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Fig.2

s (9) of a vehicle camera (1) of a motor vehicle into an image capturing state,
/ in which the image sensor provides image data, including the steps of: sens-
' ing a current temperature (T) of the image sensor (9) by means of a temper-
ature sensing device (7) of the vehicle camera (1) before setting the image
sensor (9) into the image capturing state (S2), comparing the sensed temper-
ature (T) of the image sensor (9) to a preset, first threshold value (Td) for the
temperature by means of a controller (6) (S3), and if the sensed temperature
(T) is greater than the first threshold value (Td), prohibiting setting the im-
age sensor (9) into the image capturing state, and if the sensed temperature
(T) is less than the first threshold value (Td), continuing setting the image
sensor into the image capturing state, wherein the continuation of setting in-
cludes that the sensed temperature (T) is compared to at least one second
threshold value (Tn) lower than the first one (S12) and an operating mode
for the image capturing state of the image sensor (9) is selected from at least
two preset operating modes depending on the comparison (S13).
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Method for setting an image sensor of a vehicle camera of a motor vehicle into an image
capturing state, camera system as well as motor vehicle

The present invention relates to a method for setting an image sensor of a vehicle camera
of a motor vehicle into an image capturing state, in which the image sensor provides
image data. Moreover, the present invention relates to a camera system for a motor
vehicle including a vehicle camera comprising an image sensor adapted to provide image
data in an image capturing state, including a temperature sensing device for sensing a
current temperature of the image sensor, and including a controller. In addition, the
invention relates to a motor vehicle with such a camera system.

Camera systems for motor vehicles are already known from the prior art. As is known,
several cameras can be employed in a motor vehicle, wherein it becomes more and more
usual nowadays to use a camera assembly with at least two vehicle cameras for a camera
system of a motor vehicle, which each capture an environmental region of the motor
vehicle. For example, four cameras can be employed, which capture the entire
environment around the motor vehicle. From the images of all of the cameras, for
example, an overall image presentation can be provided, such as for example the so-
called "bird eye view". This image presentation represents a plan view on the motor
vehicle as well as an environment from a bird's eye view, for example based on a
reference point located directly above the vehicle. The provision of such an environmental
presentation from the images of several cameras is for example known from the
document US 2011/0156887.

A vehicle camera includes an image sensor, by which image data can be provided in an
image capturing state. This image data can for example be transmitted to a display in the
interior of the motor vehicle and there be displayed to a vehicle occupant. Alternatively or
additionally, the image data can be transmitted to a computing device for further
processing. If the image sensor is activated and the image sensor has an increased
temperature, the provided image data or video data can have a poor quality due to the
thermal noise.

Currently, an image sensor is activated or transferred into an image capturing state and
the image data is subsequently displayed to a user or supplied to a computing device,
even if it has poor quality. This can result in the computing device or a driver assistance
system coupled to the computing device using incorrect image or video data as the basis
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for further calculations. If such image data is output on a display, it can appear
aesthetically disturbing for a user or a vehicle occupant.

According to the known solutions, such effects are ignored or not recognized. The result is
a reduced performance for the display on the one hand and for the performance indicators
of the computing devices on the other hand. For example, an image processing algorithm

running on the computing device cannot or not sufficiently be performed. This entails risks
in particular for safety-relevant systems such as for example driver assistance systems of

the motor vehicle.

It is the object of the invention to demonstrate a solution, how in a method of the initially
mentioned kind a vehicle camera can be more reliably operated compared to the prior art.

According to the invention, this object is solved by a method, by a camera system as well
as by a motor vehicle having the features according to the respective independent claims.
Advantageous implementations of the invention are the subject matter of the dependent
claims, of the description and of the figures.

The method according to the invention for setting an image sensor of a vehicle camera of
a motor vehicle into an image capturing state, in which the image sensor provides image
data, includes sensing a current temperature of the image sensor by means of a
temperature sensing device of the vehicle camera before setting the image sensor into the
image capturing state, comparing the sensed temperature of the image sensor to a
preset, first threshold value for the temperature by means of a controller, and if the sensed
temperature is greater than the first threshold value, prohibiting setting the image sensor
into the image capturing state, and if the sensed temperature is less than the first
threshold value, continuing setting the image sensor into the image capturing state,
wherein the continuation of setting includes that the sensed temperature of the image
sensor is compared to at least one second threshold value lower than the first one, and an
operating mode for the image capturing state of the image sensor is selected from at least
two present operating modes depending on the comparison.

The invention is based on the realization that the image sensor of a vehicle camera can
have a temperature, which is above the intended operating temperature. In this operating
state, the thermal noise usually increases in providing the image data or video data. This
can result in the image data or video data being provided with decreased quality.
According to the invention, the current temperature of the image sensor is checked before
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setting the image sensor into the image capturing state. For example, this can be effected
with a corresponding temperature sensor, which is integrated in the image sensor. A first
preset threshold value can be stored in a memory of the controller. The controller, which
can be disposed either within the vehicle camera or external to camera, compares the
sensed temperature to the first threshold value. If the sensed temperature of the image
sensor exceeds the first threshold value, setting the image sensor into the image
capturing state is not continued. Therein, the first threshold value for the temperature is for
example selected such that operation of the image sensor is no longer reasonable here
because the thermal noise is too great.

In case the sensed temperature is less than the first threshold value, setting the image
sensor into the image capturing state is further continued. As a further step, herein, the
sensed, current temperature of the image sensor is compared to at least one second
threshold value, which is less compared to the first threshold value. Depending on the
comparison, an operating mode for the image capturing state of the image sensor is
selected from at least two preset operating modes. Thus, the image sensor can be
correspondingly operated depending on its current temperature. By the method according
to the invention, image or video data of the image sensor unusable as a result of the
thermal noise can be prevented from being used. In particular in safety-relevant systems
such as for example driver assistance systems of the motor vehicle, incorrect calculations
or false diagnoses can therefore be prevented.

In an embodiment, setting the image sensor into the image capturing state includes
booting the image sensor. The image sensor can include a sensor chip for example
formed as a CCD sensor or as a CMOS sensor and an image processing unit. Therein,
booting the image sensor can relate to the image processing unit, which is for example
formed as a computing device or as a microcontroller. Thus, booting or start-up of the
image sensor can be prohibited if the image sensor has an excessive operating
temperature. As a result of this, unusable image data can be prevented from being
provided with the image sensor.

Furthermore, it has proven advantageous when the image sensor is operated in a first
operating mode of the at least two preset operating modes if the sensed temperature is
less than the second threshold value, and when the image sensor is operated in the
second operating mode of the at least two preset operating modes if the sensed
temperature is greater than the second threshold value. Thus, the image sensor can be
operated in at least two different operating modes depending on its current temperature.
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The determination of the operating mode can be effected during booting of the image
sensor or the image processing unit of the image sensor. In this manner, the optimum
operating state for the image sensor can already be correspondingly selected upon
starting the image sensor.

Preferably, the image sensor is operated in the first operating mode in a basic setting. In
other words, the image sensor is operated according to the manufacturer's specifications
if the currently sensed temperature of the image sensor is less than the second preset
threshold value. Therein, the second threshold value can be selected such that the image
sensor usually has no or only negligible thermal noise in providing the image data at a
temperature less than the second threshold value. In this manner, a reliable operation of
the image sensor can be guaranteed.

Advantageously, in the at least one second operating mode, at least one operating
parameter of the image sensor is varied compared to the basic setting. If the temperature
of the image sensor exceeds the second threshold value, usually, it can be expected that
thermal noise occurs and thus the image data or video data is affected. For this state, the
operating parameters of the image sensor can be adapted compared to a usually used
operating mode. This allows safe operation of the image sensor and thus of the vehicle
camera.

In an advantageous embodiment, a plurality of further threshold values for the
temperature of the image sensor is preset between the first and the at least one second
threshold value and the at least one operating parameter of the image sensor is varied for
each of the threshold values of the plurality of threshold values. In other words, already
while booting the image sensor, a plurality of threshold values for the temperature is
preset and an own operating mode for the image capturing state of the image sensor is
provided for each of the threshold values. In this manner, the image sensor can be
operated in differentiated manner depending on its current temperature.

Preferably, a frame rate, a gain and/or an exposure time are varied as the at least one
operating parameter of the image sensor. For example, a lower frame rate can be
adjusted with increasing temperature of the image sensor. In the same manner, the gain
of the image sensor can be increased and/or the exposure time can be increased with
increasing temperature. In this manner, the influences of the thermal noise can be
compensated for.
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In an embodiment, the current temperature of a component of the vehicle camera different
from the image sensor is determined and compared to the sensed temperature of the
image sensor. Thus, the temperature of a component of the vehicle camera can for
example be sensed, which is located next to the image sensor. Therein, it is also
conceivable that the temperature of a component of the vehicle camera is sensed, which
is thermally coupled to the image sensor. For example, the temperature of a component
or of a chip next to the image sensor can be sensed. Moreover, the temperature of a
component can be determined, the temperature of which is a priori known. The
temperature of a thermal resistance next to the image sensor can also be sensed. Thus,
the measurement result of the temperature sensing device, by which the current
temperature of the image sensor is sensed, can be made plausible based on the sensed
temperature of the component.

Preferably, a warning indication is output if a difference between the sensed temperature
of the image sensor and the sensed temperature of the component is greater than a
predetermined nominal difference. In presetting the nominal difference, it can for example
be taken into account that the image sensor and the further component of the vehicle
camera are disposed spatially separated from each other. Alternatively or additionally, it
can be taken into account that the image sensor can for example faster heat than the
component in the operation. Therein, it can be provided in addition to a warning indication
that the measurement of the temperature of the image sensor and/or the measurement of
the temperature of the component as well as the comparison thereof are repeated. Thus,
the temperature of the image sensor can be reliably determined.

Advantageously, the temperature of the image sensor sensed with the temperature
sensing device is output by the vehicle camera. In particular, the sensed temperature of
the image sensor can be output by the controller. Therein, it is also conceivable that the
measured values of the temperature of the image sensor are stored in a memory of the
controller or of the vehicle camera. Alternatively thereto, the sensed temperature can be
displayed on a display in the interior of the vehicle. In particular, it can be displayed when
the temperature exceeds the first threshold value and the image sensor is not activated as
a result of this. In this manner, a driver of the motor vehicle can be informed that the
vehicle camera currently is not available.

The camera system according to the invention for a motor vehicle includes a vehicle
camera including an image sensor, which is adapted to provide image data in an image
capturing state, a temperature sensing device for sensing a current temperature of the
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image sensor and a controller. The controller is formed for performing the method
according to the invention. Therein, the controller can be disposed within a housing of the
vehicle camera. Alternatively thereto, the controller can be positioned outside of the
housing of the vehicle camera in the motor vehicle.

The motor vehicle according to the invention includes the camera system according to the
invention. In particular, the motor vehicle is formed as a passenger car. The camera
system preferably captures an environmental region of the motor vehicle.

The preferred embodiments presented with respect to the method according to the
invention and the advantages thereof correspondingly apply to the camera system
according to the invention as well as to the motor vehicle according to the invention.

Further features of the invention are apparent from the claims, the figures and the
description of figures. All of the features and feature combinations mentioned above in the
description as well as the features and feature combinations mentioned below in the
description of figures and/or shown in the figures alone are usable not only in the
respectively specified combination, but also in other combinations or else alone.

Now, the invention is explained in more detail based on a preferred embodiment as well
as with reference to the attached drawings.

There show:

Fig. 1 in schematic illustration a block diagram of a vehicle camera of a motor vehicle
according to an embodiment of the invention; and

Fig. 2 aflow diagram of a method for setting an image sensor of the vehicle camera into
an image capturing mode according to an embodiment of the invention.

Fig. 1 shows a block diagram of a vehicle camera 1 according to an embodiment of the
present invention. The vehicle camera 1 is installed in a motor vehicle, in particular a
passenger car. The vehicle camera 1 can also be a part of a camera system for example
including several vehicle cameras 1. The vehicle camera 1 is formed for providing a
temporal sequence of image data of an environmental region of the motor vehicle. The
vehicle camera 1 includes a communication interface 2 connected to a communication
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bus 3 of the motor vehicle. The vehicle camera 1 can communicate with vehicle-side
components via the communication bus 3.

The vehicle camera 1 is formed as a video camera. It includes an image sensor 9
disposed behind a lens 5. The image sensor 9 in turn includes a sensor chip 4, which can
for example be formed as a CCD sensor or CMOS sensor. Moreover, the image sensor 9
includes an image processing unit 8 formed for correspondingly processing the sensor
data provided by the sensor chip 4 and outputting the processed image data. The image
processing unit 8 can for example be formed as a digital signal processor (DSP) or as a
microcontroller. A corresponding operating system can be operated on the image
processing unit 8. Moreover, an image processing program can be run on the image
processing unit 8, by which the sensor data of the sensor chip 4 can be processed.

The image sensor 9 is coupled to a controller 6 receiving the image data of the image
sensor 9. The controller 6 is also coupled to the communication interface 2, via which the
controller 6 communicates with the vehicle components. Various operating parameters of
the image sensor 9 can be adjusted by means of the controller 6. Among other things, a
gain factor G, a frame rate FR as well as an exposure time ET of the image sensor 9 are
adjusted by means of the controller 6.

Moreover, the vehicle camera 1 includes a temperature sensing device 7, which senses
the current temperature T of the image sensor 9 and communicates it to the controller 6.
The temperature sensing device 7 can for example be a temperature sensor. As shown in
the present embodiment, the temperature sensing device 7 can be disposed separate
from the image sensor 9. Alternatively thereto, the temperature sensor can be integrated
in the sensor chip 4 of the image sensor 9. Furthermore, it is also possible to
computationally determine the temperature T based on the image data, which is provided
with the image sensor 9. In the latter case, the temperature sensing device 7 is then
integrated in the controller 6.

Fig. 2 shows a flow diagram of a method for setting the image sensor 9 into an image
capturing state, in which it provides image data. Setting the image sensor 9 into the image
capturing state can include booting or start-up of the image processing unit 8. Herein, for
example, the operating system in the image processing unit 8 can be started. In a first
step S1, the method is started. Herein, the image sensor 9 is supplied with electrical
energy. Therein, the electrical energy is selected such that sensing the current
temperature T of the image sensor 9 is allowed, but image data is not yet transmitted with
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the image processing unit 8. Also, optionally, only the temperature sensing device 7 can
be supplied with electrical energy. In particular, step S1 can be performed if the image
sensor 9 is currently deactivated. However, it is also conceivable to perform step S1 if the
image sensor 9 or the vehicle camera 1 are currently active. Exceptions can optionally be
provided in performing a diagnostic mode.

In a step S2, the current temperature T of the image sensor 9, in particular of the sensor
chip 4, is determined by means of the temperature sensing device 7. Therein, a sensor
value characterizing the current, sensed temperature of the image sensor 9, is
communicated by the temperature sensing device 7 to the controller 6. In a subsequent
step S3, it is checked by means of the controller 6 if the current, sensed temperature T of
the image sensor 9 is greater than a first threshold value Td for the temperature. Therein,
the first threshold value Td is selected such that operation of the image sensor 9 at a
temperature greater than the first threshold value Td is not reasonable since the image
data provided with the image sensor 9 has poor quality as a result of the thermal noise.
For example, the first threshold value Td can be stored in a memory of the controller 6.

If the query in step S3 reveals that the current temperature T of the image sensor 9 is
greater than the first threshold value Td, the method is continued in step S4. If the current
temperature T exceeds the first threshold value Td, the starting operation or the booting
operation of the image sensor 9 or of the image processing unit 8 is canceled.
Furthermore, a corresponding output is effected that the image sensor 9 is overheated. In
addition, it can be provided in step S4 that a corresponding output — for example via a
display in the interior of the motor vehicle — is effected that the image sensor 9 is
overheated and currently image data cannot be provided.

If the query in step S3 reveals that the current temperature T is less than the first
threshold value Td, the method can be continued in the optional step S5. For this, the
temperature Tnc of a component of the vehicle camera 1 can additionally be examined,
which is located next to the image sensor 9, for example on a common circuit board.
Furthermore, it can be checked if the current, sensed temperature T of the image sensor 9
is comparable to the current temperature Tnc of the component. For example, it can be
examined if a difference of the sensed temperature T of the image sensor 9 and the
sensed temperature Tnc of the component exceeds a predetermined nominal difference.
If this is the case, the method is continued with step S6. In step S6, an output is effected
that the image sensor 9 has an abnormal temperature. Herein too, a corresponding output
on a display of the motor vehicle can be effected.
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A method step S7 follows to the previously described method step S4 and the method
step S6, in which the temperature T of the image sensor 9 is continuously determined at
predetermined points of time. Thereby, after cancelation of the booting operation, it can be
checked if the image sensor 9 has cooled down. In this manner, it can be recognized as
fast as possible if the image sensor 9 is again operable and can be transferred into the
image capturing state.

Subsequent thereto, the method is continued with method step S8. The method step S8
can also directly follow to step S3 if the optional method step S5 is not taken into account.
Presently, this is indicated by the arrow 10. In step S8, it is checked if the current
temperature T of the image sensor 9 is greater than a threshold value T1. Therein, the
threshold value T1 is selected such that it is less than the first threshold value Td.

If the current temperature T of the image sensor 9 is greater than the threshold value T1,
the method is continued according to step S9. In step S9, the image sensor 9 is operated
in a predetermined operating state with respect to the image capturing state. In this
operating state, at least one operating parameter of the image sensor 9 is varied
compared to a basic setting of the image sensor 9. In particular, the image sensor 9 can
be operated such that further heating of the image sensor 9 is prohibited. The operating
parameter of the image sensor 9 can for example be — as described above — a gain factor
G, the frame rate FR and/or the exposure time ET. In the operation of the image sensor in
one of the predetermined operating modes, the frame rate FR can be reduced compared
to a basic setting of the image sensor 9. In the same manner, the gain factor G and/or the
exposure time ET can be greater. Thus, the operating parameters of the image sensor 9
can be adapted to the increased operating temperature thereof.

If the examination in step S8 reveals that the current temperature T of the image sensor 9
is less than the threshold value T1, the method is continued according to step S10.
Herein, it is checked if the current temperature T is less than a further threshold value T2.
If this is the case, the method is continued with step S11. Herein, the image sensor 9 is
operated in a further operating mode for the image capturing state, in which at least one
operating parameter of the image sensor 9 is varied compared to a basic setting.

If the query in step S10 reveals that the current temperature T of the image sensor 9 is
less than the threshold value T2, it can be examined for further threshold values with
respect to the temperature whether or not they are exceeded. For each of the threshold
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values, a corresponding operating mode for the image capturing state of the image sensor
9 can be provided.

Thereafter, in a step S12, it is checked if the current temperature T of the image sensor 9
is less than a second threshold value Tn. If this is the case, the image sensor 9 is
operated in an associated operating mode with respect to the image capturing state (step
S13). If the query in step S12 reveals that the current temperature T is less than the
second threshold value Tn, the method is continued in step S14. In this case, the image
sensor 9 is operated according to its basic setting (default mode).

After completion of the booting operation, the image sensor 9 is operated in one of the
above describe operating modes. Corresponding sensor data can be provided by the
sensor chip 4 and communicated to the image processing unit 8. The image data is
further distributed to the components of the motor vehicle via the communication bus 3.
For example, images of the environment of the motor vehicle can be provided to the
vehicle occupants on a display. In addition, the image data can be supplied to a driver
assistance system, which assists the driver in driving the motor vehicle.

In order to check the functionality of the vehicle camera 1 in performing the method, the
image sensor 9 can be correspondingly heated before performing the booting operation of
the image sensor. This can be effected before start-up of the vehicle camera 1. In
addition, such a function test can be performed in predetermined service intervals.

By the method according to Fig. 2, the image sensor 9 can be prevented from being
operated at an excessive temperature. This can entail that incorrect image data is not
transmitted from the image sensor 9 to the controller 6 and further to the motor vehicle via
the communication interface 2 as a result of the thermal noise. By the method, it can be
ensured that incorrect image data is not presented on a display of the vehicle.
Furthermore, it can be prohibited that the controller 6 or a further component of the motor
vehicle performs incorrect calculations based on falsified image data. In particular, in case
the data is used for driver assistance systems, thus, safety in the operation of the motor
vehicle can be guaranteed.
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Claims

Method for setting an image sensor (9) of a vehicle camera (1) of a motor vehicle
into an image capturing state, in which the image sensor provides image data,
including the steps of:

- sensing a current temperature (T) of the image sensor (9) by means of a
temperature sensing device (7) of the vehicle camera (1) before setting the image
sensor (9) into the image capturing state (S2),

- comparing the sensed temperature (T) of the image sensor (9) to a preset, first
threshold value (Td) for the temperature by means of a controller (6) (S3), and

- if the sensed temperature (T) is greater than the first threshold value (Td),
prohibiting setting the image sensor (9) into the image capturing state, and

- if the sensed temperature (T) is less than the first threshold value (Td), continuing
setting the image sensor into the image capturing state,

- wherein the continuation of setting includes that the sensed temperature (T) is
compared to at least one second threshold value (Tn) lower than the first one
($12) and an operating mode for the image capturing state of the image sensor
(9) is selected from at least two preset operating modes depending on the
comparison (S13)

and setting the image sensor (9) into the image capturing state includes booting

the image sensor (9).

Method according to claim 1,

characterized in that

the image sensor (9) is operated in a first operating mode of the at least two preset
operating modes if the sensed temperature (T) is less than the second threshold
value (Tn) (S14), and that the image sensor (9) is operated in a second operating
mode of the at least two preset operating modes if the sensed temperature (T) is
greater than the second threshold value (Tn) (S13).

Method according to claim 2,
characterized in that
the image sensor (9) is operated in the first operating mode in a basic setting.
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4.  Method according to claim 3,
characterized in that
in the at least one second operating mode, at least one operating parameter of the
image sensor (9) is varied compared to the basic setting.

5.  Method according to claim 4,
characterized in that
between the first and the at least one second threshold value (Td, Tn), a plurality of
further threshold values (T1, T2) for the temperature of the image sensor (9) is
preset, and for each threshold value (T1, T2) of the plurality of threshold values, the
at least one operating parameter of the image sensor (9) is varied.

6. Method according to claim 4 or 5,
characterized in that
a frame rate (FR), a gain (G) and/or an exposure time (ET) are varied as the at least
one operating parameter of the image sensor (9).

7.  Method according to any one of the preceding claims,
characterized in that
a current temperature (Tnc) of a component of the vehicle camera (1) different from
the image sensor (9) is determined and compared to the sensed temperature (T) of
the image sensor (S5).

8. Method according to claim 7,
characterized in that
a warning indication is output if a difference between the sensed temperature (T) of
the image sensor (9) and the sensed temperature (Tnc) of the component is greater
than a predetermined nominal difference (S6).

9. Method according to any one of the preceding claims,
characterized in that
if setting the image sensor (9) into the image capturing state is prohibited,
subsequently, the current temperature (T) of the image sensor (9) is continuously
determined at predetermined points of time (S7).
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Method according to any one of the preceding claims,
characterized in that
the sensed temperature (T) of the image sensor (9) is output by the vehicle camera

(1).

Camera system for a motor vehicle including a vehicle camera (1) comprising an
image sensor (9) adapted to provide image data in an image capturing state,
including a temperature sensing device (7) for sensing a current temperature (T) of
the image sensor (9) and including a controller (6),

characterized in that

the controller (6) is adapted to perform a method according to any one of the
preceding claims.

Motor vehicle, in particular passenger car, with a camera system according to claim
11.
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