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(57) Abstract: The invention provides a method for improved object (22) de-
tection based on two types of environment sensors (14, 16) applied in a driving
support system (12) of a vehicle (10), whereas the first type of environment
sensor is an image type sensor (14) having an image-field-of-view (18) and the
second type of environment sensor is a range type sensor (16) having a range-
field-of-view (20) that at least partially overlaps the image- field-of-view (18),
comprising the steps of providing a 2-dimensional array of data points (26) rep-
resenting the surrounding of the vehicle (10) in the image-field-of-view (18) by
at least one image type sensor (14), identifying one or more troublemakers (24)
in the 2- dimensional array of data points (26), providing a 3-dimensional array
of data points (28) representing the surrounding of the vehicle (10) in the range-
field-of-view (20) by at least one range-type-sensor (16), mapping the 3-dimen-
sional array of data points (28) into the 2-dimensional array of data points (26),
selecting one or more 3D-sub-sets of data points (27) in the 3-dimensional array
of data points (28) matching the one or more troublemakers (24), providing a
revised 3-dimensional array of data points (34), considering the 3-dimensional
array of data points (28) and the one or more 3D-sub-sets of data points (27), and
detecting position, size, velocity, and/or orientation of objects (22), considering
the revised 3-dimensional array of data points (34).
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Method for improved object detection

The present invention refers to a method for improved object detection based on two
types of environment sensors applied in a driving support system of a vehicle.

The present invention also refers to a driving support system for performing the above
method.

Autonomous and semi-autonomous driving is becoming a more and more important
issue in the automotive industry. Prototypes for autonomous driving have already been
developed and deployed and are currently being tested, in some places even under real
driving situations. Autonomous driving is considered as a disruptive technology in the
automotive sector.

Autonomous and semi-autonomous driving depends on knowledge about the
surrounding around the vehicle, further referred to as ego vehicle. Different types of
environment sensors can be employed in the ego vehicle to monitor the surrounding
thereof and to identify objects like third party vehicles, traffic signs or others. For
autonomous and semi-autonomous driving systems, the knowledge about the position of
an object and the calculation of precise trajectories of moving objects in the surrounding
of the ego vehicle, like third party vehicles, is an indispensable prerequisite. Therefore,
in order to avoid accidents, the information about the object, its position, orientation and
velocity need to be reliable.

The environment sensors used for monitoring the surroundings of the vehicle can be
categorized in several categories according to the type of information that is obtained by
the sensors. For example, some kind of sensors can measure a distance to an object in
the surrounding of the ego vehicle, e.g. LIDAR or Radar based sensors, and are
therefore referred to as range type sensors. Other kinds of sensors, e.g. optical
cameras, cannot provide accurate information about the distance to an object. Instead,
their strength is to provide a 2-dimensional image of the surrounding of the ego vehicle,
which can be used to identify objects.

Data provided by range type sensors has the property that it is rather sparse data,
meaning that the density of data points is low compared to image type sensors.
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Therefore, specific algorithms are used to retrieve information from the range type
sensor data about the type of objects, their position, orientation and velocity. However,
these specific algorithms can also produce wrong detection results, decreasing the
overall system performance and increasing the risk of accidents.

Fig. 1 shows an example of a method of prior art, for object detection. Fig. 1a) shows a
vehicle 1 with a range type sensor 2 in a surrounding with a third party vehicle 3 and a
bush 4. Fig. 1b) illustrates the range type sensor data 5 gathered by the range type
sensor 2. As shown in Fig. 1¢) a method according to prior art can lead to wrong
detection result. The range type sensor data 5 stemming from the third party vehicle 3 is
correctly detected as a first vehicle 6. However, the range type sensor data 5 stemming
from the bush 4 is misinterpreted to be a second vehicle 7. This detection error
decreases the overall system performance and increases the risk of accidents.
Therefore, methods for reliable detection of objects are highly important.

It is an object of the present invention to provide a method for improved object detection
to avoid wrong detection results and to decrease the risk of accidents. This object is
achieved by the independent claims. Advantageous embodiments are given in the
dependent claims.

In particular, the present invention provides a method for improved object detection
based on two types of environment sensors applied in a driving support system of a
vehicle, whereas the first type of environment sensor is an image type sensor having an
image-field-of-view and the second type of environment sensor is a range type sensor
having a range-field-of-view that at least partially overlaps the image-field-of-view,
comprising the steps of providing a 2-dimensional array of data points representing the
surrounding of the vehicle in the image-field-of-view by at least one image type sensor,
identifying one or more troublemakers in the 2-dimensional array of data points,
providing a 3-dimensional array of data points representing the surrounding of the
vehicle in the range-field-of-view by at least one range-type-sensor, mapping the 3-
dimensional array of data points into the 2-dimensional array of data points, selecting
one or more 3D-sub-sets of data points in the 3-dimensional array of data points
matching the one or more troublemakers, providing a revised 3-dimensional array of
data points, considering the 3-dimensional array of data points and the one or more 3D-
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sub-sets of data points, and detecting position, size, velocity, and/or orientation of
objects, considering the revised 3-dimensional array of data points.

The present invention also provides a driving support system for performing the above
method comprising at least one image type sensor for providing a 2-dimensional array of
data points representing the surrounding of the vehicle in an image-field-of-view and one
range type sensor for providing a 3-dimensional array of data points representing the
surrounding of the vehicle in a range-field-of-view.

The basic idea of the invention is to use two different types of sensors, a range type
sensor that gives accurate information about the position, size, velocity, and/or
orientation of the object, and an image type sensor that gives accurate information about
the nature or type of the object. The data gathered by these sensors is analyzed
interdependently allowing for a reliable determination of the position, size and/or
orientation of the object. A key aspect of the method is to use the 2-dimensional array of
data points of the image type sensor for identifying troublemakers. This information
gathered from the image type sensor is used for processing of the 3-dimensional array
of data points provided by the range type sensor. On this account, the 3-dimensional
array of data points is mapped into the 2-dimensional array of data points and one or
more 3D-sub-set of data points in the 3-dimensional array of data points is selected,
which matches each of the identified troublemakers. A revised 3-dimensional array of
data points is provided, considering the 3-dimensional array of data points and the one
or more 3D-sub-sets of data points. This revised 3-dimensional array of data points is
used for detecting position, size, velocity and/or orientation of objects.

A troublemaker is an object in the surrounding of the ego vehicle that has a high
likelihood of producing wrong and/or unreliable detection results. The method uses a
revised 3-dimensional array of data points to detect position, size, velocity and/or
orientation of objects. The revised 3-dimensional array of data points is provided by
considering the 3-dimensional array of data points and the one or more 3D-sub-sets of
data points. Since the one or more 3D-sub-set of data points are based on one or more
troublemakers, the method has the advantages that the stability and reliability of the
detection results are enhanced. The method decreases wrong determination of position,
size, velocity, and/or orientation of objects compared to a method where troublemakers
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are not identified. Therefore the method is less prone to errors, reliability and stability of
object detection is improved and the risk for accidents is decreased.

The vehicle, i.e. the ego vehicle, according to the present invention, can be any kind of
vehicle, e.g. a car or truck. The vehicle can be driven manually by a human driver.
Alternatively, the vehicle supports semi-autonomous or autonomous driving. It is
possible that the vehicle transports passengers, including a driver, or is used for cargo
handling.

An image type sensor is a device that detects and conveys information used to make a
2-dimensional array of data points, which in turn can be plotted as an image. It does so
by converting the variable attenuation of light waves or electromagnetic waves into
signals, preferably electric signals. Light waves or electromagnetic waves can have
different wavelengths. Depending on the wavelength different image type sensors can
be used. E.g. for the visible spectrum a camera can be used. Alternatively image type
sensors for electromagnetic waves in the infrared (around 1000 nm) or in the ultraviolet
(around 200 nm) can be used. Depending on the image type sensor, the 2-dimensional
array of data points can be in Cartesian coordinates or in polar coordinates. E.g. the
data captured by a camera can be in Cartesian coordinates determining the position of
individual data points or pixels relative to the axis of the image. The data points
themselves can be annotated with more information. For example, a color camera
provides a pixel based image as 2-dimensional data, with the individual pixels holding
information in the three color channels RGB. Alternatively the individual pixels can hold
information about the intensity of the signal and/or a brightness value. Furthermore, the
images captured by the camera may be individual still photographs or sequences of
images constituting videos or movies. For example an image type sensor can be an
optical sensor, a camera, a thermal imaging device or a night vision sensor.

A range type sensor is a device that captures the three-dimensional structure of the
environment from the viewpoint of the sensor, usually measuring the depth and/or
distance to the nearest surfaces. A range type sensor can be a LiDAR based sensor, a
radar based sensor, an infrared based sensor, or an ultrasonic based sensor. Radar
sensors use radio waves to determine the range, angle, and/or velocity of objects.
Ultrasonic based sensors work on the principle of reflected sound waves. LiDAR based
sensors measure the distance to an object by illuminating the object with pulsed laser
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light and measuring the reflected pulses. Differences in laser return times, wavelengths
and intensity can then be used to provide a 3-dimensional representation of the
environment of the vehicle. Infrared based sensors also work on the principle of
reflected light waves. The measurements of the distance to the objects can be
performed at single points of the surrounding of the ego vehicle, across scanning
planes, or the measurements can provide a full image with depth and or distance
measurements at every point of the surrounding of the ego vehicle. The data determined
by the range type sensor is a 3-dimensional array of data points and can be in spherical
coordinates, including the distance to an object (r) and the position of the object relative
to the sensor position determined by the polar and the azimuth angle (theta, phi).
Alternatively, the data can be determined in or transformed to Cartesian coordinates,
identifying the position of the object relative to the axis lines X, Y and Z and the origin of
the coordinate system. The individual data points of the 3-dimensional array of data
points can be annotated with more information, e.g. intensity information of the reflected
light pulses.

Objects in the surrounding of the ego vehicle can be any kind of objects. They can be
static objects like houses, traffic signs, or parked cars. Furthermore, the objects can be
moving, like third party vehicles or pedestrians. Troublemakers are also objects in the
surrounding of the ego vehicle. However, range type data of troublemakers tends to
produce wrong and/or unreliable detection results. The range type sensor captures
information about the three-dimensional structure of the environment by illuminating the
objects in the surrounding with pulsed electromagnetic radiation and measuring the
reflected pulses. Due to the pulsed radiation the data provided by range type sensors is
rather sparse data, meaning that the density of data points is low compared to image
type sensors. If the object has a continuous surface, e.g. the surface of a third party
vehicle, the data gathered by the range type sensor results in a reliable determination of
the position, size, velocity and/or orientation of the object. However, if the object has a
discontinuous surface, e.g. a wired fence, a grid, or vegetation, some of the
electromagnetic pulses are not reflected by the object itself but travel through the object
and are eventually reflected by another object. Using this data for object detection often
leads to wrong and/or unreliable results.

The field of view is a sector or in general part of the surrounding of the vehicle, from
which the respective sensor captures information. The field of view of a sensor may be
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influenced by the design of the sensor. For example, a camera gathers information via a
lens, which focuses incoming light waves. The curvature of the lens influences the field
of view of the camera. For example, the field-of-view of a camera having a fisheye lens
is wider than the field-of-view of a camera having a conventional lens. The field of view
can also be influenced by the size or the dimensions of the detector that is used to
convert the attenuation of light waves or electromagnetic waves into electrical signals. It
is also possible that a sensor has a field-of-view that covers 360 degree of the
surrounding of the vehicle. For example this can be achieved by a rotating sensor, or by
using several interconnected sensors.

The two types of environment sensors applied in the driving support system of the
vehicle have at least partially overlapping fields-of-view. Therefore the two types of
sensors capture at least some information from the same sector or scope of the
surrounding of the vehicle. It is also possible to have multiple environment sensors of
one type that are interconnected to increase the field-of-view of this type of environment
sensor.

The method comprises the steps of providing a 2-dimensional array of data points
representing the surrounding of the vehicle in the image-field-of-view by at least one
image type sensor, and identifying one or more troublemakers in the 2-dimensional
array of data points.

The troublemaker can be identified by classifying objects in the surrounding of the
vehicle. For example an object in the surrounding of the vehicle can be a bush.
Alternatively, the object can be a third party vehicle, a wire fence or a pedestrian. The
different types of objects differ in their nature and characteristics, for example in their
ability to move, in their velocity and in their vulnerability. Furthermore, the different types
of objects differ in the likelihood of producing wrong and/or unreliable results, when
detecting the object’s position, size, velocity, and/or orientation. For decreasing the risk
of accidents, it is preferable to know what kinds or types of objects are located in the
surrounding of the ego vehicle. Therefore, the one or more troublemakers can be
identified by classifying the objects into different classes, and by considering the class of
the object. By identifying the object, also a confidence value about the class of the
object can be determined. The information about the class of the object and the
confidence can be stored for later use.
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Preferably identifying one or more troublemakers comprises detecting only objects that
belong to a predefined class. This can be achieved by detecting instances of semantic
objects of a certain class (such as bushes, or grids) in the 2-dimensional array of data
points. Every object class has its own special features that help in classifying the object
into the specific class. For example all circles are round. Object class detection uses
these special features. For example, when looking for circles, objects that are at a
particular distance from a point (i.e. the center) are sought. Identifying troublemakers
can also comprise that the troublemaker is tagged with an unambiguous mark
establishing therefore the possibility to follow the troublemaker in time.

Preferably the troublemaker is identified by analyzing the 2-dimensional array of data
points. For example troublemakers can be identified by pattern recognition algorithms,
which automatically discover regularities or irregularities in the 2-dimensional array of
data points. Furthermore the 2-dimensional array of data points can be partitioned in
multiple segments. For example the 2-dimensional array of data points can be
partitioned by a thresholding method, where a threshold value is used for deciding to
what segment an individual data point of the 2-dimensional array of data points belongs.
Alternatively or additionally clustering methods can be used to partition the 2-
dimensional array of data points into clusters/segments. It is also possible to use
histogram-based methods, where a histogram is computed from all of the data points in
the 2-dimensional array of data points. Color or intensity values can be used as the
measure for the histogram. Afterwards, peaks and valleys in the histogram are used to
locate the segments in the 2-dimensional array of data points. The goal of segmentation
is to partition the 2-dimensional array of data points into segments, wherein the data
points belonging to the same segment have one or more common features or the data
points consist of an object with a semantic meaning (e.g. a bush). By this process
objects and/or troublemakers and/or boundaries (lines, curves, etc.) of objects and/or
troublemakers can be identified.

Preferably identifying one or more troublemakers comprises discovering one or more
troublemakers coupled with segmenting the 2-dimensional array of data points. When
using sequences of images constituting videos or movies object co-segmentation can be
applied. The troublemaker can be present sporadically in a set of images or the
troublemaker can disappear intermittently throughout the video of interest. For object co-
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segmentation multiple images or video frames are jointly segmented, based on
semantically similar objects. Therefore information about the troublemaker can be
shared among consecutive frames and information about motion and appearance of the
troublemaker can be used to find the common regions in multiple images belonging to
the troublemaker.

Preferably the step of identifying one or more troublemakers in the 2-dimensional array
of data points, comprises assigning a label to every data point in the 2-dimensional array
of data points, such that data points with the same label share certain predefined
characteristics.

The method also comprises the steps of providing a 3-dimensional array of data points
representing the surrounding of the vehicle in the range-field-of-view by at least one
range-type-sensor, and mapping the 3-dimensional array of data points into the 2-
dimensional array of data points. The mapping or projecting of the 3-dimensional array
of data points into the 2-dimensional array of data points involves defining translation
and rotation parameters to associate the 3-dimensional array of data points with the 2-
dimensional array of data points. For this reason, the relative locations of the range type
sensor and the image type sensor at the ego vehicle and their respective fields-of-view
need to be known.

After mapping the 3-dimensional array of data points into the 2-dimensional array of
data points one or more 3D-sub-sets of data points in the 3-dimensional array of data
points matching the one or more troublemakers in the 2-dimensional array of data points
are selected. Now the specific data points that belong to troublemakers are known. In a
next step a revised 3-dimensional array of data points is provided, considering the 3-
dimensional array of data points and the one or more 3D-sub-sets of data points.
Preferably only data points that do not belong to troublemakers are retained in the
revised 3-dimensional array of data points. The revised 3-dimensional array of data
points is used to detect the position, size, velocity, and/or orientation of the objects.

The position of the object is the position of the object with respect to the ego vehicle.
Therefore from the position of the object the distance from the object to the ego vehicle
can be determined. This information together with the velocity of the object is highly
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important for calculating the time of a possible collision with an object. The size of an
object includes the 3 dimensions width, length and height of an object.

The orientation of the object is the orientation of the object with respect to the ego
vehicle. For example a third party vehicle has a front side and a back side, determining
an internal coordinate system of the object. A pedestrian has also a front side and a
back side determining a pedestrian based internal coordinate system. The orientation of
the object is the orientation of the object’s coordinate system with respect to the
coordinate system defined by the ego vehicle. For example if a third party vehicle and
the ego vehicle are both driving on a straight lane in the same direction, the orientation
of the third party vehicle would be parallel to the ego vehicle. This is independent of the
location of the third party vehicle, meaning it is regardless if the third party vehicle is
driving in front of the ego vehicle or next to the ego vehicle. However, if the third party
vehicle is driving on a lane intersecting the lane of the ego vehicle, the orientation of the
third party vehicle is different from being parallel. The orientation of an object can be
determined for static as well as for moving objects.

The position, size, velocity and/or orientation of the objects considering the revised 3-
dimensional array of data points can be achieved by estimating parameters of a
mathematical model from the revised 3-dimensional array of data points.

According to a modified embodiment of the invention, the step of identifying one or more
objects in the 2-dimensional array of data points, comprises determining an area in the
2-dimensional array of data points belonging to the one or more troublemakers, and the
step of selecting one or more 3D-sub-sets of data points in the 3-dimensional array of
data points matching the one or more troublemakers comprises selecting one or more
3D-sub-set of data points in the 3-dimensional array of data points that are mapped
inside the area belonging to the one or more troublemakers.

The area in the 2-dimensional array of data points belonging to the troublemakers can
have any shape. For example it can be a rectangle or an ellipse surrounding the
troublemaker. E.g. a rectangular box, also called bounding box, surrounding the
troublemaker can be used for determining the area in the 2-dimensional array of data
points belonging to the troublemaker. This has the advantage that it has a simple form
and is therefore inexpensive to process. However, the area belonging to the
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troublemaker preferably has a shape retracing the contours of the troublemaker. This
has the advantages that the results of the method are more precise than when using a
rectangular box. Furthermore, if the troublemaker is identified by segmenting the 2-
dimensional array of data points, the segment often already retraces the contour of the
troublemaker. Therefore no additional computational resources are needed. If a data
point of the 3-dimensional array of data points is mapped inside the area belonging to
the troublemaker it is considered to match the troublemaker. Therefore this data point is
selected for the 3D-sub-set of data points.

According to a modified embodiment of the invention, the step of providing a revised 3-
dimensional array of data points, considering the 3-dimensional array of data points and
the one or more 3D-sub-sets of data points comprises removing the one or more 3D-
sub-sets of data points from the 3-dimensional array of data points. When using range
type data of troublemakers for detecting the position, size, velocity, and/or orientation,
the detection results have a high likelihood of being wrong and/or unreliable. After
removing the one or more 3D-sub-sets of data points, the revised 3-dimensional array of
data points, only consists of data points that do not stem from troublemakers. Therefore
by removing the range type data stemming from the troublemaker from the 3-
dimensional array of data points the reliability and stability of the detection results are
enhanced.

According to a modified embodiment of the invention, the step of identifying one or more
troublemakers in the 2-dimensional array of data points comprises identifying one or
more objects having an inconsistent reflection surface and/or identifying one or more
objects having a discontinuous reflection surface. The troublemaker is an object having
an inconsistent reflection surface and/or an object having a discontinuous reflection
surface. Since the range type sensor captures information about the three-dimensional
structure of the environment by illuminating the objects in the surrounding with pulsed
electromagnetic radiation and measuring the reflected pulses, objects that have a
discontinuous reflection surface, have a high likelihood to produce wrong and/or
unreliable detection results. E.g. the data received by a range type sensor that is
reflected from a bush does in general not show the outer contours of the bush. Some of
the electromagnetic pulses may have travelled inside the bush and may be reflected by
an inner part of the bush. Furthermore, the data points stemming from the bush can be
unstable in the sense, that it appears that some part of the bush is moving relative to
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another part of the bush. For these reasons the range type data of troublemakers tends
to produce wrong and/or unreliable detection results. A similar effect occurs with objects
having an inconsistent reflection surface, meaning that the magnitude by which the
electromagnetic pulse is reflected varies strongly with different locations on the reflection
surface of the object. However, due to the sparseness of the range type data such
situations are not easily detectable in the range type data itself. Therefore, the method
uses the information gathered by the image type sensor to identify troublemakers.

In this regard, according to a modified embodiment of the invention the step of
identifying one or more troublemakers in the 2-dimensional array of data points
comprises identifying one or more objects of the category tree, bush, hedge, vegetation,
grid and/or wire fence. Using the 2-dimensional array of data points gathered by the
image type sensor to identify the one or troublemakers has the advantage that an easy,
fast and/or reliable identification of the troublemaker can be achieved. The knowledge
about what kind of object is a troublemaker is obtained by a heuristic technique.

According to a modified embodiment of the invention, the step of providing 2-
dimensional array of data points representing the surrounding of the vehicle in the
image-field-of-view by at least one image type sensor comprises providing 2-
dimensional array of data points by at least one camera. In a lot of vehicles camera
based systems are already integrated to detect the environment. Therefore, using a
camera as image type sensor does not generate extra costs when employing the
method. Furthermore, cameras with special lenses, e.g. fisheye lenses, which have a
wide field-of-view up to 180 degrees or even more, can be used. Cameras provide
accurate information about the type of an object. Also, the shape of an object can be
determined in the image by established procedures. Furthermore, by using night vision
technology, where parts of the electromagnetic spectrum not visible to a human are
taken into account, like near-infrared or ultraviolet radiation, and very sensitive detectors
are employed, information about objects and/or troublemakers can be gathered by the
camera in situations where a human driver is limited.

According to a modified embodiment of the invention, the step of providing 3-
dimensional array of data points representing the surrounding of the vehicle in the
range-field-of-view by at least one range type sensor comprises providing 3-dimensional
array of data points by at least one LIiDAR sensor and/or by at least one radar sensor. In
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many vehicles a LiDAR and/or a radar sensor is/are used in collision avoidance system,
for example to measure the distance to a third party vehicle in front of the ego vehicle.
LiDAR and/or radar sensors give very accurate information about the position of an
object, especially about its distance to the ego vehicle. LIDAR and/or radar sensors can
have field-of-views of up to 360 degrees e.g. by using rotating sensors. It is also
possible to use several range type sensors, e.g. a combination of a LiDAR and a radar
sensor.

According to a modified embodiment of the invention, the step of identifying one or more
troublemakers in the 2-dimensional array of data points comprises identifying one or
more troublemakers in the 2-dimensional array of data points by using an image
recognition algorithm and/or by using a neural network. Processing a 2-dimensional
array of data points e.g. from cameras, in particular video data comprising a sequence
of multiple frames per second, is very challenging. Huge amounts of data have to be
processed in real time in order to reliably detect the surrounding of the vehicle without
delays. However, resources of the vehicle for processing the data are limited in respect
to space for housing processing devices and also in respect to available computational
and electrical power. Even when the technical issues are resolved, in order to provide
vehicles at an affordable price, the resources keep limited to their price.

A powerful possibility to process 2-dimensional array of data points is to use a neural
network. State of the Art applications of neural networks for image processing are
typically based on deep neural networks. Usage of such network types has shown
promising results at an affordable price. Neural networks comprise an input and an
output layer, as well as one or multiple hidden layers. The hidden layers of a deep
neural network typically consist of convolutional layers, pooling layers, fully connected
layers and normalization layers. The convolutional layers apply a convolution operation
to the input, passing the result to the next layer. The convolution emulates the response
of an individual neuron to visual stimuli.

Alternatively or additionally to the use of a neural network, an image recognition
algorithm can be used. Image recognition algorithms that can be used are for example
genetic algorithms, approaches based on CAD-like object models, like Primal Sketch,
appearance-based methods, e.g. edge matching or conquer and search, or other
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feature-based methods like Histogram of Oriented Gradients (HOG), Haar-like features,
Scale-Invariant Feature Transform (SIFT) or Speeded UP Robust Feature (SURF).

It is possible to use segmentation techniques to partition the 2-dimensional array of data
points into several parts, according to low-level cues such as color, texture and/or
smoothness of boundary. Alternatively or additionally semantic segmentation techniques
for example with deep neural networks, can be used, where the 2-dimensional array of
data points is partitioned into semantically meaningful parts, and to classify each part
into one of the pre-determined classes. Furthermore pixel-wise classification techniques
can be used, where each data point of the 2-dimensional array of data points is
classified rather than the entire 2-dimensional array of data points or segment.
Preferably a combination of the techniques is used.

After one or more troublemakers are identified in the 2-dimensional array of data points,
the class of the troublemaker is known with a certain confidence value. Also the location
of the troublemaker in the image and the area belonging to the troublemaker in the
image are determined.

According to a modified embodiment of the invention the driving support system
comprises at least one camera as image type sensor for providing a 2-dimensional array
of data points representing the surrounding of the vehicle in an image-field-of-view and
at least one LiDAR sensor and/or at least one radar sensor as range type sensor for
providing a 3-dimensional array of data points representing the surrounding of the
vehicle in a range-field-of-view. The camera and/or the LiDAR sensor and/or the radar
sensor can be installed inside the vehicle or outside the vehicle.

In a modified embodiment of the invention, the driving support system comprises at least
one image type sensor for providing a 2-dimensional array of data points having an
image-field-of-view of 360 degrees of the surrounding of the vehicle. This can also be
achieved by using multiple image type sensors. For example the ego vehicle can use
four cameras, one having a field-of-view that covers the sector of the surrounding in
front of the ego-vehicle, one having a field-of-view that covers the sector of the
surrounding behind the ego-vehicle, and two cameras having field-of-view that
respectively cover the sectors of the surrounding on the sides of the ego-vehicle.
Alternatively one or several rotating image type sensors can be used.
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In a modified embodiment of the invention the driving support system comprises at least
one range type sensor for providing a 3-dimensional array of data points having a range-
field-of-view of 360 degrees of the surrounding of the vehicle. It is also possible to use
multiple range type sensors that have fields-of-view that cover only part of the
surrounding. Alternatively one or several rotating range type sensors can be used.

These and other aspects of the invention will be apparent from and elucidated with
reference to the embodiments described hereinafter. Individual features disclosed in the
embodiments can constitute alone or in combination an aspect of the present invention.
Features of the different embodiments can be carried over from one embodiment to
another embodiment.

In the drawings:

Fig. 1 shows a method known in the prior art, based on one type of environment

sensor, producing a wrong detection result,

Fig. 2 shows a vehicle with a driving support system for performing a method for
improved object detection based on two types of environment sensors
according to a first, preferred embodiment of the invention, together with
a surrounding of the vehicle,

Fig. 3 shows a flow chart of the steps of the method for improved object
detection based on two types of environment sensors, according to the
first, preferred embodiment of the invention,

Fig. 4 illustrates the data representing the surrounding of the vehicle provided
by the range type sensor and the image type sensor, which is the result of
the steps S110 and S120 of the method for improved object detection,
according to the first, preferred embodiment of the invention,

Fig. 5 illustrates the results of step S210 of the method for improved object
detection, which is identifying troublemakers on the data provided by the
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image type sensor of Fig. 4, according to the first, preferred embodiment

of the invention,

Fig. 6 illustrates the result of step S300, selecting a 3D-sub-set, according to the
first, preferred embodiment of the invention, and

Fig. 7 illustrates the result of steps S400 and S500 providing a revised 3-
dimensional array of data points and detecting position, size, orientation
and/or velocity of objects, according to the first, preferred embodiment of

the invention.

Fig. 2 shows a vehicle 10 with a driving support system 12 for performing a method for
improved object detection based on two types of environment sensors 14, 16 according
to a first, preferred embodiment of the invention.

The driving support system 12 comprises two environment sensors 14, 16, whereby one
environment sensor 14, 16 is an image type sensor 14, in the preferred embodiment of
the invention a camera 14. The other environment sensor 14, 16 is a range type sensor
16, in this preferred embodiment a LiDAR sensor 16. The camera 14 has an image-field-
of-view 18, defining a sector of the surrounding of the vehicle 10, from which the camera
14 is able to capture information. The LIiDAR sensor 16 has a range-field-of-view 20
defining another sector of the surrounding of the vehicle 10 from which the LiDAR
sensor 16 is able to capture information. There is at least a partial overlap of the image-
field-of-view 18 and the range-field-of-view 20. In the surrounding of the vehicle 10,
there are different objects 22, 24, whereby some of the objects 22, 24 are troublemakers
24 having a high likelihood of leading to wrong detection results, when only using the
LiDAR sensor 16. The camera 14 provides a 2-dimensional array of data points 26
representing the surrounding of the vehicle 10 in the image-field-of-view 18 and the
LiDAR sensor 16 provides a 3-dimensional array of data points 28 representing the
surrounding of the vehicle 10 in the range-field-of-view 20. In the driving support system
12, a neural network is employed, to identify troublemakers 24 in the 2-dimensional
array of data points 26.

Figure 3 shows a flowchart of the method for improved object detection based on the
two types of environment sensors 14, 16, according to the first, preferred embodiment of
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the invention. The method is performed using the driving support system 12 in the
vehicle 10 of the first embodiment of the invention.

Hereinafter, the individual steps of the method for improved object detection based on
the two types of environment sensors 14, 16 are described with reference to the
flowchart in figure 3 and the examples in figures 4 to 7.

The method starts with providing data from the environment sensors 14, 16. In step
S110 a 2-dimensional array of data points 26 representing the surrounding of the vehicle
10 in the image-field-of-view 18 is provided by the camera 14.

Parallel to this, in step $120 a 3-dimensional array of data points 28 representing the
surrounding of the vehicle 10 in the range-field-of-view 20 is provided by the LiDAR
sensor 16. The method provides data from both sensors 14, 16 in a parallel and
continuous manner.

Figure 4 illustrates the data representing the surrounding of the vehicle 10 provided by
the camera 14 and the LiDAR sensor 16. Figure 4a) illustrates the 2-dimensional array
of data points 26 provided by the camera 14, with objects 22 and troublemakers 24.
Figure 4b) illustrates the 3-dimensional array of data points 28, provided by the LiDAR
sensor 16.

In a further step S210 of the method, troublemakers 24 are identified in the 2-
dimensional array of data points 26 and the area 32 belonging to the identified
troublemakers 24 is determined in the 2-dimensional array of data points 26. Fig. 5
illustrates the result of this step. In this case the troublemaker 24, here a bush, and the
corresponding area 32 are determined by a semantic segmentation technique and the
area 32 has a shape retracing the contours of the troublemaker 24.

Parallel to this step, in step S220 the 3-dimensional array of data points 28 is mapped
into the 2-dimensional array of data points 26. In a further step S300 of the method, a
3D-sub-set of data points 27 in the 3-dimensional array of data points 28 that are
mapped inside the area 32 belonging to the identified troublemakers 24 are selected.
Figure 6 illustrates the 3-dimensional array of data points 28 and the selected 3D-sub-
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set of data points 27. All data points in the selected 3D-sub-set of data points 27 have
been mapped on the area 32 of the bush in Figure 5.

In a further step S400 of the method, these selected 3D-sub-set of data points 27 are
removed from the 3-dimensional array of data points 28, therefore providing a revised 3-
dimensional array of data points 34. The result of step S400 is shown in figure 7. All the
data points belong to the selected 3D-sub-set of data points 27 after step S300 coming
from the troublemaker 24 (the bush) have been removed from the 3-dimensional array
of data points 28, resulting in the revised 3-dimensional array of data points 34 (figure
7a).

By using the revised 3-dimensional array of data points 34, the next step S500 —
detecting the position, size, velocity and/or orientation of the object 22 — is more reliable.
No wrong detection results occur, therefore improving the determination of the position,
size, velocity and/or orientation of the objects 22 (figure 7b).
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Patent claims

1. Method for improved object (22) detection based on two types of environment
sensors (14, 16) applied in a driving support system (12) of a vehicle (10),
whereas the first type of environment sensor is an image type sensor (14) having
an image-field-of-view (18) and the second type of environment sensor is a range
type sensor (16) having a range-field-of-view (20) that at least partially overlaps
the image-field-of-view (18), comprising the steps of

providing a 2-dimensional array of data points (26) representing the
surrounding of the vehicle (10) in the image-field-of-view (18) by at least one
image type sensor (14),

identifying one or more troublemakers (24) in the 2-dimensional array of data
points (26),

providing a 3-dimensional array of data points (28) representing the
surrounding of the vehicle (10) in the range-field-of-view (20) by at least one
range-type-sensor (16),

mapping the 3-dimensional array of data points (28) into the 2-dimensional
array of data points (26),

selecting one or more 3D-sub-sets of data points (27) in the 3-dimensional
array of data points (28) matching the one or more troublemakers (24),

providing a revised 3-dimensional array of data points (34), considering the
3-dimensional array of data points (28) and the one or more 3D-sub-sets of data
points (27), and

detecting position, size, velocity, and/or orientation of objects (22),
considering the revised 3-dimensional array of data points (34).

2. Method according to any preceding claim, characterized in that
the step of identifying one or more troublemakers (24) in the 2-dimensional
array of data points (28) comprises
determining an area (32) in the 2-dimensional array of data points (26)
belonging to the one or more troublemakers (24),
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and the step of selecting one or more 3D-sub-sets of data points (27) in the
3-dimensional array of data points (28) matching the one or more troublemakers
(24) comprises

selecting one or more 3D-sub-set of data points (27) in the 3-dimensional
array of data points (28) that are mapped inside the area (32) belonging to the one
or more troublemakers (24).

3.  Method according to any preceding claim, characterized in that
the step of identifying one or more troublemakers (24) in the 2-dimensional
array of data points (28), comprises
discovering one or more troublemakers (24) coupled with segmenting the
2-dimensional array of data points (28).

4. Method according to any preceding claim, characterized in that
the step of providing a revised 3-dimensional array of data points (34),
considering the 3-dimensional array of data points (28) and the one or more 3D-
sub-sets of data points (27) comprises
removing the one or more 3D-sub-sets of data points (27) from the 3-
dimensional array of data points (28).

5. Method according to any preceding claim, characterized in that
the step of identifying one or more troublemakers (24) in the 2-dimensional
array of data points (26) comprises
identifying one or more objects (22) having an inconsistent reflection surface
and/or one or more objects (22) having a discontinuous reflection surface.

6. Method according to any preceding claim, characterized in that
the step of identifying one or more troublemakers (24) in the 2-dimensional
array of data points (26) comprises
identifying one or more objects (22) of the category tree, bush, hedge,
vegetation, grid and/or wire fence.

7. Method according to any preceding claim, characterized in that
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the step of providing a 2-dimensional array of data points (26) representing
the surrounding of the vehicle (10) in the image-field-of-view (18) by at least one
image type sensor (14) comprises

providing a 2-dimensional array of data points (26) by at least one camera
(14).

8. Method according to any preceding claim, characterized in that
the step of providing a 3-dimensional array of data points (28) representing
the surrounding of the vehicle (10) in the range-field-of-view (20) by at least one
range type sensor (16) comprises
providing a 3-dimensional array of data points (28) by at least one LIiDAR
sensor (16) and/or by at least one radar sensor.

9.  Method according to any preceding claim, characterized in that
the step of identifying one or more troublemakers (24) in the 2-dimensional
array of data points (26)
comprises identifying one or more troublemakers (24) in the 2-dimensional
array of data points (26) by an image recognition algorithm and/or by a neural

network.

10. Driving support system (12) for performing the method according to any of
preceding claims 1 to 9,
comprising at least one image type sensor (14) for providing a 2-dimensional
array of data points (26) representing the surrounding of the vehicle (10) in an
image-field-of-view (18) and one range type sensor (16) for providing a 3-
dimensional array of data points (28) representing the surrounding of the vehicle
(10) in a range-field-of-view (20).

11.  Driving support system (12) according to claim 10, characterized in that
the image type sensor (14) for providing a 2-dimensional array of data points
(26) is a camera (14) and the range type sensor (16) for providing a 3-dimensional
array of data points (28) is a LIDAR sensor (16) and/or a radar sensor.

12.  Driving support system (12) according to claim 10 or 11, characterized in that
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the at least one image type sensor (14) for providing a 2-dimensional array of data
points (26) has an image-field-of-view (18) of 360 degrees of the surrounding of
the vehicle (10).

Driving support system (12) according to any of claims 10 to 12, characterized in
that the at least one range type sensor (16) for providing a 3-dimensional array of
data points (28) has a range-field-of-view (20) of 360 degrees of the surrounding
of the vehicle (10).
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Fig. 2
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