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DESCRIPTION 

 

TITLE OF THE INVENTION: DETECTION METHOD OF LOADING ANOMALY 

ON VEHICLE, AND DETECTION APPARATUS THEREOF 

 

TECHNICAL FIELD 

[0001] 

 The present disclosure relates to a detection method of an anomaly of a cargo 

loaded on a vehicle, and a detection apparatus thereof. 

 

BACKGROUND ART 

[0002] 

 Patent Literatures 1 and 2 listed below disclose a detection apparatus of an 

anomaly of a cargo loaded on a vehicle (e.g., a cargo shift or the like).  The apparatus 

disclosed in the Patent Literature 1 includes an acceleration change detector for 

detecting an acceleration change occurring at a cargo deck of a vehicle, a cargo shift 

prediction means, and a preliminarily warning means.  The cargo shift prediction 

means predicts a cargo shift based on the acceleration change detected by the 

acceleration change detector and a prescribed cargo shift acceleration change judgement 

condition.  If a cargo shift is predicted, the preliminarily warning means outputs a 

preliminary warning for the cargo shift. 

[0003] 

 The apparatus disclosed in the Patent Literature 2 calculates an engine drive 

force, a vehicle acceleration, a trailer mass and a trailer center of gravity position during 

driving based on various parameters indicating conditions of a vehicle (a tractor and a 

trailer towed by the tractor).  The various parameters indicating conditions are an 

engine rotational speed, an acceleration pedal opening [or a governor angle], a tractor 

wheel speed, an air-suspension pressure, a tractor mass, a tractor center of gravity 

position and so on.  Then the calculated trailer center of gravity position is compared 

with its reference value, and, when the difference between them takes a predetermined 

value or more, a warning is generated for a potential cargo shift of a cargo on the trailer. 

 

CITATION LIST 

PATENT LITERATURE 

[0004] 
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 Patent Literature 1: Japanese Patent Application Publication No. 2012-224270 

 Patent Literature 2: Japanese Patent Application Publication No. H10-175476 

 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED 

[0005] 

 In the apparatus disclosed in the Patent Literature 1, the acceleration change 

detector, specifically a three-axis acceleration sensor provided on the trailer, is 

especially needed in order to detect the anomaly of the loaded cargo.  In the apparatus 

disclosed in the Patent Literature 2, it is needed to detect the various parameters 

indicating conditions in order to detect the center of gravity position of the trailer on 

which the cargo is loaded and thereby many sensors are needed. 

[0006] 

 An object of a detection method and a detection apparatus of a loading 

anomaly on a vehicle according to the present disclosure is to detect a loading anomaly 

of a cargo loaded on a vehicle without installing a special sensor. 

 

SOLUTION TO PROBLEM 

[0007] 

 A detection method of a loading anomaly on a vehicle according to the present 

disclosure includes: constructing relationship between a steering control value of the 

vehicle and a proper turning radius for the steering control value as a control map, 

preliminarily; calculating an actual turning radius of the vehicle by using a self-location 

detection function of the vehicle; calculating a difference between the proper turning 

radius and the actual turning radius by using the control map; and determining that a 

loading anomaly of a cargo loaded on the vehicle has occurred when the difference lies 

outside a predetermined first reference range. 

[0008] 

 A detection apparatus of a loading anomaly on a vehicle according to the 

present disclosure includes: a self-location detector that detects a self-location of the 

vehicle; a steering detection sensor that detects an actual steering control value of the 

vehicle; a memory that stores relationship between a steering control value of the 

vehicle and a proper turning radius for the steering control value as a control map; and a 

controller that judges a loading anomaly of a cargo loaded on the vehicle.  The 

controller is configured to calculate an actual turning radius of the vehicle based on 
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detection results of the self-location detector, calculate a difference between the proper 

turning radius and the actual turning radius by using the control map, and determine that 

the loading anomaly has occurred when the difference lies outside a predetermined first 

reference range. 

 

EFFECT 

[0009] 

 By the detection method or apparatus of a loading anomaly on a vehicle 

according to the present disclosure, it becomes possible to detect an anomaly of a cargo 

without installing a special sensor. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] 

[FIG. 1] They are plan views showing relationships between a center of gravity position 

of a 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 a vehicle (a tractor and a trailer) on which a 

detection apparatus of a loading anomaly on a vehicle according to an embodiment is 

installed. 

[FIG. 3] It is a flowchart of a detection method of a loading anomaly on a vehicle 

according to the embodiment. 

 

DESCRIPTION OF EMBODIMENTS 

[0011] 

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

[0012] 

 In the present embodiment, an anomaly of a cargo loaded on a vehicle (a cargo 

shift) is determined from relationship between the center of gravity position of the cargo 

and turning characteristics of the vehicle.  First, the relationship between the center of 

gravity position of the 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 on a vehicle 

1 should be located on a front-back center line of the vehicle in a plan view.  A turning 

locus C0 for a given steering control value when the center of gravity position G is on 

the front-back center line is shown in Fig. 1(a) and Fig. 1(b).  The turning radius of the 
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turning locus C0 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 no loading anomaly occurs, the 

vehicle 1 draws the turning locus C0 (a circle having the proper turning radius r0). 

[0013] 

 However, as shown in Fig. 1(a), if the center of gravity position G of the cargo 

shifts to a side of the turning center O (the turning inner side), an actual turning radius 

r1 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 cargo shifts to the turning outer side, an actual turning radius r2 

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 loading anomaly 

can be detected from turning characteristics.  This means that the loading anomaly can 

be detected from the turning characteristics without calculating nor detecting the center 

of gravity position. 

[0014] 

 In the present embodiment, by using the above-mentioned turning 

characteristics, when a difference between a proper turning radius for a given steering 

control value and an actual turning radius for the given steering control value falls 

outside a predetermined first reference range, it is determined that a loading anomaly 

has occurred.  That is, if (an absolute value of) the difference is large, it indicates that 

the center of gravity position of the cargo is greatly shifted, and therefore, it is 

determined that a loading anomaly has occurred.  Note that, in the present embodiment, 

as shown in Fig. 2, a case where the vehicle 1 is configured of a trailer 10, on which a 

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 detection of a 

loading anomaly 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 detection 

of a loading anomaly 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 
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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 running 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 

example, a train car, part of an aircraft or a rocket, and part of a bridge.  Such a large 

loaded cargo often tends to become unstable when loaded on a trailer (vehicle), and 

thereby the detection of a loading anomaly according to the present embodiment is 

effective.  And, even also in such a case where a running route is known and a running 

speed can be treated as a known parameter (or its influence on turning characteristics 

can be ignored), the detection of a loading anomaly 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 detection 

method and apparatus of a loading anomaly of the present disclosure are very useful for 

such an autonomous driving in a site. 

[0018] 

 Fig. 2 shows a configurational diagram of a detection of a loading anomaly 

according to the present embodiment.  As described above, the vehicle 1 is configured 

of the tractor 11 and the trailer 10, and the trailer 10 is loaded with a container as the 

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).  Cargos 12 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 cargos 12 may shift.  

The detection apparatus of a loafing anomaly is equipped with sensors that detect 
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various parameters indicating conditions of the vehicle 1 and so on and a controller 2 

that controls the detection of a loading anomaly.  The controller 2 is a computer and 

includes a CPU and a memory in which a program for detecting a loading anomaly 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 (running 

speed) from rotations of an axle shaft of the tractor 11.  The running speed may be 

obtained based on detection results of a self-location detector 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, the steering angle request value (the 

steering angle) of the steering wheel 4a is treated as the steering angle control value for 

the steered road wheels in a situation for detecting a loading anomaly.  The steering 

angle sensor 4 is a steering detection sensor that detects a control value relating to the 

steering control (the steering control value) 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) = (the steering angle control value) is not satisfied.  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 
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angle request value) = (the steering angle control value) is not satisfied.  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 that the steering angle 

control value is achieved by using an actuator 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.  For 

example, if the actuator is a servo motor, its control state can be detected, so the steering 

angle control value can also be directly detected. 

[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 steering angle 

control value (the steered angle) of the steered road wheels to the steering angle request 

value (the steering angle) of the steering wheel, i.e., a gear ratio at low speeds (variably 

controls the ratio depending on the running 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 configured of a tractor and a trailer or a 

truck often has four or more wheels, but it is called 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, detection of a loading anomaly is done based on the steering angle 

request value.  Even when these auxiliary systems are integrated into the steering 

system, the above-mentioned steering detection sensor (the steering angle sensor 4 in 

the present embodiment) is a sensor that detects a control value relating to the steering 
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control (a steering control value).  The steering control value is the steering angle 

request value or the steering angle control value, or 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, there may be a case where (the driving force request value) = (the driving force 

control value) doesn't satisfied.  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, there may be a case where (the braking 

force request value) = (the braking force control value) is not satisfied.  In an Electric 

Vehicle (EV), there is a case, when a hybrid system is adopted, where the braking force 

may be generated by a braking by a fluid pressure brake (an oil pressure brake or an air 

brake) and a braking by a regenerative power generation brake with respect to the 

braking force request value.  In such a case, the braking force control value may be set 

separately for each braking.  If an autonomous driving system, instead of a driver, 

controls driving of the vehicle 1, the driver does not operate the brake pedal.  In such a 

case, 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] 
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 As mentioned above, the autonomous driving system installed in the vehicle 1 

is controlled by the controller 2.  Therefore, various actuators (not shown in Fig. 2) 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 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 configure 

the self-location detector that detects the self-location of the vehicle 1. 

[0028] 

 Note that the term GPS used here is used 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, Russia's GRONASS, and 

Japan's MICHIBIKI).  Furthermore, if no autonomous driving system is installed in the 

vehicle but such a navigation system is installed, the detection apparatus of a loading 

anomaly can utilize 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 and receives various data via wireless communication to and from the operation 

management system 9.  The controller 2 can receive a running route and a control map 

described below via the operation management system 9 (the communication antenna 

9a) and then store them in its internal memory.  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. 

[0030] 

 The above-mentioned devices (sensors) for detecting a loading anomaly 

(excluding the autonomous driving system and the operation management system 9) in 

the present embodiment are equipment that the vehicle 1 is normally equipped with, 
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except for the controller 2, and no special sensor for detecting a loading anomaly is 

installed.  In particular, in the present embodiment, functions of the controller for 

autonomous driving are integrated into the controller 2 for detecting a loading anomaly.  

That is, the apparatus (method) for detecting a loading anomaly of the present 

embodiment is operated by utilizing the existing devices installed in the vehicle 1. 

[0031] 

 The detection method of a loading anomaly by using the detection apparatus of 

a loading anomaly that has the above-described configuration will be explained with 

reference to a flowchart shown in Fig. 3.  First, the relationship between the steering 

control value of the vehicle 1 (the steering angle of the steering wheel 4a detected by the 

steering angle sensor 4, i.e., the steering angle request value) and the proper turning 

radius for the steering control value is constructed in advance as a control map (step S0).  

That is, for the vehicle 1 used for the operation (with no loading anomaly), radii of the 

turning loci that should be drawn by the vehicle 1 as results of operated steering angles 

(the steering angle request values: the steering control values) of the steering wheel 4a 

are constructed as the control map.  The control map is stored in the memory of the 

controller 2. 

[0032] 

 Then, the controller 2 calculates the actual turning radius by using the 

self-location detection function (detector: the GPS system including the GPS antenna 7, 

and the gyro sensor 8) during the actual turning of the vehicle 1 (step S1).  Firstly in 

the calculation of the actual turning radius, multiple self-positions during the turning are 

acquired by the self-location detection function (detector).  Subsequently, circle 

approximation by the least-squares method is done by using the acquired multiple 

self-positions.  The radius of the approximated circle is calculated as the actual turning 

radius. 

[0033] 

 Next, the controller 2 calculates a difference between the proper turning radius 

and the actual turning radius by using the control map (steps S2-S3).  More specifically, 

the proper turning radius that should be drawn by the vehicle 1 with no loading anomaly 

is firstly acquired from the control map based on the detection results of the steering 

detection sensor (the steering angle sensor 4) (step S2).  Subsequently, the difference is 

calculated from the actual turning radius calculated in the step S1 and the proper turning 

radius acquired in the step S2 (step S3). 

[0034] 
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 Subsequently, it is judged whether or not the calculated difference lies outside 

a first reference range (step S4).  When the difference lies outside the first reference 

range (YES in step S4), the controller 2 determines that a loading anomaly of the cargo 

loaded on the vehicle 1 has occurred (step S5).  On the other hand, when the difference 

falls within the first reference range (NO in step S4), it is determined that no loading 

anomaly has occurred, and the process flow returns to the step S1 to continue 

monitoring of a loading anomaly.  When it is determined in the step S5 that the loading 

anomaly has occurred, a warning sound or a warning display is output to the driver. 

[0035] 

 The first reference range and the difference are explained by using Fig. 1 as an 

example.  First, explained is a case where the actual turning radius is smaller than the 

proper turning radius r0 as shown in Fig 1(a).  Here, it is assumed that the turning 

radius r1 is a threshold between a loading anomaly and a normal loading (0<r1<r0). If 

the actual turning radius is even smaller than r1, then it is a loading anomaly.  It is 

recited that r1-r0=α1 (<0).  On the other hand, explained is a case where the actual 

turning radius is larger than the proper turning radius r0 as shown in Fig. 1(b).  Here, it 

is assumed that the turning radius r2 is a threshold between a loading anomaly and a 

normal loading (0<r0<r2).  If the actual turning radius is even larger than r2, then it is 

a loading anomaly.  It is recited that r2-r0=β1 (>0). 

[0036] 

 Here, it is recited that the difference between the actual turning radius and the 

proper turning radius = (the actual turning radius) - (the proper turning radius) that is 

calculated by the controller 2 is D.  When α1≤D≤β1 is satisfied, the difference D falls 

within the first reference range (α1 to β1) (NO in step S4).  On the other hand, in a 

case of D<α1 or β1<D, the difference D lies outside the first reference range (α1 to β1) 

(YES in step S4), and then a loading anomaly is determined to have occurred (step S5).  

Note that |α1|=|β1| may be satisfied or that |α1|≠|β1| may be satisfied.  In the present 

embodiment, with respect to the combination of the vehicle 1 (the trailer 10) and the 

cargo 12 that are in operation, the first reference range for the proper turning radius is 

also defined in the control map in addition to the relationship between the steering 

control value and the proper turning radius described above.  In the present 

embodiment, the control map corresponding to the vehicle 1 (the trailer 10) and the 

cargo 12 is transmitted from the operation management system 9 to the controller 2 via 

the communication antenna 9a by wireless communication and then stored in its internal 

memory. 
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[0037] 

 In addition, in the present embodiment, in the step S4, the controller 2 affirms 

the step S4 if a state in which the difference lies outside the first reference range 

continues for a predetermined time (e.g., 1 second).  In this way, when an 

instantaneous change in the actual turning radius occurs due to external disturbances 

(road surface irregularity, strong wind, etc.), it can be prevented from being determined 

as a loading anomaly even though it is not actually a loading anomaly.  In other words, 

the accuracy of the detection control of a loading anomaly can be improved. 

[0038] 

 Furthermore, as described above, if it is determined in the step S5 that a 

loading anomaly has occurred, the vehicle 1 may be automatically stopped or the 

vehicle 1 may be controlled in a low-speed running mode, in which an upper speed limit 

is set, at the same time as the warning output to the driver.  Note that the vehicle 1 may 

be automatically stopped or the vehicle 1 may be controlled in a low-speed running 

mode without outputting a warning.  In this way, the vehicle 1 can be made to run 

more safely when it is determined that a loading anomaly has occurred. 

[0039] 

 As mentioned above, since the vehicle 1 can be operated autonomously, the 

controller 2 can also automatically stop the vehicle 1 or control the vehicle 1 in a 

low-speed running mode.  For example, in case of controlling in the low-speed running 

mode, in a situation where the vehicle 1 is operated autonomously in a site where the 

speed is limited to 10 km/h or less as described above, if it is determined that a loading 

anomaly has occurred, the autonomous driving is shifted to the low-speed running mode 

where the upper speed limit is further set to a lower speed of 5 km/h. 

[0040] 

 Alternatively, when it is determined in the step S5 that a loading anomaly has 

occurred, control may be exercised to compensate for a change in turning characteristics, 

that is, to eliminate the difference of the turning radii calculated in the steps S1-S3, by 

using various actuators of the autonomous driving system.  For example, the controller 

2 firstly compares the self-location detected by the self-location detection function 

(detector) with the original target location retrieved by the operation management 

system 9.  Then, based on the comparison result, the controller 2 controls the steering 

system (the steering control) or the ABS system and the VSC system (the driving force 

control and the braking force control) so that the self-location and the target location 

match, that is, the difference of the turning radius calculated in the steps S1 to S3 is 
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eliminated.  In a case where a loading anomaly is minor and running is not a problem, 

but the turning characteristics need to be compensated, the vehicle 1 can be turned 

appropriately by the above control.  The above control is especially useful in a case of 

autonomous driving. 

[0041] 

 Here, a second reference range that encompasses the first reference range may 

be further set, and it may be determined that a loading anomaly has occurred and the 

chassis of the vehicle 1 has abnormality when the calculated difference falls outside the 

second reference range.  The term "chassis" here refers not only to the part of the 

trailer 10 on which the cargo 12 (the container) is installed, but also to the part 

(including suspensions and tires) of the vehicle 1 (the trailer 10 and the tractor 11) other 

than the vehicle body.  If the calculated difference becomes very large, i.e., the 

difference between the actual turning radius and the proper turning radius is very large, 

it is determined that a chassis abnormality as well as a loading anomaly has occurred. 

Conversely, if there is no chassis abnormality and no loading anomaly, the difference 

will not become very large.  Chassis abnormalities include low tire pressure, improper 

suspension geometry, etc.  In this way, it is possible to detect not only a loading 

anomaly but also a chassis abnormality at the same time. 

[0042] 

 For example, a second reference range (α2 to β2) is set that encompasses the 

first reference range (α1 to β1) (α2<α1, β1<β2).  Then, if (D<α1 or β1<D) and 

α2≤D≤β2, it is determined that only a loading anomaly has occurred.  However, if 

D<α2 or β2<D, a change in turning characteristics that cannot be caused only by a 

loading anomaly has occurred, but it is presumed to be caused also by the chassis. 

Therefore, in such a case, it is determined that an abnormality also has occurred in the 

chassis in addition to a loading anomaly.  Note that |α2|=|β2| may be satisfied or that 

|α2|≠|β2| may be satisfied.  Also here, the detection accuracy can be improved by 

determining that a loading anomaly and a chassis abnormality are detected if a state in 

which the difference lies outside the second reference range continues for a 

predetermined time (e.g., 1 second). 

[0043] 

 As described above, the various devices (sensors) for detecting a loading 

anomaly in the present embodiment are equipment that vehicles are normally equipped 

with and no special sensor for detecting a loading anomaly is installed.  Although the 

present embodiment is equipped with the autonomous driving system and the operation 



 
 

14 

management system 9, these are not essential for detecting a loading anomaly.  If the 

vehicle 1 is equipped with a navigation system, the self-location detection function of 

the navigation system can be used for detecting a loading anomaly.  That is, according 

to the present embodiment, a loading anomaly of a cargo loaded on a vehicle can be 

detected without installing a special sensor. 

[0044] 

 In the above embodiment, the case in which determination of a loading 

anomaly is done during in-site turning such as a business site is explained as an example, 

and the running speed is treated as a known parameter (or its influence on turning 

characteristics can be ignored).  However, the apparatus and method of the present 

disclosure can also be applied when running on public roads where a running speed 

changes in sequence, and, in such cases, determination of a loading anomaly based on 

turning characteristics can be done by treating the running speed as a parameter as well.  

In this case, the proper turning radius may be calculated based on the steering control 

value and the running speed.  In addition, with respect to the first reference range, the 

first reference range to be applied is determined based on the proper turning radius and 

the running speed.  In such a case, the control map is also constructed in consideration 

of the running speed. 

[0045] 

 In addition, the control map is preliminarily constructed in the above 

embodiment.  Here, the control map may be constructed based on data acquired during 

actual running of the vehicle 1 that is confirmed to have no loading anomaly.  That is, 

the control map may be constructed during actual running of the vehicle 1.  As 

mentioned above, the data for constructing the control map can be acquired by the 

sensors installed in the vehicle (e.g., the speed sensor 3, the self-location detector, and 

the steering detection sensor), and no special sensor is needed.  Therefore, the control 

map can be constructed during actual running of the vehicle 1.  In this case, a program 

for building the control map is stored in the memory of the controller 2, and the 

controller 2 builds the control map using this map building program.  In this way, the 

control map can be constructed efficiently. 

[0046] 

 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, it is easy to establish roadside-to-vehicle communication 

by installing markers or communication devices along running road as long as in-site 
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such as business site, and facilities including these devises together with the GPS 

antenna 7 and the gyro sensor 8 can be adopted as the self-location detector. 

[0047] 

 In addition, the vehicle 1 in the above embodiment is configured 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 detect a loading anomaly using the turning 

characteristics described above. 

 

EXPLANATIONS OF REFERENCE SIGNS 

[0048] 

1 vehicle 

2 controller (memory: self-location detector) 

3 speed sensor 

4 steering angle sensor (steering detection sensor) 

7 GPS antenna (self-location detector) 

8 gyro sensor (self-location detector) 

12 cargo 
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CLAIMS 

 

[Claim 1] 

 A detection method of a loading anomaly on a vehicle, the method comprising: 

 constructing relationship between a steering control value of the vehicle and a 

proper turning radius for the steering control value as a control map, preliminarily; 

 calculating an actual turning radius of the vehicle by using a self-location 

detection function of the vehicle; 

 calculating a difference between the proper turning radius and the actual 

turning radius by using the control map; and 

 determining that a loading anomaly of a cargo loaded on the vehicle has 

occurred when the difference lies outside a predetermined first reference range. 

 

[Claim 2] 

 The detection method of a loading anomaly on a vehicle according to claim 1, 

 wherein the loading anomaly is determined to have occurred when a state in 

which the difference lies outside the first reference range continues for a predetermined 

time. 

 

[Claim 3] 

 The detection method of a loading anomaly on a vehicle according to claim 1 

or 2, further comprising: 

 controlling the vehicle, when the loading anomaly is determined to have 

occurred, so as to (1) stop the vehicle automatically, (2) control the vehicle in a 

low-speed mode where an upper speed limit is set, or (3) control the vehicle to eliminate 

the difference between the proper turning radius and the actual turning radius. 

 

[Claim 4] 

 The detection method of a loading anomaly on a vehicle according to any one 

of claims 1 to 3, 

 wherein the control map is constructed while treating a running speed of the 

vehicle as a parameter, and 

 wherein the difference is calculated by using also the running speed of the 

vehicle that is detected. 
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[Claim 5] 

 The detection method of a loading anomaly on a vehicle according to any one 

of claims 1 to 4, 

 wherein the control map is constructed during actual running of the vehicle. 

 

[Claim 6] 

 The detection method of a loading anomaly on a vehicle according to any one 

of claims 1 to 5, 

 wherein a second reference range that encompasses the first reference range is 

set; and 

 wherein the loading anomaly is determined to have occurred and a chassis 

abnormality is also determined to have occurred when the difference lies outside the 

second reference range. 

 

[Claim 7] 

 A detection apparatus of a loading anomaly on a vehicle, the apparatus 

comprising: 

 a self-location detector that detects a self-location of the vehicle; 

 a steering detection sensor that detects an actual steering control value of the 

vehicle; 

 a memory that stores relationship between a steering control value of the 

vehicle and a proper turning radius for the steering control value as a control map; and 

 a controller that judges a loading anomaly of a cargo loaded on the vehicle, 

 wherein the controller is configured to  

 calculate an actual turning radius of the vehicle based on detection results of 

the self-location detector, 

 calculate a difference between the proper turning radius and the actual turning 

radius by using the control map, and 

 determine that the loading anomaly has occurred when the difference lies 

outside a predetermined first reference range. 

 

[Claim 8] 

 The detection apparatus of a loading anomaly on a vehicle according to claim 

7, 

 wherein the controller is configured to determine that the loading anomaly has 
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occurred when a state in which the difference lies outside the first reference range 

continues for a predetermined time. 

 

[Claim 9] 

 The detection apparatus of a loading anomaly on a vehicle according to claim 

7 or 8, 

 wherein the controller is configured to control the vehicle, when the loading 

anomaly is determined to have occurred, so as to (1) stop the vehicle automatically, (2) 

control the vehicle in a low-speed mode where an upper speed limit is set, or (3) control 

the vehicle to eliminate the difference between the proper turning radius and the actual 

turning radius. 

 

[Claim 10] 

 The detection apparatus of a loading anomaly on a vehicle according to any 

one of claims 7 to 9, further comprising: 

 a speed sensor that detects a running speed of the vehicle, 

 wherein the control map is constructed while treating a running speed of the 

vehicle as a parameter and then stored in the memory, and 

 wherein the controller is configured to calculate the difference by using also 

the running speed detected by the speed sensor. 

 

[Claim 11] 

 The detection apparatus of a loading anomaly on a vehicle according to any 

one of claims 7 to 9, 

 wherein the controller constructs the control map by using detection results of 

the self-location detector and the steering detection sensor during actual running of the 

vehicle. 

 

[Claim 12] 

 The detection apparatus of a loading anomaly on a vehicle according to claim 

10, 

 wherein the controller constructs the control map by using detection results of 

the speed sensor, the self-location detector and the steering detection sensor during 

actual running of the vehicle. 
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[Claim 13] 

 The detection apparatus of a loading anomaly on a vehicle according to any 

one of claims 7 to 12, 

 wherein the controller determines that the loading anomaly has occurred and a 

chassis abnormality also has occurred when the difference lies outside a second 

reference range that encompasses the first reference range. 

  


