DESCRIPTION
TITLE OF THE INVENTION: POSITION ESTIMATION DEVICE, CARGO
MANAGEMENT DEVICE, AND CARGO MONITORING SYSTEM
TECHNICAL FIELD
[0001]

The present disclosure relates to a position
estimation device, a cargo management device, and a cargo
monitoring system.

BACKGROUND ART
[0002]

In recent years, GPS modules have been mounted on
various devices such as smart phones and position tracking
terminals for children and baggage (see, for example,
Patent Document 1).

RELATED ART DOCUMENTS
PATENT DOCUMENTS
[0003]
Patent Document 1: JP 2020-161906 A (paragraph
[00061)
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[00041]
However, since GPS position data output from the GPS

module varies, there i1s a demand for development of a



technique for updating current position data while
suppressing an influence of the variation.

MEANS OF SOLVING THE PROBLEMS

[0005]

A position estimation device according to a first
aspect of the present disclosure made to solve the above
problem 1s a position estimation device configured to
update and output current position data by using part of a
plurality of pieces of GPS position data sequentially input
from a GPS module, and includes a first data update unit
configured to compare the current position data with GPS
position data newly acquired, to determine whether or not
there i1s a change therebetween beyond a variation range of
the GPS position data, and to update the current position
data with that GPS position data upon determining that
there i1s a change beyond a fixed range predetermined as the
variation range, and a second data update unit configured
to acquire a detection result from a movement detection
sensor configured to detect presence or absence of a
movement including vibration of the position estimation
device, to determine whether a movement of the position
estimation device has been detected, and to update the
current position data with the GPS position data newly
acquired upon determining that the movement has been

detected.



BRIEF DESCRIPTION OF THE DRAWINGS
[oo006]

FIG. 1 is a schematic diagram illustrating an overall
configuration of a cargo monitoring system according to a
first embodiment.

FIG. 2 is a block diagram illustrating an electrical
configuration of a position estimation device and a cloud
server.

FIG. 3 1s a block diagram illustrating a control
configuration of the position estimation device.

FIG. 4 is a block diagram illustrating a control
configuration of a cloud server.

FIG. 5 is a flowchart of a position specifying
program.

FIG. 6 is a flowchart of a position specifying
program according to a second embodiment.

FIG. 7 1s a flowchart of a position specifying
program according to a third embodiment.

FIG. 8 1s a flowchart of a position specifying
program according to another embodiment.

MODE FOR CARRYING OUT THE INVENTION
[o007]
[First embodiment]
A cargo monitoring system 100 according to a first

embodiment of the present disclosure will be described with



reference to FIGS. 1 to 5. The cargo monitoring system 100
according to the present embodiment Is a system that grasps
a transport status of a cargo P that is a target to be
managed, and includes, as illustrated in FIG. 1, a cargo
management device 10 that moves with the cargo P and
acquires information regarding the transport status, a
cloud server 50 that manages the information regarding the
transport status acquired by the cargo management device
10, and an external terminal 70 that receives provision of
the i1nformation acquired by the cargo management device 10
via the cloud server 50. The cargo management device 10,
the cloud server 50, and the external terminal 70 are
connected via a communication network 101 including
wireless base stations 400, 401.

[0008]

Here, the transport of the cargo P includes movement
of the cargo P by a vehicle, an aircraft, a ship, a train,
a person, and the like, and temporary storage in a
warehouse, a container, and the like iIn a process from
shipment to receipt of the cargo P. Note that, for
example, the cargo management device 10 is attached to the
inside of a storage container 91 that can store the cargo P
and can be carried together with the cargo P. The storage
container 91 i1s, for example, a heat insulating container,

a cooler box, a refrigerator, a freezer, a dry container,



or the like. The cargo P is, for example, a food item, a
medicine, a specimen, an art, or the like. Further, in the
cargo monitoring system 100, the number of cargo management
devices 10 may be plural or one.

[0009]

As illustrated in FIG. 2, the cargo management device
10 includes a GPS module 11, an acceleration sensor 12, a
cargo management sensor 13, a position estimation device
20, a data logger 14, and a wireless circuit 15. Note that
the cargo management device 10 includes a power supply (not
illustrated) that supplies power to the GPS module 11, the
acceleration sensor 12, the cargo management sensor 13, the
position estimation device 20, the data logger 14, the
wireless circuit 15, and the like. The power supply is,
for example, a primary battery, a secondary battery, or the
like.

[0010]

The GPS module 11 receives GPS satellite signals and
calculates GPS position data of the cargo management device
10 (cargo P). The GPS position data is used to specify the
current position data indicating the current position of
the cargo management device 10 as the information regarding
the transport status of the cargo P. The GPS position data

has an error of, for example, 10 [m], and a position



specified by the GPS position data varies in a range of,
for example, a radius of 10 [m].
[0011]

The acceleration sensor 12 is used to detect a
movement of the cargo management device 10. For example, a
time of acceleration, a time of deceleration, or a period
from acceleration to deceleration may be determined as iIn a
process of movement, and other periods may be determined as
a stationary state by using the speed change data as the
acceleration data detected by the acceleration sensor 12.
In addition, since the movement iIs accompanied by
vibration, the movement may be detected by the presence or
absence of vibration using the vibration data as the
acceleration data. Note that the acceleration sensor 12
corresponds to a “movement detection sensor” in the claims.
[0012]

In the present embodiment, a temperature sensor, a
humidity sensor, a pressure sensor, and an illuminance
sensor are provided as the cargo management sensor 13, and
measurement values such as temperature, humidity,
atmospheric pressure, and i1lluminance in the storage
container 91 are acquired as information regarding the
transport status of the cargo P. Further, in the present
embodiment, the acceleration sensor 12 is also used as the

cargo management sensor 13 to acquire measurement values



related to impact and vibration. The cargo management
sensor 13 may include some of a temperature sensor, a
humidity sensor, a pressure sensor, and an illuminance
sensor, or may include a sensor that measures another
measurement value in addition to the above sensors.
[0013]

The position estimation device 20 includes, as a main
part, a microcomputer 21 including a CPU 21A and a memory
21B such as a RAM, a ROM, and a flash memory. The CPU 21A
is connected to devices such as the GPS module 11, the
acceleration sensor 12, the cargo management sensor 13, and
the data logger 14, and controls these devices to execute a
position estimation program PGl that will be described
later. The memory 21B includes a specific data storage
unit 22, an i1dentification number storage unit 23, a
program storage unit 24, and the like (see FIG. 3).

[0014]

When the current position data is updated, the
specific data storage unit 22 temporarily stores the
current position data. The i1dentification number storage
unit 23 stores an identification number of the cargo
management device 10. The program storage unit 24 stores
the position estimation program PGl and the like, and the

CPU 21A executes the position estimation program PGl every



time measurement is performed by the GPS module 11C and the
like.
[0015]

The position estimation device 20 includes a control
block 1llustrated in FIG. 3. Specifically, the CPU 21A
functions as a trigger generation unit 30, a data
processing unit 31, and the like by executing a plurality
of predetermined programs including the above-described
position estimation program PG1.

[0016]

In the trigger generation unit 30, a measurement
trigger i1s generated every certain period (for example, 1
minute), and the GPS module 11, the acceleration sensor 12,
and the cargo management sensor 13 perform measurement
every time the measurement trigger is generated. Then, the
GPS position data calculated by the GPS module 11 and the
acceleration data measured by the acceleration sensor 12
are provided to the data processing unit 31 in association
with the measurement time, and the measurement value
detected by the cargo management sensor 13 is provided to
the data logger 14 in association with the measurement
time.

[0017]
The data processing unit 31 executes the position

estimation program PGl every time measurement is performed



by the GPS module 11 and the acceleration sensor 12. The
data processing unit 31 includes a first data update unit
32 and a second data update unit 33, and updates the
current position data on the basis of the GPS position data
and the acceleration data.

[0018]

The first data update unit 32 determines whether or
not there iIs a change beyond a variation range between GPS
position data newly acquired and the current position data
updated last time. As described above, the position
specified by the GPS position data varies iIn a certain
range even when the cargo management device 10 is actually
in a stationary state. When the GPS position data newly
acquired has changed beyond the variation range, relative
to the current position data updated last time, the first
data update unit 32 determines that the change is due to
the movement of the cargo management device 10. The first
data update unit 32 reads the current position data updated
last time from the specific data storage unit 22,
determines whether or not there is a change beyond the
variation range between the current position data updated
last time and the GPS position data newly acquired, and
updates the current position data with that GPS position
data when determining that there i1s a change beyond the

variation range.



[0019]

The second data update unit 33 determines whether or
not a movement of the cargo management device 10 has been
detected using the acceleration data, and updates the
current position data with the GPS position data newly
acquired, when determining that the movement has been
detected.

[0020]

In the present embodiment, the determination by the
first data update unit 32 i1s performed before the
determination by the second data update unit 33, and the
determination by the second data update unit 33 1is
performed only when the first data update unit 32
determines that there i1s no change beyond the variation
range between the GPS position data newly acquired and the
current position data updated last time. That is, when the
first data update unit 32 determines that there is a change
beyond the variation range in the GPS position data newly
acquired, relative to the current position data updated
last time, the current position data is updated without
performing the determination by the second data update unit
33. When the first data update unit 32 determines that
there i1s no change beyond the variation range in the GPS
position data newly acquired, relative to the current

position data updated last time, the second data update

10



unit 33 performs determination. The current position data
is updated when 1t iIs determined that a movement of the
cargo management device 10 has been detected. That is,
even iIn a case where the first data update unit 32
determines that a change in GPS position data newly
acquired, relative to the current position data updated
last time, iIs a variation, the change is determined to be
due to a movement of the cargo management device 10 when
the second data update unit 33 determines that the movement
has been detected.

[0021]

In a case where the first data update unit 32
determines that there is no change beyond the variation
range and the second data update unit 33 determines that a
movement of the cargo management device 10 has not been
detected, i1t is determined that the change of the GPS
position data newly acquired, relative to the current
position data updated last time, is not due to the
movement. The current position data is not updated and the
current position data updated last time is taken over as it
is. In this way, the specified current position data is
stored i1n the specified data storage unit 22, and is
provided to the data logger 14 in association with the
measurement time.

[0022]

11



The data logger 14 collects the current position data
specified by the data processing unit 31 and the
measurement value detected by the cargo management sensor
13, and collectively stores them in chronological order.
The data logger 14 includes a data fetching unit 35, a
storage unit 36, a data transmission unit 37, and a reply
determination unit 38.

[0023]

The data fetching unit 35 fetches the current
position data specified by the data processing unit 31 and
the measurement value detected by the cargo management
sensor 13, generates transport status data D1 collected for
each measurement time, and stores it In the storage unit
36.

[0024]

The data transmission unit 37 generates, in a data
frame having a predetermined data length, transmission data
D2 in which a plurality of pieces of the transport status
data D1 accumulated in the storage unit 36 and the
identification number of the cargo management device 10
read from the identification number storage unit 23 are
stored. Then, every time the trigger generation unit 30
generates a transmission trigger at a predetermined cycle

(for example, 10 [min]), the data transmission unit 37
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wirelessly transmits the generated transmission data D2
using the wireless circuit 15.
[0025]

The transmission data D2 transmitted by the data
transmission unit 37 i1s received by the cloud server 50 via
a general-purpose communication line 300. As illustrated
in FIG. 2, the cloud server 50 includes at least one or
more personal computers including a monitoring terminal 51,
and a storage device 60. Note that the cloud server 50
corresponds to a “cargo monitoring device” in the claims.
[0026]

The storage device 60 includes a data storage unit
61, an identification number storage unit 62, a map data
storage unit 63, and the like (see FIG. 4). The data
storage unit 61 stores movement trajectory data and the
like, which will be described later, generated from the
received transmission data D2. An identification number of
the cargo management device 10 is stored in the
identification number storage unit 62, and the cargo
management device 10 can be specified from the
identification number. The map data storage unit 63 stores
map data.

[0027]
As 1llustrated 1n FIG. 2, the monitoring terminal 51

includes, as main parts, at least a communication circuit

13



52 and a control unit 53 including a CPU 53A. The
communication circult 52 receives the transmission data D2
from the cargo management device 10 via the general-purpose
communication line 300, and transmits and receives data to
and from the external terminal 70. Every time the
communication circuit 52 receives the transmission data D2
from the cargo management device 10, the CPU 53A executes a
predetermined program (not illustrated) and functions as a
control block of a data analysis unit 54 and the like (see
FIG. 4).

[0028]

The monitoring terminal 51 includes a control block
illustrated in FIG. 4. Specifically, the CPU 53A functions
as a data receiving unit 56, the data analysis unit 54, and
the like by executing the above-described program.

[0029]

The data receiving unit 56 fetches the transmission
data D2 transmitted from the cargo management device 10
through the communication circult 52.

[0030]

Here, when the data receiving unit 56 receives the
transmission data D2, a data transmission unit 55 returns
an ACK signal indicating the reception. Specifically, the
data transmission unit 55 extracts the identification

number of the cargo management device 10 included in the

14



transmission data D2, stores the identification number and
the reception time iIn a preset data frame to generate an
ACK signal, and wirelessly transmits the ACK signal by the
communication circuit 52. 1In response thereto, the reply
determination unit 38 (see FIG. 3) of the cargo management
device 10 determines whether or not the transmission data
D2 has been received by the cloud server 50 on the basis of
whether or not the ACK signal including its own
identification number has been received.

[0031]

When the reply determination unit 38 receives the ACK
signal, i1t i1s determined that the transmission data D2 has
been received by the cloud server 50, and the transport
status data D1 included iIn that transmission data D2 is
deleted from the storage unit 36 of the data logger 14.
Here, there is a case where the wireless communication with
the wireless base stations 400, 401 cannot be performed
when the cargo P is loaded on an aircraft or a ship. In
such a case, the transmission data D2 transmitted by the
cargo management device 10 is not received by the
monitoring terminal 51. Then, since the data transmission
unit 55 of the monitoring terminal 51 does not return the
ACK signal, the reply determination unit 38 of the cargo
management device 10 determines that the transmission data

D2 has not been received by the cloud server 50, keeps
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storing in the storage unit 36 the transport status data D1
included In the transmission data D2 that has not been
received. The transmission data D2 including those
transport status data D1 is generated and transmitted at
the timing of transmitting the next transmission data D2.
[0032]

When the data receiving unit 56 receives the
transmission data D2, the monitoring terminal 51 adds, for
example, a reception time to the transmission data D2 and
stores the transmission data D2 in a buffer 56A. Then, the
data analysis unit 54 analyzes the current position data
and the measurement values included In the transmission
data D2 stored in the buffer 56A. Specifically, the map
data 1s acquired from the map data storage unit 63, a
position specified by the current position data is plotted
on the map data, and movement trajectory data indicating a
movement trajectory of the cargo management device 10 iIn
chronological order is generated. In addition, a
measurement value table In which measurement values are
organized in chronological order is generated. They are
stored i1in the data storage unit 61. Then, when the next
transmission data D2 i1s transmitted from the cargo
management device 10, the next transmission data D2 is
added to the movement trajectory data and the measurement

value table as needed. Then, when there is a request from
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the external terminal 70, the data transmission unit 55
specifies, from the i1dentification number storage unit 62,
the cargo management device 10 corresponding to the
identification number, and transmits the movement
trajectory data and the measurement value table to the
external terminal 70. In addition, even if there is no
request from the external terminal 70, transmission to the
external terminal 70 may be periodically performed. 1In
addition, whether or not there is an abnormal change may be
determined for each measurement value, and abnormality
determination data may be generated and transmitted to the
external terminal 70 when there i1s an abnormality.

[0033]

The external terminal 70 is a terminal owned by a
shipper or a receiver of the cargo P or a driver during
transport, and may be, for example, a personal computer, a
tablet, a smartphone, or the like, and may be any general
communication means capable of communicating with the cloud
server 50. As described above, the external terminal 70
receives, from the cloud server 50, the notification of the
movement trajectory data, the measurement value table, the
abnormality determination data, and the like. In addition,
it may be configured that the external terminal 70 accesses
the cloud server 50 so that the movement trajectory data,

the measurement value table, the abnormality determination
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data, and the like can be freely browsed on the cloud
server 50.
[0034]

Hereinafter, an example of the position estimation
program PGl executed by the CPU 21A of the position
estimation device 20 is illustrated in FIG. 5. As
described above, the position estimation program PGl is
executed every time the GPS position data and the
acceleration data are acquired from the GPS module 11 and
the acceleration sensor 12 (YES in S11). Then, iIn step
S12, it i1s determined whether or not the GPS position data
newly acquired by the GPS module 11 has changed beyond the
variation range, relative to the current position data
updated last time. When i1t is determined that the GPS
position data newly acquired has changed beyond the
variation range (YES in S12), it is determined that the
change i1s due to a movement of the cargo management device
10, and the current position data is updated with that GPS
position data (S13). Here, the CPU 21A executing steps S12
and S13 corresponds to the first data update unit 32
described above.

[0035]

When the GPS position data newly acquired has not

changed beyond the variation range (NO in S12), i1t is

determined in step S14 whether or not a movement of the
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cargo management device 10 has been detected from the newly
acquired acceleration data. When it is determined that a
movement has been detected (YES in S14), it is determined
that the change in the GPS position data is not due to the
variation but due to the movement of the cargo management
device 10, and the current position data is updated with
that GPS position data (S13).

[0036]

On the other hand, when i1t is determined that the
change i1n the GPS position data is within the variation
range and it is determined that a movement of the cargo
management device 10 has not been detected (NO in S12, NO
in S14), it is determined that the change in the GPS
position data 1Is not due to the movement, and that GPS
position data is not updated as the current position data,
and the current position of the cargo management device 10
takes over the current position data updated last time as
it 1s (S15). The current position data specified in this
manner is provided to the data logger 14 (S16). Here, the
CPU 21A executing steps S13 to S15 corresponds to the
second data update unit 33 described above.

[0037]

The configuration of the cargo monitoring system 100

of the present embodiment has been described above. In the

cargo monitoring system 100 of the present embodiment, the
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GPS module 11 and the acceleration sensor 12 are provided
in the cargo management device 10 transported together with
the cargo P which being a target to be managed. The
position estimation device 20 provided in the cargo
management device 10 updates the current position data on
the basis of the detection results as the cargo P moves.
The position estimation device 20 includes: the first data
update unit 32 that determines whether or not there is a
change beyond a variation range between the GPS position
data newly acquired from the GPS module 11 and the current
position data updated last time, and updates the current
position data with that GPS position data when determining
that there is the change; and the second data update unit
33 that determines whether or not a movement of the cargo
management device 10 has been detected from the
acceleration data acquired from the acceleration sensor 12,
and updates the current position data with the GPS position
data newly acquired, when determining that the movement has
been detected. When the GPS position data newly acquired
has changed beyond the variation range, relative to the
current position data updated last time, the first data
update unit 32 determines that the change is due to the
movement of the cargo management device 10, and updates the
current position data with that GPS position data. With

this configuration, since the current position data is
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updated when the change in the GPS position data exceeds
the variation range, i1t iIs possible to update the current
position data while suppressing an influence of the
variation in the GPS position data.

[0038]

Furthermore, in the present embodiment, when the
first data update unit 32 determines that there i1s no
change beyond the variation range, in the GPS position data
newly acquired, relative to the current position data
updated last time, the second data update unit 33
additionally performs determination, and the current
position data i1s updated when it is determined that a
movement of the cargo management device 10 has been
detected. In the determination by the first data update
unit 32, when the GPS position data newly acquired has not
change beyond the variation range, relative to the current
position data updated last time, the change i1s determined
to be due to the variation even if the change is actually
due to a movement of the cargo management device 10.
However with this configuration, it is possible to update
the current position data by detecting the movement of the
cargo management device 10 within the variation range by
the determination by the second data update unit 33 without
overlooking the movement.

[0039]
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In addition, since the cargo management device 10
includes the cargo management sensor 13 and measures the
measurement value related to the transport status of the
cargo P, it is also possible to recognize the transport
status of the cargo P. In the present embodiment, since
the temperature sensor, the humidity sensor, the pressure
sensor, the i1lluminance sensor, and the acceleration sensor
are provided as the cargo management sensor 13, it is
possible to recognize, as a transport status of the cargo
P, temperature and humidity by the temperature sensor and
the humidity sensor, impact and vibration by the pressure
sensor and the acceleration sensor, opening and closing of
a cargo bed by the illuminance sensor, and the like.

[0040]

In addition, since the cargo management device 10
includes the wireless circuit 15 and wirelessly transmits
the current position data and the measurement values to the
cloud server 50, the transport status of the cargo P can be
monitored in real time on the cloud server 50.

[0041]

Furthermore, since the data logger 14 i1s provided iIn
the cargo management device 10, even iIn a situation where,
for example, the cargo P is loaded on an aircraft or a ship
and wireless communication cannot be performed, data during

that time can be accumulated in the data logger 14 and
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collectively transmitted when wireless communication
becomes possible. In addition, since the current position
data and the measurement values are accumulated in the data
logger 14 in chronological order, it is possible, for
example, to verify the movement trajectory and the
transport conditions of the cargo P after the end of
transport.

[0042]

Moreover, since the cloud server 50 includes the data
transmission unit 55 and is configured to be able to
perform transmission to and reception from the external
terminal 70, i1t is possible, for example, to appropriately
notify the shipper or the receiver of the cargo P or the
driver during the transport, of the movement trajectory,
abnormality, or the like during the transport of the cargo
P.

[0043]
[Second embodiment]

Next, the position estimation device 20 according to
a second embodiment to which the present disclosure is
applied will be described. In the following description,
only differences from the first embodiment will be
described, and redundant description of common
configurations will be omitted.

[0044]
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In the position estimation device 20 of the first
embodiment described above, 1t is configured that, when the
data processing unit 31 updates the current position data
on the basis of the GPS position data and the acceleration
data, the determination by the first data update unit 32 is
performed before the determination by the second data
update unit 33, and the second data update unit 33 performs
the determination when the first data update unit 32
determines that the GPS position data newly acquired has
not changed beyond the variation range, relative to the
current position data updated last time. In contrast, in
the present embodiment, i1t is configured that the
determination by the second data update unit 33 is
performed before the determination by the first data update
unit 32, and the determination by the first data update
unit 32 i1s performed when determining that a movement of
the cargo management device 10 has not been detected by the
second data update unit 33.

[0045]

Specifically, in the present embodiment, the CPU 21A
of the position estimation device 20 executes a position
estimation program PG1lV i1llustrated in FIG. 6. The
position estimation program PGlV is executed every time the
GPS position data and the acceleration data are acquired

from the GPS module 11 and the acceleration sensor 12 (YES
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in S21), and determines whether or not a movement of the
cargo management device 10 has been detected on the basis
of the newly acquired acceleration data in step S22. When
it 1s determined that a movement has been detected (YES in
S22), the current position data is updated with the GPS
position data newly acquired (S23). Here, the CPU 21A
executing steps S22 and S23 corresponds to the second data
update unit 33.

[0046]

When 1t i1s determined In step S22 that the movement
of the cargo management device 10 has not been detected (NO
in S22), it i1s determined whether or not there is a change
beyond the variation range between the GPS position data
newly acquired and the current position data updated last
time. When it is determined that the GPS position data
newly acquired has changed beyond the variation range (YES
in S24), i1t i1s determined that the change in the GPS
position data is not due to the variation but due to a
movement of the cargo management device 10, and the current
position data is updated with that GPS position data (S23).
[0047]

On the other hand, when i1t is determined that a
movement of the cargo management device 10 has not been
detected and it is determined that the change in the GPS

position data is within the variation range (NO in S22, NO
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in S24), it is determined that the change in the GPS
position data 1s not due to the movement, this GPS position
data is not updated as the current position data, and the
current position of the cargo management device 10 takes
over the current position data updated last time as i1t iIs
(525). Here, the CPU 21A executing steps S23 to S25
corresponds to the first data update unit 32.

[0048]

In the present embodiment, the GPS position data and
the acceleration data are acquired before the second data
update unit 33 performs the determination (S21). However,
only the acceleration data may be acquired in step S21, and
the GPS position data may be acquired after the second data
update unit 33 performs the determination in step S22.
[0049]

According to the present embodiment, the
determination by the second data update unit 33 only may
cause a situation in which a movement of the cargo
management device 10 1s not detected and the current
position data is not updated in case of movement of the
cargo management device 10 mounted on a low-vibration
moving body such as a bullet train, for example. However,
by performing the determination by the first data update
unit 32, i1t is possible to update the current position data

while suppressing the occurrence of such a situation.
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[0050]
[Third embodiment]

In the position estimation device 20 of the above
first embodiment and the above second embodiment, it is
configured that, when the data processing unit 31 updates
the current position data on the basis of the GPS position
data and the acceleration data, either the determination by
the first data update unit 32 or the determination by the
second data update unit 33 is performed first. In
contrast, iIn the present embodiment, 1t i1s configured that
both determinations are performed in parallel, and when at
least one of the determination that the GPS position data
newly acquired by the first data update unit 32 has changed
beyond the variation range and the determination that a
movement of the cargo management device 10 has been
detected by the second data update unit 33 is made, the
current position data is updated with the GPS position data
newly acquired.

[0051]

Specifically, in the present embodiment, the CPU 21A
of the position estimation device 20 executes a position
estimation program PG1IW illustrated in FIG. 7. The
position estimation program PG1W is executed every time the
GPS position data and the acceleration data are acquired

from the GPS module 11 and the acceleration sensor 12 (YES
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in S31), and determines whether or not the GPS position
data newly acquired has changed beyond the variation range
and determines whether or not a movement of the cargo
management device 10 has been detected on the basis of the
newly acquired acceleration data in step S32. Then, when
it 1s determined that there is a change beyond the
variation range in the GPS position data newly acquired or
it 1s determined that a movement of the cargo management
device 10 has been detected (YES in S32), the current
position data i1s updated with the GPS position data newly
acquired (S33).

[0052]

When both of the determination that the GPS position
data newly acquired has not changed beyond the variation
range and the determination that a movement of the cargo
management device 10 has not been detected are made In step
S32 (NO 1n S32), i1t i1s determined that the change in the
GPS position data is not due to the movement, and the GPS
position data iIs not updated as the current position data,
and the current position of the cargo management device 10
takes over the current position data updated last time as
it 1s (S34). Here, the CPU 21A executing steps S32 to S34
corresponds to the first data update unit 32 and the second
update unit 33.

[0053]

28



[Other embodiments]

(1) In the above embodiments, the second data update
unit 33 i1s configured to determine whether or not the cargo
management device 10 is moving when the GPS position data
IS acquired, but may be configured to determine a movement
of the cargo management device 10 before and after the GPS
position data i1s acquired. In this case, the trigger
generation unit 30 may generate the measurement trigger by
shifting the measurement timings of the GPS module 11 and
the acceleration sensor 12.

[0054]

(2) The position estimation device 20 according to
the first embodiment described above is configured to
acquire the GPS position data and the acceleration data
from the GPS module 11 and the acceleration sensor 12 every
certain period. However, only the GPS position data may be
acquired every certain period, and the acceleration data
may be acquired from the acceleration sensor 12 to perform
the determination by the second data update unit 33 when
the first data update unit 32 determines that the GPS
position data newly acquired has not changed beyond the
variation range, relative to the current position data
updated last time.

[0055]
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Specifically, the CPU 21A of the position estimation
device 20 executes a position estimation program PG1X
illustrated in FIG. 8. The position estimation program
PG1X is executed every time the GPS position data is
acquired from the GPS module 11 (YES in S41), and
determines whether or not there is a change beyond the
variation range between the GPS position data newly
acquired and the current position data updated last time
(S42). When 1t is determined that there i1s a change beyond
the variation range, the current position data is updated
(YES in S42, S43). On the other hand, when it is
determined that there i1s no change beyond the variation
range (NO in S42), the acceleration data is acquired from
the acceleration sensor 12 (S44), and the presence or
absence of movement of the cargo management device 10 is
determined (S43, S45, S46). With this configuration,
control of unnecessary acceleration data Is suppressed, and
unnecessary consumption of a battery can be suppressed.
[0056]

(3) The data processing unit 31 may include only the
first data update unit 32 to update the current position
data.

[0057]
(4) In the above embodiment, the current position

data specified by the determination by the first data
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update unit 32 and the second data update unit 33 is
provided to the data logger 14. However, the determination
results of the first data update unit 32 and the second
data update unit 33 including information on whether or not
the cargo P is iIn the moving state obtained by the
determination by the second data update unit 33 and the
like may also be provided to the data logger 14 as part of
the information on the transport status of the cargo P.
[0058]

(5 In the above embodiments, the second data update
unit 33 detects a movement of the cargo management device
10 using the speed change data and the vibration data as
the acceleration data. However, a movement speed may be
obtained from the acceleration sensor 12 to determine the
movement of the cargo management device 10. With this
configuration, even when the cargo management device 10
mounted on a low-vibration mobile body such as a bullet
train as described above is moving, it is possible to
determine the moving state and update the current position
data.

[0059]

At this time, whether 1t i1Is moving at a low speed
such as walking or moving at a high speed by a vehicle or a
train may also be determined from the moving speed, and

this may be acquired as part of the information related to
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the transport status and may be provided to the data logger
14.
[0060]

(6) In the above embodiments, the presence or absence
of movement i1s determined by the second data update unit 33
using the acceleration sensor 12, but the present invention
is not limited thereto as long as the presence or absence
of movement is detected.

[0061]

(7) In the above embodiments, the transport status
data D1 accumulated in the storage unit 36 of the data
logger 14 is deleted after being transmitted to the cloud
server 50. However, the transport status data D1 may
remain stored without being deleted.

[0062]

Furthermore, the storage unit 36 may be a portable
storage medium such as a USB memory or an SD card.
[0063]

(8) The position estimation device 20 may wirelessly
transmit the current position data each time the data
processing unit 31 updates the current position data. At
this time, the measurement value measured by the cargo
management sensor 13 may also be wirelessly transmitted
every time It Is measured.

[0064]
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(9) In the above embodiments, it is configured that
the data processing unit 31 includes the first data update
unit 32 and the second data update unit 33, and updates the
current position data on the basis of the determination
results by those update units. However, it may be
configured that a third data update unit different from the
first data update unit 32 and the second data update unit
33 is included, and the current position data may be
updated on the basis of the determination results of the
three data update units. The third data update unit
determines, for example, whether or not a predetermined
time has elapsed since the current position data was
updated. Even if the first data update unit 32 and the
second data update unit 33 determine that the change iIn the
GPS position data is not due to movement, the third data
update unit may update the current position data if the
predetermined time has elapsed.

[0065]

(10) The i1dentification number storage unit 54C of
the cloud server 50 may store, for example, a type of
cargo, an appearance photograph, a necessary environment
(KEEP REFRIGERATED, THIS SIDE UP, etc.), and the like as
the information of the cargo P, and the data analysis unit
54 may determine an abnormality on the basis of these

pieces of information.
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[0066]

Note that, although specific examples of the
technology included in the claims are disclosed in the
present specification and the drawings, the technology
described In the claims i1s not limited to these specific
examples, and includes those obtained by variously
modifying and changing the specific examples, and also
includes those obtained by singly extracting a part from
the specific examples.

DESCRIPTION OF THE REFERENCE NUMERAL
[0067]

10 Cargo management device

11 GPS module

12 Acceleration sensor (movement detection sensor)

13 Cargo management sensor

14 Data logger

15 Wireless circuit

20 Position estimation device

32 First data update unit

33 Second data update unit

50 Cloud server (cargo monitoring device)
55 Data transmission unit
70 External terminal

100 Cargo monitoring system

101 Communication network
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CLAIMS
1. A position estimation device configured to update and
output current position data by using part of a plurality
of pieces of GPS position data sequentially input from a
GPS module, the position estimation device comprising:

a first data update unit configured to compare the
current position data with the GPS position data newly
acquired, to determine whether there is a change between
the current position data and the GPS position data beyond
a variation range of the GPS position data, and to update
the current position data with that GPS position data upon
determining that there is a change beyond a fixed range
predetermined as the variation range; and

a second data update unit configured to acquire a
detection result from a movement detection sensor
configured to detect presence or absence of a movement
including vibration of the position estimation device, to
determine whether a movement of the position estimation
device has been detected, and to update the current
position data with the GPS position data newly acquired
upon determining that the movement has been detected.

2. The position estimation device according to claim 1,
wherein determination by the first data update unit is
performed before determination by the second data update

unit, and the determination by the second data update unit
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is performed on condition that the first data update unit
determines that the change is not present.

3. The position estimation device according to claim 1,
wherein determination by the second data update unit is
performed before determination by the first data update
unit, and the determination by the first data update unit
is performed on condition that the second data update unit
determines that the movement has not been not detected.

4. The position estimation device according to any one
of claims 1 to 3, wherein the movement detection sensor 1Is
an acceleration sensor.

5. A cargo management device comprising: the position
estimation device according to any one of claims 1 to 4; a
GPS module; a movement detection sensor configured to
detect presence or absence of movement including vibration;
and a cargo management sensor configured to measure a
measurement value related to a transport status of a cargo,
wherein the cargo management device is configured to move
together with the cargo.

6. The cargo management device according to claim 5,
further comprising a data logger configured to store the
current position data and the measurement value related to
the transport status.

7. The cargo management device according to claim 5 or

6, Further comprising a wireless circuit configured to
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wirelessly transmit the current position data and the
measurement value related to the transport status.
8. A cargo monitoring system comprising:
the cargo management device according to claim 7; and
a cargo monitoring device configured to wirelessly
receive and store the current position data and the
measurement value related to the transport status from the
cargo management device.
9. The cargo monitoring system according to claim 8,
wherein the cargo monitoring device includes a data
transmission unit configured to transmit transmission data
based on the current position data and the measurement
value related to the transport status to an external

terminal via a communication network.
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