DESCRIPTION

TITLE OF THE INVENTION: APPARATUS FOR DETERMINING CENTER OF
GRAVITY POSITION, AND METHOD THEREFOR

TECHNICAL FIELD
[0001]
The present disclosure relates to an apparatus for determining a gravity center

of a cargo loaded on a vehicle, and a method therefor.

BACKGROUND ART
[0002]

A Patent Literature 1 listed below discloses an apparatus for detecting uneven
loading of a cargo loaded on a vehicle by using height sensors installed on left and right
sides of the vehicle. When unevenness of a cargo is detected by the apparatus, a
warning is output against a risk of a rollover of the vehicle.

CITATION LIST
PATENT LITERATURE
[0003]
Patent Literature 1: Japanese Granted Patent Publication No. 4060031

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED
[0004]

In the apparatus disclosed in the Patent Literature 1, it is required to install the
additional height sensors on the right and left sides of the vehicle, respectively, in order
to detect the uneven loading of the cargo.

[0005]

An object of an apparatus and a method for determining a center of gravity
position according to the present disclosure is to determine a center of gravity position
of a vehicle or a cargo loaded on a vehicle, regardless of presence or absence of height
Sensors.

SOLUTION TO PROBLEM
[0006]



An apparatus for determining a center of gravity position according to the
present disclosure includes: a vehicle on which a cargo is loadable; a self-location
detector that acquires self-location data of the vehicle; a turning parameter generator
that calculates a turning parameter based on the self-location data; a steering detector
that detects a steering control value of the vehicle; a memory that stores reference data;
a comparator that compares the turning parameter calculated by the turning parameter
generator and the steering control value detected by the steering detector with the
reference data; and a determiner that determines a center of gravity position of the
vehicle or the cargo based on comparison results of the comparator.

[0007]

In a method for determining a center of gravity position according to the
present disclosure, a center of gravity position of a vehicle on which a cargo is loadable
or that of the cargo is determined. The method includes: constructing relationship
between a steering control value of the vehicle when the cargo is in a predetermined
state, preliminarily; calculating a turning parameter based on an actual self-location
history of the vehicle by using a self-location detection function of the vehicle; and
determining the center of gravity position of the vehicle or the cargo by comparing the
steering control value used for an actual turning and the turning parameter calculated
based on the self-location history with the reference data.

ADVANTAGEOUS EFFECT
[0008]

By the apparatus or the method for determining a center of gravity position
according to the present disclosure, it becomes possible to determine a center of gravity
position of a vehicle or a cargo loaded on a vehicle, regardless of presence or absence of

height sensors.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

[FIG. 1] They are plan views showing relationships between a center of gravity position
of a loaded cargo and turning characteristics of a vehicle, (a) shows a case where the
center of gravity position exists on a side of a turning center (turning inner side), and (b)
shows a case where the center of gravity position exists on a turning outer side.

[FIG. 2] It is a configurational diagram of an apparatus for determining a center of
gravity position according to an embodiment.

[FIG. 3] It is a block diagram of the apparatus for determining a center of gravity
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position.

[FIG. 4] It is an explanatory diagram showing reference data used in the apparatus for
determining a center of gravity position.

[FIG. 5] It is a flowchart of a method for determining a center of gravity position

according to an embodiment.

DESCRIPTION OF EMBODIMENTS
[0010]

Hereinafter, an embodiment will be described with reference to the drawings.
[0011]

In the present disclosure, a center of gravity position of a cargo loaded on a
vehicle (or a center of gravity position of a vehicle) is determined based on relationship
between the center of gravity position of the loaded cargo and turning characteristics of
the vehicle. First, the relationship between the center of gravity position of the loaded
cargo and the turning characteristics of the vehicle is explained with reference to Fig. 1.
Ideally, a center of gravity position G of a cargo loaded on a vehicle 1 should be located
on a front-back center line of the vehicle in a plan view. A turning locus CO for a
given steering control value when the center of gravity position G is on the front-rear
center line is shown in Fig. 1(a) and Fig. 1(b). The turning radius of the turning locus
CO0 is defined as a proper turning radius r0. That is, when the vehicle 1 is turned by
use of the given steering control value while the cargo is properly loaded, the vehicle 1
draws the turning locus CO (a circle having the proper turning radius r0).

[0012]

However, as shown in Fig. 1(a), if the center of gravity position G of the
loaded cargo shifts to a side of the turning center O (the turning inner side), an actual
turning radius rl resulting from the given steering control value becomes smaller than
the proper turning radius r0. On the other hand, as shown in Fig. 1(b), if the center of
gravity position G of the loaded cargo shifts to the turning outer side, an actual turning
radius 12 resulting from the given steering control value becomes larger than the proper
turning radius r0. In other words, the inventor has newly discovered that a center of
gravity position can be determined from turning characteristics. Note that the steering
control value is a value used for a turning control to turn the vehicle 1 (a control to steer
steered road wheels), and is specifically a steering angle of a steering wheel 4a (a
steering angle request value) or a steered angle or a target steered angle of the steered

road wheels (a steering angle control value), or both.



[0013]

In the above explanation of the determination of the center of gravity position
based on the turning -characteristics, a turning parameter indicating turning
characteristics as a result of turning of the vehicle based on the steering control value is
a turning radius (see r0 to r2 in Fig. 1). However, a turning curvature (= 1 / turning
radius), which is a reciprocal of a turning radius, can also be used as a turning parameter
indicating turning characteristics. In the present embodiment to be explained
hereinafter, a case where a turning curvature (= 1 / turning curvature) is used as a
turning parameter will be used as an example. Note that a turning parameter is a
parameter obtained from a vehicle's running path, and is a parameter that indicates
turning characteristics resulting from a steering control using a steering control value
mentioned above for a vehicle. The turning parameter is calculated based on
self-location data of a vehicle acquired by its after-described self-location detector.
[0014]

In the present embodiment, as shown in Fig. 2, a case where the vehicle 1
consists of a trailer 10, on which a loaded cargo 12 is loaded, and a tractor 11, which
tows the trailer 10, is described as an example. The tractor is also referred to as a
trailer head. Although the connected trailer 10 and tractor 11 as a whole may also be
referred to as a trailer, descriptions will be made based on the configuration in which the
trailer 10 and tractor 11 in the connected state comprise the vehicle 1.

[0015]

In addition, in the present embodiment, a case in which the determination of
the center of gravity position is done when the above-mentioned vehicle 1 is operated in
a business site such as a specific factory will be used as an example. For example, the
determination of the center of gravity position is done during in-site running when a
large product manufactured at the factory is loaded on the trailer 10 and shipped from
the factory (or during in-site running after an arrival at the factory). In the site like this,
a running speed of a large vehicle is limited to 5 km/h or less, or 10 km/h or less, etc., so
the running speed can be treated as known (or, an influence to a turning radius caused
by the running speed can be ignored).

[0016]

Note that, even also during running on public roads, there is a case where a
running route may be predetermined and a vehicle speed may be treated as a known
parameter (or its influence can be ignored) when transporting a large loaded cargo at

night with traffic control and traffic management. A large loaded cargo includes, for
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example, a train car, part of an aircraft or a rockets, and part of a bridge. Such a large
loaded cargo often tends to become unstable when loaded on a trailer (vehicle), and
thereby the determination of a center of gravity position according to the present
embodiment is advantageous. And, even also in such a case where a running route is
known and a vehicle speed can be treated as a known parameter (or its influence on
turning characteristics can be ignored), the determination of a center of gravity position
can be done similarly to the above-mentioned in-site running (which may include
running by autonomous driving).

[0017]

In addition, it is assumed here that the in-site running is done by autonomous
driving. Since not only a running speed but also a running route can be specified in
the site, it is easier to introduce autonomous driving than on public roads. Furthermore,
since it is easier to create a detailed three-dimensional map (or even a two-dimensional
map) of a running route in the site, it is easier to introduce autonomous driving.
Furthermore, since roads in the site are not public roads and they may be exempt from
the Road Traffic Law, it is easier to introduce autonomous driving. The apparatus and
method for determining a center of gravity position of the present disclosure are very
useful for such an autonomous driving in a site.

[0018]

Fig. 2 shows a configurational diagram of an apparatus for determining a
center of gravity position according to the present embodiment. As described above,
the vehicle 1 consists of the tractor 11 and the trailer 10, and the trailer 10 is loaded with
a container as the loaded cargo 12. The driving type of the vehicle 1 can take any type,
such as an internal combustion engine vehicle (ICV), an electric vehicle (BEV/FCEV),
or a hybrid electric vehicle (HEV). Packages are usually loaded in the container so
that the center of gravity of whole of them is on a front-back center line of the vehicle 1.
However, if a cargo shift occurs inside the container, the center of gravity of the loaded
cargo 12 may shift. The apparatus for determining a center of gravity position is
equipped with sensors that detect various parameters indicating conditions of the
vehicle 1 and so on and a controller 2 that controls the determination of a center of
gravity position. The controller 2 is a computer and includes a CPU and a memory 21
in which a program for determining a center of gravity and so on are stored. The
controller 2 may be a controller integrated with other systems installed on the vehicle 1,

and the controller 2 of the present embodiment also controls the autonomous driving.
[0019]



The vehicle 1 includes a speed sensor 3, a steering angle sensor 4, an
accelerator pedal stroke sensor 5 and a brake pedal stroke sensor 6 as sensors that detect
the various parameters indicating the conditions, and these sensors are connected to the
controller 2. Note that these sensors may be connected to the controller 2 via a
controller of another system (e.g., engine ECU, ABS/VSC-ECU or the like). That is,
the detected values of these sensors may be supplied to the controller 2 via the
controller of the other system.

[0020]

The speed sensor 3 detects an actual running speed of the vehicle 1 (actual
vehicle speed) from rotations of an axle shaft of the tractor 11. Note that the actual
vehicle speed may be obtained based on detection results of a self-location detector (a
self-location history) described below (in this case, the self-location detector and the
controller 2 configure the speed sensor). The steering angle sensor 4 detects a steering
angle of the steering wheel 4a (a steering angle request value). In the present
embodiment, relationship between the steering angle of the steering wheel 4a (the
steering angle request value) and the steered angle of the steered road wheels (the
steering angle control value) is controlled in a one-to-one relationship in a situation for
determining a center of gravity position. The steering angle sensor 4 is a steering
detector that detects a control values relating to the steering control (the steering control
values) such as the steering angle request value or the steering angle control value.
[0021]

For example, when a steer-by-wire system is used for an autonomous driving
control or a vehicle stability control (VSC), there may be a case where the steering
angle request value and the steering angle control value don't have a one-to-one
relationship. If an autonomous driving system, instead of a driver, controls steering of
the vehicle 1, the driver does not operate the steering wheel 4a, so that no steering angle
request value exists and the autonomous driving system determines the steering angle
control value to steer the steered road wheels. In addition, if the vehicle stability
control calculates the steering angle control value by correcting the steering angle
request value, the steering angle request value and the steering angle control value are
not fixed in a one-to-one relationship. However, since the steering angle control value
can be calculated based on the steering angle request value when the steering angle
request value exists, the steering angle control value can be obtained from the steering

angle request value.
[0022]



Note that a complete steer-by-wire system is not adopted in the vehicle 1 of the
present embodiment and the steered road wheels are controlled so as to be steered by
the steering angle control value using an actuator 13 of the power steering system
during the autonomous driving (the steering wheel also turns). Therefore, the steering
angle control value can also be directly detected by detecting a state of the actuator 13.
For example, if the actuator 13 is a servo motor, its control state can be detected, so the
steering angle control value can also be directly detected. In the present embodiment,
the actuator 13 of the power steering system functions as a turning controller that
controls the turning motion of the vehicle 1.

[0023]

In addition, a speed-responsive variable gear ratio steering (VGS) system or a
four-wheel steering (4WS) system may be adopted to improve vehicle maneuverability
at low speeds. The VGS system is a system that increases a ratio of the steered angle
of the steered road wheels (the steering angle control value) to the steering angle of the
steering wheel (the steering angle request value), i.e., a gear ratio at low speeds
(variably controls the ratio depending on the vehicle speed). The steered road wheels
are steered more in relation to the steering angle of the steering wheel at low speeds
than at high speeds, and thereby the vehicle maneuverability can be improved. In
addition, since rear wheels are steered to an opposite side with respect to the front
wheels (steered road wheels) at low speeds in the 4WS system, the vehicle
maneuverability can be improved. Unlike passenger cars, a vehicle consisting of a
tractor and a trailer or a truck often have four or more wheels, but it is called as the 4WS
system here including such a case.

[0024]

Since the steering angle control value is calculated based on the steering angle
request value when the steering angle request value exists in these cases, the steering
angle control value can be obtained from the steering angle request value. In the
present embodiment, determination of a center of gravity position is done based on the
steering angle request value. Even when these auxiliary systems are integrated into the
steering system, the above-mentioned steering detector (the steering angle sensor 4 in
the present embodiment) is a sensor that detects a control value relating to the steering
control (a steering control value). The steering control value is the steering angle
request value or the steering angle control value, alternatively both of them.

[0025]



The accelerator pedal stroke sensor 5 is a sensor that detects an operated stroke
of the accelerator pedal (a driving force request value). Similar to the steering angle
sensor 4 described above, when an accelerator-by-wire system or the VSC system is
used, the driving force request value and the driving force control value may not be
fixed in a one-to-one relationship. There is a case, when a hybrid system is adopted,
where the driving force may be generated by an internal combustion engine and a motor
in response to the driving force request value, and the driving force control value may
be set separately for each. If an autonomous driving system, instead of a driver,
controls driving of the vehicle 1, the driver does not operate the accelerator pedal, so no
driving force request value exists and the autonomous driving system determines the
driving force control value to drive the vehicle 1. However, similarly here, since the
driving force control value is calculated based on the driving force request value when
the driving force request value exists, a braking force control value can be obtained
from a braking force request value.

[0026]

The brake pedal stroke sensor 6 is a sensor that detects an operated stroke of
the brake pedal (a braking force request value). Similar to the steering angle sensor 4
and the accelerator pedal stroke sensor 5 described above, when a brake-by-wire system,
the ABS system or the VSC system is used, the braking force request value and the
braking force control value may not be fixed in a one-to-one relationship. There is a
case, when a hybrid system is adopted, where the braking force may be generated by a
fluid pressure brake (an oil pressure brake or an air brake) and a regenerative power
generation brake with respect to the braking force request value, and the braking force
control value may be set separately for each. If an autonomous driving system, instead
of a driver, controls driving of the vehicle 1, the driver does not operate the brake pedal,
so no braking force request value exists and the autonomous driving system determines
the braking force control value to run the vehicle 1. However, similarly here, since the
braking force control value is calculated based on the braking force request value when
the braking force request value exists, the braking force control value can be obtained
from the braking force request value.

[0027]

As mentioned above, the autonomous driving system installed in the vehicle 1
is controlled by the controller 2. Therefore, various actuators for automatically
controlling the steering of the steered road wheels and the driving/braking of the vehicle

1 can also be controlled by the controller 2. The controller 2 controls these actuators



(e.g., the above-mentioned actuator 13 of the power steering system) during the
autonomous driving. In addition, the autonomous driving system also has a
self-location detection function for the vehicle 1 as part of its system. Specifically, the
autonomous driving system has the self-location detector that uses a GPS system (a
GPS antenna 7) and a gyro sensor (an inertial sensor) 8 together. That is, the GPS
system (the GPS antenna 7), the gyro sensor 8 and the controller 2 configures the
self-location detector that detects the self-location of the vehicle 1. The self-location
data of the vehicle is acquired by the self-location detector.

[0028]

Note that the term GPS used here is uses as a term that refers to not only the
U.S. satellite positioning system but also satellite positioning systems in general. In
addition, this also includes systems that use multiple satellite positioning systems
simultaneously (e.g., simultaneous use of the U.S. GPS, the Russia's GRONASS, and
the Japan's MICHIBIKI). Furthermore, if no autonomous driving system is installed in
the vehicle but such a navigation system is installed, the apparatus for determining a
center of gravity position can utilizes the self-location detection function of the
navigation system.

[0029]

Furthermore, the autonomous driving system (the controller 2 of the vehicle 1)
in the present embodiment includes a communication function (a communication
antenna 9a) to communicate with an operation management system 9, and the controller
2 sends-to and receives-from the various running-related data via wireless
communication with the operation management system 9. For example, the
running-related data includes reference data (a judgment map) as described below,
operation data such as a running route and a running speed for the autonomous driving,
specifications of the vehicle 1, specifications of the loaded cargo 12 and so on. The
specifications of the vehicle 1 include weights, dimensions, center of gravity positions
of the tractor 11 and trailer 10, and so on. The specifications of the loaded cargo 12
include its weight, its dimensions, its center of gravity position, and so on.

[0030]

The controller 2 can receive the operation data and the reference data via the
operation management system 9 (the communication antenna 9a) and store them in its
internal memory 21. Note that the operation management system 9 in the present
embodiment communicates wirelessly with the vehicle 1, but it may also communicate

wired. In the case of wired communication, data are sent and received using a



connecting cable before the start of operation, and then the connecting cable is removed.
Alternatively, data may also be exchanged via a storage medium or the like without
communication.

[0031]

Fig. 3 shows a block diagram of circumferences of the controller 2. As
shown in Fig. 3, the controller 2 is connected to the above-mentioned sensors. In
addition, the controller 2 also has a turning parameter generator 20, a comparator 22, a
determiner 23 and a compensator 24 in addition to the above-mentioned memory 21.
The turning parameter generator 20 calculates the turning parameter (the turning
curvature in the present embodiment) based on the self-location data detected by the
above-mentioned self-location detector. The comparator 22 compares the turning
parameter (the turning curvature) calculated by the turning parameter generator 20 and
the steering control value (the steering angle request value in the present embodiment)
detected by the steering angle sensor (the steering detector) 4 with the reference data
described below.

[0032]

The determiner 23 determines the center of gravity position of the cargo 12 (or
the center of gravity position of the vehicle 1 with the cargo 12 loaded) based on the
comparison results of the comparator 22. The determination of the center of gravity
position means determining what the actual center of gravity position is in relation to
the center of gravity position when the cargo is loaded in the vehicle 1 in a
predetermined state (e.g., in a proper loading state). The compensator 24 compensates
an input to the turning controller (the actuator 13 of the power steering system) based on
the comparison results by the comparator 22. The turning parameter generator 20, the
comparator 22, the determiner 23 and the compensator 24 are realized by the program
for determining a center of gravity, the CPU that executes the program and so on that
are described above.

[0033]

Here, the reference data will be explained with reference to Fig. 4. The
reference data are data that indicates the relationship between the turning parameter (the
turning curvature) and the steering control value (the steering angle) when the cargo 12
is in a predetermined state, and are the determination map that is referred to when
determining the center of gravity position. That is, the reference data store the
relationships between the steering angle and the turning curvature in a state where the

vehicle 1 turns at a certain turning curvature while the steering wheel 4a of the vehicle 1
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with the cargo 12 loaded is steered at a certain steering angle. In the present
embodiment, the running speed (vehicle speed) is known as described above, and the
determination of the center of gravity position is done when the vehicle 1 is running at
the speed.

[0034]

Fig. 4 shows the relationship between the steering angle and turning curvature
when the center of gravity of the cargo 12 is in the proper state as a straight line Rf
(reference determination line). If the center of gravity of the cargo 12 is shifted by x
(>0) meters to the turning outer side, the turning characteristic (the turning curvature)
changes as shown in Fig. 1 and thereby its relationship between the steering angle and
the turning curvature is shown as a straight line 6ol. Similarly, if the center of gravity
of the cargo 12 is shifted by x meters to the turning inner side, its relationship between
the steering angle and the turning curvature is shown as a straight line dil. If the
center of gravity of the cargo 12 is shifted by y (>x) meters to the turning inner side, its
relationship between the steering angle and the turning curvature is shown as a straight
line 6i2.

[0035]

Note that the steering angle for right turns is shown as positive and that for left
turns is shown as negative in Fig. 4. Although only the four relationship lines are
shown in Fig. 4, more relationship lines are defined for each relationship between the
steering angle and the turning curvature. However, even if the reference data contains
at least the reference determination line Rf, it is possible to determine whether the
center of gravity is shifted or not. In such a case, it is also possible to calculate and
estimate the shift of the center of gravity position based on the deviation of the detected
actual steering angle and the obtained actual turning curvature from the reference
determination line Rf. In addition, the relational lines between the steering angle and
the turning curvature are all shown as straight lines in Fig. 4, but they may be also
shown as curve lines. Furthermore, if the towed trailer 10 or the cargo 12 changes, the
reference data to be referred will also change of course. The reference data (the
determination maps) like these are preliminarily constructed and stored in the memory
21 of the controller 2 before the vehicle 1 runs with the cargo 12 loaded.

[0036]

The above-mentioned devices (sensors) in the present embodiment are

equipment that the vehicle 1 is normally equipped with, except for the controller 2. In

particular, in the present embodiment, functions of the controller for autonomous
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driving are integrated into the controller 2 for determining a center-of-gravity position.
That is, the apparatus (method) for determining a center of gravity position of the
present embodiment is operated by utilizing the existing devices in the vehicle 1.

[0037]

A method for determining a center of gravity position of a cargo using the
apparatus for determining a center of gravity position having the above-described
configuration will be described with reference to a flowchart in Fig. 5. As described
above, the relationship between the steering control value (the steering angle of the
steering wheel 4a detected by the steering angle sensor 4, i.e., the steering angle
requested value in the present embodiment) and the turning curvature relative to the
steering control value is preliminarily constructed as the reference data (the
determination map) (step S0). The above-mentioned running-related data including
the reference data is stored in the memory 21 of the controller 2 via the operation
management system 9 (the communication antenna 9a) before running the vehicle 1
(step S1). The running-related data also includes the specifications of the vehicle 1
and the cargo 12 as described above, but the specifications of the tractor 11 is invariant
and the specifications of the tractor 11 may be stored in the memory 21 as default.
[0038]

Then, while the vehicle 1 is actually running (turning), the self-location history
is stored as the self-location data by the controller 2 using the self-location detection
function (devices: the GPS system including the GPS antenna 7 and the gyro sensor 8)
(step S2). The steering angle of the steering wheel 4a (the steering control value)
during this turning is also detected by the steering angle sensor (steering detector) 4.
That is, multiple self-locations during turning (the self-location data) and the steering
angles at those times are stored. Next, based on the multiple self-locations during
turning (the self-location data), the turning parameter generator 20 calculates the actual
turning curvature (the actual turning parameters) (step S3). The actual turning
curvature is obtained from the approximated actual turning radius got through a circular
approximation by the least-squares method using the multiple self-locations.

[0039]

Next, the comparator 22 compares the actual turning curvature (the actual
turning parameter) and the steering angle (the steering control value) with the reference
data (step S4). Specifically, the actual turning characteristics based on the actual
steering angle and the actual turning curvature are plotted on the reference data (the

determination map) as shown by a point P in Fig. 4. As a result of this comparison, a
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schematic determination can be made about the center of gravity position of the trailer
10 with the cargo 12 loaded. Specifically in the case of the point P in Fig. 4, it can be
determined that the shift of the center of gravity position of the trailer 10 with the cargo
12 loaded is more than x meters (the relationship line dil) and less than y meters (the
relationship line 8i2) to the turning outer side relative to the proper state.

[0040]

In the present embodiment, the interpolation process is done with respect to
this schematic determination to make a more accurate determination. Since the
specifications of the trailer 10 and the cargo 12 are stored in the memory 21, the
determiner 23 estimates (determines) the shift of the center of gravity position based on
the deviation between the point P and the relational lines 6il and 6i2 through calculation
using this data (step S5). For example, if x = 0.25 meters and y = 0.50 meters with
respect to point P, the interpolation process estimates that the center of gravity position
is displaced 0.38 meters to the turning outer side.

[0041]

The center of gravity position estimated in the step S5 is the center of gravity
position of the trailer 10 with the cargo 12 loaded. In the present embodiment, from
this center of gravity position, the determiner 23 estimates (determines) the center of
gravity position of the cargo 12 only (step S6). Since the specifications of the trailer
10 are stored in memory 21 as described above, the determiner 23 estimates
(determines) the center of gravity position of the cargo 12 through calculation using this
data.

[0042]

Note that the process may be terminated when the center of gravity position of
the entire vehicle 1 with the cargo 12 loaded is estimated (determined) in step S4.
Alternatively, the center of gravity position of only the cargo 12 may be estimated
(determined) based on the center of gravity position of the entire vehicle 1 with the
cargo 12 loaded after estimating (determining) the center of gravity position of the
entire vehicle 1.  Since the specifications of the vehicle 1 (the tractor 11 and the trailer
10) are stored in the memory 21 also in this case, the center of gravity position of the
cargo 12 can be estimated (determined) through calculation using this data.

[0043]

As described above, the vehicle 1 can be driven autonomously, and the

autonomous driving is controlled by the controller 2. In the present embodiment,

based on the comparison results of the above-mentioned comparator 22, i.e., based on
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the determined shift of the center of gravity position, the compensator 24 of the
controller 2 compensates the input to the actuator 13 of the power steering system (the
turning controller) so as to eliminate the shift. Since this compensation compensates
the steered angle of the steered road wheels so that the turning curvature (radius) during
turning becomes the proper turning curvature (radius), the vehicle 1 can be turned
accurately.

[0044]

In the above embodiment, the case in which the determination of the
center-of-gravity position is done during in-site turning such as a business site is
explained as an example, and the vehicle speed is treated as a known parameter (or its
influence on turning characteristics can be ignored). That is, the reference data (the
determination map) is created under the condition that the vehicle speed of the vehicle 1
is constant. This prevents the reference data from becoming complex and enables
accurate determination of the center of gravity position. However, the apparatus and
method of the present disclosure can also be applied when running on public roads
where a vehicle speed changes in sequence, and, in such cases, determination of a center
of gravity position based on turning characteristics can be done by treating the vehicle
speed as a parameter as well. In this case, the appropriate turning curvature (radius)
may change depending on the steering control value and the vehicle speed. In such a
case, the reference data (the determination map) may be constructed in consideration of
the vehicle speed as well.

[0045]

In addition, the memory 21 stores multiple reference data (Rf, dil, 4i2, o1 and
so on) corresponding to different center of gravity positions as shown in Fig. 4. This
allows a quicker determination of a center of gravity position. Note that it is also
possible to omit the above-mentioned interpolation process by creating the reference
data in more detail. However, more detailed creation of the reference data requires
more time for conformity work or the like, and thus more man-hours are needed.
Therefore, the man-hours required to create the reference data are reduced by using the
interpolation process in the present embodiment.

[0046]

Conversely, it is also possible to define only the reference determination line
Rf in the reference data (the determination map) and to obtain the shift of the center of
gravity position by the interpolation process based only on the reference determination

line Rf as described above. However, if the memory 21 stores multiple reference data
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(Rf, 611, 312, 6ol and so on) corresponding to different center of gravity positions as in
the present embodiment, computational load can be reduced and a center of gravity
position can be determined more accurately.

[0047]

The reference data (the determination map) is preliminarily constructed before
the determination of the center of gravity position. The construction is done by
modeling the vehicle 1 (trailer 10 and tractor 11) and the cargo 12 and then executing
simulation and so on. However, data that are acquired during actual driving of the
vehicle 1 for which the center of gravity position of the cargo 12 has been confirmed to
be appropriate, may be used to construct the reference data. That is, the reference data
can be constructed during actual driving of the vehicle 1. In this case, a program for
constructing the reference data is stored in the memory 21 of the controller 2, and the
controller 2 constructs the reference data using this program. In this way, the reference
data can be constructed efficiently.

[0048]

The data for constructing the reference data (the determination map) can be
acquired by the sensors installed in the vehicle (e.g., the speed sensor 3, the
self-location detector and the steering detector) and is independent of whether or not a
vehicle height sensors are present. Therefore, the reference determination line Rf
shown in Fig. 4 can be obtained using data acquired during actual driving of the vehicle
1 for which the center of gravity position of the cargo 12 has been confirmed to be
appropriate. Then, based on the reference determination line Rf, other relation lines
(611, di2, 00l and so on) are defined through simulation or the like. Of course, it is
also possible to obtain other relation lines by running the vehicle 1 with the center of
gravity position of the cargo 12 shifted intentionally. Alternatively, the reference
determination line Rf itself may also be obtained by simulation or the like.

[0049]

In a case of creating the reference data (the determination map) by using actual
driving of the vehicle 1 in this way, it should be confirmed that the center of gravity
position of the cargo 12 is appropriate when the vehicle 1 is driven. To confirm this,
for example, it may be considered that an operator measures an actual center of gravity
position after loading the cargo 12 onto the vehicle 1 to confirm that it is appropriate.
If the specifications of the cargo 12 are clearly known, it may be possible to determine
the center of gravity position without measurement.

[0050]
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Alternatively, it may be possible that the center of gravity position of the cargo
12 is confirmed to be in the proper position by checking the loading condition with a
camera after the cargo 12 is loaded onto the vehicle 1. If the specifications of the
cargo 12 are clearly known, it can be confirmed that its center of gravity position is
appropriate only by checking with a camera in this way. Alternatively, it may be
possible to confirm that the center of gravity position is appropriate by measuring the
weight acting on each road wheels using an axle weight meter or the like after the cargo
12 is loaded onto the vehicle 1.

[0051]

As mentioned above, the various devices (sensors) for determining the center
of gravity position in the present embodiment are equipment that vehicles are normally
equipped with. Although the present embodiment is equipped with the autonomous
driving system and the operation management system 9, these are not essential for
determination of a center of gravity position. If the vehicle 1 is equipped with a
navigation system, the self-location detection function of the navigation system can be
used for determination of a center of gravity position. That is, according to the present
embodiment, the center of gravity position of the cargo loaded on the vehicle (or that of
the vehicle) can be determined regardless of whether the vehicle is equipped with height
Sensors or not.

[0052]

Note that the turning curvature is used as the turning parameter in the above
embodiment. However, since the turning curvature is the reciprocal of the turning
radius, the turning radius may also be used as a turning parameter. In other words,
detecting the turning curvature is equivalent to detecting the turning radius. That is, in
the present disclosure, detecting the actual turning curvature is equal to detecting the
actual turning radius. Similarly, the reference data (the determination map) that stores
the relationship between the steering control value and the turning radius is equivalent
to the determination map that stores the relationship between the steering control value
and the turning curvature.

[0053]

Note that a parameter that includes a running distance and a change in running
direction in a pair may also be used as a turning parameter. In other words, a
parameter that can determine (approximatively) what kind of a curved line is drawn by a
running locus can be used as a turning parameter.

[0054]
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In addition, the GPS antenna 7 and the gyro sensor 8 are used as the
self-location detector in the above embodiment, but the self-location detector is not
limited to this. For example, if the vehicle 1 is equipped with a SLAM (Simultaneous
Localization And Mapping) system as part of the autonomous driving function, this
SLAM system can also be used as the self-location detector. Alternatively, it is easy to
establish roadside-to-vehicle communication by installing markers or communication
devices along running road as long as in-site such as business site, and facilities
including these devises can be adopted as the self-location detector.

[0055]

In addition, the vehicle 1 in the above embodiment consisted of the trailer 10
with the cargo 12 loaded and the tractor 11 towing this trailer 10. Although the trailer
10 can swing with respect to the tractor 11 in a plan view, the vehicle 1 in which the
self-location detector is installed can be a truck in which such swinging cannot occur.
Even with trucks, it is possible to determine a center of gravity position using the
turning characteristics described above. Note that the center of gravity position of the
cargo 12 is determined based on the center of gravity position of the trailer 10 with the
cargo 12 loaded in the above-described embodiment. However, the center of gravity
position of the entire vehicle with the cargo 12 loaded (the tractor 11 + the trailer 10 +
the cargo 12) may be determined. If the vehicle 1 is a truck or other vehicle that has
no part that is towed, such as the trailer 10, there is not much difference whether the

center of gravity position of the vehicle 1 or the center of gravity position of the cargo is

determined.

EXPLANATIONS OF REFERENCE SIGNS
[0056]

1 vehicle

2 controller (self-location detector)

20 turning parameter generator

21 memory

22 comparator

23 determiner

24 compensator

3 speed sensor

4 steering angle sensor (steering detector)
7 GPS sensor (self-location detector)

8 gyro sensor (self-location detector)
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12 cargo

13 actuator (of power steering system) (turning controller)
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CLAIMS

[Claim 1]

An apparatus for determining a center of gravity position, the apparatus
comprising:

a vehicle on which a cargo is loadable;

a self-location detector that acquires self-location data of the vehicle;

a turning parameter generator that calculates a turning parameter based on the
self-location data;

a steering detector that detects a steering control value of the vehicle;

a memory that stores reference data;

a comparator that compares the turning parameter calculated by the turning
parameter generator and the steering control value detected by the steering detector with
the reference data; and

a determiner that determines a center of gravity position of the vehicle or the

cargo based on comparison results of the comparator.

[Claim 2]

The apparatus for determining the center of gravity position according to claim
1,

wherein the vehicle includes a turning controller that controls a turning motion,
and

wherein the apparatus for determining the center of gravity position further
comprises a compensator that compensates an input to the turning controller based on

the comparison results.

[Claim 3]

The apparatus for determining the center of gravity position according to claim
lor2,

wherein the reference data are data that indicate relationship between the
turning parameter and the steering control value when the cargo is in a predetermined

state.

[Claim 4]
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The apparatus for determining the center of gravity position according to any
one of claims 1 to 3,
wherein the reference data is created under a condition where a speed of the

vehicle is constant.

[Claim 5]

The apparatus for determining the center of gravity position according to any
one of claims 1 to 4,

wherein the memory stores a plurality of reference data corresponding to

different center of gravity positions.

[Claim 6]

The apparatus for determining the center of gravity position according to any
one of claims 1 to 5,

wherein the turning parameter generator calculates a turning curvature or a

turning radius as the turning parameter.

[Claim 7]

A method for determining a center of gravity position of a vehicle on which a
cargo is loadable or of the cargo, the method comprising:

constructing relationship between a steering control value of the vehicle when
the cargo is in a predetermined state, preliminarily;

calculating a turning parameter based on an actual self-location history of the
vehicle by using a self-location detection function of the vehicle; and

determining the center of gravity position of the vehicle or the cargo by
comparing the steering control value used for an actual turning and the turning

parameter calculated based on the self-location history with the reference data.

[Claim 8]

The method for determining the center of gravity position according to claim 7,

wherein the reference data is constructed by treating also a speed of the vehicle
as a parameter, and

wherein the steering control value used for the actual turning, the turning
parameter calculated based on the self-location history and a detected actual speed of

the vehicle are compared with the reference data.
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[Claim 9]

The method for determining the center of gravity position according to claim 7
or 8§,

wherein the reference data is constructed during an actual running of the

vehicle.
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