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(57) Abstract: A vehicle (6, 12) has at least one sensor (2) arranged to determine the width of a gap faced or entered by the vehicle (6,
12) in its direction of travel. A processing unit (3) is arranged to compare the determined width of the gap to a set distance, thereby to
determine if the vehicle (6, 12) and/or an object (11) towed by the vehicle (6, 12) can be driven through the gap. A driver interface (4)
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A Vehicle and Method of Measuring a Gap

Technical Field of the Invention

The present invention relates to a vehicle, specifically a vehicle comprising gap

measuring apparatus instrument, and a method of measuring a gap.

Background to the Invention

It is common for a vehicle to tow another vehicle, such as a trailer, which is
wider than the vehicle itself. When this is the case, it can be difficult for a driver to
judge if a gap, such as a gap between gate posts or tunnel walls, is wide enough for both
the vehicle and trailer to pass through. Since the vehicle is narrower than the trailer, the
driver cannot rely on judging whether the gap is wide enough to allow the front of the
vehicle through, since the trailer could still become stuck and/or damaged when it
passes through. A driver may also forget they have a trailer connected to the vehicle,
and so they may accidentally enter a gap which is too narrow, damaging the trailer

and/or vehicle and potentially getting stuck.

Additionally or alternatively, vehicles may be wider behind their driving
position than in front. It can therefore be difficult for a driver located in front of the
widest part of a vehicle to judge if a gap is wide enough for the whole vehicle to pass
through, or it may be the case that the driver forgets that the vehicle varies in width.

The result of this can be the vehicle becoming damaged and/or stuck.

Embodiments of the present invention are intended to prevent or at least

mitigate the above problems.

Summary of the Invention
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According to a first aspect of the present invention there is provided a vehicle
comprising at least one sensor arranged to determine the width of a gap faced or entered
by the vehicle in its direction of travel, a processing unit arranged to compare the
determined width of the gap to a set distance thereby to determine if the vehicle and/or
an object towed by the vehicle can be driven through the gap, and a driver interface
arranged to output a result to a driver of the vehicle if the processing unit determines

that the vehicle and/or an object towed by the vehicle can be driven through the gap.

Thus a driver of a vehicle can be warned in advance if a gap approached or
partially entered by the vehicle is insufficiently wide for the remainder of the vehicle
or a towed object, such as another vehicle, to pass through. This therefore prevents or
reduces the chances of a driver attempting to pass through a gap which is too small, and

so damage the vehicle or a towed object, or become stuck.

The at least one sensor may be arranged to determine the width of a gap entered
by a part of the vehicle, typically the front of the vehicle, and the processing unit is
arranged to determine if the remainder of the vehicle and/or an object towed by the

vehicle can be driven through the gap.

There may be two or more sensors. The or each sensor may be operable to detect
the position of edges defining the gap. Where there are two or more sensors, sensors
may be positioned on opposite sides respectively of the vehicle. Each such sensor may
be operable to detect the position of an edge which faces the side of the vehicle on
which the sensor is positioned. Alternatively the or each sensor may be arranged to

detect edges to the side and in front of the vehicle.
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The/or each sensor may detect the position of an edge defining the gap relative
to itself. The/or each sensor may be operable to detect the distance between detected
edges and the vehicle. The vehicle may comprise an outer surface. The/or each sensor
may be positioned on the outer surface, preferably to the sides and/or front corners of
the vehicle. The/or each sensor may be positioned towards the front of the vehicle. Each
sensor may be positioned on a front fender of a vehicle and may be positioned in a side
of a front bumper of a vehicle. The or each sensor may be either an electromagnetic,

optical or audio sensor or any other suitable type of sensor operable to measure distance.

The/or each sensor may be arranged to determine the width of a gap faced or

entered by the vehicle when travelling in a forward direction.

The processing unit may be operable to sum detected or determined distances
between the edges and the sensors so as to determine a measurement of the distance
between the edges, and thus the width of the gap they define. The sum may comprise
the distances between the detected positions and the sensors and a known distance
between the sensors. The processing unit may be operable to compare the measured
width of a gap to the set distance to determine whether the measured width is greater

than, equal to or less that the set distance.

The vehicle may comprise a memory storage unit operable to store the set
distance. The processing unit may be operable to obtain the set distance from the
memory storage unit. The driver interface may enable a value for the set distance to be
entered. The memory storage unit may be operable to store more than one set distance.
In such embodiments, the driver interface may enable a driver to select the set distance

to be used.
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The set distance may be the maximum width of the vehicle, or the maximum
width of a towed object. The set distance may exceed either of these distances to provide
a margin for error and/or to provide clearance to enable the vehicle or a towed object
to be driven through a gap. The memory storage may store a clearance value and this
may be added to an entered or stored width value by the processing unit to produce a

set distance value, to ensure that a clearance is provided.

The maximum width of the vehicle may be behind the driver’s position in the

vehicle. The rear of the vehicle may thus be wider than the front of the vehicle.

The driver interface may be operable to produce an output only if the determined
width of a gap does not exceed the set distance. Alternatively the driver interface unit
may be operable to only or to additionally produce an output when the determined width
of a gap exceeds the set distance. This output should be different from an output
produced when the determined width of a gap does not exceed the set distance and so
the driver interface may be operable to output two different indications, one if the
measured distance is greater than the set distance and another if the measured distance
is equal to or less than the set distance. The indications may comprise a visual and/or
audio and/or haptic output. A visual output may comprise a warning lamp or a change
of colour of a lamp or an indication on a visual display. An audio output may comprise
an alarm signal which may be an automated vocal warning. A haptic output may include
vibration of a vehicle control such as a steering wheel. The/or each indication may
comprise or otherwise depend upon or vary with the difference between the measured

distance and the set distance.
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Where the driver interface can output each of two different indications it may
constantly output an indication as the vehicle passes through a gap, which allows a user
to know that the sensor arrangement operating as the vehicles passes through the gap.
In this case, the processing unit may be arranged to cause the driver interface only to
produce an output when it is detected that the vehicle is approaching or passing through
a gap of less than a predetermined width which is greater than the set distance. This
avoids the driver interface producing a potentially distracting output when the vehicle

is passing through a gap of sufficient width that no driver guidance is required.

The processing unit may be operable to compare the distance from one edge
defining the gap to the vehicle to the distance from the other edge defining the gap to
the vehicle so as to determine a misalignment distance which indicates how misaligned

the centre of the vehicle is with the centre of the gap.

The driver interface may be arranged to output an indication of whether the
centres are aligned or not to a driver of the vehicle. The driver interface may be operable
to output an indication only if the difference is above a minimum value. The indication
may comprise a visual and/or audio and/or haptic output. The indication may comprise
information on how misaligned the centre of the vehicle and the centre of the gap are,
including the misalignment distance and/or the direction the vehicle must move to align
the centres. The misalignment distance may be half the difference between the distance
from one edge defining the gap to the vehicle and the distance from the other edge

defining the gap to the vehicle.
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The memory storage unit may be operable to store the minimum value. The
driver interface may enable a value for the minimum value to be entered. Additionally

or alternatively, the driver interface may enable a driver to select a minimum value.

The processing unit may be operable to compare the misalignment distance with
the difference between the determined gap width and the set distance so as to determine
whether the vehicle and/or towed object could collide with the one edge of the gap,
wherein if the misalignment distance is greater than half the difference this results in a
determination of a risk of collision. The driver interface may be arranged to output an
indication of a risk of collision, in particular of a risk of collision between a particular
side of the vehicle and/or towed object and one edge of the gap. The indication may

comprise a visual and/or audio and/or haptic output.

The processing unit determining whether the centre of the vehicle is aligned
with the centre of the gap allows the driver to be warned if they are closer to one side
of a gap than the other, and so reduces the chances of accidentally colliding with one
side of the gap. Further to this, determining whether the vehicle and/or towed object
could collide with one edge of the gap helps clarify to the driver when action must be
taken so as to avoid a collision. The minimum value prevents the driver interface
outputting an indication that the centres are misaligned when the amount of the
misalignment is negligible, and so prevents the driver from being distracted

unnecessarily.

The processing unit and/or the memory storage unit may form at least part of an

on-board vehicle computer or processor.
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The sensors and processing unit may be connected by cables or conductors or
wirelessly. The driver interface may comprise a touch screen display and/or an audio

unit.

The processing unit may be arranged to cause the vehicle to come to halt, for
example by applying vehicle brakes, in the event that it is detected that the vehicle is
about to enter or has entered a gap which is narrower than the set distance and/or the

vehicle and/or towed object could collide with one edge of the gap.

The vehicle may be a road or land vehicle. The vehicle may be an automobile,
truck or tractor. The vehicle may be towing a trailer, horsebox, caravan or another

vehicle.

According to a second aspect of the present invention there is provided a method

of measuring a gap comprising the steps of:

a) providing a vehicle according to the first aspect of the present invention;

b) determining, using the at least one sensor, the width of a gap faced or entered
by the vehicle;

¢) determining, using the processing unit, if the width of the gap exceeds a set
distance; and

d) producing an output via the driver interface if the processing unit determines
that the vehicle and/or an object towed by the vehicle can be driven through
the gap.

The second aspect of the present invention may comprise and/or incorporate

any or all of the features of the first aspect, as desired or appropriate.
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According to a third aspect of the present invention there is provided a vehicle
comprising at least one sensor arranged to determine the width of a gap faced or entered
by the vehicle in its direction of travel, a processing unit arranged to compare the
determined width of the gap to a set distance thereby to determine if the vehicle and/or
an object towed by the vehicle can be driven through the gap, and a driver interface

arranged to output a result to a driver of the vehicle in dependence on the determination.

The third aspect of the present invention may comprise and/or incorporate any

or all of the features of the first aspect, as desired or appropriate.

According to a fourth aspect of the present invention there is provided a method

of measuring a gap comprising the steps of:

a) providing a vehicle according to the third aspect of the present invention;

b) determining, using the at least one sensor, the width of a gap faced or entered
by the vehicle;

¢) determining, using the processing unit, if the width of the gap exceeds a set
distance; and

d) producing an output via the driver interface in dependence on the result of

the determination.

The fourth aspect of the present invention may comprise and/or incorporate any

or all of the features of the first aspect, as desired or appropriate.

According to a fifth aspect of the present invention there is provided a vehicle
comprising at least one sensor arranged to determine the width of a gap faced or entered
by the vehicle in its direction of travel, a processing unit arranged to compare the

determined width of the gap to a set distance thereby to determine if the vehicle and/or
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an object towed by the vehicle can be driven through the gap and to compare the
distance from one edge defining the gap to the vehicle to the distance from the other
edge defining the gap to the vehicle so as to determine a misalignment distance, which
indicates how misaligned the centre of the vehicle is with the centre of the gap, and a
driver interface arranged to output a result to a driver of the vehicle in dependence on

the determination.

The fifth aspect of the present invention may comprise and/or incorporate any

or all of the features of the first aspect, as desired or appropriate.

According to a sixth aspect of the present invention there is provided a method

of measuring a gap comprising the steps of

a) providing a vehicle according to the fifth aspect of the present invention;

b) determining, using the at least one sensor, the width of a gap faced or entered
by the vehicle;

¢) determining, using the processing unit, if the width of the gap exceeds a set
distance;

d) comparing the distance from one edge defining the gap to the vehicle to the
distance from the other edge defining the gap to the vehicle so as to
determine a misalignment distance, which indicates how misaligned the
centre of the vehicle is with the centre of the gap; and

e) producing an output via the driver interface in dependence on the result of

the determination.

The sixth aspect of the present invention may comprise and/or incorporate any

or all of the features of the first aspect, as desired or appropriate.
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Detailed Description of the Invention

In order that the invention may be more clearly understood one or more
embodiments thereof will now be described, by way of example only, with reference to

the accompanying drawings, of which:

Figure 1 is a block diagram of a gap measurement apparatus according to

the present invention;

Figure 2 is a plan view of two automobiles towing a trailer, travelling through

two differently sized gaps; and

Figure 3 is a plan view of two automobiles travelling through two differently

sized gaps.

Referring to the drawings, figure 1 shows gap measurement apparatus 1 fitted
to the automobiles of figures 2 and 3. It comprises a set of two sensors 2, a processing

unit 3, a driver interface 4 comprising an input unit 10, and a memory storage unit 8.

The set of sensors 2 comprises one left and one right hand sensor. Each sensor
detects the distance of the edges of objects 5 from the sensor, the objects 5 being at
opposite sides of the front of the automobile 6. The distances are transferred to the
processing unit 3, which determines the width of the gap between the edges by summing
the two measured distances and the distance between the two sensors 2 which is stored
in the memory storage unit 8 when the vehicle 6 is manufactured and then compares
the determined width to a set distance also stored in the memory storage unit 8. The
result of this comparison is transferred to the driver interface unit 4, which outputs a
signal indicating if the determined width is less than or equal to the set distance, or if

the determined width is greater than the set distance. The driver interface 4 also
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comprises an input unit 10, which can be used to input a width, such as the maximum

width of a trailer, for storage by the memory storage unit 8.

As shown in figures 2 and 3 a sensor 2 is fitted towards the front end of each
front fender of the vehicle (and could be fitted to a front bumper mounted on or forming
part of each front fender). Each sensor 2 thus faces in an opposite direction and detects
objects, for example a tunnel wall, facing the side of the vehicle 6 on which the sensor
is fitted. The sensors 2 can be any suitable type, including, for example,

electromagnetic, optical sensors and/or audio sensors.

When a sensor 2 detects the distance of an object 5, it transmits the distance to
the processing unit 3. If both sensors 2 detect an object 5 on their respective sides at
the same time, the processing unit 3 will operate to determine the distance between the

two objects 5.

In the embodiment shown in figure 2, the set distance represents a measurement
of the widest section of the trailer 11. Preferably the set distance is slightly larger than
the measurement of the widest section of the trailer 11, the additional distance acting to
allow some clearance between the trailer 11 and the objects 5. This set distance is
entered by a driver using the input unit 10 of the driver interface 4, after they have

measured (or otherwise determined) the maximum width of the trailer 11.

If the processing unit 3 determines that the measured distance is equal to or less
than the set distance as is the case with the vehicle shown to the right hand side of figure
2 where the vehicle 6 but not its trailer 11 will fit through the gap, it causes the driver
interface unit 4 to output an indication, for example a red lamp or a symbol or image

on a screen (e.g. “STOP”), to advise the driver that the trailer 11 will not fit between
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the two objects 5. In such cases, the indication could comprise an audio component
(for example, an automated voice warning) alongside a visual display on a screen.
Optionally, if the processing unit 3 determines that the measured distance is greater
than the set distance, as with the vehicle shown to the left hand side of figure 2 where
both the vehicle 6 and its trailer 11 will pass through the gap, it may cause the driver
interface 4 to output an indication, for example a green lamp or a symbol or image on
a screen (e.g. “OK”), to advise the driver that the vehicle (and thus trailer) may pass
between the two objects 5. In one embodiment this optional indication is only provided
when the measured distance between objects on opposite sides of the vehicle is less
than a predetermined value but greater than the set distance. Thus the driver is given
reassurance that the apparatus is operating when driving through a relatively narrow

gap, but for wider gaps is not distracted.

The processing unit 3 also determines if one side of the vehicle is closer to the
edge of the gap than the other, and whether the centre of the vehicle 6 is therefore
aligned with the centre of the gap between the objects 5 or not. The processing unit 3
compares the distance between one object 5 and the side of the vehicle 6 it faces with
the distance between the other object 5 and the side of the vehicle 6 it faces. If the
distances are not equal, and the difference is above a minimum value, the processing
unit 3 causes the driver interface 4 to output an indication that the centre of the vehicle
6 is not aligned with the centre of the gap between the objects 5. The indication can
comprise a symbol or image, and/or an audio component. Additionally, the indication
can comprise information on the distance by which the centres are misaligned, and/or
the side to which the vehicle must be moved towards or away from to align the centres.

The processing unit 3 can calculate the misalignment distance by dividing the
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difference between the distances each side of the vehicle 6 in half when the front part

of the vehicle 6 (and therefore the sensors 2) are within the gap.

The minimum value prevents the driver interface 4 outputting an indication that
the centres are misaligned when the difference between the distances are relatively
small. The minimum value is stored in the memory storage unit 8 and can be
programmed into the unit 8 and/or selected from a number of options by a driver using

the driver interface 4.

If the centres are misaligned, the processing unit 3 can also determine if the
trailer 11 will hit the object 5 to which the vehicle 6 is closest. The processing unit 3
compares the misalignment distance with the difference between the determined width
of the gap between the objects 5 and the set distance. If the misalignment distance is
greater than half the difference, the processing unit 3 causes the driver interface 4 to
include in its indication information that the relevant side of the trailer 11 is in danger

of hitting the respective object 5.

In some embodiments, the processing unit can be connected to the brakes of the
vehicle 6. If the vehicle 6 continues to pass through the gap between the objects despite
the driver interface 4 outputting an indication that the trailer 11 will not fit or will hit
an object 5 on a particular side, the processing unit 3 may active the brakes so as to stop

the vehicle 6 automatically.

The processing unit 3 and memory storage unit 8 can form part of or be
implemented by an existing computing system or processor of the automobile.
Similarly the driver interface unit may be provided by an existing driver interface of

the automobile such as a touch screen.
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As shown in figure 3, the gap measurement apparatus may also be usefully
employed when an automobile 12 is not attached to a trailer 11 (or other towed object).
In this case the rear of automobile 12, behind the driving position, is wider than the
front. Therefore, the set distance of the apparatus is set as the maximum width of the
automobile (preferably in addition to a clearance distance). The driver interface unit 4
thus outputs an indication of whether or not the automobile will fit between two
detected objects 5. In this embodiment the set distance can be stored on the memory
storage unit 8 when the gap measurement instrument 1 is installed onto the vehicle 12.
As will be seen in figure 3 the vehicle on the left hand side will pass through the gap.
The front of the vehicle on the right hand side will pass into the gap, but the rear of the

vehicle is wider than the front and will not pass into the gap.

The gap measurement apparatus could also be usefully employed in a vehicle
which is not wider behind the driving position than in front, but in this case the sensors
should be at least partially forward facing and the processing unit arranged to calculate

the distance between the objects 5 before the vehicle passes between the objects.

The gap measurement apparatus 1 can be installed in a vehicle 6, 12 as the
vehicle 6, 12 is being built. Alternatively, the gap measurement instrument 1 can be

installed after the vehicle 6, 12 has been built.

The above embodiments are described by way of example only. Many
variations are possible without departing from the scope of the invention as defined in

the appended claims.
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CLAIMS

A vehicle comprising at least one sensor arranged to determine the width of a
gap faced or entered by the vehicle in its direction of travel, a processing unit
arranged to compare the determined width of the gap to a set distance thereby
to determine if the vehicle and/or an object towed by the vehicle can be driven
through the gap, and a driver interface arranged to output a result to a driver of
the vehicle if the processing unit determines that the vehicle and/or an object
towed by the vehicle can be driven through the gap.

A vehicle according to claim 1 wherein the processing unit is operable to
compare the distance from one edge defining the gap to the vehicle to the
distance from the other edge defining the gap to the vehicle so as to determine
a misalignment distance, which indicates how misaligned the centre of the
vehicle is with the centre of the gap.

A vehicle according to claim 2 wherein the driver interface is arranged to output
an indication of whether the centres are aligned or not to a driver of the vehicle.
A vehicle according to claim 3 wherein the driver interface is operable to output
an indication only if the misalignment distance is above a minimum value.

A vehicle according to either of claims 3 or 4 wherein the indication comprises
information on how misaligned the centre of the vehicle and the centre of the
gap are, including the misalignment distance and/or the direction the vehicle
must move to align the centres.

A vehicle according to any of claims 2 to 5 wherein the processing unit is
operable to compare the misalignment distance with the difference between the

determined gap width and the set distance so as to determine whether the vehicle
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and/or object towed by the vehicle could collide with one edge of the gap,
wherein if the misalignment is greater than half the difference this results in a
determination of a risk of collision.

A vehicle according to claim 6 wherein the driver interface is arranged to output
an indication of a risk of collision.

A vehicle as claimed in any preceding claim wherein the at least one sensor is
arranged to determine the width of a gap entered by a part of the vehicle and the
processing unit is arranged to determine if the remainder of the vehicle and/or
an object towed by the vehicle can be driven through the gap.

A vehicle according to any preceding claim wherein the/or each sensor is
positioned towards the front of the vehicle.

A vehicle according to any preceding claim wherein the/or each sensor is
operable to detect the position of edges defining the gap.

A vehicle according to any preceding claim, comprising at least two sensors and
wherein the sensors are positioned on opposite sides of the vehicle.

A vehicle according to claim 11 when dependent on claim 10 wherein each
sensor is operable to detect the distance between the sensor and a respective
detected position.

A vehicle according to claim 10 wherein the processing unit is operable to
determine the distance between the detected positions and the vehicle.

A vehicle according to either claim 12 or claim 13 wherein the processing unit
is operable to sum the detected distances between the edges and the sensors so

as to determine the distance between the edges and thus the width of the gap.
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A vehicle according to claim 14 wherein the processing unit is operable to
compare the measurement to a set distance so as to determine whether the
measured distance is greater than, equal to or less that the set distance, thereby
to determine if the vehicle and/or an object towed by the vehicle can be driven
through the gap.

A vehicle according to claim 15 comprising a memory storage unit operable to
store the set distance.

A vehicle according to claim 16 comprising an input unit operable to receive an
input comprising a value and to store said value as the set distance, or for use in
computing the set distance, onto the memory storage unit.

A vehicle according to any of claims 15 to 17 wherein the vehicle is towing an
object and the set distance is at least the maximum width of the object.

A vehicle according to any of claims 15 to 17 wherein the set distance is at least
the maximum width of the vehicle.

A vehicle according to either of claims 18 or 19 wherein the set distance
additionally includes a clearance distance.

A vehicle according to any preceding claim wherein the driver interface unit is
arranged to produce an output if the processing unit determines that the vehicle
and/or an object towed by the vehicle cannot be driven through the gap.

A method of measuring a gap comprising the steps of’

providing a vehicle according to any of claims 1 to 21;

determining, using the at least one sensor, the width of a gap faced or entered

by the vehicle;
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determining, using the processing unit, if the width of the gap exceeds a set

distance; and

producing an output via the driver interface if the processing unit determines
that the vehicle and/or an object towed by the vehicle can be driven through

5 the gap.

23. A method as claimed in claim 22 comprising the step of entering the set distance
via a driver interface and wherein the set distance is at least the maximum width
of the vehicle or the maximum width of an object towed by the vehicle,
whichever is the greater.

10 24. A method as claimed in claim 23 wherein the set distance is the maximum width
of the vehicle or the maximum width of an object towed by the vehicle,

whichever is the greater, plus a clearance distance.
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