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(54) PRODUCTION SYSTEM, PRODUCTION METHOD, AND CONTROL DEVICE

(57) The present invention addresses the problem of
stabilizing the qualities of products which are manufac-
tured by a plurality of steps. The present invention is a
production system for producing products from raw ma-
terials by a production process including a plurality of
steps, and is provided with: a plurality of production fa-
cilities that perform the steps; and a control device that
determines control target values which are respectively
set for the plurality of production facilities, wherein, when
information about a manufacturing condition indicating
the state of any one of the plurality of steps is acquired,
the control device determines a control target value to
be set for at least any one of the plurality of production
facilities, by referring to information about group combi-
nations specified in accordance with the relative merits
of the manufacturing condition routes followed by respec-
tive lots during the production process, the relative merits
being determined on the basis of quality items of the lots
classified for each of inter-step combinations of a plurality
of groups which are classified on the basis of manufac-
turing conditions at the steps.



EP 3 816 746 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to a production system, a production method, and a control device.

Background Art

[0002] In the manufacture of medicines and food products, control target values, upper limit values, and lower limit
values for various processes are determined in order to maintain product quality. For example, in the manufacture of
medicine tablets, control target values are determined for granulators, dryers, and the like, which perform various proc-
esses on granulate materials so that tablets, which are final products, have a predetermined solute quality. Such control
target values in production processes are determined through a variety of methods (see, for example, PTL 1 to 2).

Documents of Prior Arts

Patent document

[0003]

[PTL 1] Japanese Patent Application Publication No. 2009-021348
[PTL 2] Japanese Translation of PCT Application No. 2012-515984

Summary of the Invention

Problems to be solved by the invention

[0004] For example, at production sites which handle powder raw materials, devices that handle respectively different
steps, such as mixing, granulation, and drying, are prepared and the raw materials (which also include "intermediate
products" hereinafter) are moved between the steps continuously by pipes, or moved intermittently by receptacles.
Accordingly, the state of the raw materials entering each step is inevitably affected by various factors, such as the details
of processing performed in preceding steps and characteristics of the raw materials at the time of shipment from a raw
material manufacturer. As such, the control target values for devices handling respective steps may be adjusted dynam-
ically on the basis of experience and projections, rather than being determined uniquely.
[0005] However, in a production system that involves a variety of steps, the state of a final product is the result of
mutual effects of many processes performed in various steps, and it is therefore not easy to improve the entire process
while experimenting with changes in, for example, control target values used in specific steps.
[0006] Accordingly, an object of the present invention is to stabilize the quality of a product manufactured through a
plurality of steps.

Means for solving the Problems

[0007] In order to solve the above-described problem, the present invention determines a control target value of a
production apparatus on the basis of information of a combination of groups specified in accordance with the superior-
ity/inferiority of a route of manufacturing conditions that is followed by each of lots in the past when passing through a
production process.
[0008] Specifically, the present invention is a production system producing a product from a raw material by a production
process having a plurality of steps. The system includes a plurality of production apparatuses that handle the steps, and
a control device that determines a control target value set for each of the plurality of production apparatuses. The control
device, upon obtaining information of a manufacturing condition indicating a state of at least any step among the plurality
of steps, determines a control target value set for at least any of the plurality of production apparatuses by referring to
information of a combination of groups specified in accordance with a superiority/inferiority, which is determined on the
basis of a quality item of each of lots classified according to each of combinations of steps in a plurality of the groups
which have been classified according to each of manufacturing conditions in each of the steps, the superiority/inferiority
being a superiority/inferiority of a route of the manufacturing conditions that is followed when each of the lots passes
through the production process.
[0009] Here, "manufacturing conditions" are a concept that includes various measurement values, control amounts,
and other information in the production process, and are not limited to thresholds such as upper limit values and lower
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limit values, for example. Additionally, "obtaining information" is a concept which is not limited to the control device
actively obtaining information, but also includes the control device passively obtaining information, such as when an
operator inputs information manually.
[0010] According to the above-described production system, a control target value based on past production results
is determined on the basis of information of current manufacturing conditions. Accordingly, product quality can be
stabilized more than in a case where fixed control target values are set uniformly for each device, regardless of the
manufacturing state.
[0011] Note that the control device may determine the control target value set for at least any of the plurality of
production apparatuses by referring to information of any combination, in which at least a condition of a product quality
is satisfied, among the combinations of groups. If the control target value is determined in this manner, a product that
satisfies the quality condition can be produced.
[0012] Additionally, the control device may set the determined control target value in at least any of the plurality of
production apparatuses. If the control target value is set in this manner, for example, the control target value can be
changed autonomously in accordance with a change in the manufacturing state.
[0013] Additionally, in a state in which the product has been produced in the production process, upon obtaining
information of a manufacturing condition indicating a state of at least any step among the plurality of steps, the control
device may determine, on the basis of the obtained information, whether or not a lot of the product meets manufacturing
conditions of the route. If such a determination is made, the occurrence of lots that do not conform to the manufacturing
conditions can be detected.
[0014] Additionally, the information of the combination may be, with data that includes a manufacturing condition that
indicates a state of each of the steps and a quality item that indicates a quality of the product being collected for each
lot in the production process, and the steps being classified into a plurality of groups in accordance with manufacturing
conditions of the steps, and moreover the lots being classified into a plurality of routes for each combination of groups,
and furthermore a superiority/inferiority of each of the routes being determined in accordance with the quality item of
the route, information of a favorable combination of the groups specified in accordance with the superiority/inferiority of
each of the routes. With the information of the combination created in this manner, the control target values can be
determined according to a route where the superiority/inferiority of the product quality is known from past production
results.
[0015] Additionally, the production process may be a continuous production process that continuously produces a
product from a powder, which is a raw material. The plurality of production apparatuses may include a first processing
device that performs first processing on the powder, which is a raw material, a second processing device that performs
second processing on the powder, on which the first processing device has performed the first processing, and an
inspection and sorting device having an inspection chamber, into which the powder sent from the first processing device
flows. The inspection and sorting device may be a device that, when a prescribed amount of the powder has accumulated
in the inspection chamber, inspects the powder inside the inspection chamber after blocking a path connecting the first
processing device to the inspection chamber, and when the inspection ends, discharges the powder from within the
inspection chamber and then cancels the blocking. When the inspection and sorting device obtains information of a
property of the powder within the inspection chamber, the control device may determine a control target value set in the
second processing device by referring to the information of the combination. With such a production system, even when
continuously producing a product from a powder raw material, for example, information of the properties of the powder
can be obtained accurately, which makes it possible to appropriately determine the control target value based on past
production results.
[0016] Additionally, in a case where the powder within the inspection chamber is not classified into any of the groups
as a result of referring to the information of the combination, the control device may avoid causing the inspection and
sorting device to discharge the powder from within the inspection chamber to the second processing device. With such
a production system, a lot which has deviated from a route can be prevented from being sent to the second processing
device.
[0017] The present invention can be realized as a method aspect as well. For example, the present invention may be
a production method for producing a product from a raw material by a production process having a plurality of steps.
The method includes a step of operating a plurality of production apparatuses that handle the steps, and a step of causing
a control device to determine a control target value set for each of the plurality of production apparatuses. The step of
causing the control device to make determination, upon obtaining information of a manufacturing condition indicating a
state of at least any step among the plurality of steps, determines a control target value set for at least any of the plurality
of production apparatuses by referring to information of a combination of groups specified in accordance with a superi-
ority/inferiority, which is determined on the basis of a quality item of each of lots classified according to each of combi-
nations of steps in a plurality of the groups which have been classified according to each of the manufacturing conditions
in each of the steps, the superiority/inferiority being a superiority/inferiority of a route of manufacturing conditions that
is followed when each of the lots passes through the production process.
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[0018] The present invention can be realized as a control device aspect as well. For example, the present invention
may be a control device of a production system producing a product from a raw material by a production process having
a plurality of steps. The control device includes a processing unit that executes processing of determining a control
target value set for each of a plurality of production apparatuses that handle the steps, and an output unit that outputs
the control target value determined by the processing unit. The processing unit, upon obtaining information of a manu-
facturing condition indicating a state of at least one step among the plurality of steps, determines a control target value
set for at least any of the plurality of production apparatuses by referring to information of a combination of groups
specified in accordance with a superiority/inferiority, which is determined on the basis of a quality item of each of lots
classified according to each of combinations of steps in a plurality of the groups which have been classified according
to each of the manufacturing conditions in each of the steps, the superiority/inferiority being a superiority/inferiority of a
route of manufacturing conditions that is followed when each of the lots passes through the production process.

Effects of the invention

[0019] According to the production system, production method, and control device described above, the quality of a
product manufactured through a plurality of steps can be stabilized.

Brief Description of the Drawings

[0020]

[Fig. 1] Fig. 1 is a diagram illustrating a continuous production system according to an embodiment.
[Fig. 2] Fig. 2 is a diagram illustrating an example of an inspection and sorting device provided in the continuous
production system.
[Fig. 3] Fig. 3 is a diagram illustrating operations of the inspection and sorting device.
[Fig. 4] Fig. 4 is a flowchart illustrating a sequence of an analysis method in a production process according to the
embodiment.
[Fig. 5] Fig. 5 is a graph showing principal component scores and groups for each of lots in a first step.
[Fig. 6] Fig. 6 is a graph showing principal component scores and groups for each of lots in a second step.
[Fig. 7] Fig. 7 is a graph showing principal component scores and groups for each of lots in a third step.
[Fig. 8] Fig. 8 is a graph showing principal component scores and groups for each of lots in a fourth step.
[Fig. 9] Fig. 9 is a graph showing principal component scores and groups for each of lots in a fifth step.
[Fig. 10] Fig. 10 is a graph showing principal component scores and groups for each of lots in a sixth step.
[Fig. 11] Fig. 11 is a table showing a combination of groups and product data for each of steps.
[Fig. 12] Fig. 12 is a diagram illustrating group combinations in each of steps corresponding to Cases 4 to 7 in Fig. 11.
[Fig. 13] Fig. 13 is a diagram illustrating an example of processing performed by a control device.
[Fig. 14] Fig. 14 is a diagram illustrating an example of raw materials classified into a plurality of groups by properties.
[Fig. 15] Fig. 15 is a diagram illustrating an example of a route which emerges when raw material data has been
loaded in analysis of a production process.
[Fig. 16] Fig. 16 is a diagram illustrating a specific lot following a planned route.
[Fig. 17] Fig. 17 is a diagram illustrating a specific lot departing from a planned route.

Mode for Carrying Out the Invention

[0021] An embodiment will be described hereinafter. The embodiment described hereinafter is merely an example,
and the technical scope of the present disclosure is not intended to be limited to the following embodiment.

<Hardware Configuration>

[0022] Fig. 1 is a diagram illustrating a continuous production system 1 according to the embodiment. Although the
present embodiment will describe a case where a product is continuously produced from a powder of a raw material as
an example, the present embodiment can also be applied to a batch system in which the raw material is intermittently
moved between devices that handle each step using a receptacle or the like. Additionally, although the present embod-
iment will describe producing a medicine as an example, the present embodiment can also be applied in the production
of food products and other types of products, for example. Furthermore, although the present embodiment will describe
a case of the continuous production of a product from a powder as an example, the present embodiment can also be
applied, for example, to the case of the continuous production of a product from a raw material including a substance
other than a powder or a raw material aside from a powder.
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[0023] The continuous production system 1 is a system that produces tablets from a powder raw material, and as
illustrated in Fig. 1, includes a mixer 2, a granulator 3, a dryer 4, a mixer 5, a tablet press 6, and a coating machine 7,
as well as a control device 8 that controls the stated elements. The mixer 2 includes an input port into which the powder
raw material is input, and mixes various types of powders, liquids, and the like serving as the raw materials for the tablets.
The granulator 3 granulates the raw materials mixed by the mixer 2 by causing those raw materials to bind together into
small particle groups. The dryer 4 adds various types of additional raw materials to the raw materials granulated by the
granulator 3 and dries the raw materials. The mixer 5 mixes the granular raw materials dried by the dryer 4. The tablet
press 6 creates tablets from the granular raw materials mixed by the mixer 5 by pressurizing those raw materials in a
mold. The coating machine 7 applies a coating to the tablets solidified by the tablet press 6. In the continuous production
system 1, the series of equipment, from the mixer 2 to the coating machine 7, are connected. Accordingly, with the
continuous production system 1, a variety of types of processing performed by each piece of equipment in the series
from the mixer 2 to the coating machine 7 can be performed continuously on the raw materials input to the mixer 2.
[0024] Although Fig. 1 illustrates one each of the devices in the series from the mixer 2 to the coating machine 7, the
continuous production system 1 is not limited to this form. For example, one or more of the mixer 2, the granulator 3,
and the dryer 4 may be prepared, and a plurality of types of raw materials may be mixed in the mixer 5.
[0025] The series of equipment from the mixer 2 to the coating machine 7 is controlled by the control device 8. The
control device 8 includes a CPU (Central Processing Unit) (an example of a "processing unit" according to the present
application), which handles various types of computational processing, memory, an input/output interface (an example
of an "output unit" according to the present application), and the like, and on the basis of information of manufacturing
conditions in each step of a production process implemented by the continuous production system 1, determines control
target values for the mixer 2, the granulator 3, the dryer 4, the mixer 5, the tablet press 6, and the coating machine 7.
For example, values obtained from the various devices among the mixer 2 to the coating machine 7, such as a rotational
speed of a screw feeder provided in the mixer 2 and a temperature of the dryer 4, as well as values obtained from
sensors provided partway along paths connecting the devices, are included as the measurement values to which the
control device 8 refers. Positions such as those indicated by the letters A to E in Fig. 1 can be given as examples of the
positions where the sensors are provided partway along the paths connecting the devices. If a sensor is installed at the
letter C, which is partway along the path connecting the dryer 4 and the mixer 5, the control device 8 can change operation
amounts of the granulator 3, the mixer 5, and so on in accordance with the properties of the raw material which has
exited the dryer 4, for example. Additionally, if a sensor is installed at the letter B, which is partway along the path
connecting the mixer 2 and the granulator 3, the control device 8 can change the destination of the raw material which
has exited the mixer 2 to a destination aside from the granulator 3 in accordance with the properties of that raw material,
for example.
[0026] Fig. 2 is a diagram illustrating an example of an inspection and sorting device 10 provided in the continuous
production system 1. The inspection and sorting device 10 can be provided at any suitable location in the continuous
production system 1. The inspection and sorting device 10 is provided partway along the paths connecting the various
devices, from the mixer 2 to the coating machine 7, as indicated by the letters A to E in Fig. 1, for example.
[0027] Note that the sensors in the continuous production system 1 are not limited to the locations indicated by the
letters A to E in Fig. 1, and are also provided, for example, in each of devices constituting the continuous production
system 1. The control device 8 then obtains, from the sensors provided at various locations in this manner, a raw material
input amount, a flow rate, temperatures within devices which perform various types of processing such as heating,
agitation speeds, and many other measurement values.
[0028] The inspection and sorting device 10 includes: an inflow path 11 into which a raw material sent from a device
connected to an upstream side of the inspection and sorting device 10 flows; an entry-side sluice valve 12 provided on
a lower end of the inflow path 11; an inspection chamber 16 formed below the entry-side sluice valve 12; an air blowing
channel 13 provided near the entry-side sluice valve 12; a sight glass 14 which constitutes a wall surface of the inspection
chamber 16 and enables the inside of the inspection chamber 16 to be seen from the periphery; and an exit-side sluice
valve 18 provided at a lower part of the sight glass 14. Laser sensors 15 and 24 and a spectral analyzer 17, which take
optical measurements of the inside of the inspection chamber 16 through the sight glass 14, are provided in the periphery
of the inspection chamber 16. In the inspection and sorting device 10, when a raw material is sent from the device
connected to the upstream side of the inspection and sorting device 10 while the entry-side sluice valve 12 is in an open
state and the exit-side sluice valve 18 is in a closed state, that raw material accumulates in the inspection chamber 16.
Once the laser sensor 15 senses that a prescribed amount of the raw material has accumulated in the inspection chamber
16, the entry-side sluice valve 12 closes, and the raw material is inspected using the spectral analyzer 17. A path
changeover valve 21 having valve holes 19 and 20 is provided below the exit-side sluice valve 18, and the inspected
raw material is sent to an outflow path 22 or an outflow path 23 depending on the inspection result. Whether or not there
is any raw material remaining in the inspection chamber 16 is then inspected by the laser sensor 24. Although the present
embodiment describes an example in which a near-infrared sensor is used as the spectral analyzer 17, it should be
noted that the continuous production system disclosed in the present application is not limited thereto. Additionally,
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although the present embodiment describes a so-called "diverter valve" as an example of the path changeover valve
21, the continuous production system disclosed in the present application is not limited thereto, and a path changeover
mechanism using a different system may be used instead.
[0029] Fig. 3 is a diagram illustrating operations of the inspection and sorting device 10. The inspection and sorting
device 10 is connected to the control device 8 of the continuous production system 1. The inspection and sorting device
10 operates in the following manner in accordance with control signals sent from the control device 8 of the continuous
production system 1. That is, in the inspection and sorting device 10, when a raw material is sent from the device
connected to the upstream side of the inspection and sorting device 10 while the entry-side sluice valve 12 is in an open
state and the exit-side sluice valve 18 is in a closed state, that raw material accumulates inside the inspection chamber
16, as illustrated in Fig. 3(A). Then, when the laser sensor 15 has sensed that the raw material accumulating inside the
inspection chamber 16 has reached a prescribed height, the entry-side sluice valve 12 closes, as illustrated in Fig. 3(B).
Once the entry-side sluice valve 12 closes, the flow of new raw material from the inflow path 11 into the inspection
chamber 16 stops. The bulk density of the raw material inside the inspection chamber 16 is kept constant while the flow
of new raw material from the inflow path 11 into the inspection chamber 16 is stopped. Accordingly, the inspection of
the raw material inside the inspection chamber 16 using the spectral analyzer 17 is started after the entry-side sluice
valve 12 has been closed. Performing the inspection using the spectral analyzer 17 with the entry-side sluice valve 12
in a closed state ensures that no changes will arise in the bulk density of the raw material due to an increase in the
height of the raw material accumulating inside the inspection chamber 16, and thus stable inspection results can be
obtained.
[0030] After the inspection of the raw material accumulated inside the inspection chamber 16 is complete, an operation
for changing over the path changeover valve 21 is performed in accordance with the inspection result. If, for example,
the inspection result of the raw material accumulated inside the inspection chamber 16 indicates no defects, the direction
of the path changeover valve 21 changes so that the outflow path 22, which is connected to the device which handles
the next process to be performed on the raw material accumulated inside the inspection chamber 16, communicates
with the valve hole 20, as illustrated in Fig. 3(C). On the other hand, if, for example, the inspection result of the raw
material accumulated inside the inspection chamber 16 indicates a defect, the direction of the path changeover valve
21 changes so that the outflow path 23, which is for discarding the raw material accumulated inside the inspection
chamber 16, communicates with the valve hole 19. After the changeover operation by the path changeover valve 21 is
complete, the exit-side sluice valve 18 opens, and at the same time as, or a set amount of time after, the exit-side sluice
valve 18 opening, air begins being blown into the inspection chamber 16 from the air blowing channel 13, which quickly
discharges the raw material which was inside the inspection chamber 16 from the interior of the inspection chamber 16,
as illustrated in Fig. 3(D). After the discharge of the raw material is complete, the blowing of air into the inspection
chamber 16 from the air blowing channel 13 is stopped, and at the same time, the exit-side sluice valve 18 is closed;
an optical inspection for remaining raw material is performed using the laser sensor 24, and the entry-side sluice valve
12 is opened again after the effect of the cleaning has been confirmed. When the entry-side sluice valve 12 opens, raw
material which had been sent from the device on the upstream side of the inspection and sorting device 10 and which
had accumulated above the entry-side sluice valve 12 while the entry-side sluice valve 12 was closed, flows into the
inspection chamber 16.
[0031] The inspection and sorting device 10 performs the series of operations described with reference to Figs. 3(A)
to 3(D) repeatedly, every several tens of seconds to every several minutes. Accordingly, there is almost no chance that
the inspection and sorting device 10 will pose a substantial obstruction to the continuous operations of the devices
connected on the upstream side and the downstream side thereof. Furthermore, the inspection of the raw material using
the spectral analyzer 17 is performed with the raw material at a prescribed height sensed by the laser sensor 15 and
with the entry-side sluice valve 12 in a closed state, and thus the inspection is performed with the bulk density of the
raw material in a constant state each time. As such, there is also almost no chance of the measurement values of the
spectral analyzer 17 varying depending on the bulk density of the powder. Accordingly, with an inspection that uses the
inspection and sorting device 10, measurement values which vary depending on the bulk density of a powder can be
obtained accurately even in the continuous production system 1, which continuously produces tablets from a powder
raw material. Furthermore, with the inspection and sorting device 10, all of the raw materials handled continuously by
the continuous production system 1 can be inspected by the inspection chamber 16 and sorted by the path changeover
valve 21, and thus even if a defective product has arisen in the continuous production system 1 temporarily, non-defective
and defective products can be separated in units equivalent to the amount which accumulates inside the inspection
chamber 16, making it possible to reduce discarded raw materials to the greatest extent possible.

<Processing Flow>

[0032] The details of operations by the continuous production system 1, implemented by the control device 8, will be
described next. The following descriptions of the operation details are broadly divided into two main categories: details
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of a preparation stage, and details of a main operation stage. In the preparation stage, basic information to be used
when the control device 8 determines the control target values for each device is prepared on the basis of information
of the manufacturing conditions indicating the state of each of steps observed when each equipment of the continuous
production system 1 is operated. In the main operation stage, the control device 8 determines the control target values
for each device on the basis of the basic information obtained in the preparation stage. The control target values deter-
mined by the control device 8 may be set for each device automatically through control communication paths connecting
the control device 8 with each of the devices, or may be set manually in each of the devices by an operator.

<Preparation Stage>

[0033] Fig. 4 is a flowchart illustrating a sequence of an analysis method in a production process according to the
present embodiment.
[0034] First, the control device 8 collects information of manufacturing conditions measured by the sensors (process
data and product data) for a production process which has already been run (step S1). In this step S1, the process data
and the product data for each of lots are stored in the control device 8.
[0035] Next, the process data and product data collected in step S1 are standardized and converted into intermediate
variables (step S2).
[0036] The data standardization processing performed in step S2 is known, and to be more specific, is computed by
the control device 8 on the basis of Equation 1.
[Math. 1] 

(χ: Data, m: Average value, σ: standard deviation)
[0037] Next, principal component load amounts and principal component scores are found on the basis of the inter-
mediate variables obtained in step S2 (step S3). In step S3, a correlation coefficient matrix is first created for the
intermediate variables, and eigenvalues and eigenvectors of the correlation coefficient matrix are then derived. A first
principal component PC1 is represented by Equation 2 when the intermediate variables in the correlation coefficient
matrix are x1, x2, x3, and so on. An Nth principal component PCn is expressed by Equation 3. Then, the correlation
coefficient matrix is formed by using coefficients a11, a12, a13, and so on as elements in a first row and coefficients
an1, an2, an3, and so on as elements in an nth row.
[Math. 2] 

[Math. 3] 

[0038] Next, the principal component scores are found from the eigenvectors in the correlation coefficient matrix. The
percent contribution of each principal component is also calculated from the eigenvalues in the correlation coefficient
matrix. The percent contribution of a principal component is obtained by dividing its eigenvalue by the sum of the
eigenvalues. Here, the first principal component, a second principal component, and so on up to the Nth principal
component are determined starting with the component having the highest eigenvalue.
[0039] Specifically, the control device 8 calculates the values of the first principal component PC1, a second principal
component PC2, and so on, i.e., the principal component scores, on the basis of the intermediate variables x1, x2, and
x3 for each lot and each coefficient in the correlation coefficient matrix. Fig. 5 is a graph in which the principal component
scores are plotted in a coordinate system in which the first principal component is represented by the horizontal axis
and the second principal component is represented by the vertical axis, for the manufacturing conditions of a first step.
[0040] Next, the control device 8 applies cluster analysis to the principal component scores indicated in Fig. 5, and
classifies the lots into a plurality of groups (step S4). "Cluster analysis" is a method for classifying data to be analyzed
(clusters) into a plurality of groups by focusing on a similarity, and is known as hierarchical clustering, classification-
optimized clustering, and so on. The "similarity" that the cluster analysis in this example focuses on is a distance between
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the principal component scores of different lots. Agglomerative hierarchical clustering, which is one type of hierarchical
clustering, is used in this example. Ward’s method, which provides stable solutions, is used as the method for calculating
the distance between clusters. "Ward’s method" selects clusters at which an increase in a deviation square sum when
two clusters are merged is minimized. For example, when clusters A and B are merged to generate cluster C, deviation
square sums Sa, Sb, and Sc within clusters A, B, and C are expressed as Equations 4 to 6, respectively.
[Math. 4] 

  i-th (1, 2, ..., na) data at variable k (1, 2, ..., p) belonging to cluster A

[Math. 5] 

  i-th (1, 2, ..., nb) data at variable k (1, 2, ..., p) belonging to cluster B

[Math. 6] 

where  

[0041] From Equations 4 to 6, the deviation square sum Sc in cluster C is as follows.
[Math. 7]

[0042] ΔSab in Equation 7 indicates an increment of the deviation square sum when clusters A and B are merged to
generate cluster C. As such, the clustering proceeds by selecting and merging clusters so as to minimize ΔSab at each
stage of the merging.
[0043] As illustrated in Fig. 5, in the present embodiment, six groups, i.e., groups 1 to 6, are obtained by classification
in a five-dimensional space from first to fifth eigenvectors. Note that groups 1 to 6 correspond to clusters 1 to 6, respectively,
in Fig. 5. The number of groups is not limited to six, and may be five or less, or seven or more, as long as the number
is easy to handle.
[0044] Similarly, the principal component scores are plotted on a graph and classified into a plurality of groups for the
second to sixth steps as well. Figs. 6 to 10 illustrate the principal component scores and groups (clusters) for the
manufacturing conditions in the second to sixth steps.
[0045] Next, a process of generating lots is classified into a plurality of routes for each combination of groups in the
first to sixth steps (step S5). In the present embodiment, 16 types of routes are found to exist on the basis of past
production results, and the process is therefore classified into 16 routes. Fig. 11 illustrates a breakdown of all of the
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routes. Note that "Case" in Fig. 11 corresponds to the route described above, and the numbers in Fig. 11 correspond
to numbers of the groups in the first to sixth steps. Additionally, Fig. 12 illustrates routes corresponding to Cases 4 to 7
as an example of the combination of groups constituting the routes.
[0046] Next, a superiority/inferiority of the product data for each route is determined (step S6). In step S6, the control
device 8 calls the intermediate variables obtained from the product data (an appearance inspection failure rate and the
like) for each lot belonging to Cases 1 to 16 in Fig. 11, and determines the superiority/inferiority of the product data.
[0047] Note that the superiority/inferiority of the product data is preferably determined on the basis of an average value
within the plurality of lots (lot group) classified by route. Doing so levels out variability of the product data in the lot group
within the route, and makes it possible to broadly understand the trend of good or bad product data among the routes.
[0048] The superiority/inferiority of the product data may be determines on the basis of the magnitude of deviation,
the magnitude of a difference between a maximum value and a minimum value (a range), or the like of the product data
in the route, or may be determined by taking a combination of two or more of average values, deviations, or R-values.
For determining the superiority/inferiority of the product data using a combination of the average values and the deviations,
for example, if the average values within a route are the same, determining the product data having a lower deviation
within the route as superior can be considered. This makes it possible to broadly understand the trends in the superior-
ity/inferiority of product data among routes, taking into account variability in the product data within routes.
[0049] The control device 8 then compares the product data of each route, and determines the superiority/inferiority
thereof. In Fig. 11, the appearance inspection failure rate is evaluated as the product data for each route, in three levels,
i.e., excellent, good, and acceptable, in accordance with the superiority/inferiority thereof.
[0050] Next, in accordance with the superiority/inferiority of the product data in each route, a suitable combination of
groups is identified for the first to sixth steps (step S7). For example, comparing Cases 4 and 5, which are determined
to be excellent, with Cases 6 and 7, which are determined to be good, the cases are in the same group in the first,
second, fourth, and sixth steps, but are in different groups in the third step. The fifth step is presumed to not have any
significant effect on the product data, for either group 1 or 2. In other words, it can be seen that in a route traversing
group 2 in the first step and group 2 in the second step, it is preferable to use a combination with group 1 in the third step.
[0051] Additionally, comparing Case 14, which is determined to be excellent, with Case 15, which is determined to be
good, the cases are in the same group in the first to fourth and sixth steps, but are in different groups in the fifth step.
In other words, it can be seen that a combination of group 5 in the first step, group 3 in the second step, group 4 in the
third step, group 2 in the fourth step, group 1 in the fifth step, and group 1 in the sixth step is preferable. Note that
"suitable combination" in the present embodiment means a combination that contributes to the improvement of the
product data, and is not intended to be only the combination providing the best product data.
[0052] When the manufacturing conditions for each step are set on the basis of the combination selected in step S7,
it is preferable to set the average values of the process data of each group as the initial values for the manufacturing
conditions, and then make fine adjustments to the manufacturing conditions while confirming the quality of the product
data at that time. By setting the average values of the process data as the initial values, preferred combinations of groups
for the first to sixth steps can be reproduced without deviating from past states, i.e., without placing an excessive load
on manufacturing equipment and the like.

<Main Operation Stage>

[0053] Processing by the control device 8, performed on the basis of the basic information obtained in the foregoing
preparation stage, will be described next.
[0054] In the continuous production system 1, when a powder raw material is input to the mixer 2, the raw material
powder, liquid, or the like is mixed in the mixer 2, after which processing for binding the raw material mixed in the mixer
2 into small particles to form a granular shape is performed in the granulator 3. The raw material which has been
granulated in the granulator 3 is dried in the dryer 4, and the raw material which has been dried in the dryer 4 is then
mixed in the mixer 5. The tablet press 6 then performs processing for compressing the raw material mixed in the mixer
5 into a tablet, after which the coating machine 7 performs processing for coating the tablet. The control device 8 changes
the control target values of each device, performs processing for switching the valves provided partway along the paths,
and the like so that the series of devices, from the mixer 2 to the coating machine 7, operate properly. At this time, the
control device 8 changes the control target values of each device, performs the processing for switching the valves
provided partway along the paths, and the like on the basis of the basic information obtained in the foregoing preparation
stage.
[0055] Fig. 13 is a diagram illustrating an example of the processing performed by control device 8. When each device
in the continuous production system 1 operates, the control device 8 executes the processing flow illustrated in Fig. 13.
In other words, when each device in the continuous production system 1 operates, the control device 8 obtains information
of the current manufacturing conditions of each step (S11). Then, the control device 8 selects one route among the
plurality of routes created in the preparation stage (S12). The route selection is performed on the basis of the obtained
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information of the current manufacturing conditions. In the continuous production system 1, the mixer 2 handles the first
step in the process implemented by the continuous production system 1, and thus the control device 8 selects the route
on the basis of information of the current manufacturing conditions obtained from the mixer 2.
[0056] For example, when the 16 routes illustrated in Fig. 11 have been prepared in the preparation stage, and the
manufacturing conditions obtained from the mixer 2, which handles the first step, belong to group 5, the control device
8 selects, from the two routes which can be employed in group 5 (Cases 14 and 15), Case 14, which provides a
comparatively better quality for the final product.
[0057] Then, after the route has been selected, the control device 8 sets the control target values for each device in
the continuous production system 1 so that the manufacturing conditions adhere to the selected route (S13). As a result
of the control device 8 setting the control target values for each device, each device in the continuous production system
1 operates according to the control target values set by the control device 8.
[0058] For example, when the route of Case 14 has been selected in step S12, the control device 8 sets the control
target values for each device in step S13 so that the control target values of each device in the continuous production
system 1 that handle the respective steps become default manufacturing conditions of each of the steps when following
Case 14 illustrated in Fig. 11. Through this, each device in the continuous production system 1 operates according to
the control target values set by the control device 8. Then, in the absence of any particular anomalies, each lot will follow
the default manufacturing conditions as indicated by the specific routes illustrated in Fig. 12.
[0059] To monitor that each lot is following a planned route without any particular anomalies occurring, the control
device 8 performs processing for obtaining the current manufacturing conditions in each step (S14), and processing for
determining whether or not the obtained current manufacturing conditions conform to the default manufacturing conditions
for the route selected in step S12 (S15). If a negative determination has been made in step S15, the control device 8
executes processing for determining whether or not to change the route selected in step S12 (S16).
[0060] Note that the determination processing of step S15 may be performed, for example, by having permissible
manufacturing condition differences set for each of the default manufacturing conditions for each route illustrated in Fig.
12, and determining whether or not the current manufacturing conditions obtained in step S14 are within a difference
range; or, by providing default upper limit values and lower limit values in advance for the default manufacturing conditions
for each route illustrated in Fig. 12, and determining whether or not the current manufacturing conditions obtained in
step S14 are between the upper limit value and the lower limit value.
[0061] Additionally, the determination processing of step S16 may be performed, for example, by notifying an operator
that the current manufacturing conditions deviate from the route, and requesting that the operator determine whether
or not to change the route; or, by the control device 8 referring to information of the plurality of routes as illustrated in
Fig. 12, and determining whether or not there is a substitute route which is different from the route selected in step S12.
[0062] By having the control device 8 execute the above-described series of processing while each device in the
continuous production system 1 is operating, each lot is processed so as to follow the manufacturing conditions of several
routes which have already been confirmed, on the basis of past production results, to be capable of maintaining quality.
In other words, in the continuous production system 1, optimal control target values based on past production results
are set in accordance with the current manufacturing state as a result of the control device 8 executing the above-
described processing. Accordingly, product quality can be stabilized more than, for example, a case where fixed control
target values are set uniformly for each device, regardless of the manufacturing state, as has been done conventionally.
[0063] Note that because the continuous production system 1 is a system that continuously produces medicinal tablets
from a powder raw material, when a positive determination has been made in step S15, processing for preventing the
corresponding lot from flowing to the next step may be performed. The processing for preventing a specific lot from
flowing to the next step can be realized, for example, by using the inspection and sorting device 10, which is disposed
at an appropriate location of the continuous production system 1, in the manner described below. An example of an
overall control flow which can be implemented by the continuous production system 1 when the inspection and sorting
device 10 is provided at the location indicated by the letter C in Fig. 1 will be described below.
[0064] The dryer 4 of the continuous production system 1 illustrated in Fig. 1 adds various types of additional raw
materials to the raw material granulated by the granulator 3 and dries the raw materials. The dryer 4 is provided with at
least one heater for heat-based drying, and the amount by which the heater is electrified is adjusted by the control device
8 to achieve an appropriate drying temperature. The dryer 4 is also provided with a variable-speed blower, and a rotational
speed of the blower is adjusted by the control device 8 so that the raw material granulated by the granulator 3 travels
through the dryer 4 at an appropriate speed.
[0065] Here, when the above-described inspection and sorting device 10 is installed partway along the path connecting
the dryer 4 with the mixer 5, i.e., at the area indicated by the letter C in Fig. 1, if the manufacturing conditions of the
dryer 4 have deviated from the route, the continuously-processed raw material can be prevented from flowing to the
mixer 5, which handles the next step. This makes it possible to move that raw material to a device aside from the mixer
5 and perform the appropriate processing, or discharge the raw material to the exterior of the continuous production
system 1.
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<Variations>

[0066] A variation on the foregoing embodiment will be described next. In the foregoing embodiment, the route selection
in the main operation stage is performed using the information of the manufacturing conditions obtained from the mixer
2 which handles the first step. However, the continuous production system 1 may select the route on the basis of, for
example, the properties of the raw material. The present variation will be described in detail hereinafter.
[0067] The hardware configuration of the present variation is basically the same as that of the continuous production
system 1 in the foregoing embodiment. As such, the descriptions will use the same reference signs as with the continuous
production system 1 of the foregoing embodiment, and the various devices will not be described in detail. Additionally,
like the foregoing embodiment, although the present variation will describe a case where a product is continuously
produced from a powder of a raw material as an example, the present embodiment can also be applied to a batch system
in which the raw material is intermittently moved between devices that handle each step using a receptacle or the like.
Additionally, although the present variation will describe producing a medicine as an example, the present embodiment
can also be applied in the production of food products and other types of products, for example.

<Processing Flow>

[0068] The details of operations by the continuous production system 1, implemented by the control device 8, according
to the present variation will be described next. As in the foregoing embodiment, in the present variation, the descriptions
of the details of the operations of the continuous production system 1, realized by the control device 8, are broadly
divided into details of a preparation stage, and details of a main operation stage. Accordingly, the details of the preparation
stage will be described first, after which the details of the main operation stage will be described.

<Preparation Stage>

[0069] A sequence of an analysis method in a production process according to the present variation will be described
with reference to the flowchart in Fig. 4.
[0070] As in the foregoing embodiment, first, the control device 8 collects information of manufacturing conditions
(process data and product data) for a production process which has already been run (step S1). Although information
of the manufacturing conditions measured by sensors was collected at this time in the foregoing embodiment, in the
present variation, raw material data (the properties, composition, and so on of the raw material) is also collected, in
addition to the process data measured by the sensors. The raw material data is supplied by the manufacturer of the raw
material, for example.
[0071] Then, as in the foregoing embodiment, the control device 8 according to the present variation performs the
processing for standardizing the data (step S2), the processing for finding the principal component load amounts and
principal component scores on the basis of the intermediate variables (step S3), the processing for classifying the lots
into a plurality of groups (step S4), processing for classifying the process of generating lots into a plurality of routes for
each of combinations of groups (step S5), processing for determining the superiority/inferiority of the product data for
each route (step S6), and processing for specifying a suitable combination of the groups (step S7).
[0072] For example, in step S2, the processing for standardizing the data based on the aforementioned Equation 1 is
performed. In step S3, the correlation coefficient matrix for the intermediate variables is created, and the eigenvalues
and eigenvectors of the correlation coefficient matrix are derived, after which the principal component scores are found
from the eigenvectors of the correlation coefficient matrix, and the percent contributions of the principal components are
found from the eigenvalues of the correlation coefficient matrix. In step S4, cluster analysis is applied to the principal
component scores, and processing for classifying each lot into a plurality of groups is performed. Then, after the processing
of step S5, in step S6, the intermediate variables obtained from the product data (the appearance inspection failure rate
and the like) are called for each lot, and the superiority/inferiority of the product data is determined for each route by
determining the superiority/inferiority of the product data. Additionally, in step S7, a combination of groups for each step
which provides a comparatively good quality is specified by comparing the superiority/inferiority of the product data for
each route.
[0073] Fig. 14 is a diagram illustrating an example of raw materials classified into a plurality of groups by properties.
With various types of raw materials such as powders, even if the raw materials are the same product purchased from
a specific manufacturer, there will be some variability in properties from lot to lot, as illustrated in Fig. 14. Accordingly,
in the present variation, information pertaining to the properties of the raw material is incorporated into the analysis of
the production process as raw material data. As such, analysis of the production process based on past production
results may, depending on the raw material properties, lead to several routes with relatively good quality for the final
product.
[0074] Fig. 15 is a diagram illustrating an example of a route which emerges when the raw material data has been
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loaded in the analysis of the production process. Various types of raw materials, such as powders, have some variability
in properties depending on the lot, and thus when the principal component scores are found by standardizing the raw
material data and converting the data into intermediate variables, the variability in raw material properties appears on
a graph, as indicated in the "raw material properties" graph of Fig. 15, which plots the principal component scores. In
the present variation, processing is performed for applying cluster analysis to the principal component scores, which
indicate the variability of the raw material properties, and classifying the raw materials into a plurality of groups.
[0075] In addition to the processing for classifying the raw materials into a plurality of groups, in the present variation,
processing is also performed for classifying the principal component scores into a plurality of groups for each step.
Several graphs shown in Fig. 15, from "first step" to "nth step", are graphs showing principal component scores and
groups (clusters) for the manufacturing conditions in each step.
[0076] Then, in the present variation, after the processing for classifying the process of generating lots into a plurality
of routes for each combination of raw material properties and each group for the steps has been performed, the supe-
riority/inferiority of the product data is determined for each route, and several routes starting from the raw material
properties are extracted, as illustrated in Fig. 15.

<Main Operation Stage>

[0077] Processing by the control device 8 according to the present variation, performed on the basis of the basic
information obtained in the foregoing preparation stage, will be described next. Note that the processing performed by
the control device 8 in the present variation is basically the same as in the foregoing embodiment, and thus the descriptions
will focus on the differences from the foregoing embodiment.
[0078] When each device in the continuous production system 1 operates, the control device 8 according to the present
variation executes a processing flow similar to that illustrated in Fig. 13. In other words, when each device in the continuous
production system 1 operates, the control device 8 obtains the manufacturing conditions (S11). At this time, the control
device 8 obtains the raw material data as the manufacturing conditions. The raw material data is input by an operator,
for example. Then, the control device 8 selects one route among the plurality of routes created in the preparation stage
(S12). The route is selected on the basis of the obtained raw material data. Then, after the route has been selected, the
control device 8 sets the control target values for each device in the continuous production system 1 so that the manu-
facturing conditions adhere to the selected route (S13) . As a result, each device in the continuous production system
1 operates in accordance with the control target values set by the control device 8, and if there are no particular anomalies,
the current lot will follow the selected planned route, as illustrated in Fig. 16. The confirmation that the current lot is
following the selected planned route is performed through processing for obtaining information pertaining to the current
manufacturing conditions in each step (S14), and processing for determining whether or not the obtained current man-
ufacturing conditions conform to the default manufacturing conditions for the route selected in step S12 (S15).
[0079] Here, if, as illustrated in Fig. 17, the current lot deviates from the selected planned route, a negative determination
is made in step S15. The process of determining whether or not to change the route selected in step S12 (S16) is then
executed.
[0080] By having the control device 8 according to the present variation execute the above-described series of process-
ing while each device in the continuous production system 1 is operating, in accordance with the properties of the raw
materials input to the continuous production system 1, each lot is processed so as to follow the manufacturing conditions
of several routes which have already been confirmed, on the basis of past production results, to be capable of maintaining
quality. Accordingly, product quality can be stabilized more than, for example, a case where fixed control target values
are set uniformly for each device, regardless of the raw material properties, the manufacturing state, and so on.
[0081] Note that the processing for preventing a specific lot from flowing to the next step can be applied to the present
variation in the same manner as described in the foregoing embodiment.

Description of the Reference Numerals and Symbols

[0082]

1 Continuous production system
2 Mixer
3 Granulator
4 Dryer
5 Mixer
6 Tablet press
7 Coating machine
8 Control device
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10 Inspection and sorting device
11 Inflow path
12 Entry-side sluice valve
13 Air blowing channel
14 Sight glass
15, 24 Laser sensor
16 Inspection chamber
17 Spectral analyzer
18 Exit-side sluice valve
19, 20 Valve hole
21 Path changeover valve
22, 23 Outflow path

Claims

1. A production system producing a product from a raw material by a production process having a plurality of steps,
the system comprising:

a plurality of production apparatuses that handle the steps; and
a control device that determines a control target value set for each of the plurality of production apparatuses,
wherein
the control device, upon obtaining information of a manufacturing condition indicating a state of at least any
step among the plurality of steps, determines a control target value set for at least any of the plurality of production
apparatuses by referring to information of a combination of groups specified in accordance with a superiority/in-
feriority, which is determined on the basis of a quality item of each of lots classified according to each of
combinations of steps in a plurality of the groups which have been classified according to each of manufacturing
conditions in each of the steps, the superiority/inferiority being a superiority/inferiority of a route of the manu-
facturing conditions that is followed when each of the lots passes through the production process.

2. The production system according to claim 1, wherein the control device determines the control target value set for
at least any of the plurality of production apparatuses by referring to information of any combination, in which at
least a condition of a product quality is satisfied, among the combinations of groups.

3. The production system according to claim 1 or 2, wherein the control device sets the determined control target value
in at least any of the plurality of production apparatuses.

4. The production system according to any one of claims 1 to 3, wherein in a state in which the product has been
produced in the production process, upon obtaining information of a manufacturing condition indicating a state of
at least any step among the plurality of steps, the control device determines, on the basis of the obtained information,
whether or not a lot of the product meets the manufacturing conditions of the route.

5. The production system according to any one of claims 1 to 4, wherein the information of the combination is, with
data that includes a manufacturing condition that indicates a state of each of the steps and a quality item that
indicates a quality of the product being collected for each lot in the production process, and the steps being classified
into a plurality of groups in accordance with manufacturing conditions of the steps, and moreover the lots being
classified into a plurality of routes for each combination of groups, and furthermore a superiority/inferiority of each
of the routes being determined in accordance with the quality item of each of the routes, information of a favorable
combination of the groups specified in accordance with the superiority/inferiority of each of the routes.

6. The production system according to any one of claims 1 to 5, wherein
the production process is a continuous production process that continuously produces a product from a powder,
which is a material,
the plurality of production apparatuses include a first processing device that performs first processing on the powder,
which is a raw material, a second processing device that performs second processing on the powder, on which the
first processing device has performed the first processing, and an inspection and sorting device having an inspection
chamber, into which the powder sent from the first processing device flows,
the inspection and sorting device is a device that, when a prescribed amount of the powder has accumulated in the
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inspection chamber, inspects the powder inside the inspection chamber after blocking a path connecting the first
processing device to the inspection chamber, and when the inspection ends, discharges the powder from within the
inspection chamber and then cancels the blocking, and
when the inspection and sorting device obtains information of a property of the powder within the inspection chamber,
the control device determines a control target value set in the second processing device by referring to the information
of the combination.

7. The production system according to claim 6, wherein in a case where the powder within the inspection chamber is
not classified into any of the groups as a result of referring to the information of the combination, the control device
does not cause the inspection and sorting device to discharge the powder from within the inspection chamber to
the second processing device.

8. A production method for producing a product from a raw material by a production process having a plurality of steps,
the method comprising:

a step of operating a plurality of production apparatuses that handle the steps; and
a step of causing a control device to determine a control target value set for each of the plurality of production
apparatuses, wherein
the step of causing the control device to make determination, upon obtaining information of a manufacturing
condition indicating a state of at least any step among the plurality of steps, determines a control target value
set for at least any of the plurality of production apparatuses by referring to information of a combination of
groups specified in accordance with a superiority/inferiority, which is determined on the basis of a quality item
of each of lots classified according to each of combinations of steps in a plurality of the groups which have been
classified according to each of the manufacturing conditions in each of the steps, the superiority/inferiority being
a superiority/inferiority of a route of manufacturing conditions that is followed when each of the lots passes
through the production process.

9. A control device of a production system producing a product from a raw material by a production process having a
plurality of steps, the device comprising:

a processing unit that executes processing of determining a control target value set for each of a plurality of
production apparatuses that handle the steps; and
an output unit that outputs the control target value determined by the processing unit, wherein
the processing unit, upon obtaining information of a manufacturing condition indicating a state of at least any
step among the plurality of steps, determines a control target value set for at least any of the plurality of production
apparatuses by referring to information of a combination of groups specified in accordance with a superiority/in-
feriority, which is determined on the basis of a quality item of each of lots classified according to each of
combinations of steps in a plurality of the groups which have been classified according to each of the manu-
facturing conditions in each of the steps, the superiority/inferiority being a superiority/inferiority of a route of
manufacturing conditions that is followed when each of the lots passes through the production process.
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