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DESCRIPTION

QUALITY DETERMINATION DEVICE

TECHNICAL FIELD
[0001]

The present disclosure relates to a quality determination apparatus.
BACKGROUND ART
[0002]

For maintenance of the quality of a target article contained in a storage space, an
internal environment of the storage space (specifically, for example, the temperature and
composition of the air in the storage space) is controlled. For example, Patent Document 1
discloses a refrigeration apparatus directed to a container used for marine transportation. The
refrigeration apparatus controls the temperature and composition (specifically, for example,
oxygen concentration and carbon dioxide concentration) of the air in the container. Such an
apparatus for controlling the internal environment of the storage space adjusts the temperature
and composition of the air in the storage space so that the temperature and composition of the

air in the storage space reach values previously set by an operator.

CITATION LIST
PATENT DOCUMENT
[0003]

Patent Document 1: Japanese Unexamined Patent Publication No. 2017-190935
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TECHNICAL PROBLEM
[0004]

For example, if the target article is fresh produce, the optimum environment for
maintaining the quality of the fresh produce may differ depending on the kind of the fresh
produce and time when it was harvested. Thus, if the target article is apples and a value
generally known to be suitable for storing the apples is employed as a set value of the internal
environment of the storage space, the apples in the storage space may fail to maintain their
quality because the set value is not necessarily suitable for the apples actually stored in the
storage space.

[0005]
An object of the present disclosure is to determine a state of a target article contained

in a storage space.

SOLUTION TO THE PROBLEM
[0006]

A first aspect of the present disclosure is directed to a quality determination apparatus
(13), including: a state acquisition unit (75, 101) configured to acquire a state index indicating
a state of a target article (7) contained in a storage space (5) where an internal environment is
controlled from a state detector (15) that detects the state index; and a main processing unit (64)
configured to perform a determination operation of determining whether a sign condition
indicating a sign of degradation of the target article (7) is met based on the state index acquired
by the state acquisition unit (75, 101).
[0007]

In the first aspect, the main processing unit (64) performs the determination operation,

thereby determining whether there is the sign of degradation of the target article (7) based on
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the state index detected by the state detector (15). Thus, the quality determination apparatus
(13) of this aspect is able to determine whether the target article (7) actually contained in the
storage space (5) is degraded.

[0008]

A second aspect of the present disclosure is an embodiment of the first aspect. In the
second aspect, when determining that the sign condition is met, the main processing unit (64)
is configured to perform an environment change operation of instructing an environment
adjustment apparatus (14) that adjusts the internal environment of the storage space (5) to
change the internal environment of the storage space (5) in order to keep the target article (7)
from degradation.

[0009]

In the second aspect, when determining that the sign condition is met in the
determination operation, the main processing unit (64) performs the environment change
operation. In the environment change operation, the main processing unit (64) instructs the
environment adjustment apparatus (14) to change the internal environment of the storage space
(5). Receiving the instruction from the main processing unit (64), the environment adjustment
apparatus (14) changes the internal environment of the storage space (5) in order to keep the
target article (7) from degradation. Thus, according to this aspect, the internal environment of
the storage space (5) can be made suitable for maintaining the quality of the target article (7).
[0010]

A third aspect of the present disclosure is an embodiment of the first or second aspect.
In the third aspect, when determining that the sign condition is met, the main processing unit
(64) is configured to perform a cause identification operation of identifying, from a plurality of
environmental indexes indicating the internal environment of the storage space (5), an

environmental index that causes the sign of degradation of the target article (7).
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[0011]

In the third aspect, when determining that the sign condition is met in the determination
operation, the main processing unit (64) performs the cause identification operation. In the
cause identification operation, the main processing unit (64) identifies the environmental index
that causes the sign of degradation of the target article (7).

[0012]

A fourth aspect of the present disclosure is an embodiment of any one of the first to
third aspects. In the fourth aspect, when determining that the sign condition is met, the main
processing unit (64) is configured to perform a notification operation of instructing a
notification device (80, 130) that notifies a human of information to notify a possibility of
degradation of the target article (7).

[0013]

In the fourth aspect, when determining that the sign condition is met in the
determination operation, the main processing unit (64) performs the notification operation. In
the notification operation, the main processing unit (64) instructs the notification device (80,
130) to notify the possibility of degradation of the target article (7). The notification device (80,
130) that has received the instruction from the main processing unit (64) notifies a human, such
as an operator, of information indicating the possibility of degradation of the target article (7).
Thus, according to this aspect, a human can be notified of the possibility of degradation of the
target article (7).

[0014]

A fifth aspect of the present disclosure is an embodiment of any one of the first to
fourth aspects. In the fifth aspect, when determining that the sign condition is met, the main
processing unit (64) is configured to perform a diagnosis instruction operation of instructing an

environment adjustment apparatus (14) that adjusts the internal environment of the storage
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space (5) to diagnose whether a component of the environment adjustment apparatus (14)
functions normally.
[0015]

In the fifth aspect, when determining that the sign condition is met in the determination
operation, the main processing unit (64) performs the diagnosis instruction operation. In the
diagnosis instruction operation, the main processing unit (64) instructs the environment
adjustment apparatus (14) to diagnose whether the component of the environment adjustment
apparatus (14) function normally. Receiving the instruction from the main processing unit (64),
the environment adjustment apparatus (14) diagnoses whether the component function normally.
Thus, according to this aspect, whether the cause of the degradation of the target article is a
failure of the component of the environment adjustment apparatus (14) can be determined.
[0016]

A sixth aspect of the present disclosure is an embodiment of any one of the first to fifth
aspects. In the sixth aspect, the state acquisition unit (75, 101) is configured to acquire, as a
state index, an intensity of chlorophyll fluorescence of fresh produce which is the target article
(7).

[0017]

Chlorophyll fluorescence is an index of the state of photosynthesis by plants. In the
sixth aspect, the state acquisition unit (75, 101) acquires the intensity of chlorophyll
fluorescence as the state index.

[0018]

A seventh aspect of the present disclosure is an embodiment of the sixth aspect. In the
seventh aspect, the sign condition is a condition that the intensity of chlorophyll fluorescence
acquired by the state acquisition unit (75, 101) exceeds a reference fluorescence intensity, and

the main processing unit (64) is configured to set the reference fluorescence intensity based on
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the intensity of chlorophyll fluorescence acquired by the state acquisition unit (75, 101) when
the oxygen concentration in the storage space (5) is lowered.
[0019]

In the seventh aspect, the main processing unit (64) determines that the sign condition
is met when the intensity of chlorophyll fluorescence detected by the state index sensor (75,
101) exceeds the reference fluorescence intensity. When the oxygen concentration in the storage
space (5) decreases, the state of photosynthesis by the fresh produce which is the target article
(7) changes, thereby changing the intensity of chlorophyll fluorescence emitted by the target
article (7). Thus, the main processing unit (64) sets the reference fluorescence intensity based
on the intensity of chlorophyll fluorescence when the oxygen concentration in the storage space
(5) is lowered.
[0020]

An eighth aspect of the present disclosure is an embodiment of any one of the first to
fifth aspects. In the eighth aspect, the sign condition is a condition that the target article (7)
freezes, and the state acquisition unit (75, 101) is configured to acquire, as the state index,
whether the target article (7) has ice.
[0021]

When the target article (7) freezes, the target article (7) is degraded. In the eighth aspect,
the state acquisition unit (75, 101) acquires whether the target article (7) has ice as the state
index. When the target article (7) freezes, the main processing unit (64) determines that the sign
condition is met.

[0022]

A ninth aspect of the present disclosure is an embodiment of any one of the first to fifth

aspects. In the ninth aspect, the state acquisition unit (75, 101) is configured to acquire, as a

state index of fresh produce which is the target article (7), at least one of a leakage amount of
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internal components of cells of the target article (7), a concentration of a stress-related plant
hormone generated from the target article (7), a concentration of a substance generated by
anaerobic respiration of the target article (7), a degree of internal browning of the target article
(7), a concentration of phenol contained in the target article (7), a concentration of chlorogenic
acid contained in the target article (7), a concentration of carotene contained in the target article
(7), or pH of the target article (7).

[0023]

In the ninth aspect, the state acquisition unit (75, 101) acquires, as the state index, at
least one of the physical quantities indicating the state of the fresh produce which is the target
article (7).

[0024]

A tenth aspect of the present disclosure is an embodiment of the first aspect. In the
tenth aspect, the quality determination apparatus further includes: an information acquisition
unit (102) configured to acquire environmental information about the internal environment of
the storage space (5); a setting acquisition unit (103) configured to acquire setting information
that is a set value of an environmental index indicating the internal environment of the storage
space (5); and a learning unit (104) configured to generate a state estimation model (111 to 113)
that has learned a correlation between the state index detected by the state detector (15), the
environmental information acquired by the information acquisition unit (102), and the setting
information acquired by the setting acquisition unit (103). The main processing unit (64) is
configured to determine whether the sign condition is met based on an estimated value of the
state index calculated by inputting the environmental information and the setting information
to the state estimation model (111 to 113).

[0025]

In the tenth aspect of the present disclosure, the learning unit (104) generates the state
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estimation model (111 to 113). The main processing unit (64) estimates an estimated value of
the state index using the state estimation model (111 to 113), and determines whether the sign
condition is met based on the calculated estimated value of the state index.

[0026]

An eleventh aspect of the present disclosure is an embodiment of the tenth aspect. In
the eleventh aspect, when determining that the sign condition is met, the main processing unit
(64) is configured to perform an environment change operation of instructing an environment
adjustment apparatus (14) that adjusts the internal environment of the storage space (5) to
change the internal environment of the storage space (5) in order to keep the target article (7)
from degradation. In the environment change operation, the main processing unit (64) is
configured to instruct the environment adjustment apparatus (14) to change the set value of the
environmental index based on a result of comparison between the estimated value of the state
index calculated by inputting the environment information and the setting information to the
state estimation model (111 to 113) and a predetermined reference value.

[0027]

The main processing unit (64) according to the eleventh aspect of the present
disclosure performs the environment change operation. In the environment change operation,
the main processing unit (64) instructs the environment adjustment apparatus (14) to change
the set value of the environmental index based on the result of comparison between the
estimated value of the state index calculated using the state estimation model (111 to 113) and
a predetermined reference value.

[0028]

A twelfth aspect of the present disclosure is an embodiment of the tenth or eleventh

aspect. In the twelfth aspect, the environmental information acquired by the information

acquisition unit (102) includes at least one of temperature, oxygen concentration, or carbon
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dioxide concentration of air in the storage space (5).
[0029]

A thirteenth aspect of the present disclosure is an embodiment of any one of the tenth
to twelfth aspects. In the thirteenth aspect, the environmental information acquired by the
information acquisition unit (102) includes a physical quantity indicating an operating state of
a refrigeration apparatus (20) that adjusts a temperature of the storage space (5) and correlating
with the temperature of the storage space (5).

[0030]

In the twelfth and thirteenth aspects of the present disclosure, the environmental
information includes a predetermined physical quantity.
[0031]

A fourteenth aspect of the present disclosure is an embodiment of the eleventh aspect.
In the fourteenth aspect, when the set value of the environmental index changed in the
environment change operation is an abnormal value deviated from a predetermined reference
range, the main processing unit (64) is configured to instruct a notification device (80, 130) that
notifies a human of information to notify that the changed set value of the environmental index
is abnormal.

[0032]

In the fourteenth aspect of the present disclosure, when the set value of the
environmental index changed in the environment change operation is an abnormal value, the
main processing unit (64) sends an instruction to the notification device (80, 130) to notify that
the changed set value of the environmental index is abnormal.

[0033]
A fifteenth aspect of the present disclosure is directed to a quality determination

method. The method includes: a first acquisition step of acquiring a state index indicating a
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state of a target article (7) contained in a storage space (5) where an internal environment is
controlled from a state detector (15) that detects the state index; a second acquisition step of
acquiring environmental information about the internal environment of the storage space (5); a
third acquisition step of acquiring setting information that is a set value of an environmental
index indicating the internal environment of the storage space (5); a learning step of generating
a state estimation model (111 to 113) that has learned a correlation between the state index
acquired in the first acquisition step, the environmental information acquired in the second
acquisition step, and the setting information acquired in the third acquisition step; and a
determination step of determining whether a sign condition indicating a sign of degradation of
the target article (7) is met based on an estimated value of the state index calculated by inputting
the environmental information and the setting information to the state estimation model (111 to
113).

[0034]

The quality determination method according to the fifteenth aspect of the present
disclosure performs the first acquisition step, the second acquisition step, the third acquisition
step, the learning step, and the determination step. The state estimation model (111 to 113) is
generated in the learning step. Whether the sign condition is met is determined based on the
estimated value of the state index calculated using the state estimation model (111 to 113) in
the determination step.

[0035]

A sixteenth aspect of the present disclosure is an embodiment of the fifteenth aspect.
In the sixteenth aspect, the method further includes an environment change step of instructing
an environment adjustment apparatus (14) that adjusts the internal environment of the storage
space (5) to change the internal environment of the storage space (5) in order to keep the target

article (7) from degradation when a determination is made that the sign condition is met in the

10
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determination step. In the environment change step, the environment adjustment apparatus (14)
is instructed to change the set value of the environmental index based on a result of comparison
between the estimated value of the state index calculated by inputting the environment
information and the setting information to the state estimation model (111 to 113) and a
predetermined reference value.

[0036]

The quality determination method according to the sixteenth aspect of the present
disclosure includes the environment change step. In the environment change step, processing
using the state estimation model (111 to 113) is performed, and the environment adjustment
apparatus (14) is instructed, in a predetermined case, to change the internal environment of the
storage space (5) in order to keep the target articles (7) from degradation.

[0037]

A seventeenth aspect of the present disclosure is directed to a quality determination
program. The quality determination program is configured to allow a computer to execute: first
acquisition processing of acquiring a state index indicating a state of a target article (7)
contained in a storage space (5) where an internal environment is controlled from a state
detector (15) that detects the state index; second acquisition processing of acquiring
environmental information about the internal environment of the storage space (5); third
acquisition processing of acquiring setting information that is a set value of an environmental
index indicating the internal environment of the storage space (5); learning processing of
generating a state estimation model (111 to 113) that has learned a correlation between the state
index acquired in the first acquisition processing, the environmental information acquired in
the second acquisition processing, and the setting information acquired in the third acquisition
processing; and determination processing of determining whether a sign condition indicating a

sign of degradation of the target article (7) is met based on an estimated value of the state index
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calculated by inputting the environmental information and the setting information to the state
estimation model (111 to 113).
[0038]

The program according to the seventeenth aspect of the present disclosure allows a
computer to execute the first acquisition processing, the second acquisition processing, the third
acquisition processing, the learning processing, and the determination processing. The
computer generates the state estimation model (111 to 113) in the learning processing. The
computer determines whether the sign condition is met based on the estimated value of the state
index calculated using the state estimation model (111 to 113) in the determination processing.
[0039]

An eighteenth aspect of the present disclosure is an embodiment of the seventeenth
aspect. In the eighteenth aspect, the program is configured to allow the computer to execute
environment change processing of instructing an environment adjustment apparatus (14) that
adjusts the internal environment of the storage space (5) to change the internal environment of
the storage space (5) in order to keep the target article (7) from degradation when a
determination is made that the sign condition is met in the determination processing. In the
environment change processing, the environment adjustment apparatus (14) is instructed to
change the set value of the environmental index based on a result of comparison between the
estimated value of the state index calculated by inputting the environment information and the
setting information to the state estimation model (111 to 113) and a predetermined reference
value.

[0040]

The program according to the eighteenth aspect of the present disclosure allows the

computer to execute the environment change processing. In the environment change processing,

the computer executes processing using the state estimation model (111 to 113), and instructs,
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in a predetermined case, the environment adjustment apparatus (14) to change the internal

environment of the storage space (5) in order to keep the target article (7) from degradation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041]

FIG. 1 is a schematic cross-sectional view of a container refrigeration apparatus of an
internal environment control system and a shipping container equipped with the container
refrigeration apparatus.

FIG. 2 is a piping system diagram of a refrigerant circuit included in the container
refrigeration apparatus.

FIG. 3 is a front view of an operation panel of the internal environment control system.

FIG. 4 is a block diagram illustrating a configuration of a controller of the internal
environment control system.

FIG. 5 is a flowchart illustrating a reference setting operation performed by a quality
determination unit of a controller according to a first embodiment.

FIG. 6 is a flowchart illustrating a main operation performed by the quality
determination unit of the controller according to the first embodiment.

FIG. 7 is a flowchart illustrating a reference setting operation performed by a quality
determination unit of a controller according to a second embodiment.

FIG. 8 is a flowchart illustrating a main operation performed by a quality determination
unit of a controller according to a third embodiment.

FIG. 9 is a block diagram illustrating a configuration of a quality determination
apparatus according to a fourth embodiment and a relationship between a container refrigeration
apparatus, an air composition adjustment apparatus, sensors, and the quality determination

apparatus.
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FIG. 10 is a block diagram illustrating a configuration and function of a learning unit
of the quality determination apparatus according to the fourth embodiment related to a blowout
temperature.

FIG. 11 is a block diagram illustrating a configuration and function of an inference unit
of the quality determination apparatus according to the fourth embodiment related to a blowout
temperature.

FIG. 12 is a block diagram illustrating a configuration and function of the learning unit
of the quality determination apparatus according to the fourth embodiment related to an oxygen
concentration.

FIG. 13 is a block diagram illustrating a configuration and function of the inference
unit of the quality determination apparatus according to the fourth embodiment related to an
oxygen concentration.

FIG. 14 is a block diagram illustrating a configuration and function of the learning unit
of the quality determination apparatus according to the fourth embodiment related to a carbon
dioxide concentration.

FIG. 15 is a block diagram illustrating a configuration and function of the inference
unit of the quality determination apparatus according to the fourth embodiment related to a
carbon dioxide concentration.

FIG. 16 is a flowchart illustrating processing performed by the quality determination

apparatus according to the fourth embodiment.

DESCRIPTION OF EMBODIMENTS
[0042]
«First Embodiment»

A first embodiment will be described below. A quality determination apparatus (13) of

14
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the present embodiment is provided for an internal environment control system (10).
[0043]

As illustrated in FIG. 1, the internal environment control system (10) is provided for a
shipping container (1) used for so-called CA (controlled atmosphere) transport. The shipping
container (1) provided with the internal environment control system (10) is used to transport
target articles (7). The target articles (7) contained in the shipping container (1) are fresh
produce, such as fruits and vegetables.

[0044]

As illustrated in FIGS. 1 and 4, the internal environment control system (10) includes
a container refrigeration apparatus (20), an air composition adjustment apparatus (40), an
operation panel (80), state index sensors (15), and a controller (50).

[0045]

The controller (50) and the state index sensors (15) constitute the quality determination
apparatus (13) of the present embodiment. The quality determination apparatus (13) determines
whether there is a sign of degradation of the target articles (7) contained in the shipping
container (1).

[0046]

The container refrigeration apparatus (20), the air composition adjustment apparatus
(40), and the controller (50) constitute an environment adjustment apparatus (14). The
environment adjustment apparatus (14) controls the internal environment of the shipping
container (1) so that the internal environment becomes a set environment. That is, the
environment adjustment apparatus (14) controls the internal environment of the shipping
container (1) so that environmental indexes reach respective set values. The environmental
indexes are physical quantities indicating the internal environment of the shipping container (1),

e.g., the temperature, humidity, oxygen concentration, and carbon dioxide concentration of the
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air in the container.
[0047]

The shipping container (1) used as a warehouse has a container body (2) in the shape
of an elongated rectangular parallelepiped box. One end face of the container body (2) is open.
The container refrigeration apparatus (20) is attached to block the open end of the container
body (2). Space inside the container body (2) constitutes a cargo space (5) for storing cargos
(6). The cargo space (5) is astorage space. The cargos (6) are boxes of the target articles (7).
[0048]

A floorboard (3) on which the cargos (6) are to be placed is disposed at the bottom of
the cargo space (5). An underfloor path (4) through which ar blown from the container
refrigeration apparatus (20) passes is formed between the floorboard (3) and a bottom plate of
the container body (2). The underfloor path (4) extends along the bottom plate of the container
body (2) in the longitudinal direction of the container body (2). One end of the underfloor path
(4) isconnected to an outlet (34) of the container refrigeration apparatus (20), and the other end
communicates with a space above the floorboard (3) (i.e., the space for storing the cargos (6)).
[0049]

—Container Refrigeration Apparatus—

As illustrated in FIG. 1, the container refrigeration apparatus (20) includes a casing
(30), a refrigerant circuit (21) that performs a refrigeration cycle, an externa fan (26), an
internal fan (27), and an operation panel (80).

[0050]

<Casing>

The casing (30) includes a casing body (31) and a backboard (32). The casing (30) is
provided with the refrigerant circuit (11), the external fan (26), and the internal fan (27).

[0051]

16
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The casing body (31) has a lower portion recessed toward the cargo space (5) of the
shipping container (1). The lower portion of the casing body (31) forms an external equipment
room (35) communicating with a space outside the shipping container (1). The external fan (26)
is disposed in the external equipment room (35).

[0052]

The backboard (32) is a substantially rectangular flat plate-shaped member. The
backboard (32) is disposed closer to the cargo space (5) of the shipping container (1) than the
casing body (31), and forms an inside air flow path (36) between the backboard (32) and the
casing body (31).

[0053]

The inside air flow path (36) has an upper end serving as an inlet (33) of the casing
(30), and a lower end as an outlet (34) of the casing (30). The inside air flow path (36)
communicates with the cargo space (5) via the inlet (33), and with the underfloor path (4) via
the outlet (34). The internal fan (27) is disposed above the inside air flow path (36).

[0054]

<Refrigerant Circuit>

As illustrated in FIG. 2, the refrigerant circuit (21) is a closed circuit in which a
compressor (22), a condenser (23), an expansion valve (24), and an evaporator (25) are
connected together in this order by piping. When the compressor (22) is actuated, a refrigerant
circulates through the refrigerant circuit (21) to perform a vapor compression refrigeration cycle.
[0055]

As illustrated in FIG. 1, the condenser (23) is disposed on the suction side of the
external fan (26) in the external equipment room (35), and the evaporator (25) is disposed in
the inside air flow path (36) below the internal fan (27). Although not shown in FIG. 1, the

compressor (22) is disposed in the external equipment room (35).
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[0056]

<Sensors>

The container refrigeration apparatus (20) includes a suction temperature sensor (37),
a blowout temperature sensor (38), and an evaporator temperature sensor (39).

[0057]

The suction temperature sensor (37) is disposed upstream of the evaporator (25) in the
inside air flow path (36). The suction temperature sensor (37) measures the temperature of the
inside air sucked into the inside air flow path (36) from the cargo space (5) through the inlet
(33). The temperature of the inside air measured by the suction temperature sensor (37) is an
environmental index which is a physical quantity indicating the internal environment.

[0058]

The blowout temperature sensor (38) is disposed downstream of the evaporator (25) in
the inside air flow path (36). The blowout temperature sensor (38) measures the temperature of
the air blown from the outlet (34) to the underfloor path (4).

[0059]

The evaporator temperature sensor (39) is attached to the evaporator (25). The
evaporator temperature sensor (39) measures the temperature of the surface of the evaporator
(25).

[0060]

—Air Composition Adjustment Apparatus—

The air composition adjustment apparatus (40) is an apparatus for adjusting the
composition of the air in the cargo space (5) of the shipping container (1). As illustrated in FIG.
1, the air composition adjustment apparatus (40) includes a main unit (41) and a ventilation
exhaust pipe (45). The main unit (41) is disposed in the external equipment room (35) of the

container refrigeration apparatus (20).
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[0061]

<Main Unit>

Although not shown, the main unit (41) of the air composition adjustment apparatus
(40) contains two adsorption columns, a pressurizing pump that supplies pressurized air to the
adsorption columns, and a depressurizing pump that sucks the air from the adsorption columns.
The air composition adjustment apparatus (40) modifies the air outside the container (i.e.,
atmospheric air) to generate modified air having a composition different from that of the outside
air by a so-called pressure swing adsorption (PSA) method. The modified air has a higher
nitrogen concentration and a lower oxygen concentration than the outside air.

[0062]

The main unit (41) includes an outside air inlet (42) through which the outside air is
taken into the main unit (41). A supply pipe (43) and an oxygen discharge pipe (44) are
connected to the main unit (41). The supply pipe (43) is a pipe for introducing the modified air
(low oxygen concentration air) generated in the main unit (41) into the cargo space (5), and has
a terminal end open to the inside air flow path (36). The oxygen discharge pipe (44) is a pipe
for discharging high oxygen concentration air generated in the main unit (41) to the outside of
the container, and has a terminal end open to the external equipment room (35).

[0063]

<Ventilation Exhaust Pipe>

The ventilation exhaust pipe (45) is a pipe for discharging the air in the shipping
container (1) to the outside. The ventilation exhaust pipe (45) has one end open to the inside air
flow path (36) and the other end open to the external equipment room (35). The ventilation
exhaust pipe (45) is provided with a ventilation exhaust valve (46). The ventilation exhaust
valve (46) is an on-off valve made of an electromagnetic valve.

[0064]

19
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<Sensors>

The air composition adjustment apparatus (40) includes an oxygen concentration
sensor (47), a carbon dioxide concentration sensor (48), and an ethylene concentration sensor
(140).

[0065]

The oxygen concentration sensor (47) and the carbon dioxide concentration sensor (48)
are disposed upstream of the evaporator (25) in the inside air flow path (36). The oxygen
concentration sensor (47) measures the oxygen concentration of the inside air sucked into the
inside air flow path (36) through the inlet (33). The carbon dioxide concentration sensor (48)
measures the carbon dioxide concentration of the inside air sucked into the inside air flow path
(36) through the inlet (33). The ethylene concentration sensor (140) measures the ethylene
concentration of the inside air sucked into the inside air flow path (36) through the inlet (33).
[0066]

The oxygen concentration of the inside air measured by the oxygen concentration
sensor (47), the carbon dioxide concentration of the inside air measured by the carbon dioxide
concentration sensor (48), and the ethylene concentration of the inside air measured by the
ethylene concentration sensor (140) are environmental indexes that are physical quantities
indicating the internal environment.

[0067]

—Operation Panel—

As illustrated in FIG. 3, the operation panel (80) includes an LED display (81), a liquid
crystal display (82), a plurality of display lamps (83), and a plurality of operation buttons (84).
Although not shown in FIG. 1, the operation panel (80) is disposed on an outer side surface of
the casing (30). The operation panel (80) is a notification device that notifies a human, such as

an operator, of information.
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[0068]

The LED display (81), the liquid crystal display (82), and the display lamps (83) show
information about the environment inside the cargo space (5) and information about the
operating state of the internal environment control system (10). The operation buttons (84)
constitute an input unit through which a human, such as an operator, inputs information to the
internal environment control system (10). A human, such as an operator, operates the operation
buttons (84) to input, for example, set values of temperature, an oxygen concentration, and a
carbon dioxide concentration of the air in the cargo space (5), to the internal environment
control system (10).

[0069]

—State Index Sensors—

The state index sensors (15) are sensors each measures a state index, which is a
physical quantity indicating the state of the target articles (7). The state index sensors (15) are
state detectors.

[0070]

Each state index sensor (15) measures the intensity of chlorophyll fluorescence emitted
by the target articles (7) as the state index. The intensity of chlorophyll fluorescence is a
physical quantity correlated with the state of photosynthesis by the fresh produce which is the
target articles (7). A pulse modulation fluorometer can be used as the state index sensor (15).
[0071]

As illustrated in FIG. 1, the internal environment control system (10) of the present
embodiment includes a plurality of (three in FIG. 1) state index sensors (15). The state index
sensors (15) are respectively provided for a plurality of (three in FIG. 1) cargos (6) placed at
different positions.

[0072]
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—Controller—

As illustrated in FIG. 4, the controller (50) includes an arithmetic unit (60), a memory
unit (70), and a communication unit (75).

[0073]

<Arithmetic Unit>

The arithmetic unit (60) is, for example, a microprocessor comprised of an integrated
circuit. The arithmetic unit (60) executes programs stored in the memory unit (70) to function
as a refrigeration apparatus control unit (61), an air composition adjustment unit (62), a
component diagnosis unit (63), a quality determination unit (64), and a log data generator (65).
[0074]

The refrigeration apparatus control unit (61) controls the operation of components of
the container refrigeration apparatus (20). For example, the refrigeration apparatus control unit
(61) controls the operating capacity of the compressor (22) of the container refrigeration
apparatus (20) so that the temperature of the cargo space (5) (temperature in the container)
reaches a temperature set value. In this case, the refrigeration apparatus control unit (61) reduces
the operating capacity of the compressor (22) when a measurement of the blowout temperature
sensor (38) is lower than the temperature set value, and increases the operating capacity of the
compressor (22) when the measurement of the blowout temperature sensor (38) is higher than
the temperature set value.

[0075]

The air composition adjustment unit (62) controls the air composition adjustment
apparatus (40) so that the oxygen concentration and carbon dioxide concentration of the air in
the cargo space (5) reach the respective set concentrations. The air composition adjustment unit
(62) causes the air composition adjustment apparatus (40) to perform, for example: an operation

of supplying the modified air (low oxygen concentration air) to the cargo space (5) to lower the
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oxygen concentration of the air in the cargo space (5); an operation of supplying the outside air
to the cargo space (5) to raise the oxygen concentration of the air in the cargo space (5); and an
operation of supplying the modified air (low oxygen concentration air) to the cargo space (5)
while discharging the air from the cargo space (5) to lower the carbon dioxide concentration of
the air in the cargo space (5).

[0076]

The component diagnosis unit (63) diagnoses whether the components of the container
refrigeration apparatus (20) and the air composition adjustment apparatus (40), which constitute
the environment adjustment apparatus (14), operate normally. Specifically, the component
diagnosis unit (63) diagnoses whether the compressor (22), expansion valve (24), internal fan
(27), and external fan (26) of the container refrigeration apparatus (20) operate normally. The
component diagnosis unit (63) also diagnoses whether the oxygen concentration sensor (47),
the carbon dioxide concentration sensor (48), the suction temperature sensor (37), the blowout
temperature sensor (38), and the evaporator temperature sensor (39) function normally. The
component diagnosis unit (63) further diagnoses whether the amount of refrigerant filling the
refrigerant circuit (21) is insufficient and whether the amount of frost adhering to the evaporator
(25) is excessive.

[0077]

The quality determination unit (64) determines whether there is a sign of degradation
of the target articles contained in the cargo space. The quality determination unit (64) is a main
processing unit of the quality determination apparatus (13).

[0078]

The log data generator (65) acquires the measurements of the oxygen concentration

sensor (47), the carbon dioxide concentration sensor (48), the suction temperature sensor (37),

the blowout temperature sensor (38), and the evaporator temperature sensor (39) every
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predetermined time (e.g., 60 minutes), and transmits the acquired measurements to the memory
unit (70).
[0079]

<Memory Unit>

The memory unit (70) is, for example, a semiconductor memory comprised of an
integrated circuit. The memory unit (70) stores programs for causing the controller (50) to
execute predetermined operations and data necessary for the operations of the controller (50).
The memory unit (70) functions as a set value storage (71), a reference value storage (72), and
a log data storage (73).

[0080]

The set value storage (71) stores user-set values of the temperature, oxygen
concentration, and carbon dioxide concentration of the air in the cargo space (5). An operator
presses the operation buttons (84) on the operation panel (80) to enter these user-set values to
the controller (50).

[0081]

The reference value storage (72) stores a reference fluorescence intensity related to the
intensity of chlorophyll fluorescence. The quality determination unit (64) sets the reference
fluorescence intensity.

[0082]
The log data storage (73) stores, as log data, time-series data of the measurements of
the sensors (37, 38, 39, 47, 48) transmitted from the log data generator (65).
[0083]
<Communication Unit>
The communication unit (75) is configured to perform wired communication with the

container refrigeration apparatus (20), the air composition adjustment apparatus (40), and the
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state index sensors (15). The communication unit (75) receives the measurements of the suction
temperature sensor (37), the blowout temperature sensor (38), the evaporator temperature
sensor (39), the oxygen concentration sensor (47), the carbon dioxide concentration sensor (48),
and the state index sensors (15), and transmits the received measurements to the arithmetic unit
(60). The communication unit (75) outputs command signals generated by the refrigeration
apparatus control unit (61), the air composition adjustment unit (62), and the component
diagnosis unit (63). The communication unit (75) of the present embodiment is a state
acquisition unit that acquires a state index (the intensity of chlorophyll fluorescence in the
present embodiment) measured by the state index sensors (15).

[0084]

—Operation of Controller—

Operations performed by the quality determination unit (64) of the controller (50) will
be described below. The quality determination unit (64) performs a reference setting operation
for setting a reference fluorescence intensity and a main operation for determining whether
there is a sign of degradation of the target articles (7). The quality determination unit (64)
performs, as the main operation, a cause identification operation, a notification operation, a
diagnosis instruction operation, and an environment change operation.

[0085]

<Reference Setting Operation>

The reference setting operation performed by the quality determination unit (64) will
be described with reference to the flowchart of FIG. 5. In this reference setting operation, the
quality determination unit (64) extremely lowers the oxygen concentration of the air in the cargo
space (5) to apply stress to the fresh produce which is the target articles (7), and sets the
reference fluorescence intensity based on the intensity of chlorophyll fluorescence of the target

articles (7) under stress.
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[0086]

(Step ST11)

In Step ST11, the quality determination unit (64) defines the temperature set value to
“a temperature at which no chilling injury of the target articles (7) occurs.” The “temperature
at which no chilling injury of the target articles (7) occurs” is a value predetermined for each
kind of the target articles (7). For example, if the target articles (7) are “apples,” the
“temperature at which no chilling injury of the target articles (7) occurs” is 10°C.

[0087]

In Step ST11, the quality determination unit (64) transmits the temperature set value,
which is set to “the temperature at which no chilling injury of the target articles (7) occurs,” to
the refrigeration apparatus control unit (61). The refrigeration apparatus control unit (61)
controls the operation of the container refrigeration apparatus (20) using the temperature set
value transmitted from the quality determination unit (64).

[0088]

In Step ST11, the quality determination unit (64) starts a protection condition timer.
The protection condition timer measures time elapsed from a start point.

[0089]

(Step ST12)

In the subsequent Step ST12, the quality determination unit (64) determines whether
the temperature of the cargo space (5) is stable. Specifically, the quality determination unit (64)
determines whether a stability condition that “the measurement of the blowout temperature
sensor (38) remains within the range of the temperature set value &+ 1°C for one hour or longer”
is met. The “temperature set value” of the stability condition is a value set in the processing of
Step ST11.

[0090]
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When the stability condition is met, the quality determination unit (64) performs the
processing of Step ST13. When the stability condition is not met, the quality determination unit
(64) continues the processing of Step ST12.

[0091]

(Step ST13)

In the processing of Step ST13, the quality determination unit (64) acquires the
intensity of chlorophyll fluorescence measured by the state index sensors (15). The quality
determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value A.

[0092]

The quality determination unit (64) of the present embodiment acquires the
measurements of the intensity of chlorophyll fluorescence from the three state index sensors
(15). Then, the quality determination unit (64) stores an arithmetic mean of the measurements
acquired from the three state index sensors (15) as the stored value A in the memory unit (70).
[0093]

(Step ST14)

In the processing of the subsequent Step ST14, the quality determination unit (64)
determines an oxygen concentration set value and a carbon dioxide concentration set value to
“0%.” The quality determination unit (64) transmits the oxygen concentration set value and the
carbon dioxide concentration set value, both set to “0%,” to the air composition adjustment unit
(62). The air composition adjustment unit (62) controls the operation of the air composition
adjustment apparatus (40) using the oxygen concentration set value and the carbon dioxide
concentration set value received from the quality determination unit (64).

[0094]

The carbon dioxide concentration set value defined in the processing of Step ST14
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does not have to be “0%,” and may be a user-set value stored in the set value storage (71) of
the memory unit (70).
[0095]

(Step ST15)

In the processing of the subsequent Step ST15, the quality determination unit (64)
waits for a predetermined time T1 (T1 = 60 minutes in the present embodiment). Until the time
T1 elapses, the air composition adjustment apparatus (40) continues the operation for reducing
the oxygen concentration of the air in the cargo space (5). As a result, the oxygen concentration
of the air in the cargo space (5) drops to a value close to 0%, and stress is applied to the fresh
produce which is the target articles (7).

[0096]

(Step ST16)

In the processing of the subsequent Step ST16, the quality determination unit (64)
acquires the intensity of chlorophyll fluorescence measured by the state index sensors (15). The
quality determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value B.

[0097]

In the processing of Step ST16, the quality determination unit (64) calculates an
arithmetic mean of the measurements acquired from the three state index sensors (15), as in the
processing of Step ST13. Then, the quality determination unit (64) stores the arithmetic mean
of the measurements of the three state index sensors (15) as the stored value B in the memory
unit (70).

[0098]
(Step ST17)

In the processing of the subsequent Step ST17, the quality determination unit (64)
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reads the stored values A and B from the memory unit (70), and determines whether the
relationship “stored value B / stored value A > 104%” is met. The quality determination unit
(64) determines whether the intensity of chlorophyll fluorescence has increased by a certain
degree or more due to the stress applied to the target articles (7) by the reduction of the oxygen
concentration of the air in the cargo space (5).

[0099]

When the relationship “stored value B / stored value A > 104%” is met, the quality
determination unit (64) performs the processing of Step ST18. When the relationship “stored
value B / stored value A > 104%” is not met, the quality determination unit (64) performs the
processing of Step ST20.

[0100]

(Step ST18)

In the processing of Step ST18, the quality determination unit (64) sets 99% of the
stored value B as the reference fluorescence intensity (reference fluorescence intensity = 0.99
x stored value B). The quality determination unit (64) stores 99% of the stored value B as the
reference fluorescence intensity in the reference value storage (72) of the memory unit (70).
[0101]

When the fresh produce is stored for a long period of time (e.g., several months), the
function of chlorophyll (chloroplasts) of the fresh produce decreases as the fresh produce goes
bad over time, which gradually lowers the intensity of chlorophyll fluorescence. For this reason,
when the stored value B is set as the reference fluorescence intensity, the intensity of
chlorophyll fluorescence of the fresh produce stored for a long time may fail to reach the
reference fluorescence intensity when stressed by the low oxygen concentration. Thus, in Step
ST18, the reference fluorescence intensity is set to a value slightly smaller than the stored value

B.
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[0102]

(Step ST19)

In the subsequent Step ST19, the quality determination unit (64) resets the temperature
set value, the oxygen concentration set value, and the carbon dioxide concentration set value to
the corresponding user-set values stored in the set value storage (71) of the memory unit (70).
When the processing of Step ST19 ends, the quality determination unit (64) ends the reference
setting operation.

[0103]

(Step ST20)

In the processing of Step ST20, the quality determination unit (64) determines whether
a protection condition for protecting the target articles (7) from low oxygen concentration injury
is met. The protection condition is a condition that at least one of a first sub-condition or a
second sub-condition is met. The first sub-condition is a condition that “the measurement of the
oxygen concentration sensor (47) remains less than the user-set value” for 24 hours or more.
The second sub-condition is a condition that “the measurement of the oxygen concentration
sensor (47) remains less than 1% for six hours or more.

[0104]

When the protection condition is met, the quality determination unit (64) performs the
processing of Step ST21. When the protection condition is not met, the quality determination
unit (64) performs the processing after Step ST15 again.

[0105]

(Step ST21)

In the processing of Step ST21, the quality determination unit (64) acquires the
intensity of chlorophyll fluorescence measured by the state index sensors (15). The quality

determination unit (64) stores the acquired measurements of the intensity of chlorophyll

30



10

15

20

25

fluorescence in the memory unit (70) as a stored value B.
[0106]

In the processing of Step ST21, the quality determination unit (64) calculates an
arithmetic mean of the measurements acquired from the three state index sensors (15) as the
stored value B in the memory unit (70), as in the processing of Step ST16. The quality
determination unit (64) updates the stored value B stored in the memory unit (70) from the
value calculated in the processing of Step ST16 to the value calculated in Step ST21.

[0107]

(Step ST22)

In the processing of the subsequent Step ST22, the quality determination unit (64)
reads the stored values A and B from the memory unit (70), and determines whether the
relationship “stored value B / stored value A > 102%” is met. The quality determination unit
(64) determines whether the intensity of chlorophyll fluorescence has increased even a little
due to the stress applied to the target articles (7) by the reduction of the oxygen concentration
of the air in the cargo space (5).

[0108]

When the relationship “stored value B / stored value A > 102%” is met, the quality
determination unit (64) performs the processing of Steps ST18 and ST19. When the relationship
“stored value B / stored value A > 102%” is not met, the quality determination unit (64)
performs the processing of Step ST23.

[0109]

(Step ST23)

When the relationship “stored value B / stored value A > 102%” is not met in the
processing of Step ST22, the intensity of chlorophyll fluorescence of the fresh produce hardly

increases even if the oxygen concentration of the air in the cargo space (5) is extremely lowered
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to apply stress to the fresh produce which is the target articles (7). In this case, the reference
fluorescence intensity used to determine whether a sign condition (the condition indicating the
sign of the degradation of the target articles (7)) is met cannot be set. Thus, in the processing of
Step ST23, the quality determination unit (64) does not set the value of the reference
fluorescence intensity, and prohibits the execution of the main operation. When the processing
of Step ST23 ends, the quality determination unit (64) performs the processing of Step ST19.
[0110]

<Main Operation>

The main operation performed by the quality determination unit (64) will be described
with reference to the flowchart of FIG. 6.

[0111]

(Step ST31)

In the processing of Step ST31, the quality determination unit (64) sets the temperature
set value, the oxygen concentration set value, and the carbon dioxide concentration set value to
the user-set values stored in the set value storage (71) of the memory unit (70).

[0112]

The quality determination unit (64) transmits the temperature set value to the
refrigeration apparatus control unit (61). The refrigeration apparatus control unit (61) controls
the operation of the container refrigeration apparatus (20) using the temperature set value
transmitted from the quality determination unit (64). Further, the quality determination unit (64)
transmits the oxygen concentration set value and the carbon dioxide concentration set value to
the air composition adjustment unit (62). The air composition adjustment unit (62) controls the
operation of the air composition adjustment apparatus (40) using the oxygen concentration set
value and the carbon dioxide concentration set value transmitted from the quality determination

unit (64).
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[0113]

(Step ST32)

In the processing of the subsequent Step ST32, the quality determination unit (64)
acquires the intensity of chlorophyll fluorescence measured by the state index sensors (15). The
quality determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value C.

[0114]

In the processing of Step ST32, the quality determination unit (64) calculates an
arithmetic mean of the measurements acquired from the three state index sensors (15), as in the
processing of Step ST13 shown in FIG. 5. Then, the quality determination unit (64) stores the
arithmetic mean of the measurements of the three state index sensors (15) as the stored value C
in the memory unit (70).

[0115]

(Step ST33)

In the processing of the subsequent Step ST33, the quality determination unit (64)
reads the stored value C from the memory unit (70) in Step ST32 and the reference fluorescence
intensity stored in the reference value storage (72) of the memory unit (70). Then, the quality
determination unit (64) determines whether the condition that “the reference value C is equal
to or greater than the reference fluorescence intensity (reference value C > reference
fluorescence intensity)” is met.

[0116]

When the reference value C is equal to or greater than the reference fluorescence
intensity, the target articles (7) contained in the cargo space (5) are presumed to be under a
relatively large stress. When the target articles (7) keep receiving such a relatively large stress,

the target articles (7) are gradually degraded. Thus, the condition “reference value C > reference
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fluorescence intensity” is a sign condition indicating the sign of degradation of the target articles
(7) contained in the cargo space (5). The processing of Step ST33 is a determination operation
for determining whether the sign condition is met.

[0117]

When the condition “reference value C > reference fluorescence intensity” is met, the
quality determination unit (64) performs the processing of Step ST35. When the condition
“reference value C > reference fluorescence intensity” is not met, the quality determination unit
(64) performs the processing of Step ST34.

[0118]

(Step ST34)

When the reference value C is less than the reference fluorescence intensity, it is
presumed that no large stress is applied to the target articles (7) and the quality of the target
articles (7) is maintained. Thus, in the processing of Step ST34, the quality determination unit
(64) waits for a predetermined time T2 (T2 = 180 minutes in the present embodiment). During
standby of the quality determination unit (64), the refrigeration apparatus control unit (61)
controls the container refrigeration apparatus (20) using the temperature set value defined in
Step ST31, and the air composition adjustment unit (62) controls the air composition adjustment
apparatus (40) using the oxygen concentration set value and the carbon dioxide concentration
set value defined in Step ST31.

[0119]

(Step ST35)

In the processing of Step ST35, the quality determination unit (64) calculates average
values of the measurements of the oxygen concentration sensor (47), the carbon dioxide
concentration sensor (48), the suction temperature sensor (37), the blowout temperature sensor

(38), and the evaporator temperature sensor (39).
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[0120]

Specifically, the quality determination unit (64) reads time-series data for the last day
from the time-series data of the measurements of the sensors (37, 38, 39, 47, 48) stored in the
log data storage (73) of the memory unit (70). Then, the quality determination unit (64)
calculates an arithmetic mean of the time-series data for one day of the measurements of the
sensors (37, 38, 39, 47, 48).

[0121]

(Step ST36)

In the processing of the subsequent Step ST36, the quality determination unit (64)
performs a cause identification operation. The cause identification operation is an operation of
identifying, from a plurality of environmental indexes indicating the internal environment of
the storage space (5), an environmental index that causes the sign of degradation of the target
articles (7).

[0122]

For the cause identification operation, the quality determination unit (64) identifies a
physical quantity that meets the sign condition from the physical quantities measured by the
oxygen concentration sensor (47), the carbon dioxide concentration sensor (48), the suction
temperature sensor (37), the blowout temperature sensor (38), and the evaporator temperature
sensor (39), and regards the identified physical quantity as a causal environmental index.
[0123]

Specifically, in the processing of Step ST36, the quality determination unit (64)
acquires the measurements of the sensors (37, 38, 39, 47, 48) as the current values. Next, the
quality determination unit (64) calculates a difference between the “average value calculated in
Step ST35” and the “current value acquired in Step ST36” for each of the measurements of the

sensors (37, 38, 39, 47, 48), and sets the difference as a determination value (determination
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value = average value - current value). Then, the quality determination unit (64) specifies the
causal environmental index based on the determination value for each sensor (37, 38, 39, 47,
48). Note that the causal environmental index specified by the cause identification operation
performed once may be a single physical quantity or plural physical quantities.

[0124]

For example, when the determination value for the measurement of the oxygen
concentration sensor (47) is less than a predetermined reference value, the current value of the
oxygen concentration of the air in the cargo space (5) is significantly lower than the average
value. Thus, the excessively low oxygen concentration is presumed to degrade the target articles
(7). Thus, in this case, the quality determination unit (64) regards the oxygen concentration of
the air in the cargo space (5) measured by the oxygen concentration sensor (47) as the causal
environmental index.

[0125]

When the determination value for the measurement of the carbon dioxide
concentration sensor (48) is greater than a predetermined reference value, the current value of
the carbon dioxide concentration of the air in the cargo space (5) is significantly greater than
the average value. Thus, the excessively high carbon dioxide concentration is presumed to
degrade the target articles (7). In this case, the quality determination unit (64) regards the carbon
dioxide concentration of the air in the cargo space (5) measured by the carbon dioxide
concentration sensor (48) as the causal environmental index.

[0126]

When the determination value for the measurement of the suction temperature sensor
(37) is less than a predetermined reference value, the current value of the temperature of the air
in the cargo space (5) is significantly less than the average value. Thus, the excessively low

temperature of the cargo space (5) is presumed to degrade the target articles (7). In this case,
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the quality determination unit (64) regards the temperature of the air in the cargo space (5)
measured by the suction temperature sensor (37) as the causal environmental index.
[0127]

(Step ST37)

In the processing of the subsequent Step ST37, the quality determination unit (64)
performs a notification operation and a diagnosis instruction operation.

[0128]

The notification operation is an operation of instructing the operation panel (80), which
is a notification device, to notify the possibility of degradation of the target articles (7). For the
notification operation, the quality determination unit (64) transmits, to the operation panel (80)
via the communication unit (75), a notification instruction signal instructing presentation of
information indicating the possibility of degradation of the target articles (7).

[0129]

Receiving the notification instruction signal, the operation panel (80) displays the
information indicating the possibility of degradation of the target articles (7) on the LED display
(81) or the liquid crystal display (82). Then, a human, such as an operator, is notified of the
information indicating the possibility of degradation of the target articles (7).

[0130]

The diagnosis instruction operation is an operation of instructing the environment
adjustment apparatus (14) to diagnose whether the components of the environment adjustment
apparatus (14) function normally. For the diagnosis instruction operation, the quality
determination unit (64) transmits a diagnosis instruction signal instructing the execution of the
diagnosis operation to the component diagnosis unit (63).

[0131]

Receiving the diagnosis instruction signal, the component diagnosis unit (63)

37



10

15

20

25

diagnoses whether the components of the container refrigeration apparatus (20) and the air
composition adjustment apparatus (40), which constitute the environment adjustment apparatus
(14), operate normally. Then, the component diagnosis unit (63) transmits the diagnosis result
to the quality determination unit (64).

[0132]

(Step ST38)

In the processing of the subsequent Step ST38, the quality determination unit (64)
performs the processing of Step ST39 when the diagnosis result received from the component
diagnosis unit (63) indicates that the components of the container refrigeration apparatus (20)
and the air composition adjustment apparatus (40) operate normally. When the diagnosis result
received from the component diagnosis unit (63) does not indicate that the components of the
container refrigeration apparatus (20) and the air composition adjustment apparatus (40) operate
normally, the quality determination unit (64) ends the main operation.

[0133]

(Step ST39)

In the processing of Step ST39, the quality determination unit (64) performs an
environment change operation. The environment change operation is an operation of instructing
the environment adjustment apparatus (14) to change the internal environment of the storage
space (5) in order to keep the target articles (7) from degradation.

[0134]

For the environment change operation, the quality determination unit (64) transmits
signals to the refrigeration apparatus control unit (61) and the air composition adjustment unit
(62) to instruct both units to change the “causal environmental index identified by the cause
identification operation in Step ST36.” When the processing of Step ST39 ends, the quality

determination unit (64) ends the main operation.
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[0135]

For example, if “the oxygen concentration of the air in the cargo space (5)” is identified
as the causal environmental index in Step ST36 and the excessively low “oxygen concentration
of the air in the cargo space (5)” is presumed to be the cause of the sign of degradation of the
target articles (7), the quality determination unit (64) transmits a signal instructing the air
composition adjustment unit (62) to increase the oxygen concentration set value by a
predetermined value to the air composition adjustment unit (62). Receiving this signal, the air
composition adjustment unit (62) controls the operation of the air composition adjustment
apparatus (40) so that the measurement of the oxygen concentration sensor (47) reaches the
increased oxygen concentration set value. This raises the oxygen concentration of the air in the
cargo space (5), and keeps the target articles (7) in the cargo space (5) from degradation.
[0136]

If the “carbon dioxide concentration of the air in the cargo space (5)” is identified as
the causal environmental index in Step ST36 and the excessively high “carbon dioxide
concentration of the air in the cargo space (5)” is presumed to be the cause of the sign of
degradation of the target articles (7), the quality determination unit (64) transmits a signal
instructing the air composition adjustment unit (62) to lower the carbon dioxide concentration
set value by a predetermined value to the air composition adjustment unit (62). Receiving this
signal, the air composition adjustment unit (62) controls the operation of the air composition
adjustment apparatus (40) so that the measurement of the carbon dioxide concentration sensor
(48) reaches the lowered carbon dioxide concentration set value. This lowers the carbon dioxide
concentration of the air in the cargo space (5), and keeps the target articles (7) in the cargo space
(5) from degradation.

[0137]

If “the temperature of the air sucked from the cargo space (5) into the container
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refrigeration apparatus (20)” is identified as the causal environmental index in Step ST36 and
the excessively low “temperature of the air in the cargo space (5)” is presumed to be the cause
of the sign of degradation of the target articles (7), the quality determination unit (64) transmits
a signal instructing the refrigeration apparatus control unit (61) to increase the temperature set
value by a predetermined value to the refrigeration apparatus control unit (61). Receiving this
signal, the refrigeration apparatus control unit (61) controls the operation of the container
refrigeration apparatus (20) so that the measurement of the blowout temperature sensor (38)
reaches the increased temperature set value. This raises the temperature of the air in the cargo
space (5), and keeps the target articles (7) in the cargo space (5) from degradation.

[0138]

If a large amount of frost adheres to the evaporator (25), the evaporation temperature
of the refrigerant in the evaporator (25) decreases, and the temperature of the air passing through
the evaporator (25) decreases too much. This may excessively lower the temperature of the air
in the cargo space (5). Thus, if the “temperature of the air sucked from the cargo space (5) into
the container refrigeration apparatus (20)” is identified as the causal environmental index in
Step ST36 and the excessively low “temperature of the air in the cargo space (5)” is presumed
to be the cause of the sign of degradation of the target articles (7), the quality determination unit
(64) may transmit a signal instructing the container refrigeration apparatus (20) to perform a
defrosting operation for melting the frost adhering to the evaporator (25) to the container
refrigeration apparatus (20) via the communication unit (75).

[0139]

If the “temperature of the air blown from the container refrigeration apparatus (20) into
the cargo space (5)” is identified as the causal environmental index in Step ST36 and the
excessively low “temperature of the air in the cargo space (5)” is presumed to be the cause of

the sign of quality deterioration of the target article (7), the quality determination unit (64)

40



10

15

20

25

transmits a signal instructing the refrigeration apparatus control unit (61) to increase the
blowout temperature set value by a predetermined value to the refrigeration apparatus control
unit (61). Receiving this signal, the refrigeration apparatus control unit (61) controls the
operation of the container refrigeration apparatus (20) so that the measurement of the blowout
temperature sensor (38) reaches the increased blowout temperature set value. This raises the
temperature of the air in the cargo space (5), and keeps the target articles (7) in the cargo space
(5) from degradation.

[0140]

As described above, a large amount of frost adhering to the evaporator (25) may
excessively lower the temperature of the air in the cargo space (5). Thus, if the “temperature of
the air blown from the container refrigeration apparatus (20) into the cargo space (5)” is
identified as the causal environmental index in Step ST36 and the excessively low “temperature
of the air in the cargo space (5)” is presumed to be the cause of the sign of degradation of the
target articles (7), the quality determination unit (64) may transmit a signal instructing the
container refrigeration apparatus (20) to perform the defrosting operation to the container
refrigeration apparatus (20) via the communication unit (75).

[0141]

If the “temperature of the evaporator (25)” is identified as the causal environmental
index in Step ST36, a large amount of frost adheres to the evaporator (25). This may lower the
temperature of the air in the cargo space (5) too much. In such a case, the quality determination
unit (64) transmits a signal instructing the container refrigeration apparatus (20) to perform the
defrosting operation to the container refrigeration apparatus (20) via the communication unit
(75). In this case, the quality determination unit (64) may transmit a signal instructing the
refrigeration apparatus control unit (61) to increase the temperature set value by a

predetermined value to the refrigeration apparatus control unit (61).
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[0142]

—Feature (1) of First Embodiment—

The quality determination apparatus (13) of the present embodiment includes the state
index sensors (15) and the quality determination unit (64). Each state index sensor (15) detects
a state index. The state index is an index indicating the state of the target articles (7) contained
in the cargo space (5) where the internal environment is controlled. The quality determination
unit (64) performs the determination operation. The determination operation is an operation of
determining whether the sign condition indicating the sign of degradation of the target articles
(7) is met based on the state indexes detected by the state index sensors (15).

[0143]

In the quality determination apparatus (13) of the present embodiment, the quality
determination unit (64) performs the determination operation, thereby determining whether
there is the sign of degradation of the target articles (7) based on the state indexes detected by
the state index sensors (15). Thus, the quality determination apparatus (13) of the present
embodiment is able to determine whether the target articles (7) actually contained in the cargo
space (5) are degraded.

[0144]

—Feature (2) of First Embodiment—

The quality determination unit (64) of the quality determination apparatus (13) of the
present embodiment performs the environment change operation when determining that the
sign condition is met. The environment change operation is the operation of instructing the
environment adjustment apparatus (14) that adjusts the internal environment of the cargo space
(5) to change the internal environment of the cargo space (5) in order to keep the target articles
(7) from degradation.

[0145]

42



10

15

20

25

The quality determination unit (64) of the quality determination apparatus (13) of the
present embodiment performs the environment change operation when determining that the
sign condition is met in the determination operation. In the environment change operation, the
quality determination unit (64) instructs the environment adjustment apparatus (14) to change
the internal environment of the cargo space (5). Receiving the instruction from the quality
determination unit (64), the environment adjustment apparatus (14) changes the internal
environment of the cargo space (5) in order to keep the target articles (7) from degradation.
Thus, according to the present embodiment, the internal environment of the cargo space (5) can
be made suitable for maintaining the quality of the target articles (7) actually contained in the
cargo space (5). This can minimize the degradation of the target articles (7) during storage in
the cargo space (5).

[0146]

The quality determination unit (64) of the present embodiment performs the
environment change operation when the sign condition indicating the sign of degradation of the
target articles (7) is met. This can change the internal environment of the cargo space (5) to
maintain the quality of the target articles (7) before the target articles (7) are seriously degraded.
When the target articles (7) are degraded only slightly, the quality of the target articles (7) can
be recovered by making the internal environment of the cargo space (5) suitable for storing the
target articles (7). Thus, the quality determination apparatus (13) of the present embodiment
can recover the quality of the target articles (7) by the environment change operation performed
by the quality determination unit (64). This can maintain the quality of the target articles (7)
high for a long period of time.

[0147]
—Feature (3) of First Embodiment—

The quality determination unit (64) of the quality determination apparatus (13) of the
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present embodiment performs the cause identification operation when determining that the sign
condition is met. The cause identification operation is the operation of identifying, from a
plurality of environmental indexes indicating the internal environment of the cargo space (5),
an environmental index that causes the sign of degradation of the target articles (7).

[0148]

The quality determination unit (64) of the present embodiment performs the cause
identification operation when determining that the sign condition is met in the determination
operation. In the cause identification operation, the quality determination unit (64) identifies
the environmental index that causes the sign of degradation of the target articles (7), and regards
the identified environmental index as the causal environmental index.

[0149]

The quality determination unit (64) of the present embodiment performs the
environment change operation after the cause identification operation ends. In the environment
change operation, the quality determination unit (64) controls the operation of the container
refrigeration apparatus (20) or the air composition adjustment apparatus (40) so that the causal
environmental index related to the air in the cargo space (5) reaches a value suitable for
maintaining the quality of the target articles (7). Thus, according to the present embodiment,
the environmental index, which causes the sign of the degradation of the target articles (7), can
be set to a value suitable for maintaining the quality of the target articles (7), thereby reliably
keeping the target articles (7) from degradation.

[0150]

—Feature (4) of First Embodiment—

In the present embodiment, the quality determination unit (64) of the quality
determination apparatus (13) performs the notification operation when determining that the sign

condition is met. The notification operation is the operation of instructing the operation panel
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(80) which notifies a human of information to notify the possibility of degradation of the target
articles (7).
[0151]

The quality determination unit (64) of the present embodiment performs the
notification operation when determining that the sign condition is met in the determination
operation. In the notification operation, the quality determination unit (64) instructs the
operation panel (80) to notify the possibility of degradation of the target articles (7). The
operation panel (80) that has received the instruction from the quality determination unit (64)
notifies a human, such as an operator, of information indicating the possibility of degradation
of the target articles (7). Thus, the quality determination apparatus (13) of the present
embodiment is able to notify a human of the possibility of degradation of the target articles (7).
[0152]

—Feature (5) of First Embodiment—

The quality determination unit (64) of the present embodiment performs the diagnosis
instruction operation when determining that the sign condition is met. The diagnosis instruction
operation is the operation of instructing the environment adjustment apparatus (14) that adjusts
the internal environment of the cargo space (5) to diagnose whether the components of the
environment adjustment apparatus (14) function normally.

[0153]

The quality determination unit (64) of the present embodiment performs the diagnosis
instruction operation when determining that the sign condition is met in the determination
operation. In the diagnosis instruction operation, the quality determination unit (64) instructs
the environment adjustment apparatus (14) to diagnose whether the components of the
environment adjustment apparatus (14) function normally. Receiving the instruction from the

quality determination unit (64), the environment adjustment apparatus (14) diagnoses whether
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the components function normally. Thus, according to the present embodiment, whether the
cause of the degradation of the target articles (7) is a failure of any of the components of the
environment adjustment apparatus (14) can be determined.

[0154]

The quality determination unit (64) of the present embodiment performs the diagnosis
instruction operation, and performs the environment change operation after confirming that the
components of the environment adjustment apparatus (14) function normally. Thus, the quality
determination apparatus (13) of the present embodiment can make the internal environment of
the cargo space (5) suitable for storing the target articles (7), thereby maintaining the quality of
the target articles (7).

[0155]

—Feature (6) of First Embodiment—

In the quality determination apparatus (13) of the present embodiment, the state index
sensor (15) detects, as the state index, the intensity of chlorophyll fluorescence of the fresh
produce which is the target articles (7).

[0156]

Chlorophyll fluorescence is an index of the state of photosynthesis by plants. The state
index sensor (15) of the present embodiment detects the intensity of chlorophyll fluorescence
as the state index.

[0157]

—Feature (7) of First Embodiment—

For the quality determination unit (64) of the present embodiment, the sign condition
is a condition that the intensity of chlorophyll fluorescence detected by the state index sensor
(15) exceeds the reference fluorescence intensity. The quality determination unit (64) sets the

reference fluorescence intensity based on the intensity of chlorophyll fluorescence detected by
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the state index sensor (15) when the oxygen concentration in the cargo space (5) is lowered.
[0158]

The quality determination unit (64) of the present embodiment determines that the sign
condition is met when the intensity of chlorophyll fluorescence detected by the state index
sensor (15) exceeds the reference fluorescence intensity. When the oxygen concentration in the
cargo space (5) decreases, the state of photosynthesis by the fresh produce which is the target
articles (7) changes, thereby changing the intensity of chlorophyll fluorescence emitted by the
target articles (7). Thus, the quality determination unit sets the reference fluorescence intensity
based on the intensity of chlorophyll fluorescence measured when the oxygen concentration in
the cargo space (5) is lowered.

[0159]

«Second Embodiment»

A second embodiment will be described below. A quality determination apparatus (13)
of the present embodiment is a modified version of the quality determination apparatus (13) of
the first embodiment in which the quality determination unit (64) of the controller (50) performs
a modified reference setting operation. The following description of the quality determination
apparatus (13) of the present embodiment will be focused on the differences from the quality
determination apparatus (13) of the first embodiment.

[0160]

—Operation of Controller—

Operations performed by the quality determination unit (64) of the controller (50) will
be described below. The quality determination unit (64) of the present embodiment performs
the same main operation as the quality determination unit (64) of the first embodiment.

[0161]

<Reference Setting Operation>
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The reference setting operation performed by the quality determination unit (64) of the
present embodiment will be described with reference to the flowchart shown in FIG. 7. In this
reference setting operation, the quality determination unit (64) lowers the temperature of the air
in the cargo space (5) to apply stress to the fresh produce which is the target articles (7), and
sets the reference fluorescence intensity based on the intensity of chlorophyll fluorescence of
the target articles (7) under stress.

[0162]

(Step ST41)

In the processing of Step ST41, the quality determination unit (64) defines the
temperature set value to a user-set temperature value of the cargo space (5) stored in the set
value storage (71) of the memory unit (70).

[0163]

The quality determination unit (64) transmits the temperature set value defined to the
user-set value to the refrigeration apparatus control unit (61). The refrigeration apparatus
control unit (61) controls the operation of the container refrigeration apparatus (20) using the
temperature set value transmitted from the quality determination unit (64). Specifically, the
refrigeration apparatus control unit (61) adjusts the cooling capability of the container
refrigeration apparatus (20) so that the measurement of the blowout temperature sensor (38)
reaches the temperature set value.

[0164]

While the quality determination unit (64) of the present embodiment performs the
reference setting operation, the air composition adjustment apparatus (40) is kept stopped. Thus,
during the execution of the reference setting operation, the air in the cargo space (5) has
substantially the same composition as the atmospheric air.

[0165]

48



10

15

20

25

(Step ST42)

In the subsequent Step ST42, the quality determination unit (64) determines whether
the temperature of the cargo space (5) is stable. Specifically, the quality determination unit (64)
determines whether a stability condition that “the measurement of the blowout temperature
sensor (38) remains within the range of the temperature set value &+ 1°C for one hour or longer”
is met. The “temperature set value” of the stability condition is a value set in the processing of
Step ST41.

[0166]

When the stability condition is met, the quality determination unit (64) performs the
processing of Step ST43. When the stability condition is not met, the quality determination unit
(64) continues the processing of Step ST42.

[0167]

Until the stability condition is met, the container refrigeration apparatus (20) continues
the operation of cooling the air in the cargo space (5) so that the measurement of the blowout
temperature sensor (38) reaches the temperature set value set in Step ST41. As a result, the
temperature of the air in the cargo space (5) approaches the user-set value.

[0168]

(Step ST43)

In the processing of Step ST43, the quality determination unit (64) acquires the
intensity of chlorophyll fluorescence measured by the state index sensors (15). The quality
determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value D. In the processing of Step ST43, the
quality determination unit (64) calculates an arithmetic mean of the measurements acquired
from the three state index sensors (15) as the stored value D in the memory unit (70), as in the

processing of Step ST13 shown in FIG. 5.
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[0169]

(Step ST44)

In the processing of Step ST44, the quality determination unit (64) defines the
temperature set value to “a temperature at which chilling injury of the target articles (7) occurs.”
The “temperature at which no chilling injury of the target articles (7) occurs” is a value
predetermined for each kind of the target articles (7). For example, if the target articles (7) are
“bananas,” the “temperature that causes chilling injury of the target articles (7)” is 10°C.
[0170]

In the processing of Step ST44, the quality determination unit (64) transmits the
temperature set value, which is set to “the temperature at which no chilling injury of the target
articles (7) occurs,” to the refrigeration apparatus control unit (61). The refrigeration apparatus
control unit (61) controls the operation of the container refrigeration apparatus (20) using the
temperature set value transmitted from the quality determination unit (64). As a result, the
temperature of the air in the cargo space (5) becomes relatively low, and stress is applied to the
fresh produce which is the target articles (7).

[0171]

In the processing of Step ST44, the quality determination unit (64) starts a protection
condition timer. The protection condition timer measures time elapsed from a start point.
[0172]

(Step ST45)

In the processing of Step ST45, the quality determination unit (64) determines whether
a protection condition for protecting the target articles (7) from chilling injury is met. The
protection condition is a condition that 24 hours or more have passed since the temperature set
value was set to the “temperature at which chilling injury of the target articles (7) occurs.”

[0173]
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When the protection condition is met, the quality determination unit (64) performs the
processing of Step ST53. When the protection condition is not met, the quality determination
unit (64) performs the processing of Step ST46.

[0174]

(Step ST46)

In the processing of Step ST46, the quality determination unit (64) acquires the
intensity of chlorophyll fluorescence measured by the state index sensors (15). The quality
determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value A. In the processing of Step ST46, the
quality determination unit (64) calculates an arithmetic mean of the measurements acquired
from the three state index sensors (15) as the stored value A in the memory unit (70), as in the
processing of Step ST43.

[0175]

(Step ST47)

In the processing of the subsequent Step ST47, the quality determination unit (64)
waits for a predetermined time T3 (T3 = 30 minutes in the present embodiment). During standby
of the quality determination unit (64), the container refrigeration apparatus (20) continues the
operation of cooling the air in the cargo space (5) so that the measurement of the blowout
temperature sensor (38) reaches the temperature set value set in Step ST44. As a result, the
temperature of the air in the cargo space (5) is kept relatively low, and stress is kept applied to
the fresh produce which is the target articles (7).

[0176]
(Step ST48)
In the processing of the subsequent Step ST48, the quality determination unit (64)

acquires the intensity of chlorophyll fluorescence measured by the state index sensors (15). The
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quality determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value B.
[0177]

In the processing of Step ST48, the quality determination unit (64) calculates an
arithmetic mean of the measurements acquired from the three state index sensors (15), as in the
processing of Step ST43. Then, the quality determination unit (64) stores the arithmetic mean
of the measurements of the three state index sensors (15) as the stored value B in the memory
unit (70).

[0178]

(Step ST49)

In the processing of the subsequent Step ST49, the quality determination unit (64)
reads the stored values A and B from the memory unit (70), and determines whether the
relationship “stored value B / stored value A < 100%” is met. The quality determination unit
(64) determines whether the intensity of chlorophyll fluorescence of the target articles (7) has
increased for the standby time T3 in Step ST47. When the relationship “stored value B / stored
value A < 100%” is met, it can be presumed that the increase in chlorophyll fluorescence caused
by the stress applied to the target articles (7) due to the lowered temperature of the air in the
cargo space (5) has stopped.

[0179]

When the relationship “stored value B / stored value A < 100%” is met, the quality
determination unit (64) performs the processing of Step ST50. When the relationship “stored
value B / stored value A < 100%” is not met, the quality determination unit (64) performs the
processing after Step ST45 again.

[0180]

(Step ST50)
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In the processing of the subsequent Step ST50, the quality determination unit (64)
reads the stored values B and D from the memory unit (70), and determines whether the
relationship “stored value B / stored value D < 102%” is met. The quality determination unit
(64) compares the stored value D, which is the intensity of chlorophyll fluorescence measured
before lowering the temperature of the air in the cargo space (5) to apply the stress to the target
articles (7), with the stored value B, which is the intensity of chlorophyll fluorescence measured
after lowering the temperature of the air in the cargo space (5) to apply the stress to the target
articles (7). Then, the quality determination unit (64) determines whether the intensity of
chlorophyll fluorescence has increased by a certain degree or more by applying the stress to the
target articles (7).

[0181]

When the relationship “stored value B / stored value D < 102%” is met in the
processing of Step ST50, the relationship “stored value B / stored value A < 100%” is met in
Step ST49 and the relationship “stored value B / stored value D < 102%” is met in Step ST50.
Thus, in this case, it can be presumed that applying the stress to the target articles (7) has
increased the intensity of chlorophyll fluorescence to some extent or more, and the increase in
the intensity of chlorophyll fluorescence due to the stress has already stopped.

[0182]

Thus, when the relationship “stored value B / stored value D < 102%” is met, the
quality determination unit (64) performs the processing of Step ST51. When the relationship
“stored value B / stored value D < 102%” is not met, the quality determination unit (64)
performs the processing after Step ST45 again.

[0183]
(Step ST51)

In the processing of Step ST51, the quality determination unit (64) sets 99% of the
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stored value B as the reference fluorescence intensity (reference fluorescence intensity = 0.99
x stored value B). The quality determination unit (64) stores 99% of the stored value B as the
reference fluorescence intensity in the reference value storage (72) of the memory unit (70).
The reason why the value of 99% of the stored value B is set as the reference fluorescence
intensity is the same as the reason described for Step ST18 shown in FIG. 5.

[0184]

(Step ST52)

In the processing of the subsequent Step ST52, the quality determination unit (64)
defines the temperature set value to the user-set value of the temperature stored in the set value
storage (71) of the memory unit (70). When the processing of Step ST52 ends, the quality
determination unit (64) ends the reference setting operation.

[0185]

(Step ST53)

When the protection condition is met in the processing of Step ST45, the intensity of
chlorophyll fluorescence of the fresh produce hardly increases even if the temperature of the
air in the cargo space (5) is extremely lowered to apply stress to the fresh produce which is the
target articles (7). In this case, the reference fluorescence intensity used to determine whether a
sign condition (the condition indicating the sign of the degradation of the target articles (7)) is
met cannot be set. Thus, in the processing of Step ST53, the quality determination unit (64)
does not set the value of the reference fluorescence intensity, and prohibits the execution of the
main operation. When the processing of Step ST53 ends, the quality determination unit (64)
performs the processing of Step ST52.

[0186]
«Third Embodiment»

A third embodiment will be described below. A quality determination apparatus (13)
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of the present embodiment is a modified version of the quality determination apparatus (13) of
the first embodiment in which the quality determination unit (64) of the controller (50) performs
a modified operation. The following description of the quality determination apparatus (13) of
the present embodiment will be focused on the differences from the quality determination
apparatus (13) of the first embodiment.

[0187]

—Operation of Controller—

Operations performed by the quality determination unit (64) of the controller (50) will
be described below. The quality determination unit (64) of the present embodiment performs
the main operation, and performs no reference setting operation.

[0188]

<Main Operation>

The main operation performed by the quality determination unit (64) of the present
embodiment will be described with reference to the flowchart shown in FIG. 8. In this main
operation, the quality determination unit (64) monitors the intensity of chlorophyll fluorescence
of the fresh produce which is the target articles (7), and determines that the target articles (7)
show the sign of degradation when the intensity of chlorophyll fluorescence has increased to
some extent.

[0189]

(Step ST61)

In the processing of Step ST61, the quality determination unit (64) defines the
temperature set value, the oxygen concentration set value, and the carbon dioxide concentration
set value to the corresponding user-set values stored in the set value storage (71) of the memory
unit (70).

[0190]

55



10

15

20

25

The quality determination unit (64) transmits the temperature set value to the
refrigeration apparatus control unit (61). The refrigeration apparatus control unit (61) controls
the operation of the container refrigeration apparatus (20) using the temperature set value
transmitted from the quality determination unit (64). Further, the quality determination unit (64)
transmits the oxygen concentration set value and the carbon dioxide concentration set value to
the air composition adjustment unit (62). The air composition adjustment unit (62) controls the
operation of the air composition adjustment apparatus (40) using the oxygen concentration set
value and the carbon dioxide concentration set value transmitted from the quality determination
unit (64).

[0191]

(Step ST62)

In the processing of the subsequent Step ST62, the quality determination unit (64)
acquires the intensity of chlorophyll fluorescence measured by the state index sensors (15). The
quality determination unit (64) stores the acquired measurements of the intensity of chlorophyll
fluorescence in the memory unit (70) as a stored value C. In the processing of Step ST62, the
quality determination unit (64) calculates an arithmetic mean of the measurements acquired
from the three state index sensors (15) as the stored value C in the memory unit (70), as in the
processing of Step ST32 shown in FIG. 6.

[0192]

(Step ST63)

In the processing of the subsequent Step ST63, the quality determination unit (64)
reads the stored value C and an average fluorescence intensity from the memory unit (70), and
determines whether the relationship “stored value C / average fluorescence intensity > 101%”
is met. The quality determination unit (64) determines whether the intensity of chlorophyll

fluorescence of the fresh produce stored as the target articles (7) in the cargo space (5) has
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increased. The average fluorescence intensity will be described later.
[0193]

When the reference value C is greater than 101% of the average fluorescence intensity,
the target articles (7) contained in the cargo space (5) are presumed to be under stress. The target
articles (7) kept under stress are gradually degraded. Thus, the condition “stored value C /
average fluorescence intensity > 101%” is a sign condition indicating the sign of degradation
of the target articles (7) contained in the cargo space (5). The processing of Step ST63 is a
determination operation for determining whether the sign condition is met.

[0194]

When the relationship “stored value C / average fluorescence intensity > 101%” is met,
the quality determination unit (64) performs the processing of Step ST66. When the relationship
“stored value C / average fluorescence intensity > 101%” is not met, the quality determination
unit (64) performs the processing of Step ST64.

[0195]

(Step ST64)

In the processing of Step ST64, the quality determination unit (64) updates the average
fluorescence intensity and stores the updated average fluorescence intensity in the memory unit
(70).

[0196]

In the main operation of the present embodiment, the quality determination unit (64)
performs the processing from Steps ST62 to ST65 multiple times. The quality determination
unit (64) acquires the stored value C every time the processing of Step ST62 is performed, and
stores an arithmetic mean of the plurality of stored values C acquired so far as the average
fluorescence intensity in the memory unit (70).

[0197]
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Specifically, the stored value C acquired by the quality determination unit (64) in the
processing of the N-th Step ST62 is referred to as “C(n).” In the N-th Step ST64, the quality
determination unit (64) performs the calculation represented by the following formula to
calculate the average fluorescence intensity.

Average fluorescence intensity = (C(1) + C(2) + C(3) +... + C(N-1) + C(N)) /N
[0198]

(Step ST65)

In the processing of the subsequent Step ST65, the quality determination unit (64)
waits for a predetermined time T4 (T4 = 180 minutes in the present embodiment). When the
processing of Step ST65 ends, the quality determination unit (64) performs the processing after
Step ST62 again.

[0199]

(Steps ST66 to ST70)

In the processing from Steps ST66 to ST70, the quality determination unit (64) of the
present embodiment performs the same processing as the processing from Steps ST35 to ST39
shown in FIG. 6. Specifically, the processing of Step ST66 is the same as the processing of Step
ST35 in FIG. 6, the processing of Step ST67 is the same as the processing of Step ST36 in FIG.
6, the processing of Step ST68 is the same as the processing of Step ST37 in FIG. 6, the
processing of Step ST69 is the same as the processing of Step ST38 in FIG. 6, and the
processing of Step ST70 is the same as the processing of Step ST39 in FIG. 6. When the
processing of Step ST70 ends, the quality determination unit (64) ends the main operation.
[0200]

«Fourth Embodiment

A fourth embodiment will be described below. A quality determination apparatus (13)

of the present embodiment is a portable terminal (e.g., a smartphone) in which a quality
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determination program is installed.
[0201]

As illustrated in FIG. 9, a quality determination apparatus (13) of the present
embodiment includes an arithmetic unit (60), a memory unit (70), and a communication unit
(75). The quality determination apparatus (13) of the present embodiment executes a quality
determination method for a shipping container (1) provided with the container refrigeration
apparatus (20), air composition adjustment apparatus (40), and state index sensors (15) of the
first embodiment.

[0202]

—Refrigeration Apparatus Control Unit, Air Composition Adjustment Unit, Set Value
Storage—

The container refrigeration apparatus (20) of the present embodiment is provided with
a refrigeration apparatus control unit (61) and a set value storage (71a). The set value storage
(71a) stores a blowout temperature set value, just like the set value storage (71) of the first
embodiment. As in the first embodiment, the refrigeration apparatus control unit (61) controls
the operation of the container refrigeration apparatus (20) so that the measurement of the
blowout temperature sensor (38) reaches the blowout temperature set value.

[0203]

In the present embodiment, the air composition adjustment apparatus (40) is provided
with an air composition adjustment unit (62) and a set value storage (71b). The set value storage
(71b) stores an oxygen concentration set value and a carbon dioxide concentration set value,
just like the set value storage (71) of the first embodiment. As in the first embodiment, the air
composition adjustment unit (62) controls the operation of the air composition adjustment
apparatus (40) so that the measurement of the oxygen concentration sensor (47) reaches the

oxygen concentration set value, and the measurement of the carbon dioxide concentration
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sensor (48) reaches the carbon dioxide concentration set value.
[0204]

—Arithmetic Unit—

As illustrated in FIG. 9, the controller (50) includes an arithmetic unit (60), a memory
unit (70), and a communication unit (75).

[0205]

The arithmetic unit (60) is comprised of a microprocessor provided in the portable
terminal. The arithmetic unit (60) functions as a state acquisition unit (101), an information
acquisition unit (102), a setting acquisition unit (103), a learning unit (104), and an inference
unit (106) when executing the quality determination program stored in the memory unit (70).
[0206]

Further, the arithmetic unit (60) performs an operation of transmitting “an instruction
to display predetermined information” to a display (130) of the portable terminal constituting
the quality determination apparatus (13). In the present embodiment, the display (130) of the
portable terminal constitutes a notification device for notifying a human of information.
[0207]

<State Acquisition Unit>

The state acquisition unit (101) executes first acquisition processing. The first
acquisition processing is acquisition of a state index indicating the state of the target articles (7)
contained in the cargo space (5). The first acquisition processing is a first processing step of the
quality determination method.

[0208]

Specifically, the state acquisition unit (101) acquires the measurements of the

chlorophyll fluorescence intensity outputted by the state index sensors (15) via the

communication unit (75). The state acquisition unit (101) acquires the measurements of the
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three state index sensors (15) and calculates an arithmetic mean of the acquired three
measurements. Then, the state acquisition unit (101) outputs the arithmetic mean of the three
measurements in association with time at which the measurements were acquired from the state
index sensors (15).
[0209]

<Information Acquisition Unit>

The information acquisition unit (102) executes second acquisition processing. The
second acquisition processing is acquisition of environmental information about the internal
environment of the cargo space (5). The second acquisition processing is a second processing
step of the quality determination method.
[0210]

Specifically, the information acquisition unit (102) acquires, via the communication
unit (75), a suction temperature measurement outputted by the suction temperature sensor (37),
a blowout temperature measurement outputted by the blowout temperature sensor (38), an
evaporator temperature measurement outputted by the evaporator temperature sensor (39), an
oxygen concentration measurement outputted by the oxygen concentration sensor (47), a
carbon dioxide concentration measurement outputted by the carbon dioxide concentration
sensor (48), and an ethylene concentration measurement outputted by the ethylene
concentration sensor (140). The information acquisition unit (102) outputs the measurements
acquired from the sensors (37, 38, 39, 47, 48, 140) in association with times at which the
measurements were acquired from the sensors (37, 38, 39, 47, 48, 140).
[0211]

Note that the suction temperature measured by the suction temperature sensor (37), the
blowout temperature measured by the blowout temperature sensor (38), and the evaporator

temperature measured by the evaporator temperature sensor (39) are physical quantities
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indicating the operating state of the container refrigeration apparatus (20) and correlating with
the temperature of the cargo space (5).
[0212]

<Setting Acquisition Unit>

The setting acquisition unit (103) executes third acquisition processing. The third
acquisition processing is acquisition of setting information that is a set value of the
“environmental index indicating the internal environment of the cargo space (5).” The third
acquisition processing is athird processing step of the quality determination method.
[0213]

Specifically, the setting acquisition unit (103) acquires, via the communication unit
(75), the blowout temperature set value stored in the set value storage (71a) of the container
refrigeration apparatus (20). The setting acquisition unit (103) acquires the oxygen
concentration set value and the carbon dioxide concentration set value stored in the set value
storage (71b) of the air composition adjustment apparatus (40) viathe communication unit (75).
The setting acquisition unit (103) outputs the acquired blowout temperature set value, oxygen
concentration set value, and carbon dioxide concentration set value in association with times at
which these set values were acquired.
[0214]

<Learning Unit>

The learning unit (104) performs so-called machine learning. The learning unit (104)
executes learning processing. The learning processing is generation of state estimation models
(111 to 113). The learning processing is a learning step of the quality determination method.
[0215]

The state estimation models (111 to 113) are models that have learned a correlation

between the state index acquired by the state acquisition unit (101), the environmental
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information acquired by the information acquisition unit (102), and the setting information
acquired by the setting acquisition unit (103). Examples of the state estimation models (111 to
113) include a neural network (NN) model, a random forest model, and a support vector
machine (SVM) model.

[0216]

The learning unit (104) generates a first state estimation model (111) related to the
chlorophyll fluorescence intensity and the blowout temperature set value, a second state
estimation model (112) related to the chlorophyll fluorescence intensity and the oxygen
concentration set value, and a third state estimation model (113) related to the chlorophyll
fluorescence intensity and the carbon dioxide concentration set value. Details of the learning
processing executed by the learning unit (104) will be described later.

[0217]

<Inference Unit>

The inference unit (106) executes determination processing. The determination
processing is calculating an “estimated value of a state index (chlorophyll fluorescence intensity
in the present embodiment)” by inputting the environmental information acquired by the
information acquisition unit (102) and the setting information acquired by the setting
acquisition unit (103) to the state estimation models (111 to 113), and determining whether a
“sign condition indicating a sign of degradation of the target articles (7)” is met based on the
calculated “estimated value of the state index.” The determination processing is a determination
step of the quality determination method. Details of the determination processing will be
described later.

[0218]
The inference unit (106) also executes environment change processing. The

environment change processing is instructing the container refrigeration apparatus (20) and the
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air composition adjustment apparatus (40) constituting the environment adjustment apparatus
(14) to change the internal environment of the cargo space (5) in order to keep the target articles
(7) from degradation when a determination is made that the sign condition is met in the
determination processing. The environment change processing is an environment change step
of the quality determination method. Details of the environment change processing will be
described later.

[0219]

—Memory Unit—

As in the first embodiment, the memory unit (70) is, for example, a semiconductor
memory comprised of an integrated circuit. The memory unit (70) stores a quality determination
program and data necessary for the operation of the quality determination apparatus (13).
[0220]

<Learning Information Storage>

As illustrated in FIG. 9, the memory unit (70) functions as a learning information
storage (121) and a model storage (122).

[0221]

The learning information storage (121) stores learning information used by the
learning unit (104) when executing the processing. Specifically, the learning information
storage (121) stores, as the learning information, data that associates “the measurement
(chlorophyll fluorescence intensity in the present embodiment) of the state index sensor (15)
acquired as the state index by the state acquisition unit (101)” with “time when the state
acquisition unit (101) acquired the measurement.”

[0222]
The learning information storage (121) also stores, as the learning information, data

that associates “the measurements of the sensors (37, 38, 39, 47, 48, 140) acquired as the
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environmental information by the information acquisition unit (102)” and “times when the
information acquisition unit (102) acquired the measurements.”
[0223]

Thelearning information storage (121) further stores, asthelearning information, data
that associates “the blowout temperature set value, the oxygen concentration set value, and the
carbon dioxide concentration set value acquired as the setting information by the setting
acquisition unit (103)” with “times when the setting acquisition unit (103) acquired the set
values.”

[0224]

<Modd Storage>

Themodel storage (122) storesthethree state estimation models (111 to 113) generated
by the learning unit (104). The model storage (122) stores various parameters constituting the
state estimation models (111 to 113).

[0225]

—Communication Unit—

The communication unit (75) is configured to wirelessly communicate with the
container refrigeration apparatus (20), the air composition adjustment apparatus (40), and the
state index sensors (15).

[0226]

—L earning Processing—

The learning processing performed by the learning unit (104) will be described below.
The learning processing is a learning phase of machine learning. The learning processing
according to the present embodiment is generating the first state estimation model (111) related
to the blowout temperature set value, the second state estimation model (112) related to the

oxygen concentration set value, and the third state estimation model (113) related to the carbon
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dioxide concentration set value.
[0227]

As illustrated in FIGS. 10, 12, and 14, the learning unit (104) includes a parameter
adjustment unit (105). The parameter adjustment unit (105) performs processing to adjust
various parameters constituting the state estimation models (111 to 113).

[0228]

In the learning processing described below, the learning unit (104) first reads the
learning information from the learning information storage (121).

[0229]

<First State Estimation Model related to Blowout Temperature Set Value>

Processing that the learning unit (104) executes to generate the “first state estimation
model (111) related to the blowout temperature set value” will be described with reference to
FIG. 10.

[0230]

The learning unit (104) inputs a predetermined data set to the first state estimation
model (111). The data set inputted to the first state estimation model (111) by the learning unit
(104) includes “measurements of the suction temperature, the evaporator temperature, the
ethylene concentration, the oxygen concentration, and the carbon dioxide concentration” which
were acquired at substantially the same time and “the blowout temperature set value.” The
learning unit (104) inputs this data set to the first state estimation model (111) to calculate an
estimated value of the chlorophyll fluorescence intensity. The calculated estimated value of the
chlorophyll fluorescence intensity is inputted to the parameter adjustment unit (105).

[0231]
The learning unit (104) inputs the “measurement of chlorophyll fluorescence intensity”

acquired at substantially the same time as the data set inputted to the first state estimation model
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(111) to the parameter adjustment unit (105). The parameter adjustment unit (105) compares
the “estimated value of chlorophyll fluorescence intensity calculated using the first state
estimation model (111)” with the “measurement of chlorophyll fluorescence intensity.” Then,
the parameter adjustment unit (105) adjusts various parameters constituting the first state
estimation model (111) to reduce the difference between the “estimated value of chlorophyll
fluorescence intensity” and the “measurement of chlorophyll fluorescence intensity.”

[0232]

The learning unit (104) repeats the processing to adjust the parameters constituting the
first state estimation model (111) using a plurality of data sets corresponding to different times
and the “measurement of chlorophyll fluorescence intensity” corresponding to each data set. As
a result, the first state estimation model (111) that has learned is generated.

[0233]

<Second State Estimation Model related to Oxygen Concentration Set Value>

Processing that the learning unit (104) executes to generate the “second state
estimation model (112) related to the oxygen concentration set value” will be described with
reference to FIG. 12.

[0234]

The learning unit (104) inputs a predetermined data set to the second state estimation
model (112). The data set inputted to the second state estimation model (112) by the learning
unit (104) includes “measurements of the suction temperature, the blowout temperature, the
evaporator temperature, the ethylene concentration, and the carbon dioxide concentration”
which were acquired at substantially the same time and “the oxygen concentration set value.”
The learning unit (104) inputs this data set to the second state estimation model (112) to
calculate an estimated value of the chlorophyll fluorescence intensity. The calculated estimated

value of the chlorophyll fluorescence intensity is inputted to the parameter adjustment unit

67



10

15

20

25

(105).
[0235]

The learning unit (104) inputs the “measurement of chlorophyll fluorescence intensity”
acquired at substantially the same time as the data set inputted to the second state estimation
model (112) to the parameter adjustment unit (105). The parameter adjustment unit (105)
compares the “estimated value of chlorophyll fluorescence intensity calculated using the second
state estimation model (112)” with the “measurement of chlorophyll fluorescence intensity.”
Then, the parameter adjustment unit (105) adjusts various parameters constituting the second
state estimation model (112) to reduce the difference between the “estimated value of
chlorophyll fluorescence intensity” and the “measurement of chlorophyll fluorescence
intensity.”

[0236]

The learning unit (104) repeats the processing to adjust the parameters constituting the
second state estimation model (112) using a plurality of data sets corresponding to different
times and the “measurement of chlorophyll fluorescence intensity” corresponding to each data
set. As a result, the second state estimation model (112) that has learned is generated.

[0237]

<Third State Estimation Model related to Carbon Dioxide Concentration Set Value>

Processing that the learning unit (104) executes to generate the “third state estimation
model (113) related to the carbon dioxide concentration set value” will be described with
reference to FIG. 14.

[0238]

The learning unit (104) inputs a predetermined data set to the third state estimation

model (113). The data set inputted to the third state estimation model (113) by the learning unit

(104) includes “measurements of the suction temperature, the blowout temperature, the
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evaporator temperature, the ethylene concentration, and the oxygen concentration” which were
acquired at substantially the same time and “the carbon dioxide concentration set value.” The
learning unit (104) inputs this data set to the third state estimation model (113) to calculate an
estimated value of the chlorophyll fluorescence intensity. The calculated estimated value of the
chlorophyll fluorescence intensity is inputted to the parameter adjustment unit (105).

[0239]

The learning unit (104) inputs the “measurement of chlorophyll fluorescence intensity”
acquired at substantially the same time as the data set inputted to the third state estimation
model (113) to the parameter adjustment unit (105). The parameter adjustment unit (105)
compares the “estimated value of chlorophyll fluorescence intensity calculated using the third
state estimation model (113)” with the “measurement of chlorophyll fluorescence intensity.”
Then, the parameter adjustment unit (105) adjusts various parameters constituting the third state
estimation model (113) to reduce the difference between the “estimated value of chlorophyll
fluorescence intensity” and the “measurement of chlorophyll fluorescence intensity.”

[0240]

The learning unit (104) repeats the processing to adjust the parameters constituting the
third state estimation model (113) using a plurality of data sets corresponding to different times
and the “measurement of chlorophyll fluorescence intensity” corresponding to each data set. As
a result, the third state estimation model (113) that has learned is generated.

[0241]

—Environment Change Processing—

The environment change processing executed by the inference unit (106) will be
described below. The environment change processing is an inference phase of machine learning.
The environment change processing according to the present embodiment is calculation of

scheduled change values of the blowout temperature set value, the oxygen concentration set
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value, and the carbon dioxide concentration set value. As illustrated in FIGS. 11, 13, and 15,
the inference unit (106) includes an error determination unit (107).
[0242]

The inference unit (106) acquires the environmental information outputted by the
information acquisition unit (102) at a point of time and the setting information outputted by
the setting acquisition unit (103) at that point of time. The inference unit (106) reads the learned
state estimation models (111 to 113) from the model storage (122) of the memory unit (70).
Further, the inference unit (106) reads a “reference value of chlorophyll fluorescence intensity”
from the memory unit (70). The “reference value of chlorophyll fluorescence intensity” is a
measurement of the chlorophyll fluorescence intensity outputted by the state index sensor (15)
when the target articles (7) are not presumed to be degraded.

[0243]

<Scheduled Change Value of Blowout Temperature Set Value>

Processing executed by the inference unit (106) to calculate the “scheduled change
value of the suction temperature set value” will be described with reference to FIG. 11.

[0244]

The inference unit (106) inputs a predetermined data set to the learned first state
estimation model (111). The data set inputted to the first state estimation model (111) by the
inference unit (106) includes the blowout temperature set value outputted as the setting
information by the setting acquisition unit (103), and the measurements of the suction
temperature, the evaporator temperature, the ethylene concentration, the oxygen concentration,
and the carbon dioxide concentration acquired as the environmental information by the
information acquisition unit (102). The inference unit (106) inputs this data set to the learned
first state estimation model (111) to calculate an estimated value of the chlorophyll fluorescence

intensity. The calculated estimated value of the chlorophyll fluorescence intensity is inputted to
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the error determination unit (107).
[0245]

The “reference value of chlorophyll fluorescence intensity” is inputted to the error
determination unit (107). The error determination unit (107) calculates a difference between the
“estimated value of chlorophyll fluorescence intensity” calculated using the learned first state
estimation model (111) and “the reference value of chlorophyll fluorescence intensity,” i.e., an
error value.

[0246]

The inference unit (106) performs processing based on a back propagation method
using the first state estimation model (111) and the error value calculated by the error
determination unit (107), thereby calculating the blowout temperature set value that makes the
error value approach zero. The inference unit (106) outputs the calculated blowout temperature
set value as a “scheduled change value of the blowout temperature set value.” The “scheduled
change value of the blowout temperature set value” is a blowout temperature set value adjusted
to keep the target articles (7) from degradation.

[0247]

<Scheduled Change Value of Oxygen Concentration Set Value>

Processing executed by the inference unit (106) to calculate the “scheduled change
value of the oxygen concentration set value” will be described with reference to FIG. 13.
[0248]

The inference unit (106) inputs a predetermined data set to the learned second state
estimation model (112). The data set inputted to the second state estimation model (112) by the
inference unit (106) includes the oxygen concentration set value outputted as the setting
information by the setting acquisition unit (103), and the measurements of the suction

temperature, the blowout temperature, the evaporator temperature, the ethylene concentration,
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and the carbon dioxide concentration acquired as the environmental information by the
information acquisition unit (102). The inference unit (106) inputs this data set to the learned
second state estimation model (112) to calculate an estimated value of the chlorophyll
fluorescence intensity. The calculated estimated value of the chlorophyll fluorescence intensity
is inputted to the error determination unit (107).

[0249]

The “reference value of chlorophyll fluorescence intensity” is inputted to the error
determination unit (107). The error determination unit (107) calculates a difference between the
“estimated value of chlorophyll fluorescence intensity” calculated using the learned second
state estimation model (112) and “the reference value of chlorophyll fluorescence intensity,”
i.c., an error value.

[0250]

The inference unit (106) executes processing based on the back propagation method
using the second state estimation model (112) and the error value calculated by the error
determination unit (107), thereby calculating the oxygen concentration set value that makes the
error value approach zero. The inference unit (106) outputs the calculated oxygen concentration
set value as a “scheduled change value of the oxygen concentration set value.” The “scheduled
change value of the oxygen concentration set value” is an oxygen concentration set value
adjusted to keep the target articles (7) from degradation.

[0251]

<Scheduled Change Value of Carbon Dioxide Concentration Set Value>

Processing executed by the inference unit (106) to calculate the “scheduled change
value of the carbon dioxide concentration set value” will be described with reference to FIG.
15.

[0252]
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The inference unit (106) inputs a predetermined data set to the learned third state
estimation model (113). The data set inputted to the third state estimation model (113) by the
inference unit (106) includes the carbon dioxide concentration set value outputted as the setting
information by the setting acquisition unit (103), and the measurements of the suction
temperature, the blowout temperature, the evaporator temperature, the ethylene concentration,
and the oxygen concentration acquired as the environmental information by the information
acquisition unit (102). The inference unit (106) inputs this data set to the learned third state
estimation model (113) to calculate an estimated value of the chlorophyll fluorescence intensity.
The calculated estimated value of the chlorophyll fluorescence intensity is inputted to the error
determination unit (107).

[0253]

The “reference value of chlorophyll fluorescence intensity” is inputted to the error
determination unit (107). The error determination unit (107) calculates a difference between the
“estimated value of chlorophyll fluorescence intensity” calculated using the learned third state
estimation model (113) and “the reference value of chlorophyll fluorescence intensity.”

[0254]

The inference unit (106) executes processing based on the back propagation method
using the third state estimation model (113) and the error value calculated by the error
determination unit (107), thereby calculating the carbon dioxide concentration set value that
makes the error value approach zero. The inference unit (106) outputs the calculated carbon
dioxide concentration set value as a “scheduled change value of the carbon dioxide
concentration set value.” The “scheduled change value of the carbon dioxide concentration set
value” is a carbon dioxide concentration set value adjusted to keep the target articles (7) from
degradation.

[0255]
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—Processing Executed by Quality Determination Apparatus—

Processing executed by the quality determination apparatus (13) will be described with
reference to the flowchart of FIG. 16.

[0256]

When pre-trip inspection (PTI) of the container refrigeration apparatus (20) and the air
composition adjustment apparatus (40) is completed, the container refrigeration apparatus (20)
is operated first to lower the temperature of the cargo space (5), and then the target articles (7)
are carried into the cargo space (5).

[0257]

When a stable temperature condition indicating that the temperature of the cargo space
is stable is met, the quality determination apparatus (13) executes the processing of Step ST101.
The stable temperature condition is, for example, a condition that “the measurement of the
blowout temperature sensor (38) is kept within a range of the blowout temperature set value +
1°C for a predetermined time (e.g., 60 minutes).”

[0258]

(Step ST101)

In the processing of Step ST101, the state acquisition unit (101) of the quality
determination apparatus (13) acquires the measurements of the state index sensors (15). The
state acquisition unit (101) acquires the measurements of chlorophyll fluorescence intensity of
the three state index sensors (15) and calculates an arithmetic mean of the acquired three
measurements. The state acquisition unit (101) stores the calculated arithmetic mean of the
measurements as a stored value E in the memory unit (70).

[0259]
At a point of time when the processing of Step ST101 is performed, the composition

of the air in the cargo space (5) is substantially the same as the composition of the air outside
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the cargo space (5) (i.e., the atmospheric air). The processing of Step ST101 is performed at a
point of time when not much time has passed since the target articles (7) were carried into the
cargo space (5). Thus, the target articles (7) in the cargo space (5) are not substantially degraded
at the point of time when the processing of Step ST101 is performed.

[0260]

The stored value E stored in the memory unit (70) by the state acquisition unit (101)
in the processing of Step ST101 is the chlorophyll fluorescence intensity measured by the state
index sensor (15) when the target articles (7) are not presumed to be degraded. That is, the
stored value E is a “reference value of chlorophyll fluorescence intensity.”

[0261]

After the processing of Step ST101 ends, the air composition adjustment apparatus
(40) is activated to lower the oxygen concentration of the air in the cargo space (5).

[0262]

The processing of Step ST101 may be performed after the air composition adjustment
apparatus (40) is activated. In this case, the processing of Step ST101 is performed when the
measurements of the oxygen concentration sensor (47) and the carbon dioxide sensor (48) are
substantially constant.

[0263]

(Step ST102)

When the air composition adjustment apparatus (40) is activated after the end of the
processing of Step ST101 and the measurements of the oxygen concentration sensor (47) and
the carbon dioxide concentration sensor (48) are stabilized to some extent, the quality
determination apparatus (13) executes the processing of Step ST102.

[0264]

In the processing of Step ST102, the quality determination apparatus (13) stores the
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state index acquired by the state acquisition unit (101), the environmental information acquired
by the information acquisition unit (102), and the set value acquired by the setting acquisition
unit (103) as the learning information in the learning information storage (121) of the memory
unit (70).

[0265]

(Step ST103)

In the processing of the subsequent Step ST103, the learning unit (104) of the quality
determination apparatus (13) reads the learning information from the learning information
storage (121).

[0266]

(Step ST104)

In the processing of the subsequent Step ST104, the learning unit (104) of the quality
determination apparatus (13) executes learning processing. Specifically, the learning unit (104)
executes processing to generate the first state estimation model (111) related to the suction
temperature set value, processing to generate the second state estimation model (112) related to
the oxygen concentration set value, and processing to generate the third state estimation model
(113) related to the carbon dioxide concentration set value. Details of the processing are as
described above. The learning unit (104) stores the learned state estimation models (111 to 113)
in the model storage (122) of the memory unit (70).

[0267]

(Step ST105)

In the processing of the subsequent Step ST105, the inference unit (106) of the quality
determination apparatus (13) reads the learned state estimation models (111 to 113) and the
reference value (stored value E) of the chlorophyll fluorescence intensity stored in the memory

unit (70) in the processing of Step ST101.

76



10

15

20

25

[0268]

(Step ST106)

In the processing of the subsequent Step ST106, the information acquisition unit (102)
of the quality determination apparatus (13) acquires the environmental information, and the
setting acquisition unit (103) acquires the setting information.

[0269]

(Step ST107)

In the processing of the subsequent Step ST107, the inference unit (106) of the quality
determination apparatus (13) calculates an estimated value of chlorophyll fluorescence intensity
using the state estimation models (111 to 113). Specifically, the inference unit (106) inputs a
predetermined data set to each of the first state estimation model (111), the second state
estimation model (112), and the third state estimation model (113), and calculates the estimated
value of chlorophyll fluorescence intensity. Details of the processing to calculate the estimated
value of chlorophyll fluorescence intensity using the state estimation models (111 to 113) are
as described above.

[0270]

(Step ST108)

In the processing of the subsequent Step ST108, the arithmetic unit (60) of the quality
determination apparatus (13) executes determination processing. The determination processing
is determining whether the “sign condition indicating the sign of degradation of the target
articles (7)” is met based on the “estimated value of chlorophyll fluorescence intensity”
calculated in Step ST107. This determination processing is a determination step of the quality
determination method.

[0271]

The sign condition is a condition that the “estimated value of chlorophyll fluorescence
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intensity” calculated in Step ST107 exceeds the “reference value of chlorophyll fluorescence
intensity (stored value E).” In the processing of Step ST108, the arithmetic unit (60) compares
each of the “estimated value of chlorophyll fluorescence intensity” calculated based on the first
state estimation model (111), the “estimated value of chlorophyll fluorescence intensity”
calculated based on the second state estimation model (112), and the “estimated value of
chlorophyll fluorescence intensity” calculated based on the third state estimation model (113)
with the “reference value of chlorophyll fluorescence intensity.” Then, the arithmetic unit (60)
determines that the sign condition is met when at least one of the three “estimated values of
chlorophyll fluorescence intensity” exceeds the “reference value of chlorophyll fluorescence
intensity.”

[0272]

When a determination is made that the sign condition is met, the quality determination
apparatus (13) then executes the processing of Step ST109. When a determination is made that
the sign condition is not met, the quality determination apparatus (13) then executes the
processing of Step ST113.

[0273]

(Step ST109)

In the processing of Step ST109, the inference unit (106) performs processing to
calculate the scheduled change values of the blowout temperature set value, the oxygen
concentration set value, and the carbon dioxide concentration set value. Details of the
processing to calculate the scheduled change values of these set values are as described above.
The inference unit (106) stores the calculated scheduled change values of the set values in the
memory unit (70).

[0274]

(Step ST110)
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In the processing of the subsequent Step ST110, the inference unit (106) determines
whether the scheduled change values of the blowout temperature set value, the oxygen
concentration set value, and the carbon dioxide concentration set value calculated in Step ST109
are normal values.

[0275]

When the scheduled change value of the blowout temperature set value is within a
normal range of the blowout temperature, the inference unit (106) determines that the scheduled
change value of the blowout temperature set value is a normal value. When the scheduled
change value of the oxygen concentration set value is within a normal range of the oxygen
concentration, the inference unit (106) determines that the scheduled change value of the
oxygen concentration set value is a normal value. When the scheduled change value of the
carbon dioxide concentration set value is within a normal range of the carbon dioxide
concentration, the inference unit (106) determines that the scheduled change value of the carbon
dioxide concentration set value is a normal value.

[0276]

The normal range of each of the suction temperature, the oxygen concentration, and
the carbon dioxide concentration may be a numerical value range that can be set for each of the
suction temperature, the oxygen concentration, and the carbon dioxide concentration, or may
be a numerical value range that is arbitrarily set for each of the suction temperature, the oxygen
concentration, and the carbon dioxide concentration by an operator.

[0277]

When all the scheduled change values of the blowout temperature set value, the oxygen
concentration set value, and the carbon dioxide concentration set value are the normal values,
the inference unit (106) of the arithmetic unit (60) executes the processing of Step ST111. When

at least one of the scheduled change values of the blowout temperature set value, the oxygen
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concentration set value, and the carbon dioxide concentration set value is not the normal value,
the arithmetic unit (60) performs the processing of Step ST112.
[0278]

(Step ST111)

In the processing of Step ST111, the inference unit (106) transmits the “scheduled
change value of the suction temperature set value” calculated in Step ST109 to the container
refrigeration apparatus (20). The container refrigeration apparatus (20) adjusts the temperature
of the air in the cargo space (5) using the received “scheduled change value of the suction
temperature set value.”

[0279]

In the processing of Step ST111, the inference unit (106) transmits the “scheduled
change value of the oxygen concentration set value” and the scheduled change value of the
carbon dioxide concentration set value” calculated in Step ST109 to the air composition
adjustment apparatus (40). The air composition adjustment apparatus (40) adjusts the oxygen
concentration of the air in the cargo space (5) using the received the “scheduled change value
of the oxygen concentration set value,” and adjusts the carbon dioxide concentration of the air
in the cargo space (5) using the received the “scheduled change value of the carbon dioxide
concentration set value.”

[0280]
A series of the processing from Steps ST109 to ST111 performed by the inference unit
(106) is the environment change processing.
[0281]
(Step ST112)
In the processing of Step ST112, the arithmetic unit (60) performs processing to notify

the operator that the scheduled change value of the set value is an abnormal value deviating
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from the normal value. Specifically, the arithmetic unit (60) transmits an instruction for
displaying information indicating that the scheduled change value of the set value is abnormal
to the display (130) of the portable terminal constituting the quality determination apparatus
(13).

[0282]

In the processing of Step ST112, the subject to which the arithmetic unit (60) transmits
the “instruction for displaying information indicating that the scheduled change value of the set
value is abnormal” may be, for example, a personal computer or a management server used by
an operation manager of a container ship.

[0283]

(Step ST113)

In the processing of Step ST113, to continue the adjustment of the blowout temperature
set value, the oxygen concentration set value, and the carbon dioxide concentration set value,
the arithmetic unit (60) of the quality determination apparatus (13) returns to Step ST106 and
performs the processing after Step ST106 again. To end the adjustment of the blowout
temperature set value, the oxygen concentration set value, and the carbon dioxide concentration
set value, the arithmetic unit (60) of the quality determination apparatus (13) ends the
processing for adjusting these set values.

[0284]

—Features of Fourth Embodiment—

In the quality determination apparatus (13) of the present embodiment, the learning
unit (104) generates the state estimation models (111 to 113), and the inference unit (106)
calculates an estimated value of the state index (chlorophyll fluorescence intensity in the present
embodiment) using the state estimation models (111 to 113). Thus, according to the present

embodiment, the estimated value of the state index can be calculated using so-called machine
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learning, and whether the sign condition is met can be accurately determined using the
calculated estimated value of the state index.
[0285]

In the quality determination apparatus (13) of the present embodiment, the inference
unit (106) uses the state estimation model (111 to 113) generated by machine learning to
calculate the scheduled change values of the suction temperature set value, the oxygen
concentration set value, and the carbon dioxide concentration set value. Thus, according to the
present embodiment, each of the suction temperature set value, the oxygen concentration set
value, and the carbon dioxide concentration set val ue can be set to an appropriate value, keeping
the target articles (7) from degradation.

[0286]

—First Variation of Fourth Embodiment—

For the environmental information acquired by the information acquisition unit (102)
of the present embodiment, the measurements included in the environmental information
described above are merely examples. The environmental information acquired by the
information acquisition unit (102) may include, for example, a measurement of the evaporation
pressure of the refrigerant in the refrigerant circuit (21), ameasurement of the relative humidity
of the air in the cargo space (5), and a measurement of the ethylene concentration of the air in
the cargo space (5). The evaporation pressure of the refrigerant in the refrigerant circuit (21) is
a physica quantity indicating the operating state of the container refrigeration apparatus (20)
and correlating with the temperature of the cargo space (5). The environment information
acquired by the information acquisition unit (102) may exclude some of the above-described
measurements.

[0287]

When the shipping container (1) is equipped with the container refrigeration apparatus
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(20) only out of the container refrigeration apparatus (20) and the air composition adjustment
apparatus (40), the measurements of the oxygen concentration and the carbon dioxide
concentration are excluded from the environmental information. In this case, the environmental
information desirably includes a “ventilation amount of the cargo space (5).”

[0288]

—Second Variation of Fourth Embodiment—

The computer in which the quality determination program of the present embodi ment
is installed is not limited to the portable terminal. In the context of this specification, the
“computer” refers to a “machine that stores a program describing a procedure (algorithm) of
calculation and automatically executes the calculation according to the stored program.” Thus,
the computer in which the quality determination program of the present embodiment isinstalled
may be, for example, a tablet, laptop, or desktop personal computer, or a microcomputer
incorporated in a controller of the container refrigeration apparatus (20).

«Other Embodiments»

The quality determination apparatus (13) of each of the first to fourth embodiments
may be modified in the following manner. The following variations may be combined or
replaced as needed, as long as the functions of the quality determination apparatus (13) are not
impaired.

[0289]

—First Variation—

The quality determination unit (64) of each of the first to third embodiments may be
configured not to execute the notification operation or the diagnosis instruction operation in the
main operation. The quality determination unit (64) of each of the first to third embodiments
may be configured not to execute the cause identification operation and the environment change

operation in the main operation.
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[0290]

—Second Variation—

In the quality determination apparatus (13) of each of the first to fourth embodiments,
the state index sensor (15) may be a sensor that detects whether the target articles (7) have ice.
In this case, the state index sensor (15) detects whether the target articles (7) have ice as the
state index. A spectrometer capable of measuring absorption spectra of water (liquid) and ice
can be used as the state index sensor (15) of this variation.

[0291]

The quality determination apparatus (13) of the present variation sets a “condition that
the state index sensor (15) has detected the presence of ice” as the sign condition. When this
sign condition is met, the quality determination apparatus (13) of the present variation
determines that the target articles (7) show the sign of degradation.

[0292]

If moisture contained in the target articles (7) freezes, the target articles are degraded.
Such degradation due to freezing occurs not only when the target articles (7) are the fruits and
vegetables, but also when the target articles (7) are, for example, liquid pharmaceutical products.
Thus, the target articles (7) whose sign of degradation is determined by the quality
determination apparatus (13) of the present variation are not limited to the fresh produce, and
may be, for example, pharmaceutical products.

[0293]

—Third Variation—

In each of the first to fourth embodiments, the state index sensor (15) of the quality
determination apparatus (13) may be configured to measure, as the state index, a leakage
amount of internal components of cells from the fresh produce which is the target articles (7).

Damage to the cell membrane of the fresh produce causes the internal components of the cells
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of the fresh produce to leak, resulting in a decrease in the electrical resistance of the fresh
produce. Thus, the state index sensor (15) of the present variation can be a sensor that measures
the electrical resistance of the fresh produce which is the target articles (7) and estimates the
leakage amount of the internal components of the cells of the fresh produce based on the
measured electrical resistance. The quality determination apparatus (13) of the present variation
defines a condition that “the leakage amount of the internal components of the cells of the fresh
produce” exceeds a predetermined reference value as the sign condition.

[0294]

—Fourth Variation—

In each of the first to fourth embodiments, the state index sensor (15) of the quality
determination apparatus (13) may be configured to measure, as the state index, the
concentration of a stress-related plant hormone generated from the fresh produce which is the
target articles (7). Examples of the plant hormone of this kind include ethylene, abscisic acid,
brassinosteroids, and jasmonic acid. A gas sensor that measures the concentrations of such
substances can be used as the state index sensor (15) of this variation. The quality determination
apparatus (13) of the present variation defines a condition that the concentration of the
substance measured by the state index sensor (15) has exceeded a predetermined reference
value as the sign condition.

[0295]

—Fifth Variation—

In each of the first to fourth embodiments, the state index sensor (15) of the quality
determination apparatus (13) may be configured to measure, as the state index, the
concentration of a substance generated by anaerobic respiration of the fresh produce which is
the target articles (7). Examples of such a substance include acetaldehyde and ethanol. A gas

sensor that measures the concentrations of such substances can be used as the state index sensor
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(15) of this variation. The quality determination apparatus (13) of the present variation defines
a condition that the concentration of the substance measured by the state index sensor (15) has
exceeded a predetermined reference value as the sign condition.

[0296]

In addition, when the fresh produce takes anaerobic respiration, the fresh produce
releases carbon dioxide without consuming oxygen. Thus, the state index sensor (15) of the
present variation can be a sensor that calculates the respiratory quotient (the amount of carbon
dioxide released / the amount of oxygen consumed) of the fresh produce which is the target
articles (7). In this case, the quality determination apparatus (13) defines a condition that the
respiratory quotient has exceeded a predetermined reference value as the sign condition.
[0297]

—Sixth Variation—

In each of the first to fourth embodiments, the state index sensor (15) of the quality
determination apparatus (13) may be configured to measure, as the state index, the degree of
internal browning of the fresh produce which is the target articles (7). A sensor that irradiates
the fresh produce with light to measure the degree of internal browning without breaking the
fresh produce can be used as the state index sensor (15) of this variation. The quality
determination apparatus (13) of the present variation defines a condition that the degree of
internal browning measured by the state index sensor (15) has exceeded a predetermined
reference value as the sign condition.

[0298]

—Seventh Variation—

In each of the first to fourth embodiments, the state index sensor (15) of the quality
determination apparatus (13) may be configured to measure, as the state index, the

concentration of phenol, chlorogenic acid, or carotene contained in the fresh produce which is
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the target articles (7). The quality determination apparatus (13) of the present variation defines
a condition that the concentration of the substance measured by the state index sensor (15) has
exceeded a predetermined reference value as the sign condition.

[0299]

—Eighth Variation—

In each of the first to fourth embodiments, the state index sensor (15) of the quality
determination apparatus (13) may be configured to measure, as the state index, pH of the fresh
produce which is the target articles (7). The quality determination apparatus (13) of the present
variation defines a condition that the pH measured by the state index sensor (15) has exceeded
a predetermined reference value as the sign condition.

[0300]

—Ninth Variation—

The shipping container (1) equipped with the internal environment control system (10)
including the quality determination apparatus (13) of any of the first to fourth embodiments and
the variations is not limited to a shipping container for marine transportation, and may be a
shipping container for land transportation. The target to be equipped with the internal
environment control system (10) is not limited to the shipping container (1). That is, the internal
environment control system (10) may be installed in, for example, a cold storage warehouse,
and a commercial refrigerator.

[0301]

While the embodiment and variations thereof have been described above, it will be
understood that various changes in form and details may be made without departing from the
spirit and scope of the claims. The foregoing embodiments and variations thereof may be
combined and replaced with each other without deteriorating the intended functions of the

present disclosure.
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INDUSTRIAL APPLICABILITY
[0302]
As can be seen in the foregoing, the present disclosure is useful for a quality

determination apparatus.

DESCRIPTION OF REFERENCE CHARACTERS

[0303]

5 Cargo Space (Storage Space)

7 Target Article

13 Quality Determination Apparatus

14 Environment Adjustment Apparatus

15 State Index Sensor (State Detector)

64 Quality Determination Unit (Main Processing Unit)
75 Communication Unit (State Acquisition Unit)

80 Operation Panel (Notification Device)

101 State Acquisition Unit

102 Information Acquisition Unit
103 Setting Acquisition Unit

104 Learning Unit

111 First State Estimation Model
112 Second State Estimation Model
113 Third State Estimation Model

130 Display of Portable Terminal (Notification Device)
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CLAIMS

1. A quality determination apparatus, comprising:

a state acquisition unit (75, 101) configured to acquire a state index indicating a state
of a target article (7), which is fresh produce, contained in a storage space (5) where an internal
environment is controlled from a state detector (15) that detects the state index; and

a main processing unit (64) configured to perform a determination operation of
determining whether a sign condition indicating a sign of degradation of the target article (7) is

met based on the state index acquired by the state acquisition unit (75, 101).

2. The quality determination apparatus of claim 1, wherein

when determining that the sign condition is met, the main processing unit (64) is
configured to perform an environment change operation of instructing an environment
adjustment apparatus (14) that adjusts the internal environment of the storage space (5) to
change the internal environment of the storage space (5) in order to keep the target article (7)

from degradation.

3. The quality determination apparatus of claim 1 or 2, wherein

when determining that the sign condition is met, the main processing unit (64) is
configured to perform a cause identification operation of identifying, from a plurality of
environmental indexes indicating the internal environment of the storage space (5), an

environmental index that causes the sign of degradation of the target article (7).

4. The quality determination apparatus of any one of claims 1 to 3, wherein

when determining that the sign condition is met, the main processing unit (64) is
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configured to perform a notification operation of instructing a notification device (80, 130) that

notifies a human of information to notify a possibility of degradation of the target article (7).

5. The quality determination apparatus of any one of claims 1 to 4, wherein

when determining that the sign condition is met, the main processing unit (64) is
configured to perform a diagnosis instruction operation of instructing an environment
adjustment apparatus (14) that adjusts the internal environment of the storage space (5) to
diagnose whether a component of the environment adjustment apparatus (14) functions

normally.

6. The quality determination apparatus of any one of claims 1 to 5, wherein
the state acquisition unit (75, 101) is configured to acquire, as the state index, an

intensity of chlorophyll fluorescence of the fresh produce which is the target article (7).

7. The quality determination apparatus of claim 6, wherein

the sign condition is a condition that the intensity of chlorophyll fluorescence acquired
by the state acquisition unit (75, 101) exceeds a reference fluorescence intensity, and

the main processing unit (64) is configured to set the reference fluorescence intensity
based on the intensity of chlorophyll fluorescence acquired by the state acquisition unit (75,

101) when the oxygen concentration in the storage space (5) is lowered.

8. The quality determination apparatus of any one of claims 1 to 5, wherein
the sign condition is a condition that the target article (7) freezes, and
the state acquisition unit (75, 101) is configured to acquire, as the state index, whether

the target article (7) has ice.
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0. The quality determination apparatus of any one of claims 1 to 5, wherein

the state acquisition unit (75, 101) is configured to acquire, as the state index of the
fresh produce which is the target article (7), at least one of a leakage amount of internal
components of cells of the target article (7), a concentration of a stress-related plant hormone
generated from the target article (7), a concentration of a substance generated by anaerobic
respiration of the target article (7), a degree of internal browning of the target article (7), a
concentration of phenol contained in the target article (7), a concentration of chlorogenic acid
contained in the target article (7), a concentration of carotene contained in the target article (7),

or pH of the target article (7).

10. A quality determination apparatus, comprising:

a state acquisition unit (75, 101) configured to acquire a state index indicating a state
of a target article (7) contained in a storage space (5) where an internal environment is
controlled from a state detector (15) that detects the state index;

a main processing unit (64) configured to perform a determination operation of
determining whether a sign condition indicating a sign of degradation of the target article (7) is
met based on the state index acquired by the state acquisition unit (75, 101);

an information acquisition unit (102) configured to acquire environmental information
about the internal environment of the storage space (5);

a setting acquisition unit (103) configured to acquire setting information that is a set
value of an environmental index indicating the internal environment of the storage space (5);
and

a learning unit (104) configured to generate a state estimation model (111 to 113) that

has learned a correlation between the state index detected by the state detector (15), the
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environmental information acquired by the information acquisition unit (102), and the setting
information acquired by the setting acquisition unit (103), wherein

the main processing unit (64) is configured to determine whether the sign condition is
met based on an estimated value of the state index calculated by inputting the environmental

information and the setting information to the state estimation model (111 to 113).

11. The quality determination apparatus of claim 10, wherein

when determining that the sign condition is met, the main processing unit (64) is
configured to perform an environment change operation of instructing an environment
adjustment apparatus (14) that adjusts the internal environment of the storage space (5) to
change the internal environment of the storage space (5) in order to keep the target article (7)
from degradation, and

in the environment change operation, the main processing unit (64) is configured to
instruct the environment adjustment apparatus (14) to change the set value of the environmental
index based on a result of comparison between the estimated value of the state index calculated
by inputting the environment information and the setting information to the state estimation

model (111 to 113) and a predetermined reference value.

12. The quality determination apparatus of claim 10 or 11, wherein
the environmental information acquired by the information acquisition unit (102)
includes at least one of temperature, oxygen concentration, or carbon dioxide concentration of

air in the storage space (5).

13. The quality determination apparatus of any one of claims 10 to 12, wherein

the environmental information acquired by the information acquisition unit (102)
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includes a physical quantity indicating an operating state of a refrigeration apparatus (20) that
adjusts a temperature of the storage space (5) and correlating with the temperature of the storage

space (5).

14. The quality determination apparatus of claim 11, wherein

when the set value of the environmental index changed in the environment change
operation is an abnormal value deviated from a predetermined reference range, the main
processing unit (64) is configured to instruct a notification device (80, 130) that notifies a
human of information to notify that the changed set value of the environmental index is

abnormal.

15. A quality determination method, comprising:

a first acquisition step of acquiring a state index indicating a state of a target article (7)
contained in a storage space (5) where an internal environment is controlled from a state
detector (15) that detects the state index;

a second acquisition step of acquiring environmental information about the internal
environment of the storage space (5);

a third acquisition step of acquiring setting information that is a set value of an
environmental index indicating the internal environment of the storage space (5);

a learning step of generating a state estimation model (111 to 113) that has learned a
correlation between the state index acquired in the first acquisition step, the environmental
information acquired in the second acquisition step, and the setting information acquired in the
third acquisition step; and

a determination step of determining whether a sign condition indicating a sign of

degradation of the target article (7) is met based on an estimated value of the state index
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calculated by inputting the environmental information and the setting information to the state

estimation model (111 to 113).

16. The quality determination method of claim 15, further comprising

an environment change step of instructing an environment adjustment apparatus (14)
that adjusts the internal environment of the storage space (5) to change the internal environment
of the storage space (5) in order to keep the target article (7) from degradation when a
determination is made that the sign condition is met in the determination step, wherein

in the environment change step, the environment adjustment apparatus (14) is
instructed to change the set value of the environmental index based on a result of comparison
between the estimated value of the state index calculated by inputting the environment
information and the setting information to the state estimation model (111 to 113) and a

predetermined reference value.

17. A program configured to allow a computer to execute:

first acquisition processing of acquiring a state index indicating a state of a target
article (7) contained in a storage space (5) where an internal environment is controlled from a
state detector (15) that detects the state index;

second acquisition processing of acquiring environmental information about the
internal environment of the storage space (5);

third acquisition processing of acquiring setting information that is a set value of an
environmental index indicating the internal environment of the storage space (5);

learning processing of generating a state estimation model (111 to 113) that has learned
a correlation between the state index acquired in the first acquisition processing, the

environmental information acquired in the second acquisition processing, and the setting
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information acquired in the third acquisition processing; and

determination processing of determining whether a sign condition indicating a sign of
degradation of the target article (7) is met based on an estimated value of the state index
calculated by inputting the environmental information and the setting information to the state

estimation model (111 to 113).

18. The program of claim 17, configured to allow the computer to execute

environment change processing of instructing an environment adjustment apparatus
(14) that adjusts the internal environment of the storage space (5) to change the internal
environment of the storage space (5) in order to keep the target article (7) from degradation
when a determination is made that the sign condition is met in the determination processing,
wherein

in the environment change processing, the environment adjustment apparatus (14) is
instructed to change the set value of the environmental index based on a result of comparison
between the estimated value of the state index calculated by inputting the environment
information and the setting information to the state estimation model (111 to 113) and a

predetermined reference value.
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