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(57) ABSTRACT

The invention relates to a method and a device for deter-
mining a roadway coating by means of a vehicle camera
system, and comprises the following steps:

by means of the vehicle camera system, at least one image
of the surroundings of the vehicle is recorded. The at least
one image is evaluated in order to detect indications of
precipitation and/or the presence of a roadway coating as the
roadway is traveled over by the vehicle (E) with the vehicle
camera system or by another vehicle (F). The detected
indications are taken into consideration in the determination
of a roadway coating. The result of the determination of the
roadway coating, or a friction coefficient estimation derived
therefrom, can preferably be output to a driver assistance
function, to a vehicle control function or also as information
to the driver.

F
E
1
2
\\\\
\\\\\ g
\\




Patent Application Publication Dec. 29, 2016 US 2016/0379065 A1




US 2016/0379065 Al

METHOD AND DEVICE FOR
DETERMINING A ROADWAY STATE BY
MEANS OF A VEHICLE CAMERA SYSTEM

[0001] The invention relates to a method and a device for
determining a roadway coating by means of a vehicle
camera system.

[0002] Driver assistance systems support the driver in his
driving task and are thus helping to make road traffic safer
in future and to reduce accident figures. Camera-based
driver assistance systems hereby detect the surroundings of
a vehicle. Camera systems which are located behind the
windshield detect the area in front of the vehicle according
to the driver’s visual perception. The functional scopes of
such assistance systems extend from intelligent headlamp
control to detecting and displaying speed limits to warnings
in the event of the vehicle failing to keep to its lane or an
impending collision. In addition to camera systems, radar
sensors, lidar sensors and/or laser scanners help to detect
other vehicles, unprotected road users such as e.g. pedestri-
ans and cyclists and the infrastructure such as e.g. crash
barriers and traffic lights. This is therefore creating the
requirement to depict the immediate vehicle environment
more and more accurately.

[0003] The degree of automation of motor vehicles will
continue to rise in future. As a result, the level of equipping
of vehicles with sensor technology will also increase very
significantly. Highly or fully automated vehicles will be
equipped with a plurality of different sensors and will thus
allow a 360° view, in particular via camera systems.
[0004] An essential part of a driver’s driving task is
correctly assessing the roadway state and, thus, the available
friction coeflicient between tires and the roadway, in order to
then adapt his driving style accordingly. In future, highly and
fully automated vehicles will take over the task of driving at
least in partial areas. To this end, it is essential for the
roadway state to be correctly detected and assessed by the
system.

[0005] DE 10 2004 018 088 Al shows a roadway detec-
tion system having a temperature sensor, an ultrasonic
sensor and a camera. The temperature, roughness and image
data (roadway data) obtained from the sensors is filtered and
compared with reference data, and a level of security is
generated for the comparison. The state of the roadway
surface is detected on the basis of the comparison of the
filtered roadway data with the reference data. The roadway
surface (e.g. concrete, asphalt, dirt, grass, sand or gravel)
and the state thereof (e.g. dry, icy, snowy, wet) can be
classified in this way.

[0006] WO 2012/110030 A2 shows a method and a device
for estimating coefficients of friction using a 3D camera, e.g.
a stereo camera. At least one image of the environment of the
vehicle is recorded by means of the 3D camera. A height
profile of the road surface is created in the entire area in front
of the vehicle from the image data of the 3D camera. The
anticipated local coefficient of friction of the road surface in
the area in front of the vehicle is estimated from the height
profile. In individual cases, the roadway surface can be
classified, e.g. as a blanket of snow or a muddy dirt track,
from special detected height profiles.

[0007] WO 2013/117186 Al shows a method and a device
for detecting the condition of a roadway surface by means of
a 3D camera. By means of the 3D camera, at least one image
of the surroundings extending in front of the vehicle is
acquired. Height profiles of the roadway surface which
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extend transversely to the direction of motion of the vehicle
are determined from the image data of the 3D camera along
a plurality of lines. The condition of the roadway surface is
detected from the determined height profiles. In addition to
the determined height profiles, 2D image data from at least
one monocular camera of the 3D camera is optionally
evaluated, e.g. by means of a texture or pattern analysis, and
is incorporated into the detection of the condition of the
roadway surface.

[0008] However, the known methods place high demands
on the required sensor technology. Therefore, in the case of
the indicated methods and/or devices, either a temperature
and ultrasonic sensor are required in addition to a camera, or
the camera must be configured as a 3D sensor, so that the
classification results are sufficiently robust.

[0009] The object of this invention is therefore to indicate
a roadway state determination by means of a camera which,
when different vehicle camera system configurations are
used, including, for example, just one mono camera system,
makes possible an optimized roadway state detection and
friction coefficient estimation derived therefrom.

[0010] One of the main ideas of the invention is to
specifically detect indications of the existence of a roadway
coating as the roadway is traveled over by a vehicle by
means of a camera system and image processing. A roadway
coating is e.g. snow, rainwater, ice, leaves, dust, i.e. media/
objects which lie flat (blanket, carpet) on the roadway
surface (asphalt, tar, concrete, etc.). The phenomenon of
lying flat on the roadway surface can be described as a
blanket or carpet of the medium or of the objects, however
the entire roadway surface does not have to be covered.
Different roadway coatings typically show different behav-
iors when they are traveled over by a vehicle. Some of them
can be observed and/or detected with a camera and recog-
nized and/or identified in a subsequent evaluation of the
image, from which conclusions regarding the presence and
the nature of the roadway coating can be drawn.

[0011] A method for determining a roadway coating by
means of a vehicle camera system according to the invention
comprises the following steps: by means of the vehicle
camera system, at least one image of the surroundings of the
vehicle is recorded. The at least one image is evaluated in
order to detect indications of the presence of a roadway
coating as the roadway is traveled over by the vehicle with
the vehicle camera system or by another vehicle. The
detected indications are taken into consideration in the
determination of a roadway coating. The result of the
determination of the roadway coating can preferably be
combined with a direct roadway state detection by means of
a classification or an application of a neural network and
output to a driver assistance function, to a vehicle control
function or also as information to the driver. Driver assis-
tance functions can in particular comprise collision warn-
ings, emergency braking applications or even emergency
steering, whilst vehicle control functions can in particular
comprise occupant protection measures (airbag anticipatory
control, brake anticipatory control, belt tensioner anticipa-
tory control) as well as (partially) autonomous braking
and/or steering interventions. In a preferred use of the
method according to the invention, the detected indications
and/or the result of the determination of the roadway coating
are taken into consideration in the design of driver assistance
functions and vehicle control functions.
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[0012] The result of the determination of the roadway
coating can in particular be incorporated into an estimate of
the friction coefficient for the roadway area which is shown
in the image, or a current friction coefficient which is
otherwise detected or a predictively detected friction coef-
ficient. This is because the roadway coating has a significant
influence on the actual friction coefficient. The friction
coeflicient, also known as the friction value, adhesion coef-
ficient, (adhesive) friction coefficient or coefficient of fric-
tion indicates the maximum force with reference to the
wheel load which can be transmitted between a roadway
surface and a vehicle tire (e.g. in the tangential direction)
and is thus an essential measure of driving safety. In addition
to the roadway state, the properties of the tire are required
in order to determine the friction value completely.

[0013] According to an advantageous embodiment, the
effects of precipitation (for example rain, snow, hail or even
fog) in the image, on the roadway and on the vehicles or
vehicle windshields are detected as indications during the
evaluation of the image.

[0014] The type and quantity of precipitation can be
determined during the evaluation of the image. The detec-
tion direction of the camera system can hereby be advanta-
geously linked with the current direction of motion of the
vehicle. Thus, when heavy rainfall is detected by a front
camera, it can be concluded during the evaluation of the
image that the roadway in front of the vehicle will be wet.
[0015] In a preferred embodiment, effects of a roadway
coating as it is traveled over by at least one tire of a vehicle
are detected as indications during the evaluation of the
image. Effects are hereby in particular modifications of the
roadway surface including the roadway coating as it is
traveled over by a vehicle or, more precisely, as it is traveled
over by at least one tire of the vehicle.

[0016] At least one region in the at least one image is
advantageously determined, from which indications of the
presence of a roadway coating are to be inferred. These are
in particular image regions which include a vehicle tire
travelling over said roadway coating or which are located
adjacent to (at the side of or behind) such a vehicle tire.
[0017] The region in the at least one image is preferably
supplied to a classifier which maps the detected indications
onto a quantity of classes which are each assigned to one
roadway coating.

[0018] According to an advantageous embodiment, the
vehicle camera system has a rear and/or lateral detection
area of the surroundings of the host vehicle. The host vehicle
is hereby the vehicle which has the vehicle camera system.
In this way, indications of the presence of a roadway coating
as the roadway is traveled over by the host vehicle can be
detected during the evaluation of the image. The evaluation
of the image can, in the process, advantageously be limited
to a fixed image region, in which effects of an existing
roadway coating are typically shown, therefore e.g. a region
behind a tire or at the back of the host vehicle which is
shown by a rear camera or a region adjacent to a tire of the
host vehicle which is shown by a side camera.

[0019] The advantage with this embodiment is that, in
order to determine a roadway coating, the driver is not
dependent on other vehicles located in the detection area of
the vehicle camera system.

[0020] In a preferred embodiment, the vehicle camera
system has a detection area located in front of the host
vehicle, so that indications of the presence of a roadway
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coating as the roadway is traveled over by a vehicle trav-
elling in front, a vehicle travelling on a road which intersects
with the road on which the host vehicle is travelling or an
oncoming vehicle are detected during the evaluation of the
image. To that end, the evaluation of the image may, in
particular, be limited to an image region in which the back
and/or the side of a vehicle travelling in front or the vehicle
front and/or the side of an oncoming vehicle is/are shown.
The relevant image region can preferably be determined on
the basis of the tire contact zones with the roadway in the
image.

[0021] One advantage of this embodiment is that a pre-
dictive determination of a roadway coating is possible.
[0022] The indications of the presence of a roadway
coating as the roadway is traveled over advantageously
comprise whirled-up components of the roadway coating.
These include in particular the detection of spray water or
sprayed slush, spray mist or spray, snow turbulence, leaves
as well as sand or dust.

[0023] According to a preferred embodiment, the indica-
tions of the presence of a roadway coating comprise
obstructed views in the field of view of the vehicle camera
system due to the roadway being traveled over by a vehicle
travelling in front, a vehicle travelling on a road which
intersects with the road on which the host vehicle is trav-
elling or an oncoming vehicle.

[0024] The indications of the presence of a roadway
coating as the roadway is traveled over by a vehicle pref-
erably comprise tire ruts in the roadway coating. In the case
of special roadway coatings, tire ruts are formed directly
behind the tires of a moving vehicle, sometimes the impres-
sion of the tire profile can even be detected within a tire rut
e.g. in the case of a coating of snow.

[0025] During the determination of the presence of a
roadway coating, in addition to the indications of the pres-
ence of a roadway coating as the roadway is traveled over by
a vehicle, typical generic properties of different roadway
coatings can, in addition, advantageously be detected and
taken into consideration. This means properties which are
characteristic of roadway coatings and which can be recog-
nized from a camera image even without a vehicle travelling
over the roadway surface, e.g. puddles and reflections in the
case of rainwater or the topology of the surface. In particular,
headlights of oncoming vehicles are reflected more strongly
on a rain-wet or icy roadway than on a dry roadway.
[0026] The classifier preferably comprises a neural net-
work which has been trained, in order to be able to assign the
detected indications to a roadway coating. The neural net-
work can in particular also continually learn to assign
indications to a class of roadway coatings.

[0027] According to an advantageous further development
of the invention, the result of the determination of the
roadway coating is combined with the result of a roadway
state detection or classification and the friction coefficient is
estimated therefrom. In particular, the roadway state detec-
tion or classification determines the material and geometric
roadway surface e.g. rough or smooth tar, asphalt or con-
crete, possibly with existing ruts, and can in particular be
based on image data from the same vehicle camera system.
[0028] The invention additionally relates to a device for
determining a roadway coating comprising a vehicle camera
system, an evaluating unit, a determining unit and an output
unit. The vehicle camera system is configured to record at
least one image of the surroundings of the vehicle. The
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evaluating unit is configured to evaluate the at least one
image, in order to detect indications of the presence of a
roadway coating by precipitation and/or as the roadway is
traveled over by a vehicle (E, F). The determining unit is
configured to determine a roadway coating taking into
consideration the detected indications. The output unit is set
up to output the result detected by the determining unit. The
evaluating, determining and output units can in particular be
part of the control unit of the vehicle camera system or of
other vehicle control units.

[0029] The invention will be explained in more detail
below by means of figures and embodiment examples,
where:

[0030] FIG. 1 schematically shows a binary camera image
of a vehicle tire as a rain-wet roadway is traveled over.
[0031] FIG. 2 shows different detection areas of a complex
camera system of a vehicle.

[0032] FIG. 1 shows a black and white illustration of a
camera image of a vehicle tire as a rain-wet roadway is
traveled over. The vehicle tire is located on a rim (white,
circular) and the vehicle moves to the right. Water drops and
streams of water (white dots and streams) can be seen, which
are displaced and accelerated as the roadway surface cov-
ered with water is traveled over by the tire. Spray water is
of course formed, starting from the vehicle tire, as wet roads
are traveled over. Due to the high surface pressure, the tire
displaces the standing water on the roadway on all sides. The
phenomenon is particularly pronounced with trucks, the tires
of' which have a correspondingly higher surface pressure and
must displace more water than cars. Looking in the direction
of travel, the spray water is mainly located behind and
laterally adjacent to the vehicle tire. It can be detected there
by a vehicle camera and recognized as spray water by image
processing, from which it can be concluded that a layer of
rainwater is coating the roadway.

[0033] Ifslush is present on the roadway, spraying slush is
produced in a comparable way, which can be detected and
recognized as such. Depending on the roadway coating, e.g.
in the case of a damp instead of a wet roadway, and
depending on the structure of the roadway surface, no spray
water will be produced as the road coating is traveled over,
instead only spray mist or spray or both will be produced.
This can also be detected by a vehicle camera and can be
recognized by image processing as spray mist or spray.
[0034] When roads covered with new snow or powder
snow are traveled over, typical snow turbulence occurs,
which spreads to the sides of the vehicle and, as a light
covering of snow, to the rear of the vehicle. Other roadway
coatings such as e.g. a layer of leaves or a sandy surface on
a paved roadway are also whirled up when they are traveled
over and can be detected and recognized with a vehicle
camera. In addition, in the case of some roadway coatings,
additional indications in the camera image can be detected
and identified. Thus, as wet or snow-covered roadways are
traveled over or as slush is also traveled over, tire ruts are
formed behind a moving vehicle, sometimes the impression
of the tire profile within a tire rut can even be detected e.g.
when there is a thin layer of snow. In addition, precipitation
in the form of rain, snow or hail, and even fog, can be
detected as indications of the roadway state in the camera
image.

[0035] Different indications of the existence of a roadway
coating detected from camera images are therefore advan-
tageously taken into consideration in the classification of the
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nature of the roadway coating. The different classes can be
coarsely divided (no roadway coating/water/snow), but can
also be more finely divided (e.g. in the case of snow: powder
snow up to 5 mm high, powder snow >5 mm high, solid
snow, slush). This subdivision can in particular be made as
a function of an assignment of the class to an average
friction coefficient, and/or the change of the assigned aver-
age friction coefficient during the transition from one sub-
class to another.

[0036] FIG. 2 shows the detection areas (1a-1f; 2, 3) of a
camera system arranged in or on a first vehicle (E). A second
vehicle (F) is located laterally offset in front of the first
vehicle (E) in the direction of travel. The camera system of
the first vehicle (E) comprises three different camera sub-
systems (1, 2 and 3): a panoramic view system (1) com-
prising six individual camera sensors with wide-angle detec-
tion areas (1la-1f) which, together, allow 360° detection of
the vehicle, a front camera with a forward-facing detection
area (2) and a rear camera with a rear-facing detection area
3.

[0037] Indications of the presence of a roadway coating as
the roadway is traveled over by vehicles travelling in front
of the host vehicle (F) or by oncoming vehicles (not shown)
can be detected with camera sensors which comprise a
forward-facing detection area (1a, 14, 2) in the direction of
travel.

[0038] This offers the advantage of a predictive determi-
nation of the roadway coating. A stereo camera can prefer-
ably be used as a front camera, as a result of which a spatial
resolution of the recorded image data is achieved. Objects
such as e.g. spray water drops can be analyzed with respect
to their spatial form and extent, which improves the classi-
fication of an existing roadway coating.

[0039] The image processing for determining a roadway
coating can be advantageously limited to one or more
regions of the camera image, in which a tire contact zone of
the roadway is located.

[0040] In the case of a vehicle travelling in front (F) an
image region can be evaluated, in which the rear of the
vehicle of the vehicle travelling in front is located.

[0041] Indications of the presence of a roadway coating as
the roadway is traveled over by the tires of the host vehicle
(E) can be detected with camera sensors, which comprise a
detection area (3, 1e, 1f; 1¢, 1d) facing backwards or to the
side in the direction of travel. The advantage with this is that
the driver is not dependent on other vehicles (F) travelling
in front or offset but, thanks to the detection and determi-
nation of the effects caused by the host vehicle (E) by means
of rear and/or laterally oriented sensor technology, can
determine a currently relevant roadway coating, indepen-
dently of other vehicles (F). Since vehicles will in future be
increasingly equipped with 360° camera sensor technology
which records a surround view which can be displayed to the
driver e.g. as a “top view” in a bird’s eye view, the reliable
determination of a roadway coating is realistic.

1. A method for determining a roadway coating on a
roadway with a vehicle camera system of a subject vehicle,
comprising:

with the vehicle camera system,

recording at least one image of surroundings of the

subject vehicle,

evaluating at least a partial region of the at least one image

by image processing to detect, in at least the partial
region of the at least one image, indications of a
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presence of the roadway coating as the roadway is
traveled over by the subject vehicle or by another
vehicle,

determining the presence of the roadway coating on the

roadway in consideration of and dependent on the
indications detected in the evaluating of the at least one
image, and

outputting a result of the determining of the presence of

the roadway coating.

2. The method according to claim 1, further comprising
additionally detecting additional effects of precipitation in
the at least one image, on the roadway, on the subject
vehicle, on the another vehicle, or on vehicle windshields of
the subject vehicle or of the another vehicle, and wherein the
determining of the presence of the roadway coating is
performed further in consideration of and dependent on the
additional effects of precipitation.

3. The method according to claim 1, wherein the indica-
tions of the presence of the roadway coating comprise effects
of the roadway coating as it is traveled over by at least one
tire of the subject vehicle or of the another vehicle, which are
detected as the indications during the evaluating of the at
least one image.

4. The method according to claim 1, further comprising
determining at least one selected partial region in the at least
one image, and limiting the evaluating of the at least one
image to only the at least one selected partial region thereof
s0 as to detect the indications of the presence of the roadway
coating only from the at least one selected region of the
image.

5. The method according to claim 4, further comprising
providing the at least one selected region to a classifier
which maps the detected indications onto a plurality of
classes which are respectively assigned to representative
types of the roadway coating.

6. The method according to claim 1, wherein the vehicle
camera system has a rear and/or lateral detection area of the
surroundings of the subject vehicle so that the indications of
the presence of the roadway coating as the roadway is
traveled over by the subject vehicle are detected during the
evaluating of the at least one image.

7. The method according to claim 1, wherein the vehicle
camera system has a detection area located in front of the
subject vehicle so that the indications of the presence of the
roadway coating as the roadway is traveled over by the
another vehicle evaluating of the at least one image, wherein
the another vehicle comprises a leading vehicle traveling in
front of the subject vehicle, an oncoming vehicle traveling
opposite the subject vehicle, or a crossing vehicle traveling
on a roadway path that intersects a roadway path of the
roadway on which the subject vehicle is traveling.

8. The method according to claim 1, wherein the indica-
tions of the presence of the roadway coating comprise
whirled-up components of the roadway coating which are
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detectable at least in the partial region of the at least one
image during the evaluating thereof.

9. The method according to claim 1, wherein the indica-
tions of the presence of the roadway coating comprise
obstructed views in a field of view of the vehicle camera
system because the roadway is being traveled over by the
another vehicle, which comprises a leading vehicle traveling
in front of the subject vehicle, an oncoming a vehicle
traveling opposite the subject vehicle, or a crossing vehicle
traveling on a roadway path that intersects a roadway path
of the roadway on which the subject vehicle is traveling.

10. The method according to claim 1, wherein the indi-
cations of the presence of the roadway coating comprise tire
ruts in the roadway coating which are detectable at least in
the partial region of the at least one image during the
evaluating thereof.

11. The method according to claim 1, further comprising
additionally detecting additional properties of different types
of roadway coatings, and wherein the determining of the
presence of the roadway coating is performed further in
consideration of and dependent on the additional properties
of the different types of roadway coatings.

12. The method according to claim 5, wherein the clas-
sifier comprises a neural network which has been trained, in
order to be able to assign the detected indications to a
specific matching one of the representative types of the
roadway coating.

13. The method according to claim 1, further comprising
performing a roadway state detection or classification of the
roadway, combining the result of the determining of the
presence of the roadway coating with a result of the roadway
state detection or classification, and estimating a friction
coeflicient of the roadway from the combined results.

14. A device for determining a roadway, coating on a
roadway, comprising:
a vehicle camera system on a subject vehicle, which
vehicle camera system is configured to record at least
one image of surroundings of the subject vehicle,

an evaluating unit which is configured to evaluate at least
a partial region of the at least one image by image
processing, in order to detect, in at least the partial
region of the at least one image, indications of precipi-
tation and a presence of the roadway coating as the
roadway is traveled over by the subject vehicle or by
another vehicle,

a determining unit which is configured to determine the
presence of the roadway coating, taking into consider-
ation and dependent on the detected indications, and

an output unit which is configured to output a result of the
determining by the determining unit.
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