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CONTROL SYSTEM AND METHOD FOR VEHICLE STEERING

TECHNICAL FIELD
The present disclosure relates to a control system and method for vehicle steering. Aspects
of the invention relate to a control system, a method of controlling vehicle steering, a computer

program and a vehicle.

BACKGROUND

It is known to provide vehicles with rear wheel steering in addition to the usual front wheel
steering. This may provide improved agility. When the vehicle is stationary it is undesirable
for the rear wheels to be turned (steered), since the rear wheel steering system may not be

rated for continuous use in this state.

It is an aim of the present invention to address one or more of the disadvantages associated

with the prior art.

SUMMARY OF THE INVENTION
Aspects and embodiments of the invention provide a control system, a method of controlling

vehicle steering, a computer program and a vehicle, as claimed in the appended claims.

In one aspect, there is provided a control system for a vehicle, the control system comprising
one or more controllers, the control system configured to:

receive an indication of current vehicle speed,;

monitor a time period since vehicle launch, the vehicle launch being an increase in
speed from stationary; and

limit a maximum steering rate of a steering system of the vehicle in dependence on
the current vehicle speed and a period of time since launch;

wherein the controller is configured, following the expiry of a predetermined time
period following launch of the vehicle, to limit a maximum steering rate of a steering system
of the vehicle to a first steering rate limit while the vehicle is travelling below a predetermined
speed threshold, and to not limit the maximum steering rate to the first steering rate while the

vehicle is travelling above the predetermined speed threshold.

In this way, by controlling the limiting of the maximum steering rate in dependence not only
on vehicle speed but also on a time since launch, it is possible to permit a greater steering
limit (or no directly imposed limit beyond the mechanical capability of the rear wheel steering

system) to be used immediately upon launch of the vehicle (and a short period thereafter),
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providing the vehicle with greater agility as it pulls away, and making the handling of the
vehicle (and in particular the steering thereof) feel more responsive to the driver. The
increased noise, vibration and harshness (NVH) is seen as an acceptable compromise

during this initial time window following launch.

Preferably, the one or more controllers collectively comprise:

at least one electronic processor having an electrical input for receiving the
indication of current vehicle speed; and

at least one memory device electrically coupled to the at least one electronic
processor and having instructions stored therein;

and wherein the at least one electronic processor is configured to monitor a time
period since vehicle launch, and limit a maximum steering rate of a steering system of the

vehicle in dependence on the current vehicle speed and a period of time since launch.

The controller is preferably configured to limit a maximum steering rate of a steering system
of the vehicle while the vehicle is travelling below a predetermined speed threshold. This
serves to minimise, or at least reduce, NVH while the vehicle is travelling at low, “quiet”,
speeds. During the initial period following launch though, this maximum steering rate is

overridden, for example by using a higher maximum steering rate for the initial period.

For example, the controller may be configured to use a first steering rate limit when the
vehicle is travelling below the predetermined vehicle speed threshold following the expiry of
a predetermined time period following launch of the vehicle. During the predetermined time
period following launch of the vehicle (and assuming the vehicle is still below the
predetermined vehicle speed threshold), a second steering rate limit which is higher than the
first steering rate limit is applied. Alternatively, during the predetermined time period

following launch of the vehicle, no steering rate limit may be applied.

The predetermined time period may be vehicle specific, but is preferably between 1 second
and 5 seconds, and preferably approximately 2 seconds. This keeps the period of time
during which NVH may be at an increased level small, but is long enough for the vehicle to

pull away while making use of rear wheel steering.

The first steering rate limit may be between 10 mm/s and 15 mm/s. The second (higher)

steering rate may be between 20 mm/s and 30 mm/s.
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In some implementations, a maximum steering rate below the predetermined vehicle speed
may be dependent on a current driving mode of the vehicle. For example, in an off-road
driving mode a higher steering rate limit (or none) may be used, since NVH issues are less
relevant, whereas in a comfort mode a lower steering rate limit may be used due to NVH

reduction being paramount.

The steering system is preferably a rear wheel steering system of the vehicle.

In another aspect, there is provided a vehicle comprising a steering system and a control

system according to the above paragraphs.

In addition to the rear wheel steering system, the vehicle further comprises a front wheel
steering system. Preferably, the control system is configured to limit the maximum steering
rate of the rear wheel steering system in dependent on vehicle speed and time since launch,

but not to so limit the front wheel steering system.

In another aspect, there is provided a control method for steering a vehicle, the method
comprising:

receiving an indication of current vehicle speed,;

monitoring a time period since vehicle launch, the vehicle launch being an increase
in speed from stationary; and

limiting a maximum steering rate of a steering system of the vehicle in dependence
on the current vehicle speed and a period of time since launch;

wherein, following the expiry of a predetermined time period following launch of the
vehicle, a maximum steering rate of a steering system of the vehicle is limited to a first
steering rate limit while the vehicle is travelling below a predetermined speed threshold, and
is not limited to the first steering rate while the vehicle is travelling above the predetermined

speed threshold.

In another aspect, there is provided computer software that, when executed, is arranged to

perform a method according to the above.

Within the scope of this application it is expressly intended that the various aspects,
embodiments, examples and alternatives set out in the preceding paragraphs, in the claims
and/or in the following description and drawings, and in particular the individual features
thereof, may be taken independently or in any combination. That is, all embodiments and/or

features of any embodiment can be combined in any way and/or combination, unless such
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features are incompatible. The applicant reserves the right to change any originally filed claim
or file any new claim accordingly, including the right to amend any originally filed claim to
depend from and/or incorporate any feature of any other claim although not originally claimed

in that manner.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

Figure 1 shows a schematic representation of a vehicle having an anti-lock braking system

(ABS), front and rear steering systems and a controller;

Figure 2 schematically illustrates the rear wheel steering control system and method; and

Figure 3 shows a schematic flow diagram of the control method.

DETAILED DESCRIPTION

A vehicle 1 in accordance with an embodiment of the present invention is described herein
with reference to the accompanying Figure 1. The vehicle 1 comprises respective wheel
speed sensors 14a-14d each associated with one of the road wheels (not shown) of the
vehicle 1. The wheel speed sensors 14a-14d each output a speed-dependent signal to a
control system 10, and in particular to an electronic stability program (ESP) 12 of the control
system 10, which includes an anti-lock braking system (ABS) function and other functions
relating to stability control of the vehicle. The control system 10 also comprises a rear wheel
steering controller 13. In the present case, there are respective wheel speed sensors
associated with all four wheels of the vehicle. The wheel speed sensors 14a-14d may be
mounted at or proximate the road wheels (for example within a bearing unit of the wheel), or
on an axle or drive shaft providing torque to the road wheels. The vehicle 1 also comprises a
front wheel steering actuator 16 and a rear wheel steering actuator 18, which actuate the
steering mechanisms to affect steering of the front and rear wheels respectively. The rear
wheel steering actuator 18 is driven to actuate in accordance with a maximum steering rate
which is set in dependence on the current vehicle speed and the time elapsed since vehicle
launch, as will be described in detail subsequently. The front wheel steering actuator 16 is
not subject to a maximum steering rate limit which is dependent on speed and/or time since

launch.
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The present technique is concerned with limiting the maximum steering rate which can be
applied by the rear wheel steering actuator while the vehicle is travelling at low speeds. In
particular, the rear wheel steering controller 13 is configured to limit a maximum steering rate
of a steering system of the vehicle while the vehicle is travelling below a predetermined speed
threshold. The speed threshold may be calibratable, so as to tailor the speed at which the
steering rate is limited to a speed range at which NVH issues can be expected to occur. This
limits the steering rate to minimise or at least reduce NVH at low “quiet” speeds, at which NVH
would be particularly noticeable. The maximum steering rate is a maximum amount of rack
travel of the steering rack permitted per unit time, typically measured in mm/s. The maximum
steering rate may be considered more generally to be a maximum amount by which a steering
angle can be changed (increased or decreased) per unit time. This is different to a maximum
amount of steering angle which can be applied by the steering system — corresponding to “full

lock”.

It will be appreciated that the vehicle also comprises a front wheel steering system. The front
wheel steering system, which is mechanically linked to the steering wheel, does not have the
same limitations as the rear wheel steering system, and in particular is not subject to steering
rate limits applied at low speeds, at least in part because it is limited by the mechanical linkage
to the steering wheel. Moreover, the front wheel steering system is rated for steering at low
speeds, and so fewer NVH issues are likely to arise. Accordingly, steering via the front wheel
steering system is permitted without applying a steering rate limit based on speed, while a

maximum steering rate is applied for the rear wheel steering system.

Referring to Figure 3, a schematic block diagram is provided which sets out the vehicle
components and signal flows involved in the present technique. The ESP 12 is shown, which
outputs to a rear wheel steering controller wheel speeds for the wheels of the vehicle. These
can be used to determine a vehicle speed, or alternatively the wheel speeds may be used
directly in the control method. A driving mode selector 19 is provided, which is configured to
select a driving mode for the vehicle 1. Different driving modes of the vehicle may have
different characteristics, such as suspension stiffness, ABS usage, acceleration or braking
profiles and the like. The selection of driving mode may be made by the driver manually, or
automatically based on vehicle sensor data. The selected driving mode is provided to the rear
wheel steering controller 13. A steering module 20 is also provided which generates a steering
request based on either a manual driving input (via a steering wheel) or an automated driving

input. The steering request is provided to the rear wheel steering controller 13.
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The controller is configured to apply different rate limits for a rear wheel steering actuator in
dependence on a current vehicle speed, a time elapsed since vehicle launch, and optionally
a current driving mode. In particular, the controller is configured to use a first steering rate
limit when the vehicle is travelling below the predetermined vehicle speed threshold following
the expiry of a predetermined time period following launch of the vehicle (for example after the
first x seconds). In contrast, during the predetermined time period following launch of the
vehicle (for example for the first x seconds), a second steering rate limit which is higher than
the first steering rate limit is applied. In other words, the steering rate limit for reducing NVH
is temporarily suppressed for an initial period of time so that the vehicle steering feels
responsive to the driver, and to maximise the driver's ability to perform challenging
manoeuvres at the outset of vehicle launch. Higher NVH is considered to be a reasonable
trade-off for this short initial period. In some cases, during the predetermined time period
following launch of the vehicle, no steering rate limit is applied. That is, the steering actuator
operates at its maximum capability. Alternatively, a calibrated maximum rate is used. The
specific duration of the predetermined time period may be calibratable. The predetermined
time period may be between 1 second and 5 seconds, and preferably approximately 2
seconds. This provides a good trade off between driver experience and manoeuvrability on
the one hand, and NVH suppression on the other. Similarly, the first and second steering
rates may be calibratable. For example, the first steering rate limit may be between 10mm/s

and 15mm/s, and the second steering rate limit between 20mm/s and 30mm/s.

In some implementations, the controller is configured to modify the control method in
dependence on a current driving mode in which the vehicle is operating. For example, rear
wheel steering may not be permitted at all in an on-road “comfort” mode, while it may be
permitted in off road modes, such as when driving on mud or sand, or in a rock crawl mode.
In these modes rear wheel steering may be permitted subject to certain maximum steering
rates at low speeds, as described above. In some implementations, a maximum steering rate
below the predetermined vehicle speed may be dependent on a current driving mode of the
vehicle. That is, the maximum steering rate value for the initial period may differ between

driving modes.

Generally, vehicle controller systems are of a modular nature, both structurally and
functionally. It is to be understood that the or each controller within the control system of the
present application can comprise a control unit or computational device having one or more
electronic processors (e.g., a microprocessor, a microcontroller, an application specific
integrated circuit (ASIC), etc.), and may comprise a single control unit or computational device,

or alternatively different functions of the or each controller in the control system may be
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embodied in, or hosted in, different control units or computational devices. As used herein, the

»ou

term “controller,” “control unit,” or “computational device” will be understood to include a single
controller, control unit, or computational device, and a plurality of controllers, control units, or
computational devices collectively operating to provide the required control functionality. A set
of instructions could be provided which, when executed, cause the controller to implement the
control techniques described herein (including some or all of the functionality required for the
method described herein). The set of instructions could be embedded in said one or more
electronic processors of the controller; or alternatively, the set of instructions could be provided
as software to be executed in the controller. A first controller or control unit may be
implemented in software run on one or more processors. One or more other controllers or
control units may be implemented in software run on one or more processors, optionally the
same one or more processors as the first controller or control unit. Other arrangements are

also useful.

Each of the controllers may comprise at least one electronic processor having one or more
electrical input(s) for receiving one or more input signal (from one or more of the other
controllers), and one or more electrical output(s) for outputting one or more output signal(s)
(to one or more of the other controllers). The, or each, electronic processor may comprise
any suitable electronic processor (e.g., a microprocessor, a microcontroller, an ASIC, etc.)
that is configured to execute electronic instructions. The, or each, electronic memory device
may comprise any suitable memory device and may store a variety of data, information,
threshold value(s), lookup tables or other data structures, and/or instructions therein or
thereon. In an embodiment, the memory device has information and instructions for software,
firmware, programs, algorithms, scripts, applications, etc. stored therein or thereon that may
govern all or part of the methodology described herein. The processor, or each, electronic
processor may access the memory device and execute and/or use that or those instructions
and information to carry out or perform some or all of the functionality and methodology

described herein.

The at least one memory device may comprise a computer-readable storage medium (e.g. a
non-transitory or non-transient storage medium) that may comprise any mechanism for storing
information in a form readable by a machine or electronic processors/computational devices,
including, without limitation: a magnetic storage medium (e.g. floppy diskette); optical storage
medium (e.g. CD-ROM); magneto optical storage medium; read only memory (ROM); random
access memory (RAM); erasable programmable memory (e.g. EPROM and EEPROM); flash

memory; or electrical or other types of medium for storing such information/instructions.
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The or each controller may comprise at least one electronic processor configured to execute
electronic instructions stored within at least one memory device, which when executed causes
the electronic processor(s) to carry out the method as hereinbefore described. A similar
structure may be provided for each controller. However, it will be appreciated that
embodiments of the present invention can be realised in any suitable form of hardware,
software or a combination of hardware and software. For example, it is contemplated that the
present invention is not limited to being implemented by way of programmable processing
devices, and that at least some of, and in some embodiments all of, the functionality and or
method steps of the present invention may equally be implemented by way of non-
programmable hardware, such as by way of non-programmable ASIC, Boolean logic circuitry,

etc.

Referring to Figure 4, a schematic flow diagram is provided illustrating one implementation of
the method.

At a step S1 the vehicle launches (increases speed from being stationary). The process of
Figure 3 is restarted every time the vehicle launches, giving the driver the benefit of rear wheel
steering at low speeds for a short period following every launch. At a step S2 the speed of
the vehicle and/or the (rear) wheels of the vehicle is monitored. At a step S3 it is determined
whether the monitored speed is greater than or less than a predetermined speed threshold. If
it is determined that the speed is greater than the predetermined speed threshold then the
maximum steering rate of the vehicle is not limited (or takes on a calibratable maximum limit),
and the process returns to the step S2. If it is determined that the speed is not greater than
the predetermined speed threshold then at a step S5 a time since launch is determined (a
counter may have been set at the time of step S1 for example). At a step S6 it is determined
whether the time since launch is greater than or less than a predetermined time period. Ifitis
determined that the time since launch is not greater than the predetermined time period then
the maximum steering rate of the vehicle is not limited at a step S7, or takes on a maximum
limit, or takes on a relatively high limit. The process then returns to the step S2. However, if
it is determined that that the time since launch is greater than the predetermined time period
then the maximum steering rate of the vehicle is limited (or takes on a relatively low limit) at a

step S8. The process then returns to the step S2.

It will be appreciated that various changes and modifications can be made to the present
invention without departing from the scope of the present application. For example, all of the
features disclosed in this specification (including any accompanying claims, abstract and

drawings), and/or all of the steps of any method or process so disclosed, may be combined in
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any combination, except combinations where at least some of such features and/or steps are

mutually exclusive.

Each feature disclosed in this specification (including any accompanying claims, abstract and
drawings), may be replaced by alternative features serving the same, equivalent or similar
purpose, unless expressly stated otherwise. Thus, unless expressly stated otherwise, each

feature disclosed is one example only of a generic series of equivalent or similar features.

The invention is not restricted to the details of any foregoing embodiments. The invention
extends to any novel one, or any novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or process so disclosed. The claims
should not be construed to cover merely the foregoing embodiments, but also any

embodiments which fall within the scope of the claims.
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CLAIMS

1. A control system for a vehicle, the control system comprising one or more controllers,
the control system configured to:

receive an indication of current vehicle speed,;

monitor a time period since vehicle launch, the vehicle launch being an increase in
speed from stationary; and

limit a maximum steering rate of a steering system of the vehicle in dependence on
the current vehicle speed and a period of time since launch;

wherein the controller is configured to, following the expiry of a predetermined time
period following launch of the vehicle, limit a maximum steering rate of a steering system of
the vehicle to a first steering rate limit while the vehicle is travelling below a predetermined
speed threshold, and to not limit the maximum steering rate to the first steering rate while the

vehicle is travelling above the predetermined speed threshold.

2. The control system of claim 1, wherein the one or more controllers collectively
comprise:
at least one electronic processor having an electrical input for receiving the indication of
current vehicle speed; and

at least one memory device electrically coupled to the at least one electronic
processor and having instructions stored therein;

and wherein the at least one electronic processor is configured to monitor a time
period since vehicle launch, and limit a maximum steering rate of a steering system of the

vehicle in dependence on the current vehicle speed and a period of time since launch.

3. The control system of claim 1 or claim 2, wherein during the predetermined time
period following launch of the vehicle, a second steering rate limit which is higher than the first

steering rate limit is applied.

4. The control system of claim 1 or claim 2, wherein during the predetermined time

period following launch of the vehicle, no steering rate limit is applied.

5. The control system of any preceding claim, wherein the predetermined time period is

between 1 second and 5 seconds.

6. The control system of any preceding claim, wherein the first steering rate limit is

between 10mm/s and 15mm/s.
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7. The control system of claim 3, wherein the second steering rate is between 20mm/s

and 30mm/s.

8. The control system of any preceding claim, wherein a maximum steering rate below

the predetermined vehicle speed is dependent on a current driving mode of the vehicle.

9. The control system of any preceding claim, wherein the steering system is a rear

wheel steering system of the vehicle.

10. A vehicle comprising a steering system and a control system according to any

preceding claim.

11. The vehicle according to claim 10, wherein the steering system is a rear wheel
steering system, the vehicle further comprising a front wheel steering system, wherein the
control system is configured to limit the maximum steering rate of the rear wheel steering
system in dependent on vehicle speed and time since launch, but not to so limit the front wheel

steering system.

12. A control method for steering a vehicle, the method comprising:

receiving an indication of current vehicle speed;

monitoring a time period since vehicle launch, the vehicle launch being an increase
in speed from stationary; and

limiting a maximum steering rate of a steering system of the vehicle in dependence
on the current vehicle speed and a period of time since launch;

wherein, following the expiry of a predetermined time period following launch of the
vehicle, a maximum steering rate of a steering system of the vehicle is limited to a first steering
rate limit while the vehicle is travelling below a predetermined speed threshold, and is not
limited to the first steering rate while the vehicle is travelling above the predetermined speed
threshold.

13. Computer software that, when executed, is arranged to perform a method according

to claim 12.
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