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(57) Abstract: A system for detecting objects in the vicinity of a vehicle, comprising: a sensor for gathering data relating to ob-
jects in the vicinity of the vehicle; and a processor operable to: detect objects, from the sensor data, based on one or more detec-
tion criteria, the detection being regulated by one or more detection parameters; analyse the detected objects; and in response to
the number of detected objects, vary one or more of the detection parameters.
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Title: "A Method of Detecting Objects in the Vicinity of a Vehicle"

Description of Invention

THIS INVENTION relates to a method for detecting objects in the vicinity of a
vehicle, and in particular for detecting objects which may be of importance to the

safety of vehicle occupants, or to other road users.

It is known in modern motor vehicles to provide one or more sensors which
continuously provide data which can be used to detect objects in the vicinity of the
vehicle. Suitable sensors include cameras (which may detect optical wavelength of
light, or other wavelengths, such as infrared), ultrasonic detectors, or radar/lidar. Data
from the sensors may be processed by one or more on-board vehicle processors to
make determinations about objects near the vehicle. Objects of interest include other
road users, for instance pedestrians, cyclists or animals, and also fixed or inaminate

structures, such as lamp posts, trees and obstructions in the road.

A vehicle’s on-board processors may further make a determination as to the relevance
of an object, by which is meant the potential importance of the object to the driver of
the vehicle. An evaluation as to the relevance of an object may be made depending on
the type of the object (i.e. whether the object is human or a tree), or on the position of
the object relative to the vehicle or relative to surrounding features (e.g. whether an
object is on the road, on an adjacent pavement, or on a pedestrian crossing). The
absolute movement of the object as well as the movement of the object relative to the

vehicle, may also be taken into account when a evaluating the relevance of the object.

When an object has been classified as being relevant, its movement may be followed,
and further readings will be taken with respect to the object to determine whether the
relevance of the object changes. For instance, if an object is classified as being a

pedestrian who is on the road ahead of the vehicle, then the relevance of the object is
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likely to be judged to be high. However, if the pedestrian moves to a pavement and is

no longer in the path of the vehicle, the relevance of the object will be reduced.

In some vehicles, a video camera is used, and an image of the road ahead of the
vehicle may be displayed to the driver. In such circumstances, objects which are
classified as being relevant may be highlighted in the image which is displayed to the

driver, to draw the driver’s attention to the object.

It is an aim of the present invention to seek to provide an improved system of this

type.

Accordingly, one aspect of the present invention provides a system for detecting
objects in the vicinity of a vehicle, comprising: a sensor for gathering data relating to
objects in the vicinity of the vehicle; and a processor operable to: detect objects, from
the sensor data, based on one or more detection criteria, the detection being regulated
by one or more detection parameters; analyse the detected objects; and in response to

the number of detected objects, vary one or more of the detection parameters.

Advantageously, the sensor comprises a video camera.

Preferably, at least one of the detection parameters comprises a threshold relating to

the angular size of an object appearing in data gathered by the sensor.

Conveniently, at least one detection parameter relates to the distance of the object

from the vehicle.

Advantageously, at least one detection parameter relates to the contrast between the

object and its background.

Preferably, at least one detection parameter relates to the position of the object with

respect to the vehicle.
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Conveniently, the detection parameter relates to the angular distance of a line joining

the vehicle and the object from the trajectory of the vehicle.

Advantageously, at least one detection parameter relates to the type of object that is

detected.

Preferably, at least one detection parameter relates to an estimated probability that the

object is of a specific type.

Conveniently, at least one detection parameter relates to the application of a filter to an

image or other data gathered by the sensor.

Advantageously, the application of the filter smoothes out small features in the image

or other data.

Preferably, a preferred number of detections is defined for a set of data gathered by the
sensor; and the at least one detection parameter is varied so that the number of
detections produced using the detection parameters for a subsequent set of data is close

to the preferred number.

Conveniently, the derivative of the number of detections with respect to variation of at

least one of the detection parameters is determined.

Advantageously, detected objects are analysed by a classifier which is trained through

analysis of a large number of known objects.

Preferably, detected objects are analysed to reach a determination as to whether the

vehicle is likely to be involved in an impact with the objects.
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Conveniently, if it appears that the vehicle is likely to be involved in an impact with

one of the objects, a vehicle safety system is activated.

Advantageously, the system further comprises a display on which at least some data

gathered by the sensor is displayed to a vehicle occupant.

Preferably, objects that are determined to be potentially relevant are highlighted in the
display.

Conveniently, detected objects are classified by a classifier having two or more

classification steps.

Advantageously, a first classification of the two steps is regulated by one or more
classification parameters, and one or more of the classification parameters is varied in

response to the number of objects classified in the first classification step.

In order that the present invention may be more readily understood, embodiments
thereof will now be described, by way of example, with reference to the accompanying

figures, in which:

Figure 1 is a schematic view of a vehicle including a system embodying the present

invention; and

Figures 2 and 3 are schematic views of components of systems embodying the present

invention.

Turning firstly to figure 1, a vehicle 1 is shown. The vehicle includes a forward-facing
camera 2, as well as left and right side-facing cameras 3. The front and side cameras
2,3 may be optical or other cameras, as discussed above, and are arranged to gather

images or other readings of the surroundings of the vehicle 1.
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It will be understood that any number of sensors of any appropriate type may be

provided.

Outputs from the cameras 2,3 are fed to an on-board processor 4 (which may comprise
one or more processing units). The processor 4 analyses the signals from the cameras
2,3. The processor 4 is operable to activate one or more vehicle safety systems, such
as a driver air-bag 5 and an active seatbelt pretensioner 6 and/or a hood lifter (not

shown). The invention is not, of course, limited to these vehicle safety systems.

Referring to figure 2, steps in the processing applied to the signals by the processor 4

are shown schematically.

The signals from the cameras 2,3 are first analysed to detect objects, employing one or
more detection criteria, which may for example relate to the size, location, speed or
type of the object. One or more detection parameters 7 are used in this analysis. The
detection parameters 7 control the sensitivity with which objects appearing in images

captured by the cameras 2,3 are detected.

One or more of the detection parameters 7 may be a threshold.

For instance, one detection parameter 7 may be how much the intensity of an object

has to deviate from the intensity of the background for the object to be detected.

Another detection parameter 7 may relate to the angular size of the object in an image.
At a high sensitivity, there may be no minimum angular size for an object to be
detected, or the minimum angular size may be set to be low. At a lower sensitivity,

only larger objects will be detected.

A further detection parameter 7 may relate to the position of an object. At a high

sensitivity, any object in the vicinity of the vehicle may be detected. At a low
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sensitivity setting, however, only objects which appear to be in or near the direct path

of the vehicle may be detected.

Yet a further detection parameter may relate to the absolute and relative movement of
objects. At a high sensitivity setting, any objects may be detected. At a low sensitivity
setting, only objects which appear to be moving towards the path of the vehicle may

be detected.

A skilled person will appreciate that any other types of detection parameter may be
included, wherein variations of these parameters will affect the sensitivity with which

objects in the vicinity of the vehicle are detected.

Another detection parameter may control the application of one or more filters to the
image, and the application of a filter, or the type of filter, can have a significant impact
on the number of objects in the image that are detected by the processor 4. At a high
sensitivity, no filter is applied, and any object in the image may be detected. At a
lower sensitivity, a filter may be applied to the image, which is likely to have the
effect of “smoothing out” smaller features in the image, so that only larger features

will be detected.

The objects detected by the analysis using the detection parameters 7 then undergo
further analysis to classify the objects using a classification parameter 8. The result of
the classification may be that an object is classified as a human, an animal, a car or an
uninteresting object. For instance, if a detection criterion based on the shape of the
object is used, one detection parameter 7 may relate to the similarity of the object to
one of a number of shape templates. If an object is sufficiently similar to one of a
number of stored templates (comprising one or more typical shapes of, for instance, an
adult, a child, a dog, a vehicle or a tree) then the object will be detected. If the object
is not sufficiently similar to any one of the templates, then the object is not detected.

This detection parameter 7 may be variable, so that the degree of similarity that is
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required between the shape of the object and the shape of any one of the templates

may be adjusted.

Alternatively, the number of templates against which the shape of the object is
compared may be varied. At a “high” sensitivity, the shape of the object could be
compared against the shapes of all available stored templates. At a “low” sensitivity,
the shape of the object may be compared only against the templates relating to

humans.

Following this classification, one or more objects may be brought to the attention of
the driver, or one or more vehicle safety systems may be activated (for instance, if it
appears that the vehicle is heading directly towards a pedestrian in the road), and the

type of safety system(s) that will be activated will be understood by the skilled person.

Information relating to the number of objects detected in an image, or other set of data
gathered by vehicle sensors, is also passed to a counter 9, which in turn passes
information regarding the number of detected objects to a parameter adjuster 10. As
with any processing system, the vehicle’s processor 4 will have a limited and finite
amount of processing power. The surroundings of a vehicle and the number of objects
that may potentially be detected can vary widely. If the vehicle is being driven along a
busy street, the number of objects that may potentially be detected is very high.
Alternatively, if the vehicle is being driven on an empty road, with flat terrain to either
side of the road, then the number of objects that may potentially be detected will be
much lower. In the first instance, it is likely that the processing capacity of the
vehicle’s processor 4 will be overwhelmed, whereas in the second instance the

processing capacity will probably be under-used.

Ideally, the processing capacity of the wvehicle’s processor that is available for
analysing detected objects will be used as completely as possible, as this maximises
the possibility of the most relevant objects being detected, and hence maximises the

safety with which the vehicle may be driven.
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For the vehicle processor 4, therefore, there is an optimum number of detections that
can be analysed, corresponding to approximately full use of the available processing
power. The parameter adjuster 10 adjusts the detection parameters 7, taking into
account the number of detections made based on a frame or other data set gathered
from the cameras 2,3, to make the detection parameters 7 more or less sensitive. It
will be understood that, if the number of detections made by the detection parameters
7 in respect of one frame is higher than the optimum number, the parameter adjuster
10 will reduce the sensitivity of the detection parameters 7. Conversely, if the number
of detections is lower than the optimum number, then the parameter adjuster 10 will
increase the sensitivity of the detection parameters 7. Each of these actions will tend
to result in a number of detections for the next frame that is closer to the optimum

number.

In preferred embodiments of the invention, if the number of detections is higher than
the optimum number, the sensitivity of certain detection parameters 7 will be reduced
preferentially, and if the number of detections in a subsequent frame is still above the
optimum number, the sensitivity of other parameters will then be reduced. For
instance, if the number of detections relating to a first frame is higher than the
optimum number then, before the subsequent frame is analysed, a detection parameter
relating to position may be made less sensitive, so that only objects directly in front of
the vehicle will be detected. The sensitivity of other parameters, for instance, relating
to the type of the object, may be unchanged, as it may be considered more important to
ensure that the vehicle avoids any type of object directly in its path than that the
vehicle tracks objects to the sides of the path in case these objects appear to move into

the vehicle’s path at a later stage.

Alternatively, the sensitivity of all of the parameters may be reduced simultaneously if

the number of detections is above the optimum number.
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A skilled person will appreciate how these principles will apply when increasing the
sensitivity of the detection parameters 7, following a number of detections which is

less than the optimum number.

In preferred embodiments of the invention, the parameter adjuster 10 may comprise a
PID (proportional-integration-derivative) controller, that takes the measured number of

detections as an input and provides adjusted detection parameters 7 as an output.

The parameter adjuster 10 may, in certain embodiments, measure the derivative of the
number of detections with respect to variation of the detection parameters 7. In these
embodiments, the rate of change in the number of detections with variations in the
detection parameters 7 can be determined, and hence the amount by which the
detection parameters 7 should be adjusted in response to the amount by which the
number of detections is over or under the optimum number with respect to a specific

frame can be determined accurately.

Following further analysis 8 of the detected object, an impact assessor 11 identifies
objects which the vehicle is on course to have an impact with, or appears likely to have
an impact with, and information from the impact assessor 11 is passed to the vehicle’s
safety devices, such as a driver air-bag 5, an active seat belt pretensioner 6 or a hood
lifter, so that these systems may be activated if necessary to protect the driver or other

occupants of the vehicle, or other road users.

Turning to figure 3, a schematic view of a further embodiment is shown in which

additional steps are employed in the processing of signals.

In common with the processing steps described above, a signal, comprising a series of
frames, is gathered by a camera 2. This signal is analysed using detection parameters
7 to detect potentially relevant objects within the images. The number of detected

objects is determined by a first counter 9a, and this information is used by a first
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parameter adjuster 10a to vary the detection parameters 7, so that the number of

detected objects can be controlled.

The first parameter adjuster 10a also, in this embodiment, may send a control signal to
a frame rate controller 12, which controls the rate at which frames are analysed using
the detection parameters 7. If the detection parameters 7 are set to a low sensitivity,
but the number of objects detected is still higher than can be handled effectively by the
vehicle’s processor, this may signify that the vehicle is in an area with a very high
density of potentially relevant objects. In such a situation, the frame rate controller 12
may be instructed, for example, to pass only every second frame that is gathered by the
camera 2 for analysis by the detection parameters 7. It will be understood, therefore,
that approximately twice the usual length of time will be available for the vehicle’s
processor to analyse each of the selected frames, greatly increasing the chance of the
processor being able to detect all potentially relevant objects correctly. Since most
video cameras will gather between 10 and 30 frames a second, analysing only every

second frame is unlikely to present a serious safety hazard.

In the example described above, the frame rate is reduced only if the detection
parameters 7 have already been set to their least sensitive values. This need not be the
case, however, and the rate at which frames are analysed may be reduced while

maintaining a relatively high sensitivity of other detection parameters 7.

In the system shown in figure 3, a multi-stage classifier is used. Such multi-stage
classifiers can be used to save processing power by eliminating non-interesting objects
which are easily separated from interesting objects in an early classifier step, and
carrying out more advanced processing in later steps where it will be more demanding
to distinguish between interesting and non-interesting objects. In preferred
embodiments, the object detected using the detection parameters 7 are first analysed
by a first classifier 13, before being passed to a second classifier 14. In preferred
embodiments of the invention, the signal from the first classifier 13 is analysed by a

second counter 9b, which determines the number of classifications that have been
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made by the first classifier 13. This signal is then passed to a parameter adjuster 10b,
which adjusts classification parameters that are employed by the first classifier 13, to

control the number of classifications that are made.

A third counter 9¢ and a third parameter adjuster 10c are provided to control the
classifications made by the second classifier 14, as will be understood by the skilled

person in the art.

This may occur, for instance, if the capacity of the second classifier 14 is limited, so
that the processing power allocated to the second classifier 14 is used as fully as

possible.

Also, the second classifier 14 may operate with controlled classification parameters,

thereby avoiding overloading of the impact assessor 11.

When the different processing steps share the same physical hardware, a combined
control algorithm may be utilised to optimise the parameters of each of these

processing steps simultaneously, for optional system performance.

As in the previous example, the signal from the second classifier 14 will be passed to
an impact assessor 11, which in turn will send control signals to vehicle safety systems

such as a driver air-bag 5, an active seat belt pretensioner 6, or a hood lifter.

Further, the signal from the second classifier 14 (or, if only one classifier is used, from
that classifier) may be passed to a highlighting creator 15, which creates one or more
types of highlights which can be presented to a driver of the vehicle to accentuate
objects that are of potential relevance. The signal both from the camera 2 and the
highlight creator 15 are passed to a display 16, which is displayed to a driver of the
vehicle in such a way that the highlights created by the highlight creator 15 overlay, or
otherwise draw attention to, the potentially most relevant objects that can be seen in

the display 16 that have been determined to be of greatest relevance.
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Certain existing techniques detect objects according to fixed criteria, and subsequently
sort through the detections to determine the most relevant. Clearly, this requires
excessive computational power, and is unsuitable when the number of detectable
objects in the vicinity of the vehicle is high. Other techniques involve the detection of
objects according to fixed criteria, with these detections then being processed in turn.
When the time available for processing the detections expires (i.e. when the next frame
is received from the sensors), any detections which have not been processed are
discarded. Clearly, this technique risks the discarding of the most relevant detections.
Still further techniques involve detecting objects based on fixed criteria which are
calibrated for a “worst case scenario”, where there is a very large number of detectable
objects. It will be appreciated, however, that this strategy is not optimal in cases

where there is not a high number of detectable objects in the vicinity of the vehicle.

It will be appreciated that embodiments of the present invention allow effective use of
a vehicle’s hardware resources, without discarding important data which may

potentially be important to the safety of vehicle occupants or other road users.

When used in this specification and claims, the terms "comprises" and "comprising"
and variations thereof mean that the specified features, steps or integers are included.
The terms are not to be interpreted to exclude the presence of other features, steps or

components.

The features disclosed in the foregoing description, or the following claims, or the
accompanying drawings, expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process for attaining the disclosed
result, as appropriate, may, separately, or in any combination of such features, be

utilised for realising the invention in diverse forms thereof.
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CLAIMS:

1. A system for detecting objects in the vicinity of a vehicle, comprising:
a sensor for gathering data relating to objects in the vicinity of the vehicle; and
a processor operable to:
detect objects, from the sensor data, based on one or more detection criteria,
the detection being regulated by one or more detection parameters;
analyse the detected objects; and
in response to the number of detected objects, vary one or more of the

detection parameters.

2. A system according to claim 1, wherein the sensor comprises a video camera.

3. A system according to claim 1 or 2, wherein at least one of the detection
parameters comprises a threshold relating to the angular size of an object appearing in

data gathered by the sensor.

4, A system according to any preceding claim, wherein at least one detection

parameter relates to the distance of the object from the vehicle.

5. A system according to any preceding claims, wherein at least one detection

parameter relates to the contrast between the object and its background.

6. A system according to any preceding claim, wherein at least one detection

parameter relates to the position of the object with respect to the vehicle.

7. A system according to claim 6, wherein the detection parameter relates to the
angular distance of a line joining the vehicle and the object from the trajectory of the

vehicle.



10

15

20

25

30

WO 2009/157828 PCT/SE2008/050768

14

8. A system according to any preceding claim, wherein at least one detection

parameter relates to the type of object that is detected.

9. A system according to any preceding claim, wherein at least one detection

parameter relates to an estimated probability that the object is of a specific type.

10. A system according to any preceding claim, wherein at least one detection
parameter relates to the application of a filter to an image or other data gathered by the

Sensor.

11. A system according to claim 10, wherein the application of the filter smoothes

out small features in the image or other data.

12. A system according to any preceding claim, wherein:

a preferred number of detections is defined for a set of data gathered by the
sensor; and

the at least one detection parameter is varied so that the number of detections
produced using the detection parameters for a subsequent set of data is close to the

preferred number.

13. A system according to any preceding claim, wherein the derivative of the
number of detections with respect to variation of at least one of the detection

parameters is determined.

14. A system according to any preceding claim, wherein detected objects are
analysed by a classifier which is trained through analysis of a large number of known

objects.

15. A system according to any preceding claim, wherein detected objects are
analysed to reach a determination as to whether the vehicle is likely to be involved in

an impact with the objects.



WO 2009/157828 PCT/SE2008/050768

10

15

15

16. A system according to claim 15 wherein, if it appears that the vehicle is likely
to be involved in an impact with one of the objects, a vehicle safety system is

activated.

17. A system according to any preceding claim, further comprising a display on

which at least some data gathered by the sensor is displayed to a vehicle occupant.

18. A system according to claim 17, wherein objects that are determined to be

potentially relevant are highlighted in the display.

19. A system according to any preceding claim, wherein detected objects are

classified by a classifier having two or more classification steps.

20. A system according to claim 19, wherein a first classification of the two steps
is regulated by one or more classification parameters, and one or more of the
classification parameters is varied in response to the number of objects classified in the

first classification step.
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