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VEHICLE TRACTION CONTROL

TECHNICAL FIELD

The present invention relates to vehicle traction control and particularly, but not exclusively,
to a system and method of improving traction control of a vehicle, for example moving a
vehicle from rest, and maintaining vehicle progress in off-highway conditions. Aspects of the
invention relate to a method, to a system and to a vehicle.

BACKGROUND

Moving a vehicle from rest in highway conditions on a dry asphalt surface is well understood.
Where a coefficient of friction (1 or ‘mu’) between vehicle tyres and ground is reduced or
inconsistent, a conventional approach to vehicle launch may result in excessive slip of one
or more wheels. This is particularly problematic for novice drivers in off-highway conditions.
For example on sand, injudicious spinning of the wheels may cause the vehicle to excavate
the sand and fail to gain sufficient traction to make progress over the sand. The novice off-
highway driver may not appreciate, from inside the vehicle, that one or more wheels are
spinning, and the fitment of deep tread off-highway tyres may exacerbate this problem due
to their tooth-like excavating properties. Furthermore, in some situations excessive wheel
spin can result in damage to the surface on which the vehicle is driving, particularly in the
case of relatively fragile surfaces such as grass.

When a vehicle is in motion in slippery conditions, it may be relatively easy to induce
excessive wheel spin and thereby lose traction, especially where variations in mu are
experienced as the vehicle progresses.

It is against this background that the present invention has been conceived. Embodiments of
the invention provide a method and system of moving a vehicle from rest and/or maintaining
motion of said vehicle over the driving surface. Other aims and advantages of the invention
will become apparent from the following description, claims and drawings.

SUMMARY OF THE INVENTION

Aspects of the invention provide a method, a system and a vehicle as claimed in the
appended claims.

In one aspect of the invention for which protection is sought there is provided a method of
setting a vehicle in motion over a driving surface and/or maintaining motion of said vehicle
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over the driving surface implemented by a control system, said method comprising initiating
motion control, initiating motion control comprising:

commanding by the control system application of brake torque and drive torque to
one or more wheels such that the vehicle is held stationary;

subsequently initiating motion from rest whilst brake torque continues to be applied to
the one or more wheels.

In an aspect of the invention for which protection is sought there is provided a method of
setting a vehicle in motion over a driving surface and maintaining motion of said vehicle over
the driving surface, the method comprising:

commanding application of brake torque and drive torque to one or more wheels
such that the vehicle is held stationary;

subsequently initiating motion from rest whilst brake torque continues to be applied to
the one or more wheels,

wherein the method further comprises automatically maintaining slip of one or more
vehicle wheels over the driving surface, wherein the value of slip maintained is within a
predetermined range.

In an embodiment the value of slip maintained may be determined in dependence on one or
more characteristics of the driving surface. Optionally, the value of slip maintained may
further depend on the speed of the vehicle.

In some embodiments the value of slip maintained may decrease with increasing vehicle
speed.

In some embodiments the value of slip maintained may be automatically reduced as the
vehicle speed approaches a speed that corresponds to the motor speed.

In some embodiments the slip may be maintained in the range 5-20%.

It is to be understood that brake torque is therefore applied to the one or more wheels to
oppose the drive torque whilst the one or more wheels are driven substantially from a rest
condition in which the vehicle is substantially stationary.

Embodiments of the present invention have the advantage that a risk of flare of the one or
more wheels, in which excessive wheel spin occurs, may be reduced. As noted above, when
a vehicle is seeking to initiate motion from rest on a surface having a relatively low
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coefficient of friction, the amount of wheel slip may easily become excessive when drive
torque is applied to one or more wheels. Embodiments of the present invention overcome
this problem by applying a braking torque to one or more driven wheels to oppose rotation
thereof. The braking torque is applied whilst the vehicle is accelerated from rest. A braking
system may be applied before drive torque is applied to the wheels, such that as drive
torque is applied, brake torque developed by the braking system increases in a manner to
oppose motion of the vehicle. The braking system may be arranged to maintain the vehicle
substantially stationary until sufficient drive torque is being applied to the one or more
wheels. The amount of brake torque may then be reduced in order to initiate turning of the
one or more wheels. Alternatively or in addition the amount of drive torque may be
increased, at least until turning of the one or more wheels is commenced.

Reference herein to application of brake torque may be understood to refer to the application
of a retarding torque which opposes the applied drive torque, the drive torque being torque
applied in a direction so as to promote vehicle progress in the required direction of travel.
The retarding torque may be applied by means of an electric machine, optionally an electric
machine operable as at least part of a regenerative braking system, by means of a friction-
based foundation braking system or by any other suitable means. The electric machine may
in some embodiments be operable as a traction (or propulsion) motor.

It is to be understood that embodiments of the present invention may employ brake torque to
modulate the amount of drive torque applied to a wheel to enable precise control of wheel
speed as the vehicle is accelerated from rest. Modulation of drive torque generated by an
engine such as an internal combustion engine may not be possible on the relatively short
timescales required to prevent excessive slip due at least in part to inertia of moving
components of the engine. The use of a braking system such as a friction braking system or
a regenerative braking system in combination with torque developed by an engine facilitates
application of drive torque in a more controlled manner, enabling improved control of wheel
slip. In particular, net torque applied to a wheel (being the resultant of powertrain drive
torque and braking system brake torque) may be finely modulated from substantially zero
net torque if the braking system and powertrain are controlled in a synchronised manner.

The method may comprise automatically maintaining slip of one or more vehicle wheels over
ground in the range 5-20%. The amount of slip maintained may be controlled by the control
system to assume a value that is dependent on vehicle speed. For example the value may
decrease with increasing vehicle speed. In addition or instead the value of slip maintained
may be determined in dependence on one or more characteristics of a driving surface such
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as roughness, amount of drag imposed on a vehicle driving over the surface, and/or one or
more other characteristics.

Thus it is to be understood that some embodiments of the invention permit controlled relative
slipping of one or more vehicle wheels on the terrain so as to ensure effective traction
without resulting in loss of control or vehicle instability. Slipping of the wheels on the terrain
may be accomplished by automatically controlling the vehicle powertrain and a braking
system in a suitable manner. For example, the engine and optionally one or more clutches or
torque converters may be controlled to generate positive drive torque. Slipping of one or
more wheels may be accomplished by controlling the amount of powertrain drive torque and
the amount of brake torque applied to a wheel such that sufficient torque is developed to
ensure that slipping occurs whilst preventing the development of excessive slip. As noted
above, the brake torque may be provided at least in part by a component of the powertrain
such as an electric machine.

In some embodiments, the control system is operable to apply positive drive torque and
brake torque (negative torque) to one wheel or a pair of wheels such as wheels of a front or
rear axle, and not to apply torque to one or more (undriven) wheels. The system monitors
rotation of the undriven wheels in order to determine vehicle speed and therefore whether

excessive slip of the driven wheels is occurring.

In some embodiments, the relative amounts of torque applied to left and right driven wheels
of an axle may be varied in order to aid launch from rest. Similarly, in the case that forward
and rear wheels are driven, for example in a four wheel drive vehicle, the relative amounts of
torque applied to the front and rear wheels may be varied independently so as to aid vehicle
launch from rest.

The motor may be an internal combustion engine, an electric motor or another source of
motive power. A vehicle may have one or more motors and/or engines. In some
embodiments such as in hybrid electric vehicles the vehicle may include an engine and one

or more electric motors.

In an embodiment of the invention said motion control is automatically ceased when vehicle
speed is substantially compatible with (corresponds substantially to) motor speed, indicating
that sufficient traction of the vehicle is available to maintain progress.



10

15

20

25

30

35

WO 2014/184344 PCT/EP2014/060083

In one embodiment of the invention said motion control may be automatically engaged and
disengaged in dependence upon whether the vehicle is making progress in accordance with
the intention of the vehicle driver.

Thus in one embodiment a vehicle system may automatically compare a driver request, for
example an accelerator pedal input such as depression of the accelerator pedal, with
response of the vehicle, for example acceleration thereof. If the vehicle response is
indicative of excessive wheel slip a method according to an embodiment of the invention
may be automatically invoked. For example, if the driver depresses the accelerator pedal but
vehicle acceleration is not as high as expected the system may determine that excessive
wheel slip is occurring and invoke a method according to an embodiment of the present
invention. The method may be referred to as ‘traction aid’ or motion control. Where traction
aid is invoked to assist launch from rest, a method according to an embodiment of the

invention may be referred to as launch assist.

In the case of an automatic system the method may utilize a target speed and adopt or
revert to a standby mode when the vehicle reaches the target speed. That is, traction aid
may cease in such circumstances. In the event of departure of the vehicle from the target
speed by a predetermined amount, for example if the vehicle speed falls below the target
speed by the predetermined amount, traction aid may be automatically re-implemented if an
increase in speed is again requested. An increase in speed may be requested for example if
a driver depresses an accelerator pedal by a sufficient amount or if an automatic speed
control system is active and commands an increase in vehicle speed.

The method may in addition or instead include an exit strategy whereby automatic motion
control will time-out after a predetermined period, which period may be dependent on the
condition of vehicle use. A time-out may be indicated in circumstances where a method
according to an embodiment of the invention is used to assist launch. Alternatively the
system may cancel (e.g. deselect) motion control if the vehicle driver demands drive torque
that exceeds that which the system determines is required to implement launch assist or
traction aid, or if the driver actuates the braking system, for example by depression of a
brake pedal or the like.

Known wheel speed comparison techniques may be used to determine slipping of driven
wheels with respect to non-slipping wheels. Alternatively the rotational speed of driven
wheels may be compared with a vehicle position sensing device in order to relate wheel and
vehicle movement. Slipping in excess of the permitted value may be controlled in some
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embodiments of the invention by application of the relevant wheel brake, by a reduction in
motor torque and/or by a redistribution of motor torque via a device such as a controllable
limited slip differential (torque vectoring).

Camera recognition techniques may be used to determine vehicle movement, for example
by looking at one or more vehicle wheels to detect slipping thereof, or to look at the terrain
surface to determine whether the vehicle is moving at a speed compatible with transmission
output speed, engine speed and/or wheel speed.

The permitted slip of wheels (and their associated tyres) may be selected according to the
type of terrain. The type of terrain may be selected by the vehicle driver, or automatically
sensed by a suitable sensor system of the vehicle. Thus on a relatively hard surface, the
permitted slip of any driven wheel may be close to 5% whereas on a soft surface a greater
amount of slip may be permitted in order to gain traction. The amount of permitted slip may
be dependent on wheel speed.

In one embodiment the method includes automatically reducing the permitted slip as the
vehicle and motor speeds approach compatibility, so as to blend gradually from a condition
of relatively high slip to one of low or substantially no slip. Thus on a hard surface permitted
slip may blend towards a relatively low value as motor and vehicle speeds become
commensurate. On a soft surface, such as sand, it may be desirable to maintain a degree of
slip at all times so that relatively high slip may be blended to a lower slip value as the vehicle
speed and wheel speed approach compatibility. Comparison of vehicle speed may
alternatively be made with a rotating transmission element or another portion of the
powertrain instead of the motor.

In one embodiment of the invention, forward vehicle acceleration may be limited to a
predetermined value during movement control, for example 1.25 m/sec® or less, so as to
ensure smooth and progressive movement of the vehicle. The maximum permitted forward
acceleration may be dependent upon the terrain type which is selected. In the event that
vehicle acceleration approaches the predetermined value, the degree of permitted wheel slip
is reduced. Should vehicle acceleration not reach the permitted value, the degree of
permitted wheel slip may be increased up to the maximum allowable for the terrain on which
the vehicle is driven.

In some embodiments a method according to an embodiment of the invention can be used
to ensure effective movement of the vehicle from rest, and may be substantially ceased
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within 1-5 vehicle lengths. Likewise the method may allow progress to be maintained over a
soft surface, such as sand.

The method may comprise automatically terminating motion control once a speed of the
vehicle over the driving surface exceeds a prescribed value.

Thus in some embodiments motion control is terminated once the vehicle has reached a

prescribed speed.

Alternatively or in addition the method may comprise automatically terminating motion
control once a prescribed period of time has elapsed.

The method may comprise automatically terminating motion control once a value of surface
coefficient of friction between the vehicle and driving surface exceeds a prescribed value.

Thus in some embodiments the value of surface coefficient of friction of the driving surface is
monitored substantially continuously or intermittently. If the value of coefficient of friction
exceeds a prescribed value motion control is terminated automatically. This has the
advantage that an amount of time or distance over which motion control is performed may
be reduced in some circumstances. Thus if a vehicle moves from a slippery grass surface of
relatively low surface coefficient of friction to an asphalt surface of relatively high surface
coefficient of friction in a relatively short distance, motion control may be terminated as soon
as the control means is able to recognise the change in driving surface. In some
embodiments motion control may be terminated in a gradual manner in order to enhance

vehicle composure.

In some embodiments motion control of the vehicle may be phased out with respect to one
wheel before being phased out with respect to another wheel. For example if a first set of
one or more wheels depart a surface of relatively low coefficient of friction before a second
set of one or more wheels, motion control may be phased out in respect of the first set
before the second set. Thus, termination of motion control of respective wheels such as
individual driven wheels or groups of driven wheels such as pairs of driven wheels may be
implemented independently of one another.

The method may comprise initiating motion control in dependence on a state of a user
operable motion control input means, for example a vehicle launch assist selector control.
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Thus in some embodiments a control button may be provided allowing a user automatically
to initiate motion control. The control button may for example comprise a movable switch
device or a touch sensitive device such as a touch sensitive button or a touchscreen
arrangement. Other input means are also useful such as voice controlled input means or any
other suitable input means. In some embodiments, motion control may be initiated by an
accelerator pedal input after selecting motion control, for example via a menu-driven user
interface.

Alternatively or in addition the method may comprise initiating automatically motion control in
dependence on one or more characteristics of the driving surface.

The method may comprise initiating automatically motion control in dependence on a value
of surface coefficient of friction between one or more wheels and the driving surface.

The method may comprise initiating automatically motion control in dependence on a value
of one or more vehicle or environmental parameters such as an ambient temperature or a
temperature of one or more components of the vehicle.

Thus in some embodiments motion control may be initiated automatically if the control
means determines that the value of surface coefficient of friction so warrants. For example
motion control may be initiated if the control means determines that the value of surface
coefficient of friction is below a prescribed value.

The method may comprise the step of estimating a current value of surface coefficient of
friction according to at least one selected from amongst a determination whether
precipitation has occurred since the vehicle last moved; and one or more measured values
of ambient temperature made since the vehicle last moved. Thus, prior to initial launch of a
vehicle from rest, the method may comprise estimating the current value of surface
coefficient of friction and determining automatically whether motion control should be
performed.

It is to be understood that a value of surface coefficient of friction between vehicle and
driving surface may fall in the event that precipitation occurs. Thus if rain or snow falls on a
surface such as dry grass or asphalt, the value of surface coefficient of friction may fall to a
value at which excessive wheel slip will occur upon launch of the vehicle. In some cases
excessive wheel slip may occur due to loading of the vehicle, or due to a load the vehicle is
towing.
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Accordingly, the method may comprise detecting precipitation and revising an estimate of
the value of surface coefficient of friction in dependence on detection of precipitation. The
method may comprise taking into account ambient temperature in estimating the surface
coefficient of friction. If the temperature is below a prescribed value, such as substantially
zero Celsius, and precipitation has been detected, motion control may be initiated
automatically, optionally in further dependence on one or more further parameters. The
prescribed value of surface coefficient of friction may be determined in dependence on an
estimate of train load. The estimate of train load may take into account whether or not a
trailer is connected to the vehicle, a slope of a driving surface and whether the vehicle is
ascending or descending the slope. Other parameters/factors may also be taken into
account.

In some embodiments the method may comprise determining the amount or relative amount
of weight that is being borne by each respective driven wheel, and setting the prescribed
value of surface coefficient of friction in dependence on the amount of weight borne by one
or more wheels. The method may comprise determining the relative amount of weight on a
given wheel by reference to data in respect of vehicle attitude, wheel articulation and/or any
other data in addition or instead. Thus, if the vehicle determines that one or more wheels is
at full ‘droop’, i.e. at a lower limit of travel in a downward direction, the method may comprise
increasing the prescribed value of surface coefficient of friction below which motion control is
initiated.

In some arrangements, if the amount of weight on a given wheel falls below a prescribed
value, or the relative amount of weight falls below a prescribed value, motion control may be
initiated automatically regardless of the value of surface coefficient of friction.

In some arrangements motion control may be initiated in dependence on vehicle loading or a
change in vehicle loading, For example if a vehicle has reduced in weight whilst stationary,
for example due to unloading of cargo, motion control may be initiated if it is determined that
the vehicle will or may launch on a surface of relatively low coefficient of friction. This feature
may be particularly useful for example for delivery trucks since they may experience
substantial variations in loading. In one example scenario, a truck may unload a cargo in an
underground loading bay and subsequently require to drive uphill out of the loading bay over
a slippery surface. A control system according to an embodiment of the present invention
may be usefully deployed in such a vehicle to assist negotiation of the slippery surface as
the vehicle initiates motion.
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Optionally, the system may store data in respect of one or more ambient environmental
conditions such as ambient temperature and whether precipitation is present. The system
may also store a current value of surface coefficient of friction and optionally one or more
other parameters associated with the vehicle. When motion is subsequently initiated from
rest the control system may automatically activate motion control, i.e. application of brake
torque to one or more wheels whilst the vehicle is accelerated from rest, in dependence on
the stored data. As described above, application of brake torque may be by application of a
wheel brake, or application of negative torque to a driveline of the vehicle for example by
means of an electric machine.

In an embodiment, if the stored data indicates that the surface coefficient of friction at one or
more driven wheels when the vehicle last stopped was such as to require motion control to
initiate motion from rest when the vehicle last stopped, the control system may automatically

apply motion control when the driver subsequently commands motion from rest.

In some embodiments, if the control system determines that precipitation was present when
the vehicle last stopped and that the surface may now have a coefficient of friction below a
prescribed value, the system may automatically apply motion control when the driver
commands motion from rest. The system may estimate the current value of surface
coefficient of friction in dependence at least in part on data in respect of current ambient

temperature. Other arrangements are also useful.

In some embodiments, when the control system applies motion control with braking applied
to driven wheels only the system may prevent illumination of an external brake indicator
lighting system, such as brake lights or the like, unless a driver depresses a brake pedal or
other brake actuator. In some embodiments a hazard warning lighting system may be
activated, such as flashing direction indicator lamps or the like.

The method may include the step of selection by the driver of an operating condition of the
vehicle by the control system.

The method may include the step of automatic selection of an operating condition of the
vehicle.

The operating condition may correspond to a prescribed configuration of one or more vehicle
subsystems.
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The method may include automatically initiating said motion control upon selection of a
prescribed vehicle operating condition.

The method may include determining a maximum permitted slip according to an operating
condition of the vehicle, the method comprising limiting slip to the maximum permitted value.

The method may advantageously comprise maintaining driving wheels of the same axle at a
speed differential of less than a prescribed value, optionally less than 10%.

The method may include the step of maintaining all driving wheels of the vehicle at a speed
differential of less than a prescribed value, optionally less than 10%.

Optionally the method may include the step of limiting forward acceleration of the vehicle to
a prescribed value, optionally to a value that is less than 1.5 m/sec?.

The method may include the step of automatically reducing the percentage slip of wheels
with respect to ground as vehicle and engine speeds become compatible.

Advantageously said percentage slip may be reduced progressively.
Optionally said motion control is ceased when actual vehicle speed is greater than a
prescribed proportion of the theoretical vehicle speed at the instant motor speed. The

prescribed proportion may be 90% or any other suitable value.

The method may include determining a maximum permitted slip according to an operating
condition of the vehicle.

The method may include selection by the driver of an operating condition of the vehicle.
The method may include automatic selection of an operating condition of the vehicle.
The method may include comparing transmission speed with the speed of a non-driven

wheel in order to determine slip. As noted above, in some embodiments a speed of a driven
wheel may be compared with that of a non-driven wheel in order to determine slip.
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Alternatively or in addition the method may include comparing transmission speed and
ground speed in order to determine slip.

Alternatively or in addition the method may include using a value of torque reaction of driven
wheels in order to determine slip. That is, the method may include the step of comparing a
measured amount of torque at a wheel with an expected amount, for example an expected
amount for a given amount of power or torque developed by a powertrain of the vehicle, in
order to estimate a value of slip of the wheel.

Initiating motion control may comprise managing net torque applied to one or more wheels
whilst brake torque continues to be applied in order to accelerate the vehicle.

The method may comprise selecting an amount of brake torque applied to wheels of a given
axle in dependence on a distribution of vehicle weight between forward and rearward
portions of a vehicle.

Thus, the amount of brake torque applied to wheels of a given axle (such as a pair of front
wheels or a pair of rear wheels) may be selected in dependence on the relative amounts of
weight on front and rear axles of the vehicle. If the amount of weight on a rear axle is greater
than that on a front axle, a greater amount of brake torque may be applied to wheels of the
front axle compared with wheels of the rear axle.

Similarly, an amount of brake torque applied may depend on whether a wheel is a driven
wheel or not. In the case of a non-driven wheel, brake torque may not be applied when
motion is initiated from rest, so that a measure of vehicle speed may be obtained by
reference to a speed of rotation of the non-driven wheel.

In the case of a front wheel drive vehicle, when motion is initiated from rest brake torque
may be applied to front wheels of the vehicle as the vehicle is driven from rest. However,
brake torque may be released from the rear wheels in order not to impede acceleration of
the vehicle, and enable a more accurate measurement of vehicle speed to be made
compared with measurement of speed of rotation of the rear wheels which may be slipping.
Similarly, for a rear wheel drive vehicle brake torque may be applied to the rear wheels but

not the front wheels as motion is initiated from rest.

The method may include providing an indication to a user of a required state or condition of
one or more driver-applied control inputs such as an amount by which an accelerator pedal
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should be depressed, a gear that should be selected by means of a transmission or hi/low
ratio selector, a state of a terrain response mode controller that should be selected or any
other suitable driver-applied control input. The indication may be provided to the driver by
means of a human machine interface (HMI) system. Alternatively or in addition the method
may include the step of providing the indication by voice message, haptic indication and/or
warning tone. Thus the user may be provided with instructions to enable the method to be

implemented.

In a further aspect of the invention for which protection is sought there is provided a method
of maintaining motion of a vehicle on a low friction driving surface, the method comprising
detecting loss of traction of the vehicle, implementing a strategy of applying brake torque
and drive torque to one or more vehicle wheels, and during implementation of said strategy
advising the vehicle driver of required driver-applied control inputs to the vehicle. The driver-
applied control inputs may be for example in respect of an amount by which an accelerator
pedal should be depressed, a gear that should be selected by means of a transmission or
hi/low ratio selector, a state of a terrain response mode controller that should be selected or
any other suitable driver-applied control input.

In an aspect of the invention for which protection is sought there is provided a method of
maintaining motion of a vehicle on a low friction driving surface, the method comprising
detecting loss of traction of the vehicle, implementing a strategy of applying brake torque
and drive torque to one or more vehicle wheels, determining required control inputs to
maintaining slip of one or more wheels on the driving surface in a predetermined range, and
during implementation of said strategy advising the vehicle driver of required control inputs
to the vehicle to maintain said slip.

The method may include the step of maintaining slip of one or more wheels on the driving
surface in the range 5-20%.

Optionally, a determination that loss of traction has occurred may require that an amount of
slip at any tyre/ground interface exceeds 2%.

The method may include the step of advising the vehicle driver by dashboard message,

voice message, haptic indication and/or warning tone.

Advantageously, a required driver-applied control input to the vehicle may comprise variation
of accelerator pedal position.
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Optionally the strategy is ceased automatically if wheel slip falls below a predetermined

minimum.

The strategy may be adapted to be disabled by the vehicle driver.

Optionally, the strategy is automatically enabled upon selection or detection of an off-road

condition.

Advantageously the strategy may be disabled above a predetermined vehicle speed.

In an aspect of the invention for which protection is sought there is provided a method of
setting a vehicle in motion over a driving surface and/or maintaining motion of said vehicle
over the driving surface implemented by a control system, said method comprising initiating
motion control, initiating motion control comprising: commanding by the control system
application of a brake to one or more driven wheels; commanding application of drive torque
to the one or more driven wheels such that the vehicle is held stationary; subsequently
initiating motion from rest whilst a brake continues to be applied to the one or more driven
wheels to oppose the drive torque applied.

In one aspect of the invention for which protection is sought there is provided a control
system for setting a vehicle in motion over a driving surface and/or maintaining motion of
said vehicle over the driving surface, the system being operable to initiate motion control by
commanding application of brake torque and drive torque to one or more wheels such that
the vehicle is held stationary; the system being operable subsequently to initiate motion from
rest whilst brake torque continues to be applied to the one or more wheels.

In a further aspect of the invention for which protection is sought there is provided a control
system for setting a vehicle in motion over a driving surface and/or maintaining motion of
said vehicle over the driving surface, the system being operable to initiate motion control by
commanding application of brake torque and drive torque to one or more wheels such that
the vehicle is held stationary and subsequently to initiate motion from rest whilst brake
torque continues to be applied to the one or more wheels, the system being further
configured to automatically maintain a value of slip of one or more vehicle wheels over the
driving surface, wherein the value of slip maintained is within a predetermined range.

In an embodiment the control system may further comprise:



10

15

20

25

30

35

WO 2014/184344 PCT/EP2014/060083

15

an electronic processor; and

an electronic memory device electrically coupled to the electronic processor and
having instructions stored therein,

wherein the processor is configured to access the memory device and execute the
instructions stored therein such that the system is operable to:

initiate said motion control and automatically maintain said value of slip within said
predetermined range.

In some embodiments said processor may comprise an input for receiving an electrical
signal indicative of one or more characteristics of the driving surface over which the vehicle
is travelling, wherein

said processor is configured to determine said value of slip in dependence on said signal
indicative of said one or more characteristics of the driving surface.

In some embodiments said processor may further comprise an input for receiving an
electrical signal indicative of the speed of the vehicle, wherein

said processor is configured to determine said value of slip to be maintained in dependence
upon said value of slip in dependence on said signal indicative of the speed of the vehicle.

In some embodiments said value of slip maintained may decrease with increasing vehicle
speed.

In some embodiments said processor may further comprise an input for receiving an
electrical signal indicative of the engine speed of the vehicle, wherein

said processor is configured to compare automatically said signal indicative of the engine
speed of the vehicle and said signal indicative of the speed of the vehicle and reduce said
maintained value of slip as said vehicle speed approaches a speed that corresponds to the
engine speed.

The system may be operable to command application of a brake substantially continuously
to the one or more wheels, and subsequently to command application of drive torque to one
or more wheels. As the drive torque is applied, brake torque is expected to increase to
oppose the drive torque and reduce a risk of flare, whilst allowing the wheel to begin to
rotate once the drive torque is sufficiently large to overcome the brake torque applied by the
braking system.
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The system may be operable to command a user of the vehicle to apply drive torque to the
wheels, optionally drive torque of a prescribed amount, further optionally drive torque up to a
prescribed amount. The command may be provided by means of a HMI display, a voice
command or any other suitable means. Alternatively the control system may be operable to
command a powertrain controller to apply drive torque to the wheels.

The control system may be operable to command application of brake torque to oppose at
least in part the drive torque by commanding a vehicle system such as a brake controller to
apply brake torque. In addition or instead the control system may command a powertrain
controller to apply brake torque by means of an electric machine, for example an electric
machine operated as a generator.

In embodiments in which the user is commanded to apply drive torque, for example by
depressing an accelerator pedal, the control system may be operable to command
application of an amount of brake torque that is dependent on the amount of drive torque the
user applies.

The control system may be operable to cancel motion control if the driver provides a brake
control input, for example by applying pressure to a brake pedal. In embodiments in which
the user is commanded to apply an accelerator control input, the system may be operable to
cancel motion control if the users ceases application of the accelerator control input, for
example if the user releases an accelerator pedal.

The system may be adapted automatically to maintain slip of one or more vehicle wheels in
the range 5-20%.

It is to be understood that the system may be operable to set the vehicle in motion over the
driving surface and/or maintain motion of the vehicle over the driving surface in a forward or
reverse driving direction.

This aspect of the invention may be considered to be counter-intuitive since a detection of
loss of traction would normally require a reduction of wheel slip so as to maintain control of
the vehicle. In this aspect of the invention wheel slip is maintained in order to ensure

effective travel of the vehicle over a low friction surface.

By ‘low friction surface’ is meant any surface other than dry asphalt or concrete on which
significant loss of traction can be experienced, typically an off-road surface of for example
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snow, mud or sand. Loss of traction may be defined as greater than 2% slip at any
tyre/ground interface. Loss of traction may be detected in any suitable manner, for example
by comparison of wheel speeds, or by comparison of wheel speeds and vehicle speed with
respect to a fixed reference. A dry asphalt surface may be considered to have a surface
coefficient of friction of 1. A relatively low surface coefficient of friction may be considered to
be a value less than or equal to 0.5. However embodiments of the present invention are
useful for assisting motion of a vehicle over surfaces having a surface coefficient of friction
greater than 0.5.

Vehicle launch assist or traction aid according to an embodiment of the present invention
may be implemented manually upon the vehicle driver being given an appropriate indication,
or may be implemented automatically by a system of the vehicle. If implemented
automatically, a suitable indicator may alert the driver that implementation is taking place, for
example by a dashboard message, warning tone or haptic indication.

One of the required control inputs to the vehicle may comprise accelerator pedal position.
Thus the vehicle driver may be commanded to depress the accelerator pedal in order to
increase engine torque to maintain slip in the range 5-20%. If excess torque is present, the
driver may be commanded to reduce the amount by which the accelerator pedal is
depressed, in other words reduce the accelerator pedal ‘opening’. The system may be
operable to provide prompts to guide a user to increase or decrease the amount of
accelerator pedal depression. The driver may initiate motion control by lightly pressing on
the accelerator pedal and following the prompts that are subsequently provided by the
system. In some embodiments the system may be operable to perform automatic torque
capping in which the powertrain is operable under the control of the control system to
develop drive torque up to a maximum value corresponding to the amount by which the
driver has depressed the accelerator pedal. The system is configured to determine the
amount of required drive torque and command the powertrain to develop a corresponding
amount of drive torque up to the maximum value indicated by the instant accelerator pedal
position. Any suitable means of indicating a required control input may be used, including
voice commands, haptic feedback, display messages, charts, graphs and the like.

The method may comprise compensating for an excess of drive torque by means of a
braking system and/or powertrain torque reduction system. Thus in embodiments in which
an actuator such as an engine and/or electric motor is commanded to develop an amount of
drive torque corresponding to actual instant accelerator control position, compensation for
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excess torque being made by application of brake torque and/or by means of a powertrain
torque reduction system.

The powertrain torque reduction system may comprise one or more clutch devices operable
to allow driveline slip at one or more locations of a powertrain thereby to reduce the amount
of powertrain torque applied to one or more wheels. The amount of driveline slip is managed
by the system, for example by varying an amount of clamping pressure between plates of a
clutch devices such as a multi-plate wet clutch device or any other suitable device. Other
arrangements are also useful.

The strategy of this aspect of the invention may be ceased automatically if wheel slip falls
below a predetermined minimum, of for example 2%, or may be overridden or disabled
manually by the vehicle driver. The strategy may be automatically enabled upon selection or
detection of an off-road condition, or any other condition where loss of traction may be
encountered - for example whilst driving in snow or where map data associated with a
vehicle navigation system suggests the vehicle is driving on ground that does not
correspond to a highway or road surface such as an asphalt or concrete road surface. The
navigation system may be a satellite navigation system or any other suitable navigation
system.

In some embodiments the strategy may be enabled automatically if a prescribed one or
more vehicle operating modes are selected, either by a driver or automatically by the vehicle
control system. For example the strategy may be enabled if a winter mode or the like is
selected, or a ‘launch assist’ mode. The vehicle may be operable in one or more other
modes in response to prevailing driving conditions, such as one or more terrain response
(TR) modes. The TR modes may include one or more modes optimised for travel on slippery
surfaces such as grass, gravel, snow or ice.

US patent US 7,349,776, the content of which is hereby incorporated by reference,
describes a vehicle control system in which the driver can implement improved control over
a broad range of driving conditions, and in particular over a number of different terrains
which may be encountered when driving off-road. In response to a driver input command
relating to the terrain, the vehicle control system is selected to operate in one of a number of
different driving modes or TR modes. For each mode, the various vehicle subsystems are
operated in a manner appropriate to the corresponding terrain. As described above, the
vehicle may be operable automatically to implement launch assist according to an
embodiment of the present in invention when motion of the vehicle is initiated from rest and
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one of a prescribed set of one or more TR modes has been selected. In some embodiments
the vehicle may be operable automatically to select an appropriate TR mode for the
prevailing driving conditions, and to implement motion control according to the present
invention when motion of the vehicle is initiated from rest.

In an embodiment, a mode (for example a winter mode) is available in which the vehicle is
configured to launch from standstill in a forward gear other than first gear such as a second
or third gear to reduce risk of excessive wheel slip. Different modes may have different
throttle maps (amount of engine torque developed for a given throttle pedal position), torque
delivery (throttle maps in combination with a rate at which engagement of transmission
clutches is controlled to take place thereby determining how aggressively gear shifts take
place), and transmission shift points as a function of coefficient of surface friction. For
example, transmission shift points may be arranged wherein gear shifts take place at lower
speeds than they might otherwise take place at, and in a more gentle manner (e.g. at a

slower rate).

Other arrangements are also useful.

The strategy of this aspect may be disabled above a predetermined vehicle speed, which
speed may be set by the vehicle driver, or may be set automatically by a vehicle system.

Methods according to embodiments of the present invention are typically embodied in a
vehicle control system, for example a clutch control system, adapted to automatically vary
the coupling between motor and transmission and/or a torque vectoring system, to achieve
the intended result. The clutch may be a lock-up clutch of a torque converter. The control
system may further control motor torque by alteration of the engine torque/speed map, and
be fully automatic upon selection of a suitable control by the vehicle driver.

In one embodiment, the control system is part of a clutch control ECU having input signals
from a network bus or the like, giving the required information about motor speed (e.g.
engine speed or electric propulsion motor speed), transmission speed, transmission ratio,
wheel speed, ground speed and the like. Other information, such as motor torque may be
derived from a look-up table of an ECU memory by reference to motor speed, optionally in
combination with one or more other parameters such as driver demanded torque, fuel flow
rate, induction air flow rate and/or one or more other parameters.
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Once initiated by the vehicle driver, movement of the vehicle may be fully automatic until the
desired coupling between motor and transmission is achieved, the vehicle has the desired
speed or wheel slip has fallen below a prescribed threshold. The threshold may be
dependent on speed and/or one or more other parameters such as coefficient of friction. The
vehicle speed may be maintained until or unless the vehicle driver takes manual control, for
example by advancing (depressing) an accelerator pedal, depressing a brake pedal or
another system takes over; the latter may be for example a cruise control module whereby
the vehicle driver may speed up or slow down by the use of the usual + and - buttons.

The system may include a torque controller for selectively distributing engine output between
driven wheels of the vehicle.

The controller may be adapted to control the rotational speed of the driven wheels by
application of respective wheel brakes.

The system may be operable to perform torque vectoring in respect of a plurality of vehicle
wheels.

The system may further include means for sensing ground speed relative to vehicle speed.

For example, the vehicle may be provided with means for measuring actual speed of travel
over ground such as a radar based technique, a camera based technique, a global satellite
positioning system (GPS) based technique or any other suitable technique. By vehicle speed
is meant a reference vehicle speed employed by one or more vehicle systems requiring
knowledge of vehicle speed. The reference vehicle speed may be determined by
measurements of wheel speed, and may be vulnerable to erroneous values in the event of
slip of one or more wheels. Reference speed may be particularly vulnerable to erroneous
values in the event that all wheels of the vehicle are driven and slip of all the driven wheels
takes place.

The system may be adapted to determine the maximum permitted slip according to an
operating condition of the vehicle.

Optionally the system includes a command device for instructing a vehicle driver to vary a
driver-controlled input, such as a brake and/or accelerator pedal.
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The system may be operable to command application of drive torque by commanding a
vehicle driver to vary a control input such as an accelerator pedal thereby to allow sufficient
drive torque to be developed to initiate motion from rest.

The system may be operable to instruct the vehicle driver to vary the control input via a
vehicle HMIL.

Advantageously the system may be operable to command application of drive torque
directly.

Thus the system may be operable to communicate directly with a vehicle system for applying

drive torque such as a powertrain controller or an engine controller.

Embodiments of the present invention may be used in vehicles with automatic transmissions
and may be adapted for use with vehicles having manual transmissions. In an embodiment
for use with a vehicle having a manual transmission the system may be operable to guide a
driver to select an appropriate gear or gear configuration in the event the vehicle has a
high/low ratio selector in addition to a transmission gear selector. By gear configuration is
meant a particular combination of high or low ratio and transmission gear, optionally a choice
of two or more combinations. The control system may then provide the driver with an
indication of the amount by which the accelerator pedal should be depressed and optionally
in addition guide a driver to release a clutch of the vehicle to engage the transmission. The
control system may guide the driver to release the clutch by a suitable amount and optionally
at a suitable rate to prevent stalling of the vehicle. The control system may in turn command
directly a brake controller to apply a brake to a wheel whereby brake torque is developed to
prevent flare of one or more driven wheels as the wheels begin to rotate. In the event brake
torque is applied by means of an electric machine the control system may command
application of the brake torque by the electric machine. In an embodiment of the invention a
green indicator lamp may illuminate when the accelerator pedal is sufficiently depressed by
the driver. A red lamp may illuminate if the clutch is released at too high a rate. Other
arrangements are also useful.

In one aspect of the invention for which protection is sought there is provided a control
system for setting a vehicle in motion over a driving surface and/or maintaining motion of
said vehicle over the driving surface, the system being operable to initiate motion control by
commanding application of a brake to one or more driven wheels, the system being further
operable to command application of drive torque to the one or more driven wheels such that
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the vehicle is held stationary by the brake applied to the one or more wheels, the system
being operable subsequently to initiate motion from rest whilst the brake continues to be
applied to the one or more driven wheels to oppose the drive torque applied.

Motion may be initiated from rest by reducing the amount of brake torque developed by the
brake applied to the one or more wheels, and/or by increasing the amount of drive torque
applied to the one or more wheels.

It is to be understood that each wheel may be provided with a respective one or more
brakes. Alternatively, a brake may be applied at a desired location of a driveline in order to
oppose drive torque and prevent excessive wheel spin.

In a further aspect of the invention for which protection is sought there is provided a vehicle
comprising a system according to a preceding aspect.

In one aspect of the invention there is provided a vehicle having a plurality of selectable
operating conditions, and a system according to one of the preceding aspects.

In one aspect of the invention for which protection is sought there is provided a vehicle
speed control system comprising brake control means such as a brake controller and
powertrain control means such as a powertrain controller. The brake control means and
powertrain control means are operable to control the net amount of torque applied to a
driven axle. In operation, the control system enables the vehicle to accelerate from rest at a
rate that is less than that achievable by the powertrain control means in the absence of
application of the brake control means on a surface where the coefficient of friction between
tyre and ground is substantially equal to 1, i.e. a surface offering relatively high grip. This is
because the brake control means applies a retarding (brake) torque to the driven wheels as
the vehicle is accelerated, acting against powertrain drive torque. This has the advantage
that if the vehicle seeks to accelerate on a surface of relatively low surface coefficient of
friction, a rate of acceleration may be greater than that which is in fact achievable by a
driver, since application of the braking system prevents excessive wheel slip (flare) when
positive powertrain drive torque is applied.

In one aspect of the invention for which protection is sought there is provided a method of
setting a vehicle in motion over a driving surface and/or maintaining motion of said vehicle
over the driving surface implemented by a control system. The method may comprise
initiating motion control, initiating motion control comprising: commanding by the control
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system application of brake torque and drive torque to one or more wheels such that the
vehicle is held stationary; subsequently initiating motion from rest whilst brake torque
continues to be applied to the one or more wheels. The strategy may also be implemented to
maintain vehicle progress on low friction surfaces. The vehicle driver may be commanded to
vary a control input, such as accelerator pedal position, in order to facilitate the maintaining
of progress.

In a further aspect of the invention for which protection is sought there is provided a non-
transitory, computer-readable storage medium storing instructions thereon that when
executed by one or more electronic processors causes the one or more processors to carry
out a method as described above.

In an aspect of the invention for which protection is sought there is provided a control system
for setting a vehicle in motion over a driving surface and maintaining motion of said vehicle
over the driving surface, the system being operable to initiate motion control by application of
brake torque and drive torque to one or more wheels such that the vehicle is held stationary
and subsequently to initiate motion from rest whilst brake torque continues to be applied to
the one or more wheels, the system being further configured to

automatically determine required driver control inputs required to maintain a value of
slip of one or more vehicle wheels over the driving surface within a predetermined range,
and

issue instructions to the vehicle driver of said required control inputs to the vehicle to
maintain said slip.

In an embodiment the control system may comprise:

an electronic processor; and

an electronic memory device electrically coupled to the electronic processor and
having instructions stored therein,

wherein the processor is configured to access the memory device and execute the
instructions stored therein such that the system is operable to:

automatically determine said required driver control inputs and issue said instructions

to the driver.

Within the scope of this application it is expressly intended that the various aspects,
embodiments, examples and alternatives, and in particular the individual features thereof,
set out in the preceding paragraphs, in the claims and/or in the following description and
drawings, may be taken independently or in any combination thereof. For example, features
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described in connection with one embodiment are applicable to all embodiments, unless
such features are incompatible.

BRIEF DESCRIPTION OF DRAWINGS

An embodiment of the present invention will now be described, by way of example only with
reference to the accompanying drawings in which:-

FIGURE 1 illustrates a vehicle according to an embodiment of the present invention;

FIGURE 2 illustrates pedal progression maps relating accelerator pedal position to engine
torque output;

FIGURE 3 illustrates the effect of the embodiment of the invention in graphical form;

FIGURE 4 corresponds to FIG. 3 and shows rising vehicle speed;

FIGURE 5 corresponds to FIG. 3 and shows relative wheel slip;

FIGURE 6 is a flow chart describing operation of a vehicle control unit according to an
embodiment of the present invention; and

FIGURE 7 is a plot of powertrain torque and brake torque as a function of time during a
vehicle launch under the control of a control system according to an embodiment of the
present invention.

DETAILED DESCRIPTION

FIG. 1 is a schematic illustration of a vehicle 10 according to an embodiment of the present
invention. The vehicle 10 has a prime mover or motor 11 in the form of an internal
combustion engine. The engine 11 is coupled to a transmission 12 by means of a coupling
13. The coupling 13 is arranged to allow the transmission 12 progressively to reach a speed
compatible with motor speed when the vehicle 10 is accelerated from rest. The coupling 13
is typically a friction clutch, torque converter or the like. An accelerator pedal 1 allows a
driver to control an amount of torque developed by the motor 11 under the control of a
powertrain controller 17 whilst a brake pedal 2 allows a driver to apply a braking system
under the control of a brake controller 16.
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The vehicle 10 includes a mode selector 14 operable by a driver to select a desired vehicle
operating mode. These modes may comprise for example settings of suspension and drive
train appropriate to different terrain conditions so as to best ensure effective vehicle
performance and full utilization of the capabilities thereof. The modes may be referred to as
‘terrain response’ or TR modes as described above and in US patent US 7,349,776. The
mode selector 14 may be operable by the vehicle driver to optimize the vehicle for travel
over sand or gravel or rock. In some embodiments the vehicle 10 may be configured to allow
automatic selection of operating mode by suitable vehicle mounted sensors arranged to
sense one or more operating conditions.

Movement of a vehicle from rest when off-highway requires care so as to avoid an
inappropriate vehicle response. Fig. 2 illustrates typical pedal progression maps for travel
over grass gravel or snow (GGS) 21, sand 22 and rock 23 whereby the torque output T of
the vehicle motor is controlled by reference to accelerator pedal position P. Thus a high
torque output is available for a small advance of accelerator pedal from a low % pedal
position where sand mode is selected. In contrast, in GGS mode, torque output is less
aggressive at low 5 pedal position, so as to avoid wheel spinning. Nevertheless, a control
strategy for assisting a novice driver to move a vehicle from a rest condition is desirable,
particularly where the terrain type is not correctly determined by the driver.

Embodiments of the present invention provide a launch assist functionality for assisting the
driver to launch the vehicle from rest.

In the embodiment shown in FIG. 1, movement of the vehicle from rest is accomplished with
deliberate wheel slip within a pre-determined range, so as to generate maximum traction at
the tyre/terrain interface. Deliberate slip may be generated at driven wheels of at least one
axle of the vehicle, and may be applied to all driven axles.

The amount of permitted slip is determined empirically according to vehicle type and terrain
categorization, and may be as little as 5% for a hard surface such as rock, and as much as
20% for a soft granular surface such as sand. The amount of slip may be a function of
vehicle speed also. In some embodiments the vehicle may be operable to permit slip of up to
around 50%. Other values of wheel slip are also useful for various terrain conditions.

It is to be understood that by the term slip is meant an amount by which wheel speed
exceeds vehicle speed.
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A vehicle motor is generally able to generate sufficient torque to cause excessive rotation or
flare of the driving wheels when the vehicle is at rest if so commanded. Conventional
differential gears will generally allow uncontrolled spinning of one driven wheel, and
accordingly some embodiments of the present invention are arranged to prevent excessive

wheel spin.

The vehicle of the embodiment of FIG. 1 has a vehicle control unit (VCU) 15 operable to
implement a launch assist function. When the launch assist function is active, the VCU 15 is
operable to command the brake controller 16 to apply a brake to one or more driven wheels
(such as brake pressure in the case of a pressure-actuated braking system) whilst the
vehicle 10 is stationary in order to resist acceleration of the one or more wheels when engine
drive torque is applied to the one or more driven wheels. This retarding torque reduces a risk
of flare of the wheel when drive torque is applied, and manages the rate of rise of net torque
at each wheel below a rate achievable via the powertrain controller 17 alone.

In some arrangements brake torque is applied to each wheel of a driven axle. In situations in
which the values of surface coefficient of friction between the ground and opposite wheels of
an axle are substantially different, this reduces a risk that vehicle progress is impeded
substantially by slip of one wheel relative to the other. In some embodiments controllable
limited slip differential gears may be employed to mitigate this problem, and/or a system of
torque vectoring whereby the vehicle transmission 12 is adapted to direct torque to individual
driven wheels according to demand.

In embodiments having a differential gearbox between driven wheels of one or more axles,
the application of brake torque to the driven wheels may serve to distribute torque across the
differential in a favourable manner in the event one of the wheels experiences a surface
having a lower surface coefficient of friction than that experienced by the other wheel. That
is, torque may be redistributed such that a larger amount of torque is applied to the wheel
experiencing a surface of higher surface coefficient of friction.

It is to be understood that according to convention wisdom spinning of wheels above a
relatively small amount is considered generally undesirable, and accordingly prior art
systems aim to maintain wheel slip at as low a value as possible. However in some
embodiments of the present invention an excess of torque is provided by the vehicle engine
11 in order to ensure deliberate controlled slip within a required range. Application of brake
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torque to one or more driven wheels assists in controlling slip, particularly as the vehicle 10
is launched from rest.

In order to maintain driven wheels in controlled slip, a means of determining slip is required.
Suitable devices comprise individual wheel speed indicators, which may be derived from
anti-lock braking sensors, in conjunction with an indicator of vehicle speed. The latter may
be derived from non-driven wheels, from a GPS system, an inertial measurement unit (IMU)
or in any other convenient manner. Camera systems may be provided to measure individual
wheel rotation speed, or to detect relative movement of the terrain relative to the vehicle.
Radar systems or the like whereby an electromagnetic beam is projected and received may
also be used to give an indication of vehicle speed over the terrain.

Signals of wheel speed, vehicle speed, engine output torque and other parameters are
available on a vehicle network bus, which in the present embodiment is a controller area
network (CAN) bus 19. The signals are refreshed at a suitable refresh rate, for example
exceeding 10Hz.

Suitable algorithms, developed empirically, or look-up tables assign a range of appropriate
slip according to the selected terrain condition. The selected terrain condition may be set by
the driver by means of selector 14 as described above, or recognised automatically by the
VCU 15. The degree of slip assigned may also take into account other factors, such as the
transmission ratio selected, and the pitch angle or roll angle of the vehicle at rest.
Environmental factors, such as whether it is raining (by reference to a rain sensor or whether
windscreen wipers are set to ‘on’), may also be taken into account, and/or other factors such
as whether the vehicle is towing, a suspension loading, ambient temperature (such as
whether the ambient temperature is below substantially zero Celsius) and any other suitable
factor. Suitable signals of these factors are generally available on the CAN bus 19.

Fig. 3 illustrates a typical characteristic for moving from rest over sand. The vehicle driver
may initialise vehicle launch assist (VLA) functionality by selecting VLA from a menu
displayed on an HMI display 18. In the present embodiment the function is operable to
provide a fully automatic launch. For example, if a driver is struggling to ascend a hill
without assistance, the driver may stop the vehicle and select VLA from the menu.

Once the VLA function is selected, the VCU 15 commands the brake controller 16 to apply
(or maintain) braking torque to each wheel that is to be driven, the amount of braking torque
depending on an estimated value of surface coefficient of friction between the driven wheels
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and the driving surface. In some embodiments, the amount of braking torque applied or
maintained initially when the vehicle is at rest is a fixed value that is independent of surface
coefficient of friction. The amount of brake torque may in some embodiments be determined
in dependence at least in part on vehicle attitude and selected gear ratio in order to avoid
unwanted movement such as roll-back of the vehicle.

The VCU 15 then commands powertrain controller 17 to generate sufficient engine torque to
ensure initial wheel slip S% will be around 20%. The powertrain develops this power without
a requirement for the driver to apply the accelerator pedal 1. It is to be understood that in
some embodiments, positive powertrain torque may be commanded to exceed a
substantially fixed braking torque, and/or braking torque may be gradually reduced in order
to manage net wheel torque. As the vehicle gains traction and speed V (FIG. 4), the
permitted degree of slip is progressively reduced to 5%, which may be desirable in certain
sand conditions. At higher speeds or on different terrain relative slip may be reduced further.
The time to achieve a steady state speed of around 10 kph may be in the range 1-3
seconds, at which point the vehicle driver may take over by advancing the accelerator pedal
1 or by engaging some other vehicle system such as cruise control. The steady state speed
may be varied or selected according to conditions of use whilst launch assist is active.

In one embodiment of the present invention, once the launch assist function is enabled the
VCU 15 immediately disables the launch assist function if any control input from the vehicle
driver is detected via the accelerator pedal 1, brake pedal 2, parking brake switch 16PB,
transmission control input or actuation of a manual gearbox clutch (where provided).

FIG. 4 illustrates a typical increase in vehicle speed V over time t as traction is gained, and
speed rises to the steady state. This steady state speed may of course vary according to
terrain and other conditions, according to pre-set values retained in a look-up table, or
according to an algorithm.

FIG. 5 illustrates typical wheel slip S as vehicle speed V increases. Initially slip is
substantially zero (wheel stationary) but rapidly increases to 20% before dropping to a
steady state value of 5%. Minor variations of wheel speed are corrected at the refresh rate
of the control system, which may be 10Hz or greater.

One embodiment of the present invention will now be described with reference to the flow
diagram of FIG. 6.
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At step S101 the vehicle 10 is stationary with a speed V=0kph and engine 11 running. The
driver of the vehicle selects the vehicle launch assist function via HMI display 18.

At step S103 the VCU 15 checks whether the parking brake has been applied (set to on) via
parking brake switch 16PB, whether the transmission 12 is set to drive mode and whether
the driver is currently depressing the brake pedal 2. In some embodiments the VCU 15 does
not require the brake pedal 2 to be depressed. Other arrangements are also useful.

If these conditions are met, then at step S105 launch assist is ‘engaged’, i.e. the VCU 15
begins executing computer program code implementing launch assist functionality.

If the driver subsequently cancels launch assist functionality — by pressing a ‘cancel’ button
displayed on the HMI display 18, releasing the accelerator pedal 1 once the pedal 1 has
been depressed following instruction by the vehicle HMI display 18, or if the driver depresses
the brake pedal 2 after being instructed to release it by the vehicle HMI display 18), then the
VCU 15 proceeds directly to step S131 where launch assist is cancelled and the VCU 15
terminates execution of code implementing launch assist functionality.

At step S107 the VCU 15 instructs the driver (via the HMI display 18) to release the brake
pedal 2 and apply partial throttle by means of the accelerator pedal 1 by an amount as
prompted.

At step S109 the VCU 15 continues to command application of brake torque to hold the
vehicle 10 stationary, and makes a determination as to whether or not sufficient positive
torque is available for vehicle launch against a prescribed amount of brake torque. This
determination may be made by reference to a powertrain torque demand signal, a signal
indicative of actual powertrain torque delivered or by any other suitable means. If the VCU
15 determines that sufficient torque is not available the VCU 15 returns to step S107.

If sufficient torque is available, then at step S111 the VCU 15 provides an instruction to the
driver via the HMI display 18 to release the parking brake via parking brake switch 16PB.

At step S113 the VCU 15 determines whether the parking brake switch 16PB has been
actuated to release the parking brake within a prescribed period of time. In the present
embodiment the prescribed period is 10s, although other values are also useful. If the driver
does not signal release of the parking brake via switch 16PB within the prescribed period
then the VCU 15 continues at step S131.



10

15

20

25

30

35

WO 2014/184344 PCT/EP2014/060083

30

If the driver does signal release of the parking brake within the prescribed period the VCU 15
continues at step S115. At step S115 the VCU 15 displays, via HMI 18, an indication that
launch assist functionality is active and provides driver guidance in respect of accelerator
pedal position. Specifically, the VCU 15 instructs the driver via HMI 18 as to by how much
the accelerator pedal 1 must be depressed in order to enable the engine 11 to develop
sufficient torque for vehicle launch.

Once the VCU 15 determines that sufficient torque is being developed, at step S117 the
VCU 15 commands the brake controller 16 to command a reduction in brake torque applied
to driven wheels of the vehicle 10. A prescribed amount of brake torque, determined by the
VCU 15, continues to be applied to the driven wheels. In a situation where not all wheels of
the vehicle 10 are driven (such as in a two wheel drive vehicle or a four wheel drive vehicle
operated in a two wheel drive configuration), the VCU 15 may command substantially full
release of brake torque to the non-driven wheels such that they are free to rotate with
substantially no brake torque applied thereto. The non-driven wheels may subsequently
provide a useful vehicle reference speed.

It is to be understood that the VCU 15 may then command an increase or decrease in torque
developed by the engine 11 and applied to the driven wheels as required. In some
embodiments, instead of modulating engine torque in order to deliver an amount of drive
torque demanded by the VCU 15, the powertrain controller 17 may be operable to modulate
an amount of drive torque delivered to a driven wheel by means of a clutch, a torque
converter or by any other suitable means.

At step S119 the VCU 15 determines whether the driver has released the accelerator pedal
1 or depressed the brake pedal 2. If such an event has occurred, the VCU 15 continues at
step S131 and vehicle launch assist functionality is deactivated.

If such an event has not occurred, then at step S121 the VCU 15 continues to maintain
wheel slip within a prescribed range by simultaneous/synchronised control of powertrain
drive torque and brake torque.

At step S123 the VCU 15 checks vehicle progress by reference to vehicle speed V and
vehicle acceleration. The VCU 15 continues to maintain wheel slip within the prescribed
range as at step S121.
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At step S125 the VCU 15 determines whether a prescribed vehicle speed (such as 10kph or
any other suitable value) has been achieved or a prescribed time period has elapsed since
launch assist was engaged. If either of these conditions are met the VCU 15 continues at
step S131 and launch assist is disengaged (cancelled). If neither condition is met the VCU
15 continues at step S119.

Operation of a control system having a VCU 15 according to an embodiment of the present
invention will now be described with reference to FIG. 7. FIG. 7 is a plot of powertrain torque
Tq (trace A) and brake pressure P (trace B) as a function of time as a vehicle 10 is launched
from rest under the control of VCU 15. A net amount of torque TQNET applied to driven
wheels of the vehicle 10 is shown by trace C. The value of a brake pedal position signal as a
function of time is shown by trace D, where a value of zero corresponds to a released brake
pedal 2 and a value of 1 corresponds to a substantially fully depressed brake pedal 2.

For the purposes of the plot of FIG. 7 the vehicle 10 is considered to operate in a front wheel
drive mode in which drive torque is applied to a pair of front wheels 10FW of the vehicle and
not a pair of rear wheels 10RW. Measurements of speed of rotation of the rear wheels
10RW is employed to determine vehicle speed. The vehicle 10 is also operable in a four
wheel drive mode in which the front and rear wheels 10FW, 10RW are driven.

At time t=0 the vehicle 10 is held stationary by the parking brake selected by parking brake
selector 16PB. Brake pressure of value P1 is applied to the braking system under the control
of brake controller 16 when the parking brake is applied. Engine 11 is controlled to run at idle
speed developing drive torque Tq1.

The driver then selects the vehicle launch assist function via HMI display 18. The VCU 15,
determining that the parking brake is on and the vehicle is stationary, commands the driver
via HMI display 18 to depress the brake pedal 2 and to set the transmission 12 to drive
mode ‘D’. As the driver does so, at time t1, the amount of brake pressure increases to P2.

At time t2, a prescribed period after the driver has depressed the brake pedal 2 and set the
transmission 12 to drive mode the VCU 15 instructs the driver to release the brake pedal 2
and to apply partial throttle by depressing the accelerator pedal 1 by an amount as
prompted.

At time t2 the driver depresses the accelerator pedal 1 and at time t3 the amount of torque
developed by the engine 11 reaches an amount Tg2. The VCU 15 determines that this
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amount of torque is sufficient for vehicle launch and instructs the driver to release the
parking brake by means of selector 16PB.

At time t4 the driver chooses to release the parking brake by means of selector 16PB. If the
driver does not release the parking brake within a 10s time-out period from the moment the
driver is instructed to do so, launch assist functionality is cancelled. If the driver does release
the parking brake within this period, the VCU 15 commands the brake controller 16 to reduce
gradually the brake pressure applied to the front wheels 10FW from a value P2 to a value
P3. Brake pressure applied to the non-driven rear wheels 10RW is reduced substantially to
zero at this time.

As the brake pressure to the front wheels 10FW is reduced, the net amount of positive drive
torque applied to the front wheels 10FW increases as shown by trace C. The vehicle 10
therefore begins to accelerate from rest.

The VCU 15 monitors slip of the driven wheels 10FW by comparing their speed of rotation
with that of the non-driven rear wheels 10RW. The VCU 15 modulates the brake pressure P
as required in order to maintain a prescribed value of wheel slip. The prescribed value of
wheel slip is a function of coefficient of friction between the wheels and the ground, and
speed V of the vehicle 10. The prescribed wheel slip is also a function of the selected vehicle
mode as indicated by mode selector 14.

At time t5 the VCU 15 determines that the vehicle 10 is accelerating and that the rate of
acceleration has an expected correlation with wheel slip indicating satisfactory progress is
being made. It is to be understood that if the rate of acceleration is lower than expected for a
given amount of wheel slip, the vehicle 10 may increase brake pressure P in order to seek to
reduce wheel slip and increase the rate of acceleration. The VCU 15 may also adjust the
amount of torque powertrain developed by the engine 11 in order to prevent stalling thereof.

Alternatively the VCU 15 may reduce brake pressure P in order to increase wheel speed and
therefore wheel slip in order to increase rate of acceleration depending on the nature of the
surface over which the vehicle 10 is driving. The course of action taken by the VCU 15 may
depend on one or more factors such as surface coefficient of friction between wheel and
ground, type of terrain (determined for example by reference to selected TR mode), driving
surface roughness, wheel articulation, vehicle attitude, ambient temperature and/or a
determination whether precipitation is present.
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As a consequence of determining that satisfactory progress is being made, at time t5 the
VCU 15 commands an increase in engine torque to a value Tg3 greater than Tqg2 in order to
maintain progress. Subsequently, at time t6, the VCU 15 determines that the speed of the
vehicle 10 is approaching a prescribed value, in the present embodiment a value V=10kph.
The VCU 15 therefore reduces brake pressure P applied to the front wheel brakes
substantially to zero between time t6 and t7. The amount of torque developed by the engine
11 may be adjusted as the brakes are released in order to compensate for the
corresponding reduction in brake torque. At time t7 the vehicle is controlled to maintain a
speed of 10kph for a prescribed period of time (in the present embodiment a period of 5s)
and the VCU 15 informs the driver that vehicle launch assist functionality is complete. It is to
be understood that the VCU 15 is operable to terminate launch assist before the prescribed
period expires if the driver depresses the accelerator pedal 1 or brake pedal 2.

The present description of embodiments of the present invention concerns movement of a
vehicle from rest. A system and method according to some embodiments of the present
invention may in addition or instead be used to maintain progress of a vehicle across a low
friction surface, or across a surface with varying values of coefficient of friction. Thus upon
detection of a failure to make progress, as indicated for example by a falling vehicle speed
for a steady accelerator pedal position, the VCU 15 may be operable automatically to
implement traction aid functionality according to the present invention in which a braking
force is applied to one or more driven wheels to oppose drive torque. Vehicle wheel slip is
then controlled to maintain slip within a range that will allow the vehicle 10 to increase or at
least maintain speed of travel over terrain in a suitable manner. It is to be understood that
the presence of brake torque acting against powertrain drive torque reduces excessive
wheel slip and may enable more precise control of wheel slip.

Such an arrangement may involve automatic engagement and disengagement of braking
force to one or more wheels as circumstances dictate, and without action by the vehicle
driver. A suitable indication on the HMI display 18 or a haptic indicator may alert the driver
to activation of traction aid functionality. Means may be provided for a vehicle driver to inhibit
the traction aid functionality if desired.

In an alternative or additional method, the occurrence of wheel slip above a prescribed value
when a driver seeks to initiate motion over a surface from rest independently of the launch
assist function is detected as an indication of loss of traction. The VCU 15 responds to this
situation by implementing launch assist functionality automatically. Thus the VCU 15
implements a strategy of maintaining controlled slip to ensure effective motion of the vehicle
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10 over ground. Braking torque is applied automatically to reduce a risk of flare of the driven
wheels. In order to maintain adequate drive train torque sufficient to execute a vehicle
launch, the driver is instructed automatically by a vehicle system to make control inputs,
principally to vary the accelerator pedal position. By this means an adequate excess as well
as a suitable maximum of torque can be assured. Excessive torque applied at any given
moment in time may be countered by increasing an amount of brake torque or by any other
suitable means. Instruction of the vehicle driver may be by any suitable method, including
voice command, haptic feedback, a message via HMI display 18 or display of a chart or
graph showing actual and required powertrain torque to guide a driver to apply the required
amount of accelerator pedal depression. A suitable electronic control unit may issue
instructions to the driver in response to measurement, estimation or detection of wheel slip
to enable the vehicle automatically to maintain the desired degree of slip.

In some embodiments, modulation of the amount of positive drive torque developed by a
powertrain may be performed by regulation of an engine idle speed. Idle speed may be
regulated so as to resist engine stall induced by automatic application of brake torque.

It is to be understood that embodiments of the present invention are also useful in vehicles
that are not optimised for off-road driving. Embodiments of the invention are suitable for use
with vehicles having driven wheels only at the front or rear thereof. Such vehicles may have
occasion to drive on surfaces of relatively low surface coefficient of friction, for example wet
grass, snow or ice. The vehicles may encounter situations in which progress over the
surface becomes difficult due to limited traction and excessive wheel slip. Embodiments of
the present invention have the advantage that such vehicles may be provided with
substantially improved traction capabilities when operating on such surfaces. They may be
enabled to make progress over the surface when such progress might otherwise not be
possible, particularly for drivers not having off-road driving experience. Embodiments of the
present invention may be usefully applied in vehicles whose driving characteristics vary
considerably between fully laden and unladen states such as trucks, buses and the like.

Embodiments of the present invention may be understood by reference to the following
numbered paragraphs:

1. A method of setting a vehicle in motion over a driving surface and maintaining motion
of said vehicle over the driving surface implemented by a control system, said method

comprising:
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commanding by the control system application of brake torque and drive torque to one or
more wheels such that the vehicle is held stationary;

subsequently initiating motion from rest whilst brake torque continues to be applied to
the one or more wheels,

wherein the method further comprises automatically maintaining slip of one or more
vehicle wheels over the driving surface, wherein the value of slip maintained is within a
predetermined range.

2. A method according to paragraph 1, wherein the value of slip maintained is
determined in dependence on one or more characteristics of the driving surface.

3. A method according to paragraph 1, wherein the value of slip maintained further
depends on the speed of the vehicle.

4 A method according to paragraph 3 wherein the value of slip maintained decreases
with increasing vehicle speed.

5. A method according to paragraph 1, wherein the value of slip maintained is
automatically reduced as the vehicle speed approaches a speed that corresponds to the
motor speed.

6. A method according to any of paragraph 1, wherein the slip is maintained in the
range 5-20%.

7. A method according to paragraph 1 comprising automatically terminating motion
control once a speed of the vehicle over the driving surface exceeds a prescribed value.

8. A method according to paragraph 1 comprising automatically terminating motion
control once a prescribed period of time has elapsed.

9. A method according to paragraph 1 comprising automatically terminating motion
control once a value of surface coefficient of friction between the vehicle and driving surface
exceeds a prescribed value.

10. A method according to paragraph 1 comprising initiating motion control in
dependence on a state of a user operable motion control input device.
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11. A method according to paragraph 1 comprising initiating automatically motion control
in dependence on one or more characteristics of the driving surface.

12. A method according to paragraph 11 comprising initiating automatically motion
control in dependence on a value of surface coefficient of friction between one or more

wheels and the driving surface.

13. A method according to paragraph 12 comprising estimating a current value of surface
coefficient of friction according to at least one selected from amongst a determination
whether precipitation has occurred since the vehicle last moved; and one or more measured
values of ambient temperature made since the vehicle last moved.

14, A method according to paragraph 1, including the selection by the driver of an
operating condition of the vehicle.

15. A method according to paragraph 1, including automatic selection of an operating
condition of the vehicle by the control system.

16. A method as according to paragraph 14 wherein the operating condition corresponds
to a prescribed configuration of one or more vehicle subsystems.

17. A method according to paragraph 14 including automatically initiating said motion
control upon selection of a prescribed vehicle operating condition.

18. A method according to paragraph 14, and including determining a maximum
permitted slip according to an operating condition of the vehicle, the method comprising
limiting slip to the maximum permitted value.

19 A method according to paragraph 1, including limiting forward acceleration of the
vehicle to less than 1.5 m/sec?.

20. A method according to paragraph 1, wherein said motion control is ceased when
actual vehicle speed is greater than 90% of the theoretical vehicle speed at the instant
engine speed.

21. A method according to any paragraph 1, including comparing transmission speed
and a speed of a non-driven wheel in order to determine slip.
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22. A method according to paragraph 1, including comparing transmission speed and
ground speed in order to determine slip.

23. A method according to paragraph 1, including using torque reaction of driven wheels
in order to determine slip.

24. A method according to paragraph 1 wherein initiating motion control comprises
managing net torque applied to one or more wheels whilst brake torque continues to be
applied in order to accelerate the vehicle.

25. A method according to paragraph 1 comprising selecting an amount of brake torque
applied to wheels of a given axle in dependence on a distribution of vehicle weight between
forward and rearward portions of a vehicle.

26. A method according to paragraph 1 comprising advising the vehicle driver of required
control inputs to the vehicle.

27. A method according to paragraph 26 comprising advising a driver to actuate an
accelerator control by a prescribed amount thereby to enable sufficient drive torque to be
applied to the one or more wheels to initiate motion control.

28. A method according to paragraph 27 comprising commanding application of drive
torque up to an amount corresponding to an instant position of the accelerator control.

29. A method according to paragraph 27 comprising compensating for an excess of drive
torque by means of a braking system and/or powertrain torque reduction system.

30. A method of maintaining motion of a vehicle on a low friction driving surface, the
method comprising detecting loss of traction of the vehicle, implementing a strategy of
applying brake torque and drive torque to one or more vehicle wheels, determining required
control inputs to maintaining slip of one or more wheels on the driving surface in a
predetermined range, and during implementation of said strategy advising the vehicle driver
of required control inputs to the vehicle to maintain said slip.

31. A method according to paragraph 30 wherein said predetermined range is 5-20%.
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32. A method according to paragraph 30, wherein loss of traction comprises greater than
2% slip at any tyre/ground interface.

33. A method according to paragraph 30, including advising the vehicle driver by
dashboard message, voice message and/or warning tone.

34. A method according to paragraph 30, wherein a control input to the vehicle
comprises variation of accelerator pedal position.

35. A method according to paragraph 30, wherein the strategy is ceased automatically if
wheel slip falls below a predetermined minimum.

36. A method according to paragraph 30, wherein the strategy is adapted to be disabled
by the vehicle driver.

37. A method according to paragraph 30, wherein the strategy is automatically enabled
upon selection or detection of an off-road condition.

38. A method according to paragraph 30, wherein the strategy is disabled above a
predetermined vehicle speed.

39. A non-transitory, computer-readable storage medium storing instructions thereon that
when executed by one or more electronic processors causes the one or more processors to

carry out the method according to any one of the preceding paragraphs.

40. A control system for setting a vehicle in motion over a driving surface and
maintaining motion of said vehicle over the driving surface, the system being operable to
initiate motion control by commanding application of brake torque and drive torque to one or
more wheels such that the vehicle is held stationary and subsequently to initiate motion from
rest whilst brake torque continues to be applied to the one or more wheels, the system being
further configured to automatically maintain a value of slip of one or more vehicle wheels
over the driving surface, wherein the value of slip maintained is within a predetermined
range.

41. A control system according to paragraph 40 comprising:
an electronic processor; and



10

15

20

25

30

35

WO 2014/184344 PCT/EP2014/060083

39

an electronic memory device electrically coupled to the electronic processor and
having instructions stored therein,

wherein the processor is configured to access the memory device and execute the
instructions stored therein such that the system is operable to:

initiate said motion control and automatically maintain said value of slip within said

predetermined range.

42. A control system according to paragraph 41 wherein said processor comprises an
input for receiving an electrical signal indicative of one or more characteristics of the driving
surface over which the vehicle is travelling, and wherein

said processor is configured to determine said value of slip in dependence on said
signal indicative of said one or more characteristics of the driving surface.

43. A control system according to paragraph 41 wherein said processor further
comprises an input for receiving an electrical signal indicative of the speed of the vehicle,
and wherein

said processor is configured to determine said value of slip to be maintained in
dependence upon said value of slip in dependence on said signal indicative of the speed of
the vehicle.

44. A control system according to paragraph 43 wherein said value of slip maintained
decreases with increasing vehicle speed.

45, A control system according to paragraph 44 wherein said processor further
comprises an input for receiving an electrical signal indicative of the engine speed of the
vehicle, and wherein

said processor is configured to compare automatically said signal indicative of the
engine speed of the vehicle and said signal indicative of the speed of the vehicle and reduce
said maintained value of slip as said vehicle speed approaches a speed that corresponds to
the engine speed.

46. A system according to paragraph 39 operable to command application of drive torque
by commanding a vehicle driver to vary a control input thereby to allow sufficient drive torque
to be developed to initiate motion from rest.

47. A system according to paragraph 46, operable to instruct the vehicle driver to vary
the control input via a vehicle HMI.
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48. A system according to paragraph 39 operable to command application of drive torque
directly.

49. A control system for setting a vehicle in motion over a driving surface and
maintaining motion of said vehicle over the driving surface, the system being operable to
initiate motion control by application of brake torque and drive torque to one or more wheels
such that the vehicle is held stationary and subsequently to initiate motion from rest whilst
brake torque continues to be applied to the one or more wheels, the system being further
configured to

automatically determine required driver control inputs required to maintain a value of
slip of one or more vehicle wheels over the driving surface within a predetermined range,
and

issue instructions to the vehicle driver of said required control inputs to the vehicle to
maintain said slip.

50. A control system according to paragraph 49 comprising:

an electronic processor; and

an electronic memory device electrically coupled to the electronic processor and
having instructions stored therein,

wherein the processor is configured to access the memory device and execute the
instructions stored therein such that the system is operable to:

automatically determine said required driver control inputs and issue said instructions
to the driver.

51. A vehicle comprising a system according to paragraph 39.

Throughout the description and claims of this specification, the words “comprise” and
“contain” and variations of the words, for example “comprising” and “comprises”, means
“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses the
plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,
unless the context requires otherwise.
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Features, integers, characteristics, compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein

unless incompatible therewith.
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CLAIMS

1. A method of setting a vehicle in motion over a driving surface and maintaining motion
of said vehicle over the driving surface, the method comprising:

commanding application of brake torque and drive torque to one or more wheels
such that the vehicle is held stationary;

subsequently initiating motion from rest whilst brake torque continues to be applied to
the one or more wheels,

wherein the method further comprises automatically maintaining slip of one or more
vehicle wheels over the driving surface, wherein the value of slip maintained is within a
predetermined range.

2. A method according to claim 1, wherein the value of slip maintained is determined in
dependence on one or more characteristics of the driving surface.

3. A method according to claim 1 or claim 2, wherein the value of slip maintained further
depends on the speed of the vehicle.

4 A method according to claim 3 wherein the value of slip maintained decreases with
increasing vehicle speed.

5. A method according to any of claims 1-4, wherein the value of slip maintained is
automatically reduced as the vehicle speed approaches a speed that corresponds to the
motor speed.

6. A method according to any of claims 1-5, wherein the slip is maintained in the range
5-20%.
7. A method according to any preceding claim comprising automatically terminating

motion control once a speed of the vehicle over the driving surface exceeds a prescribed
value.

8. A method according to any preceding claim comprising automatically terminating
motion control once a prescribed period of time has elapsed.
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9. A method according to any preceding claim comprising automatically terminating
motion control once a value of surface coefficient of friction between the vehicle and driving
surface exceeds a prescribed value.

10. A method according to any preceding claim comprising initiating motion control in

dependence on a state of a user operable motion control input means.

11. A method according to any preceding claim comprising initiating automatically motion
control in dependence on one or more characteristics of the driving surface.

12. A method according to claim 11 comprising initiating automatically motion control in
dependence on a value of surface coefficient of friction between one or more wheels and the
driving surface.

13. A method according to claim 12 comprising estimating a current value of surface
coefficient of friction according to at least one selected from amongst a determination
whether precipitation has occurred since the vehicle last moved; and one or more measured

values of ambient temperature made since the vehicle last moved.

14. A method according to any preceding claim, including the selection by the driver of
an operating condition of the vehicle.

15. A method according to any preceding claim, including automatic selection of an
operating condition of the vehicle.

16. A method as claimed in claim 14 or claim 15 wherein the operating condition
corresponds to a prescribed configuration of one or more vehicle subsystems.

17. A method according to any one of claims 14 to 16 including automatically initiating
said motion control upon selection of a prescribed vehicle operating condition.

18. A method according to any one of claims 14 to 17, and including determining a
maximum permitted slip according to an operating condition of the vehicle, the method

comprising limiting slip to the maximum permitted value.

19. A method according to any preceding claim, including limiting forward acceleration of
the vehicle to less than 1.5 m/sec?.
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20. A method according to any preceding claim, wherein said motion control is ceased
when actual vehicle speed is greater than 90% of the theoretical vehicle speed at the instant
engine speed.

21. A method according to any preceding claim, including comparing transmission speed
and a speed of a non-driven wheel in order to determine slip.

22. A method according to any preceding claim, including comparing transmission speed
and ground speed in order to determine slip.

23. A method according to any preceding claim, including using torque reaction of driven
wheels in order to determine slip.

24. A method according to any preceding claim wherein initiating motion control
comprises managing net torque applied to one or more wheels whilst brake torque continues
to be applied in order to accelerate the vehicle.

25. A method according to any preceding claim comprising selecting an amount of brake
torque applied to wheels of a given axle in dependence on a distribution of vehicle weight
between forward and rearward portions of a vehicle.

26. A method according to any preceding claim comprising advising the vehicle driver of
required control inputs to the vehicle.

27. A method according to claim 26 comprising advising a driver to actuate an
accelerator control by a prescribed amount thereby to enable sufficient drive torque to be
applied to the one or more wheels to initiate motion control.

28. A method according to claim 27 comprising commanding application of drive torque
up to an amount corresponding to an instant position of the accelerator control.

29. A method according to claim 27 or 28 comprising compensating for an excess of
drive torque by means of a braking system and/or powertrain torque reduction system.

30. A method of maintaining motion of a vehicle on a low friction driving surface, the
method comprising detecting loss of traction of the vehicle, implementing a strategy of
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applying brake torque and drive torque to one or more vehicle wheels, determining required
control inputs to maintain slip of one or more wheels on the driving surface in a
predetermined range, and during implementation of said strategy advising the vehicle driver
of required control inputs to the vehicle to maintain said slip.

31. A method according to claim 30, wherein said predetermined range is 5-20%.

32. A method according to claim 30 or 31, wherein loss of traction comprises greater
than 2% slip at any tyre/ground interface.

33. A method according to any one of claims 30 to 32, including advising the vehicle
driver by dashboard message, voice message and/or warning tone.

34. A method according to any of claims 30 to 33, wherein a control input to the vehicle
comprises variation of accelerator pedal position.

35. A method according to any of claims 30 to 34, wherein the strategy is ceased

automatically if wheel slip falls below a predetermined minimum.

36. A method according to any of claims 30 to 35, wherein the strategy is adapted to be
disabled by the vehicle driver.

37. A method according to any of claims 30 to 36, wherein the strategy is automatically
enabled upon selection or detection of an off-road condition.

38. A method according to any of claims 30 to 37, wherein the strategy is disabled above
a predetermined vehicle speed.

39. A non-transitory, computer-readable storage medium storing instructions thereon that
when executed by one or more electronic processors causes the one or more processors to
carry out the method according to any one of the preceding claims.

40. A control system for setting a vehicle in motion over a driving surface and
maintaining motion of said vehicle over the driving surface, the system being operable to
initiate motion control by commanding application of brake torque and drive torque to one or
more wheels such that the vehicle is held stationary and subsequently to initiate motion from
rest whilst brake torque continues to be applied to the one or more wheels, the system being
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further configured to automatically maintain a value of slip of one or more vehicle wheels
over the driving surface, wherein the value of slip maintained is within a predetermined

range.

41, A control system according to claim 40 comprising:

an electronic processor; and

an electronic memory device electrically coupled to the electronic processor and
having instructions stored therein,

wherein the processor is configured to access the memory device and execute the
instructions stored therein such that the system is operable to:

initiate said motion control and automatically maintain said value of slip within said

predetermined range.

42. A control system according to claim 41 wherein said processor comprises an input
for receiving an electrical signal indicative of one or more characteristics of the driving
surface over which the vehicle is travelling, and wherein

said processor is configured to determine said value of slip in dependence on said
signal indicative of said one or more characteristics of the driving surface.

43. A control system according to claim 41 or claim 42 wherein said processor further
comprises an input for receiving an electrical signal indicative of the speed of the vehicle,
and wherein

said processor is configured to determine said value of slip to be maintained in
dependence upon said value of slip in dependence on said signal indicative of the speed of
the vehicle.

44. A control system according to claim 43 wherein said value of slip maintained
decreases with increasing vehicle speed.

45. A control system according to claim 44 wherein said processor further comprises an
input for receiving an electrical signal indicative of the engine speed of the vehicle, and
wherein

said processor is configured to compare automatically said signal indicative of the
engine speed of the vehicle and said signal indicative of the speed of the vehicle and reduce
said maintained value of slip as said vehicle speed approaches a speed that corresponds to
the engine speed.
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46. A system according to claim 39 operable to command application of drive torque by
commanding a vehicle driver to vary a control input thereby to allow sufficient drive torque to
be developed to initiate motion from rest.

47. A system according to claim 46, operable to instruct the vehicle driver to vary the
control input via a vehicle HMI.

48. A system according to any one of claims 39 to 45 operable to command application
of drive torque directly.

49. A control system for setting a vehicle in motion over a driving surface and
maintaining motion of said vehicle over the driving surface, the system being operable to
initiate motion control by application of brake torque and drive torque to one or more wheels
such that the vehicle is held stationary and subsequently to initiate motion from rest whilst
brake torque continues to be applied to the one or more wheels, the system being further
configured to

automatically determine required driver control inputs required to maintain a value of
slip of one or more vehicle wheels over the driving surface within a predetermined range,
and

issue instructions to the vehicle driver of said required control inputs to the vehicle to
maintain said slip.

50. A control system according to claim 49 comprising:

an electronic processor; and

an electronic memory device electrically coupled to the electronic processor and
having instructions stored therein,

wherein the processor is configured to access the memory device and execute the
instructions stored therein such that the system is operable to:

automatically determine said required driver control inputs and issue said instructions
to the driver.

51. A vehicle comprising a system according to any one or claims 39 to 50.

52. A method, system or vehicle substantially as hereinbefore described with reference
to the accompanying drawings.



WO 2014/184344 PCT/EP2014/060083

16 15 8 19 2 1 14 16PB

10FW 1

2 10RW

Fig. 2

SUBSTITUTE SHEET (RULE 26)



WO 2014/184344 PCT/EP2014/060083

2/4
S%
20 =
5 oy
5 10 V (kph)
Fig. 3
\4

€ ot
e

S%
20 +
5
| ! e V (kph)

Fig. 5

SUBSTITUTE SHEET (RULE 26)



WO 2014/184344 PCT/EP2014/060083

3/4

5101 - Vehicle stationary: speed V=0 kph : driver selects vehicle launch assist function
+ _ Via HMI display 18

S103 - Parking brake on, transmission set to drive and brake pedal depressed? No ——-

Yes - S105 - Launch assist engaged - to step S131 if driver cancels launch assist

'

$107 - HMI instruction to driver to release brake pedal and apply partial throttle by
means of accelerator pedal 1 by an amount as prompted.

5109 - Confirm sufficient positive torque available for vehicle launch - No
Yes —p S111 - HMI instructs driver to release parking brake
S113 - Parking brake released within time-out period? No —# TO STEP $131

Yes - S115 - HMI displays system status and driver guidance in respect of accelerator
pedal position

8117 - VCU commands a reduction in applied brake torque to initiate rotation of driven wheels;
VCU commands application of positive drive torque as required up to a maximum value
cotresponding to the current accelerator pedal position in order to allow rotation of wheels
against applied brake torque.

'

S119 - Driver released accelerator pedal or depressed brake pedal? Yes - to $131

No - $121 - Maintain wheel slip within a prescribed range

5123 - Check vehicle progress (speed and acceleration)

y

8125 - Prescribed vehicle speed achieved or a prescribed period
elapsed since launch assist was engaged? No

Yes - 5131 Launch assist cancelled

END

FIGURE 6

SUBSTITUTE SHEET (RULE 26)



PCT/EP2014/060083

WO 2014/184344

L Ol

4/4

NOLLISOd
Tvddd Divdd

SUBSTITUTE SHEET (RULE 26)



International application No.
INTERNATIONAL SEARCH REPORT PCT/EP2014/060083
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. IXI Claims Nos.: 52
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/060083

A. CLASSIFICATION OF SUBJECT MATTER

INV. B60W30/18 B6OW50/14
ADD. B60OW50/08

B6OW10/06 B60W10/184

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B6OW B6OK B6OT

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

page 11, Tines 16-32
page 14, lines 9-11

[GB]) 3 October 2013 (2013-10-03)
page 6, line 35 - page 7, line 20

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X DE 10 2006 043618 Al (BAYERISCHE MOTOREN 1-51
WERKE AG [DE]) 27 March 2008 (2008-03-27)
paragraphs [0022], [0023]
X DE 10 2005 035303 Al (BAYERISCHE MOTOREN 1-51
WERKE AG [DE])
1 February 2007 (2007-02-01)
paragraphs [0013] - [0023]
X,P WO 20137144346 Al (JAGUAR LAND ROVER LTD 30-38

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 August 2014

Date of mailing of the international search report

26/08/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Nielles, Daniel

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/060083

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

GB 2 446 419 A (FORD GLOBAL TECH LLC [US]
FORD GLOBAL TECH LLC [US]; LAND ROVER
[GB]) 13 August 2008 (2008-08-13)

page 2, line 13 - page 3, line 13

DE 10 2005 035302 Al (BAYERISCHE MOTOREN
WERKE AG [DE])

1 February 2007 (2007-02-01)

paragraphs [0006] - [0008], [0020] -
[0022]

EP 0 321 893 A2 (FUJI HEAVY IND LTD [JP])
28 June 1989 (1989-06-28)

column 6, Tine 56 - column 7, line 11

EP 0 574 150 Al (LUCAS IND PLC [GB])

15 December 1993 (1993-12-15)

column 1, Tine 17 - column 2, line 14

DE 10 2010 028087 Al (BOSCH GMBH ROBERT
[DE]) 27 October 2011 (2011-10-27)
paragraph [0028]

DE 100 13 393 Al (MIKAUTSCH WERNER [DE])
10 January 2002 (2002-01-10)

the whole document

1-51

1-51

1-51

1-51

1-51

1-51

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/060083
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 102006043618 Al 27-03-2008  NONE

DE 102005035303 Al 01-02-2007  NONE

WO 2013144346 Al 03-10-2013 GB 2500698 A 02-10-2013
WO 2013144346 Al 03-10-2013

GB 2446419 A 13-08-2008  NONE

DE 102005035302 Al 01-02-2007  NONE

EP 0321893 A2 28-06-1989 DE 3869368 D1 23-04-1992
EP 0321893 A2 28-06-1989
JP HO1168554 A 04-07-1989
us 4936404 A 26-06-1990

EP 0574150 Al 15-12-1993 DE 69319803 D1 27-08-1998
DE 69319803 T2 25-02-1999
EP 0574150 Al 15-12-1993

DE 102010028087 Al 27-10-2011 CN 102248943 A 23-11-2011
DE 102010028087 Al 27-10-2011
FR 2959337 Al 28-10-2011

DE 10013393 Al 10-01-2002  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




International Application No. PCT/ EP2014/ 060083

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 52

Claim 52 lacks clarity to such an extent that no search is possible (Art.
6, Rule 6.2 PCT).

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - wo-search-report
	Page 55 - wo-search-report
	Page 56 - wo-search-report
	Page 57 - wo-search-report
	Page 58 - wo-search-report

