10

15

20

25

30

35

40

Description
Title of Invention
BIAS ESTIMATION DEVICE, FORKLIFT, BIAS ESTIMATION METHOD,
AND PROGRAM

Technical Field
[0001]
The present disclosure relates to a bias estimation device, a forklift, a

bias estimation method, and a program.

Background Art
[0002]

In position determination of a mobile body such as a forklift,
measurement results of a global positioning system (GPS) and an inertial
measurement unit (IMU) are used, and the position determination results are
combined to achieve high position determination accuracy (for example, Patent
Document 2). However, since the IMU measurement value (acceleration, speed,
angular velocity, and the like) includes a bias, the position determination result
may become rather deteriorated unless the bias is compensated. As an example
of deteriorating the position determination result, even during stopping, the
measurement value of the yaw angular velocity may not become 0 due to a
bias, causing the position determination result indicating that the vehicle body
is rotating.

[0003]

In response to this problem, Patent Document 1 proposes a method of
using the fact that a bias element included in a measurement value can be easily
separated when a mobile body is in a stationary state to estimate a bias by using
a measurement value immediately after activation of the IMU in which there is
a high possibility that the mobile body is stationary and a method of estimating
a bias by using a measurement value of the IMU when it is determined from a
camera image that the vehicle is stationary. However, in an environment for
actually operating the mobile body, there is a possibility that the user operates
the mobile body immediately after activation of the IMU, and thus, it is
insufficient to determine that the mobile body is in a stationary state only on
the condition of being immediately after activation of the IMU. Also in the
stationary determination using a camera, when the camera captures a relatively
distant object, a change in an image (for example, movement amount of a

feature point) becomes small with respect to the motion of a vehicle body, and
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thus, the IMU measurement value may be affected by the vibration of the
vehicle body or the like due to the operation of the worker or the lifting and
lowering of a fork.

[0004]

Patent Document 2 proposes a method of estimating a bias to reduce an
error of a position determination result by comparing a position determination
result using the IMU with a past position determination result from the GPS or
comparing with a position determination result (value obtained by integrating a
position determination result from GPS and a position determination result
from IMU using a Kalman filter) of a system until the position determination
result from the GPS is updated. During movement of a mobile body, change in
the IMU measurement value due to the movement is dominant, and the
influence of a bias is relatively reduced. Therefore, separating the bias from the
IMU measurement value is difficult, and there is a high possibility that the
estimation accuracy is not sufficient as compared with the bias estimation in
the stationary state. However, the technique disclosed in Patent Document 2

estimates the bias regardless of whether the mobile body is stopped or moving.

Citation List
Patent Literature
[0005]
Patent Document 1: WO 2021/157116 A
Patent Document 2: JP 2010-019703 A

Summary of Invention
Technical Problem
[0006]
There is a need for a technique for accurately estimating a bias of an
IMU measurement value regarding position determination of a forklift.
[0007]
The present disclosure provides a bias estimation device, a forklift, a

bias estimation method, and a program that can solve the above problems.

Solution to Problem
[0008]
A bias estimation device of the present disclosure includes a
determination unit configured to determine whether a forklift is stationary

based on a measurement value from a first sensor configured to detect
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information regarding movement of the forklift and a measurement value from
a second sensor configured to detect information regarding a cargo handling
device included in the forklift, an accumulation unit configured to accumulate
an IMU measurement value that is a measurement value from an inertial
measurement unit included in the forklift when the determination unit
determines that the forklift is stationary and stop accumulation of the IMU
measurement value when the determination unit determines that the forklift is
not stationary, and a calculation unit configured to calculate a bias of the IMU
measurement value based on the IMU measurement value accumulated in the
accumulation unit.

[0009]

A forklift of the present disclosure includes a traveling body, a cargo
handling device, the bias estimation device described above, and a positioning
device configured to compensate the IMU measurement value by using the bias
estimation device and determine a position of the forklift based on the IMU
measurement value after compensation.

[0010]

A bias estimation method of the present disclosure includes a step of
repeatedly determining whether a forklift is stationary based on a measurement
value from a first sensor configured to detect information regarding movement
of the forklift and a measurement value from a second sensor configured to
detect information regarding a cargo handling device included in the forklift, a
step of accumulating an IMU measurement value that is a measurement value
from an inertial measurement unit included in the forklift when the forklift is
determined to be stationary in the step of determining, a step of stopping
accumulation of the IMU measurement value when the forklift is determined to
be not stationary in the step of determining, and a step of calculating a bias of
the IMU measurement value based on the IMU measurement value
accumulated.

[0011]

A program of the present disclosure causes a computer to execute a step
of repeatedly determining whether a forklift is stationary based on a
measurement value from a first sensor configured to detect information
regarding movement of the forklift and a measurement value from a second
sensor configured to detect information regarding a cargo handling device
included in the forklift, a step of accumulating an IMU measurement value that
is a measurement value from an inertial measurement unit included in the

forklift when the forklift is determined to be stationary in the step of
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determining, a step of stopping accumulation of the IMU measurement value
when the forklift is determined to be not stationary in the step of determining,
and a step of calculating a bias of the IMU measurement value based on the

IMU measurement value accumulated.

Advantageous Effects of Invention
[0012]
According to the bias estimation device, the positioning device, the
forklift, the bias estimation method, and the program described above, the bias
of an IMU measurement value can be accurately estimated in consideration of

an operation environment of the forklift regarding positioning of the forklift.

Brief Description of Drawings

[0013]

FIG. 1 is a schematic diagram illustrating an example of a forklift
according to a first embodiment.

FIG. 2 is a view illustrating an example of a positioning system
according to the first embodiment.

FIG. 3 is a flowchart illustrating an example of bias estimation
processing according to the first embodiment.

FIG. 4 is a schematic diagram illustrating an example of a forklift
according to a second embodiment.

FIG. 5 is a view illustrating an example of a positioning system
according to the second embodiment.

FIG. 6 is a flowchart illustrating an example of bias estimation
processing according to the second embodiment.

FIG. 7 is a view illustrating an example of a positioning system
according to a third embodiment.

FIG. 8 is a flowchart illustrating an example of bias estimation
processing according to the third embodiment.

FIG. 9 is a view illustrating an example of a positioning system
according to a fourth embodiment.

FIG. 10 is a flowchart illustrating an example of bias estimation
processing according to the fourth embodiment.

FIG. 11 is a schematic diagram illustrating an example of a forklift
according to a fifth embodiment.

FIG. 12 is a view illustrating an example of a positioning system

according to the fifth embodiment.
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FIG. 13 is a flowchart illustrating an example of bias estimation
processing according to the fifth embodiment.
FIG. 14 is a view illustrating an example of a hardware configuration of

the positioning system according to each embodiment.

Description of Embodiments

[0014]
First Embodiment

A bias estimation method of the present disclosure will be described
below with reference to the drawings.
Body Configuration of Forklift

FIG. 1 is a schematic diagram illustrating an example of a forklift
according to the first embodiment.

A manned forklift 1 includes a traveling body 2, a cargo handling device
3, and a computation device 20. The traveling body 2 includes a tire, a driving
device not illustrated, and a steering device, and causes the forklift 1 to travel.
The cargo handling device 3 includes a fork 4 and a lifting and lowering device
5 that lifts and lowers the fork 4, and performs a cargo handling operation by
lifting and lowering a cargo loaded on the fork 4. The traveling body 2 is
provided with an IMU 10, a first encoder 11, and a second encoder 12. The
IMU 10 includes an accelerometer and a gyro sensor, and can detect a moving
speed, acceleration, a moving direction, and a turning direction of the forklift
1. The first encoder 11 is a rotary encoder that detects a rotation speed of a tire
(for example, rear wheel) of the forklift 1. The second encoder 12, which can
detect the movement of the forklift 1 by the measurement value of the first
encoder 11, is a rotary encoder that detects a steering angle of a tire (for
example, front wheel) of the forklift 1. The steering operation of the worker
with respect to the forklift 1 can be detected by the measurement value of the
second encoder 12. The cargo handling device 3 is provided with a lifting
height sensor 13 and a load sensor 14. The lifting height sensor 13 detects a
lifting height position of the fork 4. The load sensor 14 detects the weight of
the cargo loaded on the fork 4. The lifting height sensor 13 and the load sensor
14 can detect a cargo handling operation with the cargo handling device 3, a
change in a cargo loaded on the fork 4, and the like.
[0015]

Unless the measurement value of the first encoder 11 and/or the second
encoder 12 is 0 (including a predetermined range that can be regarded as 0), the

traveling body 2 performs some operation (movement, rotation, or the like),
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and the operation affects the measurement value of the IMU 10 (sometimes
described as an IMU measurement value). When there is a change in the
measurement value of the lifting height sensor 13, the fork 4 is lifted and
lowered. When there is a change in the measurement value of the load sensor
14, there is a possibility that loading or unloading to or from the fork 4 is
performed. In these cases, even if the forklift 1 is not traveling, there is a
possibility that vibration occurs in the vehicle body and affects the IMU
measurement value.

[0016]

Each sensor of the IMU 10, the first encoder 11, the second encoder 12,
the lifting height sensor 13, and the load sensor 14 is connected to the
computation device 20, and the measurement value measured by each sensor is
sent to the computation device 20. The computation device 20 includes a
computer including a processor. The computation device 20 determine a
position (self-position) of the forklift 1 by using the measurement value from
each of the sensors described above.

[0017]
Configuration of Positioning System

FIG. 2 is a view illustrating an example of a positioning system
according to the first embodiment.

As illustrated in FIG. 2, the positioning system 100 includes a
positioning system main body 201, a measurement start determination unit 202,
an IMU measurement value accumulation unit 203, an accumulated sample
number monitoring unit 204, a bias calculation unit 205, a bias update unit 206,
an end determination unit 207, the IMU 10, the first encoder 11, the second
encoder 12, the lifting height sensor 13, and the load sensor 14. Among them,
the positioning system main body 201, the measurement start determination
unit 202, the IMU measurement value accumulation unit 203, the accumulated
sample number monitoring unit 204, the bias calculation unit 205, the bias
update unit 206, and the end determination unit 207 are functions implemented
in the computation device 20.

[0018]

The positioning system main body 201 calculates position information
(determines a position) of the forklift 1 by dead reckoning or the like based on
the measurement value of the IMU 10. At this time, the positioning system
main body 201 compensates the IMU measurement value by subtracting the
bias value updated by the bias update unit 206 from the measurement value of

the IMU 10. When position information is calculated by accumulating the IMU
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measurement value including a bias, the accuracy of the position information
decreases. Therefore, the positioning system main body 201 calculates the
position information based on an accurate IMU measurement value with bias
compensation.

[0019]

The measurement start determination unit 202 confirms that an
unexpected vehicle operation has not occurred during the activation sequence
of the positioning system 100, and determines to start accumulation of the IMU
measurement value. During the activation sequence, operations such as
acquisition confirmation of various sensor values and establishment of
communication with another system are performed. In principle, it is assumed
that the forklift 1 is not moved during the activation sequence. Since it takes
some time to complete the activation sequence, it is possible to acquire the
number of samples sufficient for estimation of the IMU measurement value in a
state where the vehicle is purely stationary. Furthermore, in order to use, for
bias estimation, the IMU measurement value of the time when the vehicle is
reliably not moving, it is also confirmed that an unexpected vehicle operation
does not occur in the forklift 1. The state in which the unexpected vehicle
operation does not occur is, for example, a state in which the values of the first
encoder 11 and the second encoder 12 are not 0, and the measurement values of
the lifting height sensor 13 and the load sensor 14 change. When the forklift 1
is stationary, the IMU measurement value is 0. Therefore, if the IMU
measurement value fluctuates even though the forklift 1 is stationary, the
fluctuation can be recognized as a bias. However, the IMU measurement value
measured during operation of the forklift 1 reflects the operation, and thus, it is
difficult to detect the bias. Therefore, in the present embodiment, the
measurement values of the sensors 11 to 14 other than the IMU 10 are observed
to confirm that the forklift 1 is stationary, and the IMU measurement value
during being stationary is accumulated to estimate the bias when it can be
confirmed that the forklift 1 is stationary. Since it is thought that the forklift 1
is often stationary during the activation sequence of the positioning system
100, the measurement start determination unit 202 confirms that the forklift 1 is
stationary during the activation sequence of the positioning system 100, and
performs accumulation start determination of the IMU measurement value.
[0020]

The IMU measurement value accumulation unit 203 includes a storage
medium such as a memory and a hard disk drive (HDD). When the

measurement start determination unit 202 determines to start accumulation of



10

15

20

25

30

35

40

the IMU measurement value, the IMU measurement value accumulation unit
203 starts accumulation of the measurement value measured by the IMU 10.
When the number of accumulated IMU measurement values becomes equal to
or greater than a threshold (or when the storage area for accumulating the IMU
measurement value becomes full), the IMU measurement value accumulation
unit 203 sequentially deletes from old measurement values to release the
storage area, and preferentially accumulates newly measured IMU measurement
values.

[0021]

The accumulated sample number monitoring unit 204 monitors the
number of IMU measurement values accumulated in the IMU measurement
value accumulation unit 203. When the number of accumulated IMU
measurement values becomes equal to or greater than the threshold, the
accumulated sample number monitoring unit 204 notifies the bias calculation
unit 205 that a sufficient number of samples for estimating the bias of the IMU
measurement values has been obtained.

[0022]

When notified of the accumulation of the sufficient number of samples
from the accumulated sample number monitoring unit 204, the bias calculation
unit 205 calculates an estimation value of the bias of the IMU measurement
value based on the IMU measurement value accumulated in the IMU
measurement value accumulation unit 203. For example, the bias calculation
unit 205 calculates an average of the IMU measurement values accumulated in
the IMU measurement value accumulation unit 203, and uses the average as the
bias. Alternatively, the bias calculation unit 205 may calculate a mode or a
median of the IMU measurement values accumulated in the IMU measurement
value accumulation unit 203, and use the calculated value as the bias.

[0023]

The bias update unit 206 updates the bias value referred to by the
positioning system main body 201 with a new bias value calculated by the bias
calculation unit 205. The bias update unit 206 may be configured to include a
storage medium such as a memory, and may be configured to store the latest
bias calculated by the bias calculation unit 205.

[0024]

The end determination unit 207 controls the end of the processing of
estimating the bias of the IMU measurement value. For example, the end
determination unit 207 confirms that the activation sequence of the positioning

system 100 has ended, that an unexpected operation of the forklift 1 has
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occurred, or that the update of the bias has been completed, and when these can
be confirmed, the end determination unit 207 ends the accumulation of the IMU
measurement value and deletes the IMU measurement values accumulated so
far.

[0025]

Operation

Next, bias estimation processing by the positioning system 100 will be
described with reference to FIG. 3.

FIG. 3 is a flowchart illustrating an example of bias estimation
processing according to the first embodiment.

The measurement start determination unit 202 determines whether the
positioning system 100 is in activation sequence (step S1). For example, when
the worker performs an operation of turning on the power of the forklift 1, the
positioning system 100 is activated, and the activation sequence is executed.
The measurement start determination unit 202 monitors, for example, an
execution log or the like of the activation sequence, and confirms whether the
activation sequence is in execution. If the positioning system 100 is not in the
activation sequence (step S1; False), the bias estimation processing ends. If the
positioning system 100 is in the activation sequence (step S1; True), the
measurement start determination unit 202 determines whether the measurement
value from the first encoder 11 and/or the second encoder 12 is 0 and there is
no change in the measurement value of the lifting height sensor 13 and the
measurement value of the load sensor 14 (step S2). If the measurement value of
the first encoder 11 and/or the second encoder 12 is not 0, or the measurement
value of the lifting height sensor 13 or the measurement value of the load
sensor 14 changes (step S2; False), the bias estimation processing ends.

[0026]

If the measurement value of each sensor satisfies the above condition
(step S2; True), the measurement start determination unit 202 determines to
start accumulation of the IMU measurement value, and instructs the IMU
measurement value accumulation unit 203 to start accumulation of the IMU
measurement value. Then, the IMU measurement value accumulation unit 203
acquires a measurement value from the IMU 10 and accumulates the acquired
IMU measurement value (step S3). The IMU measurement value accumulation
unit 203 writes and stores the IMU measurement value in the storage medium.
While the IMU measurement value accumulation unit 203 accumulates the IMU
measurement value, the end determination unit 207 determines whether the

positioning system 100 is in the activation sequence (step S4). For example, the
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end determination unit 207 monitors the execution log or the like of the
activation sequence, and confirms whether the activation sequence is in
execution. If the positioning system 100 is not in the activation sequence (step
S4; False), the end determination unit 207 deletes the IMU measurement value
accumulated in the IMU measurement value accumulation unit 203 (step S9),
and ends the bias estimation processing. If the positioning system 100 is in the
activation sequence (step S4; True), the end determination unit 207 determines
whether the measurement value from the first encoder 11 and/or the second
encoder 12 is 0 and there is no change in the measurement value of the lifting
height sensor 13 and the measurement value of the load sensor 14 (step S5). If
this condition is not satisfied (step S5; False), the end determination unit 207
deletes the IMU measurement value accumulated in the IMU measurement
value accumulation unit 203 (step S9), and ends the bias estimation processing.
[0027]

If the measurement value of each sensor satisfies the above condition
(step S5; True), the accumulated sample number monitoring unit 204
determines whether the IMU measurement value accumulation unit 203 has
accumulated a sufficient number of IMU measurement values (step S6). For
example, the accumulated sample number monitoring unit 204 compares the
number of IMU measurement values stored in the IMU measurement value
accumulation unit 203 with the threshold, and determines whether a sufficient
number of IMU measurement values is accumulated. If the IMU measurement
values have not been sufficiently accumulated (step S6; False), the processing
in and after step S3 is repeatedly executed. If the IMU measurement values are
sufficiently accumulated (step S6; True), the bias calculation unit 205
calculates the bias (step S7). For example, the bias calculation unit 205
calculates any of the average, the median, and the mode of the IMU
measurement values stored in the IMU measurement value accumulation unit
203. The bias calculation unit 205 outputs the calculated value to the bias
update unit 206. The bias update unit 206 updates the bias of the positioning
system 100 (the bias value referred to by the positioning system main body
201) (step S8). For example, the bias update unit 206 outputs the bias acquired
from the bias calculation unit 205 to the positioning system main body 201.
The positioning system main body 201 compensates the IMU measurement
value using the bias acquired from the bias update unit 206, and performs
positioning of the forklift 1 based on the compensated IMU measurement value.

Next, the end determination unit 207 deletes the IMU measurement value
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accumulated in the IMU measurement value accumulation unit 203 (step S9),
and ends the bias estimation processing.

[0028]

Effects

As described above, the present embodiment determines that the forklift
1 is in the stationary state suitable for bias calculation of the IMU measurement
value by the facts that (1) the positioning system 100 that estimates the self-
position of the forklift 1 is in the activation sequence, that (2) the measurement
value of the first encoder 11 and/or the second encoder 12 that detects the
operation related to movement of the forklift 1 indicates that the forklift 1 is
not in operation (these measurement values become 0), and that (3) the
measurement value of the lifting height sensor 13 and/or the load sensor 14
indicates that the forklift 1 is not in cargo handling operation using the forklift
1 (there is no fluctuation in these measurement values) and performs estimation
of the bias when it is confirmed that the positioning system 100 is activated and
the forklift 1 is stationary (not moving nor in cargo handling operation).
Further confirming that the forklift 1 is stationary during the activation
sequence, which is a situation where the vehicle is stationary in principle then
accumulating the IMU measurement value, and using the data allows the bias to
be estimated with higher accuracy. Estimating the bias with high accuracy can
accurately determine a position of the forklift 1.

[0029]
Second Embodiment

A positioning system 100A according to the second embodiment of the
present disclosure will be described below with reference to FIGS. 4 to 6. In
the first embodiment, the bias is estimated by confirming that the forklift 1 is
not operating during the activation sequence of the positioning system 100. On
the other hand, in the second embodiment, the bias is estimated during the
charging of a forklift 1A by using the fact that there is a high possibility that no
operation occurs in the forklift 1A being charged.

[0030]
Configuration of Forklift

FIG. 4 is a schematic diagram illustrating an example of a forklift
according to the second embodiment.

The forklift 1A is an electric (rechargeable) forklift. The forklift 1A
includes a traveling body 2A, the cargo handling device 3, and a computation
device 20A. The traveling body 2A is provided with a vehicle charging system
15 in addition to the IMU 10 and the like. The vehicle charging system 15
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includes a secondary battery and a charge/discharge circuit. The vehicle
charging system 15 receives power supply from a commercial power source and
charges the secondary battery. The vehicle charging system 15 drives the
forklift 1A by discharging from the secondary battery and supplying the
discharged electric power to each unit. The vehicle charging system 15 is
connected to the computation device 20A. The vehicle charging system 15
notifies the computation device 20A of the charge/discharge state (for example,
notification of charge start or notification of charge end) of the secondary
battery. Next, the computation device 20A will be described with reference to
FIG. 5. Other configurations of the forklift 1A are similar to those of the
forklift 1 of the first embodiment.

[0031]

Configuration of Positioning System

FIG. 5 is a view illustrating an example of a positioning system
according to the second embodiment.

As illustrated in FIG. 5, the positioning system 100A includes the
positioning system main body 201, a measurement start determination unit
202A, the IMU measurement value accumulation unit 203, the accumulated
sample number monitoring unit 204, the bias calculation unit 205, the bias
update unit 206, the end determination unit 207A, and the IMU 10. Among
them, the positioning system main body 201, the measurement start
determination unit 202A, the IMU measurement value accumulation unit 203,
the accumulated sample number monitoring unit 204, the bias calculation unit
205, the bias update unit 206, and the end determination unit 207A are
implemented in the computation device 20A. In the configuration according to
the second embodiment, the same reference numerals are given to the same
components as those of the positioning system 100 according to the first
embodiment, and the description thereof will be omitted. In the present
embodiment, if the forklift 1A is being charged, it is thought that the forklift 1A
does not operate during the charging and that the IMU measurement value
suitable for calculating the bias value can be collected.

[0032]

The measurement start determination unit 202A performs accumulation
start determination of the IMU measurement value based on the notification of
the charge/discharge state from the vehicle charging system 15. For example,
upon receiving a notification of charge start from the vehicle charging system
15, the measurement start determination unit 202A determines to start

accumulation of the IMU measurement value.
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[0033]

The end determination unit 207A performs accumulation end
determination of the IMU measurement value based on the notification of the
charge/discharge state from the vehicle charging system 15. For example, upon
receiving a notification of charge completion from the vehicle charging system
15, the measurement start determination unit 202A determines to end the
accumulation of the IMU measurement value. Alternatively, when the bias is
updated by the bias update unit 206, the measurement start determination unit
202A determines to end the accumulation of the IMU measurement value.
[0034]

Operation

Next, bias estimation processing by the positioning system 100A will be
described with reference to FIG. 6. FIG. 6 is a flowchart illustrating an
example of bias estimation processing according to the second embodiment.

The measurement start determination unit 202A determines whether the
forklift 1A is being charged (step S11). Upon receiving a notification of charge
start from the vehicle charging system 15, the measurement start determination
unit 202A determines that the forklift 1A is being charged. If not being charged
(step S11; False), the bias estimation processing ends. If being charged (step
S11; True), the measurement start determination unit 202A determines to start
accumulation of the IMU measurement value. The measurement start
determination unit 202A instructs the IMU measurement value accumulation
unit 203 to start accumulation of the IMU measurement value. Then, the IMU
measurement value accumulation unit 203 acquires the measurement value
from the IMU 10 and accumulates the acquired IMU measurement value (step
S12). While the IMU measurement value accumulation unit 203 is
accumulating the IMU measurement value, the end determination unit 207A
monitors whether the forklift 1A is being charged (step S13). The measurement
start determination unit 202A determines that charging is being performed until
receiving the notification of charge completion from the vehicle charging
system 15, and determines that charging is not being performed after receiving
the notification of charge completion. If not being charged (step S13; False),
the end determination unit 207A deletes the IMU measurement value
accumulated in the IMU measurement value accumulation unit 203 (step S17),
and ends the bias estimation processing.

[0035]
If being charged (step S13; True), the accumulated sample number

monitoring unit 204 determines whether the IMU measurement value
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accumulation unit 203 has accumulated a sufficient number of IMU
measurement values (step S14). If the IMU measurement values have not been
sufficiently accumulated (step S14; False) the processing in and after step S12
is repeatedly executed. If the IMU measurement values are sufficiently
accumulated (step S14; True), the bias calculation unit 205 calculates the bias
(step S15). For example, the bias calculation unit 205 calculates any of the
average, the median, and the mode of the IMU measurement values stored in
the IMU measurement value accumulation unit 203. The bias calculation unit
205 outputs the calculated value to the bias update unit 206. The bias update
unit 206 updates the bias of the positioning system 100A (step S16). For
example, the bias update unit 206 outputs the latest bias calculated by the bias
calculation unit 205 to the positioning system main body 201. The positioning
system main body 201 compensates the IMU measurement value using the bias
value acquired from the bias update unit 206, and performs positioning of the
forklift 1A. Next, the end determination unit 207A deletes the IMU
measurement value accumulated in the IMU measurement value accumulation
unit 203 (step S17), and ends the bias estimation processing.
[0036]
Effects

As described above, according to the present embodiment, for the
electric forklift 1A, the IMU measurement value is accumulated using the fact
that the vehicle is stationary during charging, and the bias value is calculated.
At the time of charging the forklift 1A, the forklift 1A is highly likely to be in a
stationary state (unexpected situation is less likely to occur) as compared with
during the activation sequence of the positioning system 100A, and therefore,
bias estimation can be more stably performed with high accuracy, and
positioning can be performed with high accuracy.
[0037]

Similar to the first embodiment, the second embodiment may confirm
that the forklift 1A is not in operation (for example, steps S2 and S6 in FIG. 3)
based on the measurement values of the first encoder 11, the second encoder
12, the lifting height sensor 13, and the load sensor 14 and calculate the bias of
the IMU measurement value only when the forklift 1A is being charged and not
in operation.
[0038]
Third Embodiment

A positioning system 100B according to the third embodiment of the

present disclosure will be described below with reference to FIGS. 7 and 8. In
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the first embodiment, the bias is estimated by confirming that the forklift 1 is
not operating during the activation sequence of the positioning system 100. On
the other hand, in the third embodiment, the bias of the IMU measurement
value is estimated unless the forklift 1 is operating regardless of whether the
positioning system 100 is in activation sequence. The configuration of the
forklift according to the third embodiment is similar to that of the forklift 1
according to the first embodiment.

[0039]

Configuration of Positioning System

FIG. 7 is a view illustrating an example of a positioning system
according to the third embodiment.

As illustrated in FIG. 7, the positioning system 100B includes the
positioning system main body 201, a measurement start determination unit
202B, the IMU measurement value accumulation unit 203, the accumulated
sample number monitoring unit 204, the bias calculation unit 205, the bias
update unit 206, an end determination unit 207B, the IMU 10, the first encoder
11, the second encoder 12, the lifting height sensor 13, and the load sensor 14.
Among them, the positioning system main body 201, the measurement start
determination unit 202B, the IMU measurement value accumulation unit 203,
the accumulated sample number monitoring unit 204, the bias calculation unit
205, the bias update unit 206, and the end determination unit 207B are
implemented in a computation device 20B (not illustrated). In the configuration
according to the third embodiment, the same reference numerals are given to
the same components as those of the positioning system 100 according to the
first embodiment, and the description thereof will be omitted.

[0040]

The measurement start determination unit 202B confirms that the
forklift 1 is stationary, and performs accumulation start determination of the
IMU measurement value.

The end determination unit 207B determines to end the accumulation of
the IMU measurement value when the forklift 1 starts some operation. The
other functions are similar to those of the end determination unit 207 of the
first embodiment.

[0041]
Operation

Next, bias estimation processing by the positioning system 100B will be

described with reference to FIG. 8. FIG. 8 is a flowchart illustrating an

example of bias estimation processing according to the third embodiment.
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The measurement start determination unit 202B determines whether the
measurement value from the first encoder 11 and/or the second encoder 12 is 0
and there is no change in the measurement value of the lifting height sensor 13
and the measurement value of the load sensor 14 (step S21). If the
measurement value of the first encoder 11 and/or the second encoder 12 is not
0, or the measurement value of the lifting height sensor 13 or the measurement
value of the load sensor 14 changes (step S21; False), the bias estimation
processing ends.

[0042]

If the measurement value of each sensor satisfies the above condition
(step S21; True), the measurement start determination unit 202B determines to
start accumulation of the IMU measurement value, and instructs the IMU
measurement value accumulation unit 203 to start accumulation of the IMU
measurement value. Then, the IMU measurement value accumulation unit 203
acquires the measurement value from the IMU 10 and accumulates the acquired
IMU measurement value (step S22). While the IMU measurement value
accumulation unit 203 accumulates the IMU measurement value, the end
determination unit 207B determines whether the measurement value from the
first encoder 11 and/or the second encoder 12 is 0 and there is no change in the
measurement value of the lifting height sensor 13 and the measurement value
of the load sensor 14 (step S23). If this condition is not satisfied (step S23;
False), the end determination unit 207B deletes the IMU measurement value
accumulated in the IMU measurement value accumulation unit 203 (step S27),
and ends the bias estimation processing.

[0043]

If the measurement value of each sensor satisfies the above condition
(step S23; True), the accumulated sample number monitoring unit 204
determines whether the IMU measurement value accumulation unit 203 has
accumulated a sufficient number of IMU measurement values (step S24). If the
IMU measurement values have not been sufficiently accumulated (step S24;
False) the processing in and after step S22 is repeatedly executed. If the IMU
measurement values are sufficiently accumulated (step S24; True), the bias
calculation unit 205 calculates the bias (step S25). Next, the bias update unit
206 updates the bias of the positioning system 100B (step S26). The
positioning system main body 201 compensates the IMU measurement value
using the bias updated by the bias update unit 206, and performs positioning of
the forklift 1. Next, the end determination unit 207B deletes the IMU

measurement value accumulated in the IMU measurement value accumulation
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unit 203 (step S27), and ends the bias estimation processing. The series of
processing in steps S21 to S27 may be repeatedly executed while the forklift 1
is in operation.

[0044]

Effects

As described above, the present embodiment can estimate the bias as
long as the forklift 1 is stationary even when the positioning system 100B is
not in the activation sequence. This can perform bias estimation if conditions
are satisfied in another situation even when, for example, the worker performs
some operation on the forklift 1 during the activation sequence and misses an
opportunity of bias estimation. Since the bias of the IMU measurement value
may change with time, even during the operation of the forklift 1, a section in
which the vehicle is highly likely to be stationary is found, and the bias
estimation is performed based on the IMU measurement value measured in the
section, whereby the positioning can be always performed using the (latest)
bias after the change with time.

[0045]

Instead of or in addition to determining whether the forklift 1 is
stationary based on the measurement values of the first encoder 11, the second
encoder 12, the lifting height sensor 13, and the load sensor 14, the
measurement start determination unit 202B and the end determination unit
207B is configured to detect whether a brake is applied to the forklift 1, and the
IMU measurement value may be accumulated to estimate the bias when the
brake is applied. The third embodiment can be combined with any of the first
embodiment and the second embodiment.

[0046]
Fourth Embodiment

A positioning system 100C according to the fourth embodiment of the
present disclosure will be described below with reference to FIGS. 9 and 10.
With the manned forklift 1, there is a case where a worker performs work while
stopping, and in this case, even when the traveling body 2 is stopped, the
motion of the worker may affect the IMU measurement value. Examples of
such motions of the worker include reading of a barcode of a cargo, an in-
vehicle terminal operation of a warehouse management system,
unloading/loading a plurality of cargoes loaded on a pallet, and getting on/off
the forklift 1, and there is a possibility that the vehicle body vibrates or the
orientation changes with each movement. Therefore, in the fourth embodiment,

a sudden change in the measurement value considered to be caused by the
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operation of the worker is detected from the IMU measurement value, and the
IMU measurement values before and after the detection timing are excluded
from the computation target of the bias estimation, thus preventing accuracy
deterioration in the bias estimation. The configuration of the forklift according
to the fourth embodiment is similar to that of the forklift 1 according to the
first embodiment.

[0047]

Configuration of Positioning System

FIG. 9 is a view illustrating an example of a positioning system
according to the fourth embodiment. Although the fourth embodiment can be
combined with any of the configurations of the first to third embodiments, FIG.
9 illustrates a configuration example of being combined with the third
embodiment. As illustrated in FIG. 9, the positioning system 100C includes the
positioning system main body 201, the measurement start determination unit
202B, an IMU measurement value accumulation unit 203C, the accumulated
sample number monitoring unit 204, the bias calculation unit 205, the bias
update unit 206, the end determination unit 207B, the measurement value
sudden change detection unit 208, the IMU 10, the first encoder 11, the second
encoder 12, the lifting height sensor 13, and the load sensor 14. Among them,
the positioning system main body 201, the measurement start determination
unit 202B, the IMU measurement value accumulation unit 203C, the
accumulated sample number monitoring unit 204, the bias calculation unit 205,
the bias update unit 206, and the end determination unit 207B, and the
measurement value sudden change detection unit 208 are implemented on a
computation device 20C (not illustrated). In the configuration according to the
fourth embodiment, the same reference numerals are given to the same
components as those of the positioning system 100 according to the first
embodiment, and the description thereof will be omitted. The measurement
start determination unit 202B and the end determination unit 207B are as
described in the third embodiment.

[0048]

The IMU measurement value accumulation unit 203C has a function of
deleting previous and subsequent data including a sudden change portion of the
IMU measurement value due to the operation of the worker, in addition to the
function described in the first embodiment.

With reference to the IMU measurement value accumulated in the IMU
measurement value accumulation unit 203C, the measurement value sudden

change detection unit 208 detects a sudden change portion from the data of the
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IMU measurement value accumulated, and notifies the IMU measurement value
accumulation unit 203C of the result. The sudden change portion of the IMU
measurement value detected by the measurement value sudden change detection
unit 208 is applicable not only to the operation of the worker but also to the
detection of vibration caused by a sudden stop of the vehicle. The manned
forklift 1 has a high vehicle speed during operation, and some vehicle body
vibration may occur immediately after the vehicle stops. In such situation, no
change may occur in the measurement values of the first encoder 11, the second
encoder 12, the lifting height sensor 13, and the load sensor 14, and for
example, accumulation of the IMU measurement value may be started by the
bias estimation processing described in the third embodiment. However, the
vehicle body actually vibrates, and an influence may appear on the IMU
measurement value. Applying the fourth embodiment can remove data
unsuitable for bias estimation from the IMU measurement value accumulated in
such situation.

[0049]

Operation

Next, bias estimation processing by the positioning system 100C will be
described with reference to FIG. 10. FIG. 10 is a flowchart illustrating an
example of bias estimation processing according to the fourth embodiment.

The measurement start determination unit 202B determines whether the
measurement value from the first encoder 11 and/or the second encoder 12 is 0
and there is no change in the measurement value of the lifting height sensor 13
and the measurement value of the load sensor 14 (step S31). If the
measurement value of the first encoder 11 and/or the second encoder 12 is not
0, or the measurement value of the lifting height sensor 13 or the measurement
value of the load sensor 14 changes (step S31; False), the bias estimation
processing ends.

[0050]

If the measurement value of each sensor satisfies the above condition
(step S31; True), the measurement start determination unit 202B determines to
start accumulation of the IMU measurement value, and instructs the IMU
measurement value accumulation unit 203C to start accumulation of the IMU
measurement value. Then, the IMU measurement value accumulation unit 203C
acquires the measurement value from the IMU 10 and accumulates the acquired
IMU measurement value (step S32). While the IMU measurement value
accumulation unit 203 accumulates the IMU measurement value, the end
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first encoder 11 and/or the second encoder 12 is 0 and there is no change in the
measurement value of the lifting height sensor 13 and the measurement value
of the load sensor 14 (step S33). If this condition is not satisfied (step S33;
False), the end determination unit 207B deletes the IMU measurement value
accumulated in the IMU measurement value accumulation unit 203C (step
S3B), and ends the bias estimation processing.

[0051]

If the measurement value of each sensor satisfies the above condition
(step S33; True), the measurement value sudden change detection unit 208
refers to the IMU measurement value accumulated in the IMU measurement
value accumulation unit 203C (step S34). The measurement value sudden
change detection unit 208 executes a sudden change detection processing of
detecting a sudden change portion from the accumulated data (step S35). The
measurement value sudden change detection unit 208 determines whether the
sudden change portion can be detected (step S36). If failing to detect the
sudden change portion (step S36; False), the process proceeds to step S38.
When the sudden change portion can be detected (step S36; True), the
measurement value sudden change detection unit 208 notifies the IMU
measurement value accumulation unit 203C of information on the sudden
change portion (for example, the start time and the end time of the sudden
change portion). The IMU measurement value accumulation unit 203C deletes
the IMU measurement values at the sudden change portion and before and after
the sudden change portion (a predetermined range before and after the sudden
change portion in time series) from the time-series data of the IMU
measurement value accumulated (step S37).

[0052]

Regarding the processing of steps S35 and S37, for example, the
measurement value sudden change detection unit 208 specifies, as a sudden
change portion, a section including data having a deviation of equal to or
greater than a certain width from the average of the IMU measurement values
in a temporally continuous section in the accumulated data. The IMU
measurement value accumulation unit 203C deletes the IMU measurement
values in the specified section and before and after the specified section (for
example, 0.5 seconds before and after). Alternatively, the measurement value
sudden change detection unit 208 applies a random sample consensus
(RANSAQC) algorithm to the accumulated IMU measurement value data to
determine an outlier and a normal value. The IMU measurement value
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an outlier and the values before and after the IMU measurement value.
Alternatively, the measurement value sudden change detection unit 208 may
construct a model that learns and distinguishes the data not including the
sudden change portion remaining after step S37 and the data deleted in step
S37, and detect the sudden change portion of the IMU measurement value. For
example, the measurement value sudden change detection unit 208 constructs a
model by the k-nearest neighbor algorithm or the like, and determines whether
each piece of data accumulated in the IMU measurement value accumulation
unit 203C is data that belongs to the sudden change portion based on the
learned model. The IMU measurement value accumulation unit 203C deletes
data determined to belong to the sudden change portion and data before and
after the data.

[0053]

Next, the accumulated sample number monitoring unit 204 determines
whether the IMU measurement value accumulation unit 203C has accumulated
a sufficient number of IMU measurement values (step S38). If the IMU
measurement values have not been sufficiently accumulated (step S38; False)
the processing in and after step S32 is repeatedly executed. If the IMU
measurement values are sufficiently accumulated (step S38; True), the bias
calculation unit 205 calculates the bias (step S39). Next, the bias update unit
206 updates the bias of the positioning system 100D (step S3A). The
positioning system main body 201 compensates the IMU measurement value
using the bias updated by the bias update unit 206, and performs positioning of
the forklift 1. Next, the end determination unit 207B deletes the IMU
measurement value accumulated in the IMU measurement value accumulation
unit 203C (step S3B), and ends the bias estimation processing. The series of
processing in steps S31 to S3B may be repeatedly executed while the forklift 1
is in operation.

[0054]
Effects

As described above, according to the present embodiment, it is possible
to avoid the influence of operation of the worker or sudden stop of the forklift
1 on the bias estimation and to estimate the bias more appropriately.

[0055]
Fifth Embodiment

Hereinafter, bias estimation according to the fifth embodiment of the
present disclosure will be described with reference to FIGS. 11 to 13. A main

factor of changing the bias of the IMU measurement value is temperature
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change. In a manned forklift, there is a case of moving back and forth between
a normal temperature region and a freezing/refrigerating warehouse, where a
temperature change is large, and therefore, there is a high possibility that the
bias changes depending on the position of the forklift. Thus, in the fifth
embodiment, the ambient temperature change is detected by using a
thermometer attached to the vehicle body, and the bias is estimated after the
temperature change and when the vehicle is stationary.

[0056]

In the first to fourth embodiments, the bias is estimated if the number of
samples of the IMU measurement values measured when the forklifts 1 and 1A
is determined to be stationary is sufficient. However, in consideration of
limited calculation resources of the computation devices 20 to 20C (in-vehicle
device), a case where it is better to reduce the number of times of execution of
the bias estimation processing is assumed. Thus, in the fifth embodiment, a
series of bias estimation processing is performed only when the temperature
change becomes equal to or greater than a reference, reducing the calculation
load.

[0057]
Configuration of Forklift

FIG. 11 is a schematic diagram illustrating an example of a forklift
according to the fifth embodiment.

A forklift 1D includes a traveling body 2D, the cargo handling device 3,
and a computation device 20D. The traveling body 2D is provided with a
temperature sensor 16. The temperature sensor 16 measures an air temperature
(temperature value) around the forklift 1D. The temperature sensor 16 is
connected to the computation device 20D, and the temperature value measured
by the temperature sensor 16 is sent to the computation device 20D. Other
configurations of the forklift 1D are similar to those of the forklift 1 of the first
embodiment.

[0058]
Configuration of Positioning System

FIG. 12 is a view illustrating an example of a positioning system
according to the fifth embodiment. Although the fifth embodiment can be
combined with any of the configurations of the first to fourth embodiments,
FIG. 12 illustrates a configuration example of being combined with the fourth
embodiment. As illustrated in FIG. 12, the positioning system 100D includes
the positioning system main body 201, a measurement start determination unit

202D, the IMU measurement value accumulation unit 203C, the accumulated
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sample number monitoring unit 204, the bias calculation unit 205, the bias
update unit 206, the end determination unit 207B, the measurement value
sudden change detection unit 208, the temperature value accumulation unit 209,
the temperature change detection unit 210, the IMU 10, the first encoder 11, the
second encoder 12, the lifting height sensor 13, the load sensor 14, and the
temperature sensor 16. Among them, the positioning system main body 201, the
measurement start determination unit 202D, the IMU measurement value
accumulation unit 203C, the accumulated sample number monitoring unit 204,
the bias calculation unit 205, the bias update unit 206, and the end
determination unit 207D, the measurement value sudden change detection unit
208, the temperature value accumulation unit 209, and the temperature change
detection unit 210 are implemented on the computation device 20D. In the
configuration according to the fifth embodiment, the same reference numerals
are given to the same components as those of the positioning system 100
according to the first embodiment, and the description thereof will be omitted.
[0059]

The temperature value accumulation unit 209 is configured to include a
storage medium such as a memory. The temperature value accumulation unit
209 acquires and stores a temperature value from the temperature sensor 16.
The temperature value accumulation unit 209 deletes data in which the time
elapsed from the measurement exceeds a certain time among the accumulated
temperature values.

[0060]

With reference to the time-series temperature value data accumulated in
the temperature value accumulation unit 209, the temperature change detection
unit 210 determines whether the temperature change is equal to or greater than
the reference. For example, the temperature change detection unit 210
determines that a temperature change has occurred when a difference between
an average of recently acquired data (for example, several temperature values
back from the latest temperature value or temperature values acquired in the
latest 1 to 2 seconds) and an average of data acquired before that, of data
accumulated in the temperature value accumulation unit 209, is equal to or
greater than a predetermined standard.

[0061]

Upon confirming that the temperature change is detected by the
temperature change detection unit 210, that bias update is not performed after
the detection, that the measurement value of the first encoder 11 and/or the
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of the lifting height sensor 13 and the load sensor 14 is 0, the measurement
start determination unit 202D determines to start accumulation of the IMU
measurement value.

The end determination unit 207D is similar to the end determination unit
207B of the third embodiment.

[0062]
Operation

Next, bias estimation processing by the positioning system 100D will be
described with reference to FIG. 13. FIG. 13 is a flowchart illustrating an
example of bias estimation processing according to the fifth embodiment.

The temperature value accumulation unit 209 acquires the temperature
value from the temperature sensor 16, and accumulates the temperature value
(step S41). Next, the temperature change detection unit 210 refers to the
accumulated temperature value (step S42). The temperature change detection
unit 210 calculates a temperature change (step S43). Next, the temperature
change detection unit 210 determines whether the temperature change is equal
to or greater than the reference (step S44). If the temperature change is less
than the reference (step S44; False), the bias estimation processing ends. If the
calculated temperature change is equal to or greater than the reference (step
S44; True), the temperature change detection unit 210 notifies the measurement
start determination unit 202D that the temperature change has been detected.
This starts the bias estimation processing. Subsequent processing is similar to
that of the fourth embodiment, and therefore will be briefly described. Upon
acquiring the notification of temperature change detection from the temperature
change detection unit 210, the measurement start determination unit 202D
determines whether the measurement value from the first encoder 11 and/or the
second encoder 12 is 0 and there is no change in the measurement value of the
lifting height sensor 13 and the measurement value of the load sensor 14 (step
S45). If the measurement value of the first encoder 11 and/or the second
encoder 12 is not 0, or the measurement value of the lifting height sensor 13 or
the measurement value of the load sensor 14 changes (step S45; False), the bias
estimation processing ends.

[0063]

If the measurement value of each sensor satisfies the above condition
(step S45; True), the measurement start determination unit 202D determines to
start accumulation of the IMU measurement value, and instructs the IMU
measurement value accumulation unit 203C to start accumulation of the IMU

measurement value. The IMU measurement value accumulation unit 203C



10

15

20

25

30

35

40

25

acquires the measurement value from the IMU 10 and accumulates the acquired
IMU measurement value (step S46). The end determination unit 207D
determines whether the measurement value from the first encoder 11 and/or the
second encoder 12 is 0 and there is no change in the measurement value of the
lifting height sensor 13 and the measurement value of the load sensor 14 (step
S47). If this condition is not satisfied (step S47; False), the end determination
unit 207D deletes the IMU measurement value accumulated in the IMU
measurement value accumulation unit 203C (step S4F), and ends the bias
estimation processing.

[0064]

If the measurement value of each sensor satisfies the above condition
(step S47; True), the measurement value sudden change detection unit 208
refers to the IMU measurement value accumulated in the IMU measurement
value accumulation unit 203C (step S48). The measurement value sudden
change detection unit 208 executes sudden change detection processing (step
S49). The measurement value sudden change detection unit 208 determines
whether the sudden change portion can be detected (step S4A). If the sudden
change portion has not been detected (step S4A; False), the process proceeds to
step S4C. If the sudden change portion can be detected (step S4A; True), the
IMU measurement value accumulation unit 203C deletes data of the sudden
change portion and data before and after the sudden change portion from the
time-series data of the IMU measurement value accumulated (step S4B).
[0065]

Next, the accumulated sample number monitoring unit 204 determines
whether the IMU measurement value accumulation unit 203C has accumulated
a sufficient number of IMU measurement values (step S4C). If the IMU
measurement values have not been sufficiently accumulated (step S4C; False)
the processing in and after step S46 is repeatedly executed. If the IMU
measurement values are sufficiently accumulated (step S4C; True), the bias
calculation unit 205 calculates the bias (step S4D). Next, the bias update unit
206 updates the bias of the positioning system 100D (step S4E). Next, the end
determination unit 207D deletes the IMU measurement value accumulated in
the IMU measurement value accumulation unit 203C (step S4F), and ends the
bias estimation processing. The series of processing in steps S41 to S4F may be
repeatedly executed while the forklift 1D is in operation.

[0066]
Effects
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As described above, according to the present embodiment, by
performing bias estimation and update only at the time of the temperature
change, which is the main factor of the bias change, it is possible to secure the
positioning accuracy while lowering the calculation load.

[0067]

FIG. 14 is a view illustrating an example of the hardware configuration
of the positioning system according to each embodiment.

A computer 900 includes a CPU 901, a main storage device 902, an
auxiliary storage device 903, an input/output interface 904, and a
communication interface 905.

The computation devices 20 to 20D described above are each
implemented on the computer 900. The functions described above are stored in
the auxiliary storage device 903 in a format of a program. The CPU 901 reads
the program from the auxiliary storage device 903, develops the program to the
main storage device 902, and executes the above-mentioned processing in
accordance with the program. The CPU 901 secures a storage area in the main
storage device 902 in compliance with the program. The CPU 901 secures a
storage area for storing data under processing in the auxiliary storage device
903 in compliance with the program.

[0068]

Note that a program for implementing all or some of the functions of the
computation devices 20 to 20D may be recorded in a computer-readable
recording medium, and the program recorded in this recording medium may be
read and executed by a computer system to perform processing by each
functional unit. The "computer system" here includes hardware such as an
operating system (OS) or peripheral equipment. In addition, if a world wide
web (WWW) system is used, the "computer system" also includes a home page
providing environment (or a display environment). The "computer readable
recording medium" refers to a portable medium such as a CD, a DVD, or a
USB, or a storage device such as a hard disk built in a computer system.
Further, when this program is distributed to the computer 900 through a
communication line, the computer 900 receiving the distribution may develop
the program to the main storage device 902, and may execute the above-
mentioned processing. The above-described program may implement part of the
functions described above, and furthermore, also implement the functions
described above in combination with a program already recorded in the
computer system.

[0069]
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In the foregoing, certain embodiments of the present disclosure have
been described, but all of these embodiments are merely illustrative and are not
intended to limit the scope of the invention. These embodiments may be
implemented in various other forms, and various omissions, substitutions, and
alterations may be made without departing from the gist of the invention. These
embodiments and modifications are included in the scope and gist of the
invention and are also included in the scope of the invention described in the
claims and equivalents thereof.

[0070]
Notes

The bias estimation device, the forklift, the bias estimation method, and
the program described in each embodiment are grasped as follows, for example.
[0071]

(1) The bias estimation device (any one of the computation devices 20 to
20D) according to a first aspect includes a determination unit (a respective one
of the measurement start determination units 202 to 202D and a respective one
of the end determination units 207 to 207D) configured to determine whether a
forklift is stationary based on a measurement value from a first sensor (the first
encoder 11 or the second encoder 12) configured to detect information
regarding movement of a respective one of the forklifts 1 to 1D and a
measurement value from a second sensor (the lifting height sensor 13 or the
load sensor 14) configured to detect information regarding a cargo handling
device of the forklift, an accumulation unit (the IMU measurement value
accumulation unit 203 or 203C) configured to accumulate an IMU measurement
value that is a measurement value from an inertial measurement unit (the IMU
10) included in the forklift when the determination unit determines that the
forklift is stationary and stop accumulation of the IMU measurement value
when the determination unit determines that the forklift is not stationary, and a
calculation unit (the bias calculation unit 205) configured to calculate a bias of
the IMU measurement value based on the IMU measurement value accumulated
in the accumulation unit.

This can accurately estimate the bias.

[0072]

(2) The bias estimation device according to a second aspect is the bias
estimation device of (1). The determination unit determines that the forklift is
stationary when a first condition that a measurement value from the first sensor
does not indicate that the forklift is moving and that a measurement value from
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operation is satisfied and determines that the forklift is not stationary when the
first condition is not satisfied.

This can determine with high accuracy whether the forklift is stationary
(third embodiment).

[0073]

(3) The bias estimation device according to a third aspect is the bias
estimation device of (2). The determination unit acquires information on
whether the inertial measurement unit is activated, determines that the forklift
is stationary when the inertial measurement unit is activated and the first
condition is satisfied, and determines that the forklift is not stationary
otherwise.

This can determine with high accuracy whether the forklift is stationary
(first embodiment).

[0074]

(4) The bias estimation device according to a fourth aspect is the bias
estimation device of (1) to (3). The determination unit acquires information on
whether the forklift is being charged, determines that the forklift is stationary
when the forklift is being charged, and determines that the forklift is not
stationary when the forklift is not being charged.

This can determine whether the forklift is stationary (second
embodiment).

[0075]

(5) The bias estimation device according to a fifth aspect is the bias
estimation device of (1) to (4) further includes a sudden change portion
detection unit configured to detect a sudden change portion of the IMU
measurement value accumulated in the accumulation unit. The accumulation
unit deletes, from the IMU measurement value accumulated, the IMU
measurement value of the sudden change portion detected by the sudden change
portion detection unit, and the calculation unit calculates the bias based on the
IMU measurement value after deletion.

This can perform bias estimation excluding data unsuitable for bias
estimation mixed in the IMU measurement values accumulated in the
accumulation unit.

[0076]

(6) The bias estimation device according to a sixth aspect is the bias
estimation device of (1) to (5) further includes a temperature value
accumulation unit configured to accumulate time-series temperature data

regarding an ambient temperature of the forklift and a temperature change



10

15

20

25

30

35

40

29

detection unit configured to detect whether the ambient temperature has
changed by equal to or greater than a reference based on the time-series
temperature data accumulated in the temperature value accumulation unit. The
accumulation unit accumulates the IMU measurement value when the
temperature change detection unit determines that the ambient temperature has
changed by equal to or greater than the reference and the determination unit
determines that the forklift is stationary.

Estimating the bias susceptible to the temperature change only when
there is a temperature change can have the accuracy of the bias while reducing
the calculation load.

[0077]

(7) The bias estimation device according to a seventh aspect is the bias
estimation device of (1) to (6). The first sensor is a sensor that detects a
rotation speed and/or a steering angle of a tire included in the forklift, and the
second sensor is a sensor that detects a lifting height position of a fork included
in the forklift and/or a weight of a cargo loaded on the fork.

This can detect whether the forklift is moving or rotating or whether the
forklift is in cargo handling operation using the forklift and determine whether
the forklift is stationary from both viewpoints.

[0078]

(8) The bias estimation device (the computation device 20B) according
to an eighth aspect includes a determination unit (the measurement start
determination unit 202A or the end determination unit 207A) configured to
acquire information on whether a forklift is being charged, determine that the
forklift is stationary when the forklift is being charged, and determine that the
forklift is not stationary when the forklift is not being charged, an accumulation
unit (the IMU measurement value accumulation units 203 or 203C) configured
to accumulate an IMU measurement value that is a measurement value from an
inertial measurement unit (the IMU 10) included in the forklift when the
determination unit determines that the forklift is stationary and stop
accumulation of the IMU measurement value when the determination unit
determines that the forklift is not stationary, and a calculation unit (the bias
calculation unit 205) configured to calculate a bias of the IMU measurement
value based on the IMU measurement value accumulated in the accumulation
unit.

Performing bias estimation using the fact that the forklift being charged
is stationary can estimate the bias with high accuracy (second embodiment).
[0079]
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(9) The forklift according to a ninth aspect includes the bias estimation
device of (1) to (7), a positioning device (the positioning system main body
201) configured to compensate the IMU measurement value by using the bias
estimation device and determine a position of the forklift, a traveling body, and
a cargo handling device.

[0080]

(10) The bias estimation method according to a tenth aspect includes a
step of repeatedly determining whether a forklift is stationary based on a
measurement value from a first sensor configured to detect information
regarding movement of the forklift and a measurement value from a second
sensor configured to detect information regarding a cargo handling device
included in the forklift, a step of accumulating an IMU measurement value that
is a measurement value from an inertial measurement unit included in the
forklift when the forklift is determined to be stationary in the step of
determining, a step of stopping accumulation of the IMU measurement value
when the forklift is determined to be not stationary in the step of determining,
and a step of calculating a bias of the IMU measurement value based on the
IMU measurement value accumulated.

[0081]

(11) The program according to an eleventh aspect causes the computer
900 to execute a step of repeatedly determining whether a forklift is stationary
based on a measurement value from a first sensor configured to detect
information regarding movement of the forklift and a measurement value from
a second sensor configured to detect information regarding a cargo handling
device included in the forklift, a step of accumulating an IMU measurement
value that is a measurement value from an inertial measurement unit included
in the forklift when the forklift is determined to be stationary in the step of
determining, a step of stopping accumulation of the IMU measurement value
when the forklift is determined to be not stationary in the step of determining,
and a step of calculating a bias of the IMU measurement value based on the

IMU measurement value accumulated.

Reference Signs List
[0082]
100, 100A, 100B, 100C, 100D Positioning system
1, 1A, 1D Forklift
2 Traveling body
3 Cargo handling device
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4 Fork

5 Lifting and lowering device

10 IMU

11 First encoder

12 Second encoder

13 Lifting height sensor

14 Load sensor

15 Vehicle charging system

16 Temperature sensor

20, 20A, 20B, 20C, 20D Computation device

201 Positioning system main body

202, 202B, 202D Measurement start determination unit
203 C IMU measurement value accumulation unit
204 Accumulated sample number monitoring unit
205 Bias calculation unit

206 Bias update unit

207, 207B, 207D End determination unit

208 Measurement value sudden change detection unit
209 Temperature value accumulation unit

210 Temperature change detection unit

900 Computer

901 CPU

902 Main storage device

903 Auxiliary storage device

904 Input/output interface

905 Communication interface
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Claims

[Claim 1]

A bias estimation device, comprising:

a determination unit configured to determine whether a forklift is
stationary based on a measurement value from a first sensor configured to
detect information regarding movement of the forklift and a measurement value
from a second sensor configured to detect information regarding a cargo
handling device included in the forklift;

an accumulation unit configured to accumulate an IMU measurement
value that is a measurement value from an inertial measurement unit included
in the forklift when the determination unit determines that the forklift is
stationary and stop accumulation of the IMU measurement value when the
determination unit determines that the forklift is not stationary; and

a calculation unit configured to calculate a bias of the IMU measurement
value based on the IMU measurement value accumulated in the accumulation

unit.

[Claim 2]

The bias estimation device according to claim 1, wherein the
determination unit determines that the forklift is stationary when a first
condition that a measurement value from the first sensor does not indicate that
the forklift is moving and that a measurement value from the second sensor
does not indicate that the forklift is in cargo handling operation is satisfied and
determines that the forklift is not stationary when the first condition is not

satisfied.

[Claim 3]

The bias estimation device according to claim 2, wherein the
determination unit acquires information on whether the inertial measurement
unit is activated, determines that the forklift is stationary when the inertial
measurement unit is activated and the first condition is satisfied, and

determines that the forklift is not stationary otherwise.

[Claim 4]
The bias estimation device according to any one of claims 1 to 3,
wherein the determination unit acquires information on whether the forklift is

being charged, determines that the forklift is stationary when the forklift is
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being charged, and determines that the forklift is not stationary when the

forklift is not being charged.

[Claim 5]

The bias estimation device according to any one of claims 1 to 4, further
comprising

a sudden change portion detection unit configured to detect a sudden
change portion of the IMU measurement value accumulated in the
accumulation unit, wherein

the accumulation unit deletes the IMU measurement value of the sudden
change portion detected by the sudden change portion detection unit, and

the calculation unit calculates the bias based on the IMU measurement

value remaining after deletion.

[Claim 6]

The bias estimation device according to any one of claims 1 to 5, further
comprising:

a temperature value accumulation unit configured to accumulate time-
series temperature data regarding an ambient temperature of the forklift; and

a temperature change detection unit configured to detect whether the
ambient temperature has changed by equal to or greater than a reference based
on the time-series temperature data accumulated in the temperature value
accumulation unit, wherein

the accumulation unit accumulates the IMU measurement value when
the temperature change detection unit determines that the ambient temperature
has changed by equal to or greater than the reference and the determination unit

determines that the forklift is stationary.

[Claim 7]

The bias estimation device according to any one of claims 1 to 6,
wherein

the first sensor is a sensor that detects a rotation speed and/or a steering
angle of a tire included in the forklift, and

the second sensor is a sensor that detects a lifting height position of a

fork included in the forklift and/or a weight of a cargo loaded on the fork.

[Claim 8]

A bias estimation device, comprising:



10

15

20

25

30

35

40

34

a determination unit configured to acquire information on whether a
forklift is being charged, determine that the forklift is stationary when the
forklift is being charged, and determine that the forklift is not stationary when
the forklift is not being charged;

an accumulation unit configured to accumulate an IMU measurement
value that is a measurement value from an inertial measurement unit included
in the forklift when the determination unit determines that the forklift is
stationary and stop accumulation of the IMU measurement value when the
determination unit determines that the forklift is not stationary; and

a calculation unit configured to calculate a bias of the IMU measurement
value based on the IMU measurement value accumulated in the accumulation

unit.

[Claim 9]
A forklift, comprising:
a traveling body;
a cargo handling device;
the bias estimation device according to any one of claims 1 to 7; and
a positioning device configured to compensate the IMU measurement
value by using the bias estimation device and determine a position of the

forklift based on the IMU measurement value after compensation.

[Claim 10]

A bias estimation method, comprising:

a step of repeatedly determining whether a forklift is stationary based on
a measurement value from a first sensor configured to detect information
regarding movement of the forklift and a measurement value from a second
sensor configured to detect information regarding a cargo handling device
included in the forklift;

a step of accumulating an IMU measurement value that is a
measurement value from an inertial measurement unit included in the forklift
when the forklift is determined to be stationary in the step of determining;

a step of stopping accumulation of the IMU measurement value when
the forklift is determined to be not stationary in the step of determining; and

a step of calculating a bias of the IMU measurement value based on the

IMU measurement value accumulated.

[Claim 11]
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A program that causes a computer to execute:

a step of repeatedly determining whether a forklift is stationary based on
a measurement value from a first sensor configured to detect information
regarding movement of the forklift and a measurement value from a second
sensor configured to detect information regarding a cargo handling device
included in the forklift;

a step of accumulating an IMU measurement value that is a
measurement value from an inertial measurement unit included in the forklift
when the forklift is determined to be stationary in the step of determining;

a step of stopping accumulation of the IMU measurement value when
the forklift is determined to be not stationary in the step of determining; and

a step of calculating a bias of the IMU measurement value based on the

IMU measurement value accumulated.



