (shown in Fig. 2). In
the following description, operation and so on of each of the units 220-260 will be explained
in detail.

[0031] The training data generation unit 220 generates training data supplied to the learning
model. The training data generation unit 220 generates training data from past or present
operation history of the waste treatment plant, that is stored in time series in the database 209
(shown in Fig. 2) that has been predetermined. The database 209 stores, in time series,
image data of waste in the waste pit 3 captured by the imaging device 6, and process data
corresponding to the image data of waste. The training data generation unit 220 reads, from
the database 209, process data corresponding to image data of waste in the waste pit 3, and
generates, from the process data, training data for learning. The image data of waste in the
waste pit 3 and the process data are associated, for example, by use of time at when the
respective data were obtained. That is, past process data is associated with past image data
of waste. Training data generated from process data comprises a value representing
composition of waste. The value representing composition of waste is an index showing the
degree of flammability or non-flammability of waste. The process data comprises at least
one of data that shows a waste characteristic collected based on operation history of the waste
treatment plant and a label that classifies composition of waste, wherein classification is
performed by an operator based on operation history of the waste treatment plant.

[0032] The data representing a characteristic of waste may be weight (kg*m/s?) of waste
thrown into the pit 3, density (kg/m?), the water content (kg) included in waste thrown into
the pit 3, or a quantity of heat (kJ/kg) generated when waste is incinerated, for example.

Each of the following matters that the weight is low, the density is low, the water content is

low, and the quantity of heat is high indicates that the waste is easy to be incinerated. In
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general, waste becomes more flammable as the density thereof becomes lower. Thus, waste
having the same volume and less weight is more flammable. The volume of waste that the
crane 5 can grasp each time is approximately the same; so that, if the weight of waste
grasped by the crane 5 is measured, the flammability of the waste can be determined.

[0033] Further, for example, the database 209 stores, in advance, data representing a
characteristic of waste that is based on past operation history of the waste treatment plant.
For example, the database 209 stores, in advance, information of the quantity of heat
generated in the waste treatment plant with respect to each of months over a past
predetermined period (for example, three years). By referring to the history information of
the quantity of generated heat per each month stored in the database 209, an actual quantity
of heat generated from waste, if the waste shown in an image of waste in the waste pit 3 is
thrown into the incinerator 1, can be specified.

[0034] In the present embodiment, image data of waste in the waste pit 3 is associated with
data representing a characteristic of the waste that is identified when the waste is thrown into
the waste pit 3. Then, the training data generation unit 220 applies shaping and so on to the
data representing the identified characteristic of the waste, and generates training data that
corresponds to image data of waste and represents composition of the waste.

[0035] On the other hand, the label for classifying waste by composition of waste is
specified by classifying composition of the waste shown in the image by an operator by
performing visual observation, based on past data of an image of the waste stored in the
database 209. For example, in the case that an operator has judged that waste shown in an
image comprises high-calorific value waste, label "H" is assigned thereto; label "M" is
assigned if the waste is judged to be that comprising middle-calorific value waste; and label
"L" is assigned if the waste is judged to be that comprising low-calorific value waste. The
assigned label is inputted to the information processing device 200 via an input interface
which is not shown in the figures, and stored in the database 209.

[0036] In the present embodiment, a label determined by classifying, by visual observation

by an operator, composition of waste in image data which is captured by the imaging device
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6 and represents the waste in the waste pit 3 is collected as training data.

[0037] In this manner, the training data generation unit 220 obtains, from operation history
of the waste treatment plant, process data corresponding to an image of waste in the waste pit
3, and generates training data from the process data. The training data generation unit 220
collects plural sets, each set comprising data of an image of waste and training data that
corresponds to the image of the waste and includes a value representing composition of the
waste, and stores them as learning data in the memory 204.

[0038] It should be reminded that the training data generation unit 220 may be constructed
in such a manner that it divides an image of past image data of waste stored in the database
209 into plural blocks, obtains, with respect to respective divided blocks, process data
corresponding to the image, and generates training data from the obtained process data. In
such a case, the training data generation unit 220 assigns block numbers to the respective
divided blocks, and stores values representing composition of the waste, together with the
block numbers, in the memory 204, for example. Thus, the training data generation unit
220 can generate a map of training data which shows the degrees of flammability with
respect to waste in respective blocks in the pit 3.

[0039] The model construction unit 230 constructs a model (a function) by machine-
learning generated training data. The model is constructed in such a manner that it outputs a
correct output corresponding to a new input when the new input is given. The model
construction unit 230 has a predetermined function y=f(x,0). In the function, the input x is
image data of waste in the waste pit 3, the output y is a value representing composition of the
waste, and 0 is an internal parameter of the function. The model construction unit 230 gives
plural sets, each set comprising an input x and an output y, to be used for machine-learning to
adjust the internal parameter 0, to make it possible to obtain a correct output. The input x,
that is given for machine-learning, is image data of waste in the waste pit 3 that is generated
by the training data generation unit 220 and collected from operation history of the waste
treatment plant; and the output y is training data corresponding to the input x. In an image

of image data of the waste in the waste pit 3, that is given as an input x for machine-learning,
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waste components having various shapes and various colors are shown. The model
construction unit 230 finds relationship between image data and training data by machine-
learning plural sets of the data of various images and training data corresponding to the data
of the various images, and adjusts the internal parameter 0 of the model. As a result, the
model is constructed in such a manner that, even if a new input that is different from an input
x that was given previously is given, it outputs a correct output corresponding to the new
input. In this regard, the algorithm used for learning may be at least one of statistical
estimation, reinforcement learning, and deep learning that use linear regression, Boltzmann
Machines, a neural network, Support Vector Machine, Bayesian network, sparse regression, a
decision tree, and/or random forests.

[0040] The image acquisition unit 240 obtains image data of waste in the waste pit 3 for
inputting it to a constructed model. The image acquisition unit 240 receives image data of
waste in the waste pit 3 from the imaging device 6 periodically, or in response to a trigger
that may be an event of issuance of a request to the crane 5 to throw waste into the pit 3, and
stores the image data in the memory 204.

[0041] The estimation unit 250 obtains new image data of waste from the memory 204, and
inputs the new image data of waste to the constructed model to obtain output data. The
output data is a value that corresponds to the new imaged data and represents composition of
the waste, for example, data representing a characteristic of the waste.

[0042] The estimation unit 250 may further generate an inference map which shows
correspondence between obtained output data and positions, that relate to the output data, in
the waste pit 3. The estimation unit 250 divides a new image obtained by the image
acquisition unit 240 into plural blocks, and inputs respective data of the plural divided blocks
of the new image to the constructed model to obtain output data for each of the blocks. Fig.
4 shows an example of an inference map 400 constructed by dividing a surface of the waste
pit 3 into plural blocks 402. In the example shown in Fig. 4, the surface of the waste pit 3 is
divided into four in a lateral direction, and twelve in a longitudinal direction, so that the

inference map 400 comprises a total of forty eight blocks 402. It should be reminded that
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the estimation unit 250 can also generate an inference map in a three dimensional manner, by
using a previously generated map.

[0043] For example, output data is shown in each block 402 which is a component of the
inference map 400. In the example shown in Fig. 4, the output data is an index representing
the degree of flammability of waste (no unit thereof in Fig. 4). For example, it shows that
the waste is more flammable as the value of the index is larger. The output data described
in each block 402 is not limited to that shown in Fig. 4, so that the output data may represent
a different matter, for example, weight (kg*m/s?) of waste, density (kg/m®) of waste, the
water content (kg) included in waste, or a quantity of heat (kJ/kg) generated, or may
represent any combination of the above matters. The output data shown in each block 402,
which is a component of the inference map 400, may comprise plural kinds of output data.
The inference map 400 is updated/recorded each time when cﬁange to the image data
obtained by the image acquisition unit 240 occurs, or periodically. Further, the inference
map 400 may be displayed visually on a display which is not shown in the figures.

[0044] Further, in each block 402 which is a component of the inference map 400, a value
(a label, a flag, etc.) that is extracted based on output data may be displayed, instead of
displaying the output data itself. For example, a label, that is determined by performing
classification based on the magnitude of output data, is shown in each block 402. For
example, in the case that output data represents the water content of waste, label "L (or low-
calorific value waste)" is assigned to a block with respect to whiéh the water content is high,
label "M (or standard-calorific value waste)" is assigned to a block with respect to which the
water content is average, and label "H (or high-calorific value waste)" is assigned to a block
with respect to which the water content is low. Also, for example, a flag, that is obtained
based on the magnitude of output data, is shown in each block 402. For example, in the
case that output data represents a quantity of generated heat, flag "OK" is assigned if it is
judged that the quantity of heat generated from waste is equal to or more than a
predetermined quantity and the waste is suitable to be thrown into the incinerator 1, and flag

"NG" is assigned if it is judged that the quantity of heat generated from waste is less than the
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predetermined quantity and the waste is not suitable to be thrown into the incinerator 1.

Also, in the case that there are plural kinds of output data corresponding to a single block
402, it may be possible to extract a new value, that is to be shown in each block 402, from the
plural kinds of output data.

[0045] According to the present technique, composition of waste corresponding to new
image data is estimated when the new image data is inputted, by using a model which is
constructed in such a manner that it outputs a correct value (a value representing composition
of the waste) corresponding to the new image data. Thus, by collecting new image data of
waste and inputting the image data to the learning model, estimation of composition of waste
corresponding to the new image data can be performed. Further, even in the case that waste
materials which have similar colors and different composition and waste materials which do
not have similar colors and have the same composition exist in the pit 3, the composition of
waste can be estimated more accurately, compared with the case that the composition of
waste is estimated based only on their colors. Further, according to the present technique,
since composition of waste is estimated mechanically by use of a learning model,
composition of waste can be estimated even if there is no expert operator, or accuracy of
judgment, that was made by an operator by perfoﬁning visual observation of composition of
waste conventionally, can be supported. Further, by periodically performing additional
learning and/or relearning by using new image data and process data corresponding thereto, it
becomes possible to correspond to change in composition of waste due to aging.

[0046] Also, according to the present technique, the inside of the waste pit 3 is divided into
plural blocks 402, and an inference map 400, which shows values and so on that represent
composition of waste with respect to each block 402, is generated. An operator or the
information processing device 200 can grasp, regarding waste in the waste pit 3, composition
with respect to each block 402 by referring to the inference map 400. Thus, it becomes
possible to grasp distribution with respect to composition of waste, in relation to positions.
[0047] The instruction unit 260 gives, based on the inference map 400, an instruction to the

crane control device 110 (shown in Fig. 2). More specifically, the instruction unit 260
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generates, based on the inference map 400, an instruction for moving waste that designates a
block in the waste pit 3 from which the waste should be moved, and a block to which the
waste should be moved, or an instruction for feeding waste that designates a block in the
waste pit 3 that relates to the waste that is to be thrown into the incinerator 1 (shown in Fig.
1), and transmits the instruction to the crane control device 110. The crane control device
110 controls, in accordance with the instruction, moving of the waste in the waste pit 3 by the
crane 5. The instruction unit 260 instructs, by use of values shown in the inference map
400, moving of the waste in such a manner that the composition of the waste materials in the
pit 3 is made to be uniform, or similar to the composition of the waste materials that were
thrown into the incinerator 1 last time.

[0048] Further, the instruction unit 260 gives an instruction to the combustion control
device 120 (shown in Fig. 2), based on the inference map 400. More specifically, the
instruction unit 260 generates an instruction, that is necessary for incineration of the waste
fed to the incinerator 1, by use of feed information that relates to a block in the inference map
400 that relates to waste that has thrown into the incinerator 1 and a value shown in the
block, for example, output data, and transmits the instruction to the combustion control
device 120. The combustion control device 120 performs, in accordance with the
instruction, combustion control of the incinerator 1 in such a manner that temperature of
combustion, time of combustion, and the quantity of air in the incinerator 1 are made to be
appropriate for the composition of the waste thrown into the incinerator 1.

[0049] It should be reminded that the above-explained embodiments are not those for
limiting the present invention. For example, the instruction unit 260 may be implemented in
a device other than the information processing device 200, for example, in the crane control
device 110. In such a case, the inference map 400 generated in the information processing
device 200 is transmitted to the crane control device 110, and the crane control device 110
generates an instruction for feeding of waste that designates a block in the inference map 400
that relates to waste that is to be thrown into the incinerator 1, and controls operation of the

crane 5 thereby. Further, the crane control device 110 generates, by use of information of
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the position of the block which corresponds to the waste thrown into the incinerator 1 and a
value shown in the block, a control instruction to the combustion control device 120.

[0050] In another construction, the instruction unit 260 may be implemented in both the
crane control device 110 and the combustion control device 120, for example. In such a
case, the inference map 400 generated in the information processing device 200 is transmitted
to the crane control device 110, and the crane control device 110 generates an instruction for
feeding of waste that designates a block in the inference map 400 that relates to waste that is
to be thrown into the incinerator 1, and controls operation of the crane 5 thereby. In
addition, the combustion control device 120 receives, from the information processing device
200, the inference map 400, and receives, from the crane control device 110, information of
the position of the block which relates to the waste thrown into the incinerator 1. The
combustion control device 120 generates, by use of the information of the position of the
block which relates to the waste thrown into the incinerator 1 and a value shown in the block,
a control instruction to the incinerator 1.

[0051] Fig. 5 is a flow chart 500 showing operation of a waste treatment plant system 100
according to an embodiment.

[0052] In step S510, the training data generation unit 220 loads operation history of the
waste treatment plant, that is being stored in the database 209 (shown in Fig. 2), on the
memory 204 (shown in Fig. 2). Thereafter, from the operation history of the waste
treatment plant loaded on the memory 204, process data corresponding to image data of
waste in the waste pit 3 is collected, and training data is generated based on the process data.
[0053] In step S520, the model construction unit 230 performs supervised learning, wherein
the image data of waste in the waste pit 3 and the training data, that is generated in step S510
and corresponds to the image data, are used in the learning, to thereby construct a model in
which an internal parameter of a function that the model construction unit 230 has is
adjusted.

[0054] In step S530, the image acquisition unit 240 obtains image data of waste in the waste

pit 3, that is captured by the imaging device 6.
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[0055] In step S540, the estimation unit 250 divides the image data of waste in the waste pit
3, that is obtained by the image acquisition unit 240, into one or more blocks. Thereafter,
the estimation unit 250 inputs the respective divided pieces of image data to the model, that is
constructed in step S520, and obtains output data for the respective blocks.

[0056] In step S550, the estimation unit 250 generates an inference map 400 by associating,
with each block, a value repfesenting composition of waste, that is specified by the output
data for each block obtained in step S540.

[0057] In step S560, the instruction unit 260 gives operation instruction to the crane control
device 110 or the combustion control device 120 based on the inference map 400 generated
in step S560.

[0058] In the above description, embodiments of the present invention are explained; and
the above embodiments of the present invention are those used for facilitating understanding
of the present invention, and are not those for limiting the present invention. It is obvious
that the present invention can be changed or modified without departing from the scope of
the gist thereof, and that the scope of the present invention includes equivalents thereof.
Further, within the scope that at least part of the above-stated problems can be solved and/or
within the scope that at least part of advantageous effect can be obtained, it is possible to
arbitrarily combine embodiments and modified examples, and it is possible to arbitrarily
combine components or omit a component/components disclosed in the claims and the
specification. |

REFERENCE SIGNS LIST

[0059] 1 ... Incinerator: 3 ... Pit: 4 .. Hopper: 5..Crane: 6 ... Imaging device:

100 ... Waste treatment plant system: 110 ... Crane control device: 120 ... Combustion
control device: 200 ... Information processing device: 202 ... Processor: 204 ... Memory:
206 ... Communication interface: 208 ... Storage: 209 ... Database: 220 ... Training data
generation unit: 230 ... Model construction unit: 240 ... Image acquisition unit: 250 ...

Estimation unit: 260 ... Instruction unit: 400 ... Inference map
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CLAIMS

1. A device comprising:

an estimation unit which inputs, to a model that is constructed by performing
learning using training data associated with a captured image of waste stored in a waste pit,
data of a new captured image of waste stored in the waste pit to thereby obtain a value
representing composition of the waste corresponding to the new image; wherein

the training data is collected from at least one of a value representing a characteristic
of waste identified based on operation history of a waste treatment plant, and a label
representing result of classification of composition of waste, wherein classification is

performed by an operator based on image data of the waste in the waste pit.

2. The device according to Claim 1, wherein the estimation unit further

divides the captured new image of the waste into plural blocks, and, regarding each
of the blocks, outputs a value representing composition of the waste corresponding to the
new image; and

generates an inference map which associates outputted values representing

composition of the waste with the respective blocks.

3. The device according to Claim 2, further comprising
an instruction unit which generates, based on the inference map, at least one of an
instruction to a crane control device which controls a crane and an instruction to a

combustion control device which controls an incinerator.

4. The device according to Claim 3, wherein the instruction to the crane control device
is an instruction to a crane to move waste stored in the waste pit; and the instruction to the
combustion control device is an instruction required to incinerate waste thrown into the

incinerator.
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5. The device according to any one of Claims 1 to 4, wherein the value representing

composition of the waste is an index that represents flammability of the waste.

6. The device according to any one of Claims 1 to 5 further comprising:
a training data generation unit which generates the training data associated with a

captured image of waste stored in the waste pit.

7. The device according to Claim 6 further comprising:
a model construction unit which constructs the model by performing learning using

the training data.

8. A waste treatment plant system comprising:

an estimation unit which inputs, to a model that is constructed by performing
learning using training data associated with a captured image of waste stored in a waste pit,
data of each of blocks of a captured new image that is obtained by dividing the captured new
image of the waste stored in the waste pit into plural blocks, and generates an inference map
that associates values representing composition of the waste corresponding to the new image
with the respective blocks, and

an instruction unit which generates, based on the inference map, at least one of an
instruction to a crane control device which controls a crane and an instruction to a

combustion control device which controls an incinerator.

9. A method for estimating composition of waste stored in a waste pit of a waste
treatment plant comprising a step for:

inputting, to a model that is constructed by performing learning using training data
associated with a captured image of waste stored in a waste pit, data of a new captured image

of waste stored in the waste pit, and thereby obtaining a value representing composition of
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the waste corresponding to the new image; wherein

the training data is collected from at least one of a value representing a characteristic
of waste identified based on operation history of a waste treatment plant, and a label
representing result of classification of composition of waste, wherein classification is

performed by an operator based on image data of the waste in the waste pit.

10. A program that makes a processor in the waste treatment plant to perform the

method according to Claim 9.
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