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Methods and systems for monitoring vehicle load distribution

TECHNICAL FIELD

The present disclosure relates to monitoring of vehicle load distribution and to vehicle

control based on the monitored load distribution.

The invention can be applied in heavy-duty vehicles, such as trucks, buses and construction
equipment. Although the invention will be described mainly with respect to trucks and semi-

trailer vehicles, the invention is not restricted to this particular type of vehicle.

BACKGROUND

Vehicle load distribution refers to how weight is distributed between different vehicle axles,
and/or between different vehicle wheels. Vehicle load distribution has a significant impact
on vehicle dynamics. For instance, in case the weight on driven wheels is too low, the
vehicle may not be able to start due to poor traction. Braking capabillity is also affected by
the load on a given wheel. Therefore, care must be taken during loading of a vehicle so that

the load distribution is kept reasonably even.

EP 2446404 B1 relates to a system for automatically monitoring vehicle load distribution.
However, there is a need for more refined methods and systems for monitoring vehicle load

distribution.

SUMMARY

It is an object of the present disclosure to provide techniques and devices for monitoring
vehicle load distribution in order to detect and trigger suitable action if a significant shift in

vehicle load distribution is detected during vehicle operation.

This object is obtained by a control unit arranged to monitor a load distribution of a vehicle
at least when the vehicle is in motion. The control unit comprises an interface arranged to
receive a plurality of load values associated with one or more vehicle axles and/or with one
or more vehicle wheels, from a plurality of load sensors arranged on the vehicle. The control
unit is arranged to determine a vehicle load distribution based on the plurality of load values,
and to compare the determined vehicle load distribution to a pre-determined allowable

vehicle load distribution. The control unit is also arranged to trigger an emergency
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procedure Iin case the determined vehicle load distribution differs from the pre-determined

vehicle load distribution by more than an allowable amount.

This way a significant shift in cargo can be detected and a suitable response action may be
automatically triggered. This Increases vehicle safety and also provides additional
protection of the cargo, since the cargo is now less likely to be damaged by a cargo shift.
The vehicle overall stability is often improved since vehicle operation with shifted cargo,
potentially leading to an unstable vehicle, may be prevented before an undesired event

such as a roll-over occurs.

To exemplify the proposed technique, after loading or unloading cargo, the load distribution
of the vehicle Is regularly or even continuously monitored in order to be able to detect if a
significant shift in weight distribution occurs during transportation. The shift may be with
respect to some allowed absolute weight distribution or relative with respect to some initial
weight distribution. If the cargo shifts beyond, e.g., some predefined boundaries, the driver
IS alerted to check the cargo since it indicates that cargo Is sliding, fixation of cargo Is not
properly done or has failed for some reason. On automated vehicles the vehicles can be
halted or just triggered to send an alert to a control tower depending on pre-determined
boundary conditions. These measures are taken to mitigate loss of vehicle stability or In

worst case loss of cargo.

According to aspects, the control unit is arranged to detect a shift in cargo when the vehicle
IS In motion by comparing the determined vehicle load distribution to one or more previously
determined vehicle load distributions. This means that the vehicle is able to detect a shift in
cargo in a relative sense. In other words, the Initial cargo distribution is assumed to be a
valid distribution, and any significant change in distribution compared to this initial

distribution is deemed unallowable and will trigger some action in response to the shift.

According to other aspects, the pre-determined allowable venhicle load distribution is an
absolute load distribution in terms of, e.g., axle pressure distribution or tyre normal force

distribution.

According to aspects, the emergency procedure comprises any of. triggering a warning
signal to alert a vehicle operator, executing an emergency stop manoeuvre, reducing a
maximum allowable vehicle velocity associated with the vehicle, and/or adjusting a planned
vehicle trajectory to reduce a vehicle lateral acceleration. Thus, it is appreciated that several
different emergency procedures can be triggered, ranging from low complexity plain

warning signals to more complex autonomous vehicle control operations.
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According to aspects, the emergency procedure comprises reducing any of, a maximum
allowable service brake torque request value, a maximum allowable auxiliary brake torque
request, and/or a brake controller wheel slip limit. This means that the herein proposed
techniques can be incorporated with advantage in the vehicle braking system, thereby

Increasing vehicle braking robustness and overall safety.

According to aspects, the emergency procedure comprises adjusting a pitch control
parameter to increase dampening of a fifth wheel arrangement of the vehicle. Adjusting
pitch to increase dampening, or even locking the fifth wheel, may prevent some undesirable

events such as vehicle roll-over.

According to aspects, the emergency procedure comprises adjusting a dampening
parameter to of an active suspension system of the vehicle. Adjusting the dampening
parameter of the suspension system may provide a required increase in vehicle stability in

order to counter the negative effects of the detected shift in cargo.

According to aspects, the plurality of load sensors are configured to measure respective
load values associated with the one or more vehicle axles and/or the one or more vehicle
wheels when the vehicle Is stationary. This means that the herein proposed techniques can
also be used when the vehicle is stationary, which Iis an advantage. The control unit may,

e.g., provide for more efficient and safe cargo loading operations.

According to aspects, the control unit is arranged to control a visual indication device In
dependence of the load values associated with the one or more vehicle axles and/or the
one or more vehicle wheels when the vehicle Is stationary. The visual indication device
may, e.g., be an in-cabin display of the vehicle and/or a display device arranged on the
vehicle exterior. The visual indication device simplifies proper loading of the vehicle in an
efficient manner, leading to both increased efficiency and also to more correctly loadea

vehicles.

According to aspects, the control unit is communicatively coupled to a second vehicle and
arranged to control loading of the vehicle by the second vehicle. This way loading can be
made even more efficient, since the loading vehicle receives a live feed of the loading state
of the vehicle being loaded. These aspects may be particularly relevant in the context of

autonomous vehicles.

There are also disclosed herein vehicles, methods, computer program products, and

systems for monitoring load distribution associated with the above-mentioned advantages.
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Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the element, apparatus, component, means, step, etc." are to be interpreted openly
as referring to at least one instance of the element, apparatus, component, means, step,
efc., unless explicitly stated otherwise. The steps of any method disclosed herein do not
have to be performed in the exact order disclosed, unless explicitly stated. Further features
of, and advantages with, the present invention will become apparent when studying the
appended claims and the following description. The skilled person realizes that different
features of the present invention may be combined to create embodiments other than those

described in the following, without departing from the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a more detailed description of

embodiments of the invention cited as examples. In the drawings:

Figures 1-2  schematically illustrate vehicles with respective load distributions;

Figure 3 schematically shows a rear view of a vehicle wheel pair;
Figure 4 shows an example vehicle maneuvers;

Figure 5 shows another example vehicle maneuver;

Figure © llustrates an example vehicle control system;

Figure 7 IS a flow chart illustrating methods;

Figure 8 schematically illustrates a control unit; and

Figure 9 shows an example computer program product;

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which certain aspects of the invention are shown. This invention
may, however, be embodied in many different forms and should not be construed as limited
to the embodiments and aspects set forth herein; rather, these embodiments are provided

by way of example so that this disclosure will be thorough and complete, and will fully
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convey the scope of the invention to those skilled in the art. Like numbers refer to like

elements throughout the description.

It Is to be understood that the present invention is not limited to the embodiments described
herein and illustrated in the drawings; rather, the skilled person will recognize that many

changes and modifications may be made within the scope of the appended claims.

Figure 1 schematically illustrates a truck 100, I.e., a heavy-duty vehicle for cargo transport.
The truck has three axles 101, 102 and 103. Each axle is associated with a respective axle
load F1, F2 and F3. Each axle is associated with a wheel pair, normally a left and a right
wheel. The wheels are associated with respective wheel loads. The vehicle 100 also
comprises visual indication means 120, 121, 122 for indicating a current load distribution.

These will be discussed in more detail below.

Figure 2 schematically illustrates an articulated vehicle 200 comprising two vehicle units.
The first unit 210 i1s a tractor unit and the second unit 220 is a trailer unit. Each vehicle unit
210, 220 comprises axles 201-205 associated with respective axle loads F1-F5, and wheels

assoclated with respective wheel loads.

One or more load sensors are arranged on each vehicle and configured to monitor vehicle
load distribution. A vehicle load distribution may, e.g., comprise a distribution of axle loads,
a distribution of load over the different wheels of the vehicle, and/or a distribution of load on
the left and right sides of the vehicle. Load distribution may be determined as absolute load
(In terms of weight in kilograms or force in Newton), or in terms of relative load, I.e., in terms
of a dimensionless ratio. The more heavily laden a vehicle is, the higher the axle load anad
the wheel load. If the cargo is symmetrically loaded on the vehicle, the load distribution is

even, while an asymmetric loading causes an uneven load distribution.

Various load sensor types for measuring load will be discussed below In connection to

Figure 3.

The truck 100 and the semi-trailer vehicle 200 also comprises respective control units 110
arranged to obtain load data from the load sensors and to control the vehicle based on the
load data. A control unit 110 may be realized as a single physical entity or as a plurality of
units or modules distributed over the vehicle. An example control unit 110 will be discussed
in more detail below in connection to Figure 6, where a vehicle motion management (VMM)

module Is discussed.
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Figure 3 schematically shows a rear view 300 of a vehicle wheel pair, such as the wheels
on one of the axles of the vehicles 100, 200 in Figures 1-2. In general, a wheel pair
comprises left 310 and right 320 side wheels supported on an axle 330. The axle load Fi of
the i:th vehicle axle is distributed over the wheel pair, such that the left hand side wheel 310
IS associated with a load Fi;, and the right hand side wheel 320 is associated with a load Fi,.
For example, the load F1 on the first axle 101 of the vehicle 100 is distributed over a wheel

pair as F1,and F1..

A variety of different load sensors can be used to determine axle and/or wheel loads. For
iInstance, bellow pressures or other compression force related values from the suspension
system 340, 350, and suspension position data (from levelling sensors) from the vehicle

suspension system can be used to infer vehicle load distribution.

The load on a given wheel can also be obtained by special wheel end bearings configured
to measure load. For instance, US 2006/0070460 A1 discloses an example force measuring
bearing which can be used to obtain a measure of the load on a wheel. In other words, one
or more of the the load sensors may be realized as wheel hub bearing load sensors

arranged to provide respective wheel hub load values.

The data obtained from the load sensors is then sent to the control unit 110 where it is
processed. The load sensors may be wired to the control unit 110, or they may be
connected to the control unit via wireless link. The load sensors may furthermore comprise
energy harvesting devices arranged to harvest electrical energy from vibrations of the
vehicle. This way the vehicle load sensors can be made to not rely on an external power

source, e.g., from the vehicle electrical system.

Having an even cargo load distribution is important in heavy duty transport vehicles such
as trucks, semi-trailers and dumpers. An unevenly distributed load may affect vehicle
stability and overall transport efficiency negatively. Even if the vehicle is carefully loaded
initially, such that the load distribution is initially even, the load may shift during operation
to cause sudden vehicle instability. The problem is especially pronounced in autonomous
vehicles where no driver is present to monitor the feel of the vehicle and take corrective

action in response to, e.g., a shift in load.

The methods and control systems disclosed herein relate to deploying load sensors in the
wheel hub bearings, in connection to the suspension system, or elsewhere on the vehicle,
to monitor wheel loads and/or axle loads in real-time as the vehicle is operated, i.e., when

the vehicle is in motion. The load information is taken as input by the control unit 110 which
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monitors the load distribution and performs an emergency procedure in case a significant
shift in load distribution is detected. The emergency procedure may, e.g., comprise
triggering a warning signal to alert a driver, activating safety measures by an autonomous
vehicle, limiting vehicle maximum velocity, or even preventing vehicle operation in case
load distribution does not meet pre-determined specifications. The load sensors can of
course also be used to assist during initial loading of the vehicle, when the vehicle is
stationary. Applications of the herein disclosed techniques to stationary vehicles will be

discussed In more detail below.

To summarize, there is disclosed herein a control unit 110 arranged to monitor a load
distribution of a vehicle 100, 200 when the vehicle is in motion. The control unit 110
comprises an interface arranged to receive a plurality of load values associated with one or
more vehicle axles 101, 102, 103, 201, 202, 203, 204, 205 and/or one or more vehicle
wheels 310, 320 from a plurality of load sensors arranged on the vehicle. The control unit
110 Is arranged to determine a vehicle load distribution based on the plurality of load values,
and to compare the determined vehicle load distribution to a pre-determined allowable
vehicle load distribution. The control unit 110 executes an emergency procedure in case
the determined vehicle load distribution differs from the pre-determined vehicle load
distribution by more than an allowable amount. An emergency procedure may simply
comprise triggering an in-cabin warning signal to alert a driver but may also comprise more
advanced actions such as limiting vehicle velocity or adjusting vehicle control parameters.
For an autonomous vehicle, the emergency procedure may comprise performing an
emergency stop, depending on the severity of the vehicle load distribution discrepancy.

More examples of emergency procedures will be given below.

The pre-determined allowable vehicle load distribution may be an absolute load distribution
defined for the vehicle in terms of, e.g., a range of allowable load ratios. For instance, the
allowable load distribution may specify that the ratio of loads between front and rear axles
of a vehicle must be within some range. The allowable load distribution may also comprise
allowable range of loads for each axle and/or for each wheel. For instance, each axle may

be associated with a minimum and a maximum load in Newtons or kilograms.

The pre-determined allowable vehicle load distribution may also be a relative load
distribution compared to some initial load distribution. In this case it is assumed that the
vehicle Is Initially loaded in a proper way. The cargo is not allowed to shift from this initial

load distribution by more than some allowable amount.
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Combinations of the above may also be used for defining the pre-determined allowable

vehicle load distribution.

Figure 4 shows an example scenario 400 where the disclosed techniques may be used with
advantage. A vehicle 200 comprising the control unit 110 and the load sensors Is driving
along a road 410. Heavy cargo 420, such as a large stone, concrete block or steel structure,
IS loaded onto the vehicle. The cargo 420 is initially (at point A) centred on the trailer, and
vehicle load distribution is even. However, at point B, the cargo shifts rearwards and to the
right side of the trailer. This shift in cargo has a negative effect on the vehicle load
distribution. The load on the axles of the tractor decreases while load on the trailer wheelset
Increases. The load also shifts to the right-hand side wheels. An experienced driver may
notice the shift in cargo from the resulting change in vehicle dynamics. However, an
unexperienced driver may not notice the change in vehicle load distribution. Also, some
vehicles may be autonomously driven, where no driver is present to detect the change in
vehicle dynamics. The techniques disclosed herein automatically detects the change in load
distribution by means of the load sensors and the control unit discussed above. For
iInstance, the control unit 110 may be arranged to detect a shift in cargo when the vehicle
100, 200 is in motion by comparing the determined vehicle load distribution to one or more
previously determined vehicle load distributions. The previously determined load
distributions may correspond to an initial load distribution determined precisely after loading
the vehicle, or they may be measured continuously during vehicle operation. The previously
determined load distribution may also correspond to a load distribution specification

determined by the vehicle manufacturer.

When a change in load distribution is detected by the control unit 110, the control unit may
execute some type of emergency procedure in response to the change in load distribution.
For instance, as mentioned above, the control unit may trigger an in-cabin warning signal
to alert the driver of the change in load distribution. The driver may then manoeuvre the
vehicle to a safe location (point C) in order to investigate the cause of the change in vehicle

load distribution.

More advanced emergency procedures may also be performed by the control unit. The
control unit 110 may for instance assume control of the vehicle and autonomously
manoeuvre the vehicle 200 to a safe location where the vehicle can be brought to a halt.
Thus, according to some aspects, the emergency procedure comprises executing an

emergency stop manoeuvre.
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Figure 5 illustrates another example of the techniques and control methods proposed
herein. Here, a scenario 500 is illustrated where a vehicle 200 is about to enter a turn 510
at some Initial vehicle velocity 520. The trajectory necessary to negotiate the turn 510 will
result in lateral forces 530, 540 acting on the tractor and on the trailer, respectively. As long
as the cargo 550 is properly loaded onto the vehicle and secured so that it cannot shift, the
vehicle should be able to safely follow the trajectory at the planned vehicle velocity profile.
However, if the cargo shifts at a bad time, the lateral acceleration forces may lead to vehicle
roll-over. The risk of roll-over can be reduced by reducing the lateral forces acting on the
vehicle. Thus, if the control unit 110 detects a shift in cargo, it may impose a limitation on

vehicle velocity in order to maintain vehicle stability throughout the turn 510.

Figure 6 schematically shows a system for vehicle control comprising the control unit 110,
here denoted as Vehicle Motion Management (VMM). A traffic situation management (TSM)
module 610 plans a vehicle trajectory to be followed by the vehicle and, based on the
planned trajectory, requests acceleration and curvature profiles 620 from the VMM 110.
The VMM 110 responds back with current vehicle capabilities and vehicle status 630,
whereby the TSM module can update and maintain the planned trajectory to, e.g., ensure

vehicle safety while optimizing vehicle operation.

The VMM module 110 has access to various forms of sensor data 650 from which a vehicle
state can be inferred. The sensor data comprises the data from the load sensors discussed
above, but may, e.g., also comprise external data from any combination of. one or more
global positioning system (GPS) receivers, one or more radio detection and ranging (radar)
transceivers, one or more light detection and ranging (lidar) transceivers, and one or more
vision based sensors, such as cameras and the like. Sensor data may also comprise
internal sensor data from, e.g., wheel speed sensors, steering angle sensors, brake and

drive torque estimators, inertial measurement unit (IMU) sensors, and the like.

The external and the internal sensor data is input to a motion and state estimation module
0640 which filters the data and estimates vehicle state. Such motion and state estimation
modules are known and will not be discussed in more detall herein. The vehicle state may

comprise variables related to, e.g., position of the chassis in a global reference system, roll,
pitch and yaw in the global reference system, as well as longitudinal velocities v, ; for each
wheel in a local wheel reference frame. Knowing the longitudinal velocities v, ; for each
wheel, In the coordinate system of the wheel, Is important, as it allows the system to

accurately determine wheel slip A.
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The VMM or control unit 110 determines a force allocation 660 to meet the requests from
the TSM module 610. This force allocation may comprise setting torque requests Treqi On

specific wheel brakes as well as controlling propulsion sources and steering angles.

The VMM or control unit 110 also sends acceleration requests areq to the vehicle propulsion

device, I.e., the combustion engine or electric motor.

The VMM module also specifies a wheel slip limit for each wheel end module (WEM), A, ;.
to be adhered to by the given WEM. This way, a WEM, say the I-th WEM 670, receives
wheel speed v, ;, wheel slip limit A;;,,;, and torque request Treqi. Based on the received

parameters, the WEM controls a respective brake device 680.

The WEM may determine (and report back) a current wheel slip

W; * Ry — Uy g
/11':

max(|w; * Rl, [vy ;1)
where w; Is wheel rotational velocity and R; is wheel radius.

If the VMM detects a change in load distribution and determines this change in load
distribution to be significant, it may quickly increase vehicle operation safety margins to
account for the potential reduction in vehicle stability. For instance, the VMM may quickly
report reduced acceleration and/or velocity capabilities back to the TSM 610, it may reduce
the configured wheel slip limit A;;5,;, and it may be more restrictive when it comes to

requesting brake torque from the WEMS.

With reference to Figure 6, the emergency procedure executed by the control unit 110 In
case the determined vehicle load distribution differs from the pre-determined vehicle load
distribution by more than an allowable amount may comprise various actions that may be
performed separately or in combination. For instance, the emergency procedure may
comprise reducing a maximum allowable venhicle velocity associated with the vehicle 100,
200. For example, the VMM 110 may report reduced capabilities up to the TSM 610 since
the vehicle stability may have been negatively affected by the shift in cargo. The TSM 610
then re-evaluates current and planned trajectories for the vehicle in dependence of the new
reduced capabilities. The capabilities may comprise a maximum lateral force or lateral
acceleration that can be tolerated. Thus, according to some aspects, the emergency
procedure comprises adjusting a planned vehicle trajectory to reduce a vehicle lateral

acceleration.
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The VMM 110 may at least in part compensate for a shift in cargo and possible change In
vehicle stablility by adjusting brake torque requests, I.e., by being more careful when it
comes to braking the vehicle, at least in some scenarios. Auxiliary braking, I.e., engine
braking, may be inactivated if a significant cargo shift is detected, since this type of braking
can be quite harsh and abrupt. Wheel slip limits imposed on the wheel brake controllers
can also be reduced in order to increase safety margins. To summarize, the emergency
procedure may comprise reducing any of; a maximum allowable service brake torque
request value, a maximum allowable auxiliary brake torque request, and/or a brake

controller wheel slip limit.

For a combination vehicle, such as the semi-trailer vehicle 200, vehicle stability may be
Improved, and risk of roll-over can be reduced, by adjusting a pitch control parameter to
iIncrease dampening of a fifth wheel arrangement 211 of the vehicle. This may have an
effect of counteracting undesired events such as jack-knifing and certain types of vehicle
roll-over events. A similar effect can be obtained by adjusting a dampening parameter of an

active suspension system of the vehicle 100, 200.

The plurality of load sensors may optionally also be configured to measure respective load
values associated with the one or more vehicle axles and/or the one or more vehicle wheels
when the vehicle is stationary. This feature allows to monitor vehicle loading in an efficient
manner. For instance, the control unit 110 may be arranged to control a visual indication
device In dependence of the load values associated with the one or more vehicle axles
and/or the one or more vehicle wheels when the vehicle is stationary. This visual indication
device may be an in-cabin display of the vehicle 100, 200, or a display device arranged on

the vehicle exterior.

This way the driver, or an operator located outside the cabin, can see the current load
distribution during loading. For instance, red, yellow, and green lights may be arranged In
connection to the wheels and used to indicate the current load distribution. If some wheel
or axle is overloaded, then the red lights can be activated, while the green lights can be
activated if the wheel or axle load is within specification. Figure 1 shows an example where
light emitting diodes (LEDs) 120, 121, 122 have been arranged in connection to the different
wheel axles. Blinking lights can be used to indicate if some wheel or axle load ratio is In

violation of the pre-determined allowable range of load ratios.

The control unit 110 may furthermore be communicatively coupled to a second vehicle and

arranged to control loading of the vehicle 100, 200 by the second vehicle. This way the
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operator of the second vehicle is able to directly obtain information relating to current loaad
distribution of the vehicle being loaded. This feature may be particularly relevant to
autonomous systems where loading is performed automatically by autonomous vehicles
operating without human supervision. The loading can be adapted in real time based on

the data obtained via the communication coupling.

Figure 7 is a flow chart illustrating methods which summarize the discussions above. There
IS shown a method for monitoring a load distribution of a vehicle 100, 200 when the vehicle

IS In motion, the method comprises:

receiving S1 a plurality of load values associated with one or more vehicle axles 101, 102,
103, 201, 202, 203, 204, 205 and/or one or more vehicle wheels 310, 320 from a respective

plurality of load sensors arranged on the vehicle,
determining S2 a vehicle load distribution based on the plurality of load values,

comparing S3 the determined vehicle load distribution to a pre-determined allowable vehicle

load distribution, and

executing S4 an emergency procedure in case the determined vehicle load distribution

differs from the pre-determined vehicle load distribution by more than an allowable amount.

The load distribution may be determined as a relative load distribution S21, or as absolute

weights or forces S22 acting on the different axles or wheels.

According to aspects, the comparing comprises detecting S31 a shift in cargo when the
vehicle 100, 200 is in motion by comparing the determined vehicle load distribution to one

or more previously determined vehicle load distributions.

According to aspects, executing the emergency procedure comprises triggering S41 a

warning signal to alert a vehicle operator.

According to aspects, executing the emergency procedure comprises executing S42 an

emergency stop manoeuvre.

According to aspects, executing the emergency procedure comprises reducing S43 a

maximum allowable vehicle velocity associated with the vehicle 100, 200.

According to aspects, executing the emergency procedure comprises adjusting S44 a

planned vehicle trajectory to reduce a vehicle lateral acceleration.
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According to aspects, executing the emergency procedure comprises reducing S45 any of;
a maximum allowable service brake torque request value, a maximum allowable auxiliary

brake torque request, and/or a brake controller wheel slip limit.

According to aspects, executing the emergency procedure comprises adjusting $S46 a pitch

control parameter to increase dampening of a fifth wheel arrangement 211 of the vehicle
200.

According to aspects, executing the emergency procedure comprises adjusting S47 a

dampening parameter to of an active suspension system of the vehicle 100, 200.

According to aspects, the method also comprises receiving S5 a plurality of load values
associated with one or more vehicle axles 101, 102, 103, 201, 202, 203, 204, 205 and/or

one or more vehicle wheels 310, 320 when the venhicle Is stationary.

According to aspects, the method also comprises controlling S6 a visual indication device
In dependence of the load values associated with the one or more vehicle axles and/or the

one or more vehicle wheels when the vehicle is stationary.

According to some aspects, the visual indication device is an in-cabin display of the vehicle
100, 200.

According to some other aspects, the visual indication device is a display device arranged

on the vehicle 100, 200 exterior.

According to aspects, the method also comprises communicating S7 with a second vehicle

and controlling loading of the vehicle 100, 200 by the second vehicle.

Figure 8 schematically illustrates, in terms of a number of functional units, the components
of a control unit 110 according to embodiments of the discussions herein. This control unit
110 may be comprised in the articulated vehicle 100. Processing circuitry 810 is provided
using any combination of one or more of a suitable central processing unit CPU,
multiprocessor, microcontroller, digital signal processor DSP, etc., capable of executing
software instructions stored in a computer program product, e.g. in the form of a storage
medium 830. The processing circuitry 810 may further be provided as at least one

application specific integrated circuit ASIC, or field programmable gate array FPGA.

Particularly, the processing circuitry 810 is configured to cause the control unit 110 to
perform a set of operations, or steps, such as the methods discussed In connection to
Figure 7. For example, the storage medium 830 may store the set of operations, and the

processing circuitry 810 may be configured to retrieve the set of operations from the storage
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medium 830 to cause the control unit 110 to perform the set of operations. The set of
operations may be provided as a set of executable instructions. Thus, the processing

circuitry 810 is thereby arranged to execute methods as herein disclosed.

The storage medium 830 may also comprise persistent storage, which, for example, can
be any single one or combination of magnetic memory, optical memory, solid state memory

or even remotely mounted memory.

The control unit 110 may further comprise an interface 820 for communications with at least
one external device, such as the load sensors and/or the second vehicle during loading.
Examples of the interface 820 were also discussed above Iin connection to Figure 6. As
such, the interface 820 may comprise one or more transmitters and receivers, comprising
analogue and digital components and a suitable number of ports for wireline or wireless

communication.

The processing circuitry 810 controls the general operation of the control unit 110, e.g., by
sending data and control signals to the interface 820 and the storage medium 830, by
recelving data and reports from the interface 820, and by retrieving data and instructions
from the storage medium 830. Other components, as well as the related functionality, of the

control node are omitted in order not to obscure the concepts presented herein.

Figure 9 lllustrates a computer readable medium 910 carrying a computer program
comprising program code means 920 for performing the methods illustrated in Figure 7,
when said program product is run on a computer. The computer readable medium and the

code means may together form a computer program product 900.
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CLAIMS

1. A control unit (110) arranged to monitor a load distribution of a vehicle (100, 200)
when the vehicle (100, 200) is in motion, the control unit (110) comprising an interface (115,
820) arranged to receive a plurality of load values associated with one or more vehicle axles
(101, 102, 103, 201, 202, 203, 204, 205) and/or one or more vehicle wheels (310, 320) from
a plurality of load sensors arranged on the vehicle, wherein the control unit (110) is arranged
to determine a vehicle load distribution based on the plurality of load values, to compare
the determined vehicle load distribution to a pre-determined allowable vehicle load
distribution, and to trigger an emergency procedure in case the determined vehicle load
distribution differs from the pre-determined vehicle load distribution by more than an

allowable amount.

2. The control unit (110) according to claim 1, wherein the load sensors are wheel hub

bearing load sensors arranged to provide respective wheel hub load values.

3. The control unit (110) according to claim 1 or 2, wherein the control unit (110) is
arranged to detect a shift in cargo when the vehicle (100, 200) is in motion by comparing
the determined vehicle load distribution to one or more previously determined vehicle load

distributions.

4. The control unit (110) according to any previous claim, wherein the emergency

procedure comprises triggering a warning signal to alert a vehicle operator.

5. The control unit (110) according to any previous claim, wherein the emergency

procedure comprises executing an emergency stop manoeuvre.

0. The control unit (110) according to any previous claim, wherein the emergency
procedure comprises reducing a maximum allowable vehicle velocity associated with the
vehicle (100, 200).

/. The control unit (110) according to any previous claim, wherein the emergency
procedure comprises adjusting a planned vehicle trajectory to reduce a vehicle lateral

acceleration.

8. The control unit (110) according to any previous claim, wherein the emergency
procedure comprises reducing any of; a maximum allowable service brake torque request
value, a maximum allowable auxiliary brake torque request, and/or a brake controller wheel

slip limit.
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9. The control unit (110) according to any previous claim, wherein the emergency
procedure comprises adjusting a pitch control parameter to increase dampening of a fifth

wheel arrangement (211) of the vehicle (200).

10. The control unit (110) according to any previous claim, wherein the emergency
procedure comprises adjusting a dampening parameter to of an active suspension system
of the vehicle (100, 200).

11. The control unit (110) according to any previous claim, wherein the plurality of load
sensors are configured to measure respective load values associated with the one or more

vehicle axles and/or the one or more vehicle wheels when the vehicle is stationary.

12. The control unit (110) according to claim 11, wherein the control unit 110 is arranged
to control a visual indication device In dependence of the load values associated with the
one or more vehicle axles and/or the one or more vehicle wheels when the vehicle Is

stationary.

13. The control unit (110) according to claim 12, wherein the visual indication device is

an in-cabin display of the vehicle (100, 200)

14. The control unit (110) according to claim 12 or 13, wherein the visual indication

device Is a display device arranged on the vehicle (100, 200) exterior.

15. The control unit (110) according to any of claims 11-14, wherein the control unit 110
IS communicatively coupled to a second vehicle and arranged to control loading of the
vehicle (100, 200) by the second vehicle.

10. A method for monitoring a load distribution of a vehicle (100, 200) when the vehicle

IS In motion, the method comprising

receiving (S1) a plurality of load values associated with one or more vehicle axles (101,
102, 103, 201, 202, 203, 204, 205) and/or one or more vehicle wheels (310, 320) from a

respective plurality of load sensors arranged on the vehicle,
determining (S2) a vehicle load distribution based on the plurality of load values,

comparing (S3) the determined vehicle load distribution to a pre-determined allowable

vehicle load distribution, and

executing (S4) an emergency procedure in case the determined vehicle load distribution

differs from the pre-determined vehicle load distribution by more than an allowable amount.



WO 2021/098974 PCT/EP2019/082302

17

17. A computer program (920) comprising program code means for performing the

steps of any of claim 16 when said program Is run on a computer or on processing circuitry
(810) of a control unit (110).

18. A computer readable medium (910) carrying a computer program (920) comprising
program code means for performing the steps of CLAIM 16 when said program product is

run on a computer or on processing circuitry (810) of a control unit (110).
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