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Method for camera mounting in a vehicle

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates in general to the field of driv-
ing assistance solutions supporting drivers of a vehicle. Such
driving assistance solutions comprise vision systems using at
least one camera. Particularly, the present invention relates
to a method for camera mounting in a vehicle. Still more par-
ticularly, the present invention relates to a data processing
program and a computer program product for performing the me-

thod for camera mounting in a vehicle.

Description of the Related Art

Driving Assistance solutions support drivers to steer their
car. Cameras integrated in bumpers and mirrors provide infor-
mation about obstacles distance to avoid collisions. Each cam-
era covers a Field of View (FoV) up to 190° and all cameras
together are optimized to give the driver a 360° view around

the car.

Today camera positions are mechanically adjusted when first
car prototypes are available at supplier. During the mechani-
cal camera adjustments each camera position and orientation is
optimized through control of the recorded camera image.
Through fixtures the camera positions and orientations have to
be ensured. Camera positions are documented in the drawings

(CAD) and camera integration must be taken into account in the
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design of those car components where cameras are integrated,

e.g. mirrors, hatchbacks etc.

The cameras deliver raw view images that show all optical dis-
tortion of fish eye lenses. Through mathematical processing
corrected undistorted images are calculated. With help of ECU
algorithms, corrected images are stitched together to visual-

ize the Bird-Eye-View on a display to enable driver to deter-

_ mine obstacles. near the car..

In the Patent Abstracts of Japan JP 2007241398 A a vision
field analysis device for a vehicle is disclosed. In the dis-
closed vision field analysis device, a vehicle model and an
image acquisition file set in a three-dimensional CAD (Com-
puter Aided Design), a light source model disposed inside a
drivers cab of the vehicle model, a camera model for photo-
graphing the light source model, disposed outside the vehicle
model, and a plurality of photographing positions of the cam-
era model are set, and a plurality of images photographed by
the camera model in each position of the plurality of photo-
graphing positions are acquired by use of the three-
dimensional CAD. It is distinguished whether or not the light
source model is reflected to the plurality of images by an im-
age analysis program, and a distinction result thereof is re-

corded.

In the Patent Abstracts of Japan JP 2009064372 A a monitor im-
age simulation device, a monitor image simulation method, and
a monitor image simulation program are disclosed, providing
means for deciding whether a camera is correctly arranged or
not before actually mounting the camera on a camera mounting
object such as a vehicle in a monitor image simulation device.
The disclosed monitor image simulation device is provided with
a processing part, an input part, and a display. The process-
ing part is provided with a data acquisition means for acquir-
ing camera arrangement data showing a camera arrangement

state, camera peripheral component data including the shapes
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and positions of components to be arranged in the peripheral
part of the camera, and monitor data showing a monitor display
state, a virtual projection plane setting means for setting a
first virtual projection plane and a second virtual projection
plane for projecting components on a virtual three-dimensional
space on a virtual two-dimensional plane; and a monitor dis-
play image generation means for generating a monitor display
image on the basis of the camera arrangement data, the camera
peripheral component data, the monitor data and the virtual

projection planes.

In the Patent Abstracts of Japan JP 2009064373 A a monitor im-
age simulation device, a monitor image simulation method, and
a monitor image simulation program are disclosed, providing
means for effectively deciding whether a camera is correctly
arranged or not before actually mounting the camera on a cam-
era loading object such as a vehicle even in rotating an image
to be displayed by a monitor with respect to an image to be
generated by a camera in a monitor image simulation device.
The disclosed monitor image simulation device is provided with
a processing part, and a display. The processing part is pro-
vided with a data acquisition means for acquiring camera ar-
rangement data showing a camera arrangement state and camera
peripheral component data including the shapes and positions
of components arranged in the peripheral part of the camera, a
virtual projection plane setting means for setting a virtual
projection plane for projecting components on a virtual three-
dimensional space on a virtual two-dimensional plane, a camera
image generation means for generating a camera image on the
basis of the camera arrangement data, the camera peripheral
component data, and the virtual projection plane; and an en-
larged/reduced image rotating means for rotating an en-

larged/reduced image generated from the camera image.

Summary of the Invention
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The technical problem underlying the present invention is to
provide a method for camera mounting in a vehicle, which is
able to save time and money for mounting at least one camera
in a vehicle, and to provide a data processing program and a
computer program product to perform the method for camera

mounting in a vehicle.

According to the present invention this problem is solved by
providing a method for camera mounting in a vehicle having the
Afeatﬁres of claim 1, a data processing program for performing
the method for camera mounting in a vehicle having the fea-
tures of claim 16, and a computer program product causing a
computer to perform the method for camera mounting in a vehi-
cle having the features of claim 17. Advantageous embodiments

of the present invention are mentioned in the sub claims.

Accordingly, in an embodiment of the present invention a me-
thod for camera mounting in a vehicle, comprises defining at
least one potential camera position in a three dimensional
computer aided design model of the vehicle; defining at least
one virtual camera by assigning optical and/or imager sensor
parameters; placing the defined virtual camera to the at least
one potential camera position; calculating raw view image data
of the at least one virtual camera, simulating a virtual pro-
jection grid based on the raw view image data, wherein at
least one imager pixel is retraced as projection pixel through
the projection grid during simulation, overlaying the virtual
projected grid on a three dimensional environment of the vehi-
cle seen from the virtual camera at a corresponding camera po-

sition.

Embodiments of the present invention save time and money due
to performing simulation during performing the method for cam-
era mounting in a vehicle. For performing the simulation vir-
tual cameras have to be defined and positioned inside the ve-
hicle CAD model. The virtual cameras have to be defined

through optical and imager sensor parameters. Through simula-
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tion it is possible to retrace imager pixel through a pro-
jected grid that is overlaid on the environment seen from the
virtual camera. This procedure is also called “pixel-grid-
projection” . Advantageously the pixel-grid projection of each
camera can be used to optimize field of view (FoV) overlapping
areas. The overlapping area information can be presented to
vehicle manufacturer to optimize camera positions and to dem-
onstrate vehicle geometry impact. It is quite difficult to de-
velop correction algorithms since raw views have to be trans-.
lated to get corrected images. Nowadays a trial-and-error me-
thod is used to find correction algorithms, a raw image has to
be recorded, afterwards the correction algorithm is applied
and the corrected image is calculated and compared with real-
ity. The correction algorithm is itératively adapted until the
corrected image is close to reality. By use of pixel-grid-
projection, a systematic approach can be implemented by dis-
tortion correction of grid projection; translation of each
grid node is given. With this knowledge, correction algorithm

parameters can be determined easily.

Another benefit of the camera mounting simulation is to get
earlier results to calculate a “Bird-Eye-View”. For the Bird-
Eye-View the corrected images are stitched together. Stitching
algorithms can be created and presented to the vehicle manu-

facturer based on simulated camera raw views.

As another advantage a potential customer and/or development
teams can see the implications of a camera design in term of
tolerances, autoexposure control, and auto-white balance. lens
properties (e.g., MTF, large angle effects), overlap of more
than one camera, pixel size representation on the ground and
its implications for pixel mosaicing, topographic changes and
their implication for the introduction of three dimensional
effects, representations of three dimensional object displace-
ments in terms of two dimensional aliases and so forth. Also,
the effects of tolerances on vehicle and/or structural vignet-

ting can be asserted. Furthermore, such a tolerance analysis
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can be used by a vision system itself in determining the rela-
tive reliability of object detection by multi camera and/or

stereo camera applications.

In further embodiments of the present invention, during simu-
lation a simulated ray from at least one pixel on the camera
imager is projected through the camera lens into at least one
object space of the camera lens. Alternatively and/or addi-
tionally during simulation a simulated ray from a region of
ihterest on the camera imager comprising a certain number of
pixels is projected through the camera lens into the object

space of the camera lens.

In further embodiments of the present invention, the calcu-
lated raw view image data consider a distortion of the camera
lens and/or the camera imager and/or a shape of the vehicle
and/or a three dimensional model of the environment of the ve-

hicle.

In further embodiments of the present invention, the simulated
data are presented to a user using a CAD image of the vehicle
including the object space of the camera lens of the at least
one virtual camera. Additionally or alternatively the simu-
lated data are provided to a post-processing step for further
analysis or computation. In the case where the simulated data
are provided to a post-processing step for further analysis or
computation the simulated data may or may not include object
space data since it may not be necessary to use the whole ob-
ject space of the camera lens. Instead it may be sufficient to
pass on simpler data from the simulation such as a percentage
of occlusion for the camera lens of the at least one virtual

camera and not the whole object space.

In further embodiments of the present invention, the projected
grid representing at least one pixel of a field of view of
said virtual camera is projected through the CAD of surround-

ing objects of the vehicle.
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In further embodiments of the present invention, during simu-
lation of the virtual projected grid visible effects of vari-
ous tolerances and/or limitations of the at least one virtual
camera and/or the at least one potential camera position are

considered. Further the various tolerances and/or limitations
comprise position and/or orientation tolerances with respect

to objects in the field of view of the camera due to mechani-
cal mounting of the camera.. Alternatively and/or additionally
the various tolerances and/or limitations comprise effects of
occlusions of the field of view on the camera imager and/or

effects on pixel and/or regions of interest at imager level.

In further embodiments of the present invention, the simulated
data are used to choose appropriate regions of interest in im-
age space for autoexposure control and/or automatic gain con-
trol and/or autowhite balance for the at least one virtual

camera based on projections of the corresponding object space.

In further embodiments of the present invention, overlapping
areas are identified if at least two virtual cameras are used,
wherein the at least two virtual cameras are placed at differ-
ent potential camera positions. Additionally a relationship
between mechanical tolerances and a resolution in image space
and expected location of the object space region of interest
as seen by the respective cameras is determined; if a common
region of interest of two or more cameras in object space is
given. Further minimum resolution requirements in the object
space are translated into pixel densities in image space and
corresponding optical requirements of the at least one virtual
camera. Further data reflecting reliability of picking up a
location of an object in object space as seen by more than one
camera with sufficient accuracy and/or precision is deter-

mined.

In further embodiments of the present invention, a first vir-

tual camera is placed at a vehicle front position, a second
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virtual camera is placed at a vehicle left side position, a
third virtual camera is placed at a vehicle right side posi-
tion and a fourth virtual camera is placed at a vehicle rear
position, wherein images of the four cameras are merged to-
gether to calculate a Bird-Eye-View of the vehicle environ-
ment. The Bird-Eye-View of the vehicle shows information re-

garding close vehicle environment.

The inventive method for camera mounting in a vehicle can be _.
implemented as an entirely software embodiment, or an embodi-
ment containing both hardware and software elements. In a pre-
ferred embodiment, the present invention is implemented in
software, which includes but is not limited to firmware, resi-

dent software, microcode, etc.

All in all, embodiments of the present invention save time and
money due to performing simulation during performing the me-

thod for camera mounting in a vehicle.

The core idea of the present invention is to implement a pix-
el-grid-projection to retrace imager pixel through a projected
grid that is overlaid on the environment seen from the virtual
camera. The pixel-grid-projection of each camera can then be
used to optimize the field of view overlapping areas. The
overlapping area information can be presented to vehicle manu-
facturer to optimize camera positions and to demonstrate car

geometry impact.

Embodiments of the present invention allow also to see and
subsequently compensate for effects of deformation between the
object space and the image space, due to effects taken to-
gether, in isolation or in various combinations such as gen-
eral mechanical tolerances of mounting to vehicle, lens dis-
tortion, changes in topography, changes due to the "settling
tolerances" as the relative mechanical positions of mounting
elements between the cameras and the ground settle over time,

e.g., body settling on chassis, wing mirrors containing cam-
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eras increasing tolerances over time, effect of diverse load-
ing of vehicle, different levels of tyre pressures and/or ef-

fect of towing a load on the configuration of the cameras.

The above, as well as additional purposes, features, and ad-
vantages of the present invention will become apparent in the

following detailed written description.

A preferred embodiment of the present invention, as described

in detail below, is shown in the drawings, in which
Fig. 1 is a schematic flow diagram of a method for camera

mounting in a vehicle, in accordance with an embodiment

of the present invention.

Fig. 2 is a schematic top view of a vehicle, showing fields of
view of four cameras placed at four different potential

camera positions.

Fig. 3 1is a schematic perspective view of a virtual camera.

Fig. 4 is a schematic Bird-Eye-View of a vehicle, shown on a

display unit inside the vehicle.

Detailed Description of the Preferred Embodiments

Referring to Fig. 1 to 3 a method for camera mounting in a ve-
hicle 1, defines at least one potential camera position 12,
14, 16, 18 in a three dimensional computer aided design (CAD)
model of the vehicle 1 during step S100. In step S200 at least
one virtual camera 50 is defined by assigning optical and/or
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imager sensor 54 parameters. In step S300 the defined virtual
cameras 50 are placed to the at least one potential camera po-
sition 12, 14, 16, 18. During step S400 raw view image data of
the at least one virtual camera 50 are calculated. The calcu-
lated raw view image data consider a distortion of a camera
lens 52 and/or the camera imager 54 and/or a shape of the ve-
hicle 1 and/or a three dimensional model of the environment of
the vehicle 1. Based on the raw view image data virtual pro-
jection grid 40 is simulated during step S500, wherein at
least one imager pixel 56 is retraced as projection pixel 58
through the projection grid 40 during simulation. In step S600
the virtual projected grid 40 is overlaid on a three dimen-
sional environment of the vehicle 1 seen from the virtual cam-
era 50 at a corresponding camera position 12, 14, 16, 18. This
procedure is also called pixel-grid-projection. The pixel-grid
projection of each camera 50 can be used to optimize the field
of view (FoV) overlapping areas 32, 34, 36, 38. The overlap-
ping area information can be presented to vehicle manufacturer
to optimize camera positions 12, 14, 16, 18 and to demonstrate
vehicle geometry impact. Based on the raw view image a Bird-
Eye-View 61 of the vehicle 1 shown in Fig. 4 can also be cal-
culated. The Bird-Eye-View 61 may be displayed by using a dis-
play unit 60 of a vision system in the vehicle 1.

The imager 54 of the camera 50 consists of a two dimensional
array of pixel 56. Based on the number and size of the imager
pixels 56 a virtual projected grid 40 could be simulated. The
projected grid 40 will be overlaid on the environment like a
thin blanket. If at least two cameras 50 are considered there
will be overlapping areas 32, 34, 36, 38, where at least two
cameras 50 could deliver information. In the shown embodiment
four cameras 50 are used to give the driver a total view
around the vehicle 1. So camera images of the front, left,
right and rear camera positions 12, 14, 16, 18 are merged to-
gether to have the Bird-Eye-View 61. The Bird-Eye-View 61 is
calculated from the corrected images and shows information re-

garding the close vehicle environment 62, 64, 66, 68. In the
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shown embodiment a first object 72 is identified in the front
environment 62 of the vehicle 1, represented by a optical rep-
resentation 70, a second object 74 is identified in the right
environment 64 of the vehicle 1, a third object 78 is identi-
fied in the rear environment 66 of the vehicle 1 and a empty
space 76 is identified in the left environment 66 of the vehi-
cle 1. In the overlapping areas 32, 34, 36, 38 a special

stitch has to be made when the pictures are merged together.

Embodiments of the present invention have the advantage that.

potential customer and development teams can see the implica-
tions of a camera design in term of tolerances, autoexposure
control, auto-white balance, lens properties (e.g., MTF, large
angle effects), overlap of more than one camera, pixel size
representation on the ground and its implications for pixel
mosaicing, topographic changes and their implication for the
introduction of three dimensional effects, representations of
three dimensional object displacements in terms of two dimen-
sional aliases and so forth. Also, the effects of tolerance on
vehicle and/or structural vignetting can be asserted also.
Furthermore, such a tolerance analysis can be used by a vision
system itself in determining the relative reliability of ob-
ject detection by multi camera and/or stereo camera applica-

tions.

Embodiments of the present invention also offer a weighting
concept for image merging which uses such data based on com-

parative brightness of respective scenes.

A common problem during the design process of a vision system
is determining at an early stage in the design what the impact
of the position(s), orientation(s) and occlusion(s) of the

camera(s) 50 will have on the performance of the vision system
so that it may inform the system design. For this reason it is
very useful to be able to have a simulation whereby a field of
view projection of a camera 50 is projected through the CAD of

surrounding objects such as the ground near the camera 50 or
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object occlusions of the field of view 22, 24, 26, 28 by the

camera 50.

The first step is to have a method that can perform a simu-
lated ray projection from a region of interest on an imager
54, through the lens 52 and into object space 58 of the lens
52, i.e. the outside world, with the ray intersecting objects

in the world and to be able to present this data to a user by

either displaying this in a CAD image or providing data that

shows that the ray intersects a specific object.

A key step then is to extend the ray projection to take into
account the visible effects of the various tolerances and 1li-
mitations of the camera 50 and the camera's mounting positions
12, 14, 16, 18 in the system. These include position and ori-
entation tolerances with respect to the objects in the field
of view 22, 24, 26, 28 of the corresponding camera 50 due to
the mechanical mounting of the camera 50. These include also
effects of occlusions of the field of view 22, 24, 26, 28 on
the image of the camera 50 and how these affect the data that
the vision system uses or the user sees displayed on the dis-
play unit 60. Further these include effects of flare on the
cameras 50 at high angles and/or effects on pixel and/or re-
gion of interest at imager level, i.e., determining and/or
displaying pixel and/or region of interest by projection the
size of a region in object space corresponding to a pixel or
other region of interest at the imager array in image space.
This allows a limit of the pixel size to be seen and also en-
sures that the corresponding camera 50 will not be under de-
signed by using insufficiently high resolution imagers, lenses
or other optical elements for the application or will be over-
designed by using too high resolution imagers or lenses. These
include also effects of pixel mosaicing at high angles. For
several video formats, pixel mosaics are used, whereby combi-
nations of adjacent pixels are used to generate an output pix-

el value. This is typical in color sensors which use Bayer mo-
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saicing.

In particular, it is important to be able to see in a system
the effect of these projected overlapping zones 32, 34, 36, 38
when comparing the fields of view 22, 24, 26, 28 of cameras 50

for overlapping zones 32, 34, 363, 38 for image merging.

Furthermore, it allows addressing vision system issues associ-

 ated with two very important camera and/or system properties,

namely AEC and/or AGC (autoexposure control and/or automatic

gain control) and AWB (autowhite balance) .

When a camera 50 looks at the world, it has to determine what
the optimal exposure and gain it should apply to the pixels 56
in order to provide a reasonable picture to the vehicle sys-
tem. If it decides on too short an exposure time or too low a
gain, the picture will look too dark and can lose information
by clipping it out ("black-out") and if it decides on too long
an exposure time or too large a gain, then the picture will be
too bright and can lose Information by clipping it ("white

out") .

Normally, a camera 50 uses automatic exposure and/or gain con-
trol to determine the best compromise based on pixels 56 from
a region of interest on the pixel array of the camera imager
54 . For general and inexpensive applications this region of
interest is usually the complete active video pixel array of
the camera imager 54. However, undesirable occlusions or ob-
jects in the field of view 22, 24, 26, 28 of the corresponding
camera 50 can skew the exposure and/or gain values. For exam-
ple, particularly for wide angled lenses, much of the field of
view 22, 24, 26, 28 can be taken up with a black vehicle body,
which may be seen by the camera 50 but not by the end user or

not used by the video processing system.

A similar problem arises for AWB, where for example the field

of view 22, 24, 26, 28 of the camera 50 but not necessarily in
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the field of view 62, 64, 66, 68 of the user may contain a
considerable part of the vehicle body that is red, thereby
compensating for this by making the world bluer or greener
than it should be. So it would be very useful to be able to
use the projection method to see what areas of object space
correspond to arbitrary regions of interest in the image space
and vice-versa in order to choose an appropriate region of in-
terest in image space, i.e., an appropriate pixel array region
of interest for AEC and/or AGC and AWB based on projections
from object space, in terms of what objects are included or
excluded in the object space view field, deduce an object
space field of view corresponding to an image space region of
interest, comparing the behavior of different image space and
object space regions of interest in terms of their suscepti-
bility to being skewed by objects. This can be done by looking
at the different relative content of R{ed), G(reen) and B(lue)
in different regions of interest. This can be quite broad, as
these regions of interest can include the vehicle body, the
sky, or areas of a scene visible to a customer or back end vi-
sion system, but not of interest to them. The projection me-
thod may also be used to select a zone for color reference, an

example of which is “white patch" white balance algorithms.

By extension, it will be possible to extend this region of in-
terest information to an underlying vision system so that it
can use it for image processing functions such as BSDF for
further possible processing. It will also allow a developer of
a backend system to predict where an object of interest might
be in a video data stream so that they can perform backend
video stream mapping and algorithmic optimization without re-
quiring the front-end camera system on the vehicle existing.
Furthermore, when this concept is extended to more than one
camera 50, further possibilities are open up. For example,
given a common region of interest of two or more cameras 50 in
object space, the relationship between mechanical tolerances
and the resolution in image space and expected location of the

object space region of interest as seen by the respective cam-
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eras 50 can be determined. This allows the system to go be-
tween the properties of a camera set and the corresponding
resolution of the image presented by a vision system to a us-
er. So minimum resolution requirements in object space may be
translated into pixel densities in image space and/or in cor-

responding optical requirements.

This allows also determining data which reflects the reliabil-
ity of picking up the location of an object in object space
with sufficient accuracy and precision as seen by more than
one camera 50, so that this information can be used to effi-
ciently do overlapping in overlapping zones 32, 34, 36, 38 be-
tween more than one camera 50. Furthermore, such a tolerance
analysis can be used by a vision system itself in determining
the relative reliability of object detection by multi-camera

and/or stereo camera applications.

Embodiments of the present invention allow to see and subse-
quently compensate for effects of deformation between the ob-
ject space and the image space, due to following effects taken
together, in isolation or in various combinations such as gen-
eral mechanical tolerances of mounting to vehicle, lens dis-
tortion, changes in topography, changes due to the "settling
tolerances" as the relative mechanical positions of mounting
elements between the cameras and the ground settle over time,
e.g., body settling on chassis, wing mirrors containing cam-
eras increasing tolerances over time, effect of diverse load-
ing of vehicle, different levels of tyre pressures and/or ef-

fect of towing a load on the configuration of the cameras 50.

The inventive method for camera mounting in a vehicle can be
implemented as an entirely software embodiment, or an embodi-
ment containing both hardware and software elements. In a pre-
ferred embodiment, the present invention is implemented in
software, which includes but is not limited to firmware, resi-

dent software, microcode, etc.
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Furthermore, the present invention can take the form of a com-
puter program product accessible from a computer-usable or
computer-readable medium providing program code for use by or
in connection with a computer or any instruction execution
system. For the purposes of this description, a computer-
usable or computer-readable medium can be any apparatus that
can contain, store, communicate, propagate, or transport the
program for use by or in connection with the instruction exe-
cution system, apparatus, or device. o
The medium can be an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system (or apparatus or
device) or a propagation medium. Examples of a computer-
readable medium include a semiconductor or solid state memory,
magnetic tape, a removable computer diskette, a random aécess
memory (RAM), a read-only memory (ROM), a rigid magnetic disk,
and an optical disk. Current examples of optical disks include
compact disk - read only memory (CD-ROM), compact disk -
read/write (CD-R/W), and DVD. A data processing system sui-
table for storing and/or executing program code will include
at least one processor coupled directly or indirectly to memo-
ry elements through a system bus. The memory elements can inc-
lude local memory employed during actual execution of the pro-
gram code, bulk storage, and cache memories which provide tem-
porary storage of at least some program code in order to redu-
ce the number of times code must be retrieved from bulk stora-
ge during execution. Input/output or I/O devices (including
but not limited to keyboards, displays, pointing devices,
etc.) can be coupled to the system either directly or through

intervening I/0 controllers.

Network adapters may also be coupled to the system to enable
the data processing system to become coupled to other data
processing systems or remote printers or storage devices
through intervening private or public networks. Modems, cable
modems, and Ethernet cards are just a few of the currently

available types of network adapters.
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Claims

What is claimed is:

A method for camera mounting in a vehicle, comprising the
steps: 7 7

definihg at least oné poténtialicamera position (12, 14,
16, 18) in a three dimensional computer aided design
(cAD) model of said vehicle (1);

defining at least one virtual camera (50) by assigning
optical and/or imager sensor (54) parameters;

placing said defined virtual camera (50) to said at least
one potential camera position (12, 14, 16, 18);
calculating raw view image data of said at least one vir-
tual camera (50);

simulating a virtual projection grid (40) based on said
raw view image data, wherein at least one imager pixel
(56) is retraced as projection pixel (58) through said
projection grid (40) during simulation; and

overlaying said virtual projected grid (40) on a three
dimensional environment of said vehicle (1) seen from
said virtual camera (50) at a corresponding camera posi-
tion (12, 14, 16, 18).

The method according to claim 1, wherein during simula-
tion a simulated ray from at least one pixel (56) on said
camera imager (54) is projected through said camera lens
(52) into at least one object space (58) of said camera
lens (52).

The method according to claim 1 or 2, wherein during si-
mulation a simulated ray from a region of interest on

said camera imager (54) comprising a certain number of
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pixels (56) is projected through said camera lens (52)

into said object space (58) of said camera lens (52).

The method, according to one of the preceding claims 1 to
3, wherein said calculated raw view image data consider a
distortion of said camera lens (52) and/or said camera
imager (54) and/or a shape of said vehicle (1) and/or a
three dimensional model of said environment of said vehi-
cle (1). _ o
The method according to one of the preceding claims 1 to
4, wherein said simulated data are presented to a user by
using a CAD image of said vehicle (1) including said ob-
ject space (58) of said camera lens (52) of said at least
one virtual camera (50) and/ or to a post-processing step

for further analysis or computation.

The method according to one of the preceding claims 1 to
5, wherein said projected grid representing at least one
pixel of a field of view of said virtual camera (50) is
projected through said CAD of surrounding objects of said

vehicle (1).

The method according to one of the preceding claims 1 to
6, wherein during simulation of said virtual projected
grid (40) visible effects of various tolerances and/or
limitations of said at least one virtual camera (50)
and/or said at least one potential camera position (12,

14, 16, 18) are considered.

The method according to claim 7, wherein said various to-
lerances and/or limitations comprise position and/or ori-
entation tolerances with respect to objects in said field
of view of said camera (50) due to mechanical mounting of

said camera (50).
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The method according to claim 7 or 8, wherein said vari-
ous tolerances and/or limitations comprise effects of oc-
clusions of said field of view on said camera imager (54)
and/or effects on pixel and/or regions of interest at im-
ager level.

The method according to one of the preceding claims 1 to

9, wherein said simulated data are used to choose appro-

. ___ _ priate regions of interest in image space for autoexpo-
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11.

12.

13.

14.

sure control and/or automatic gain control and/or autow-
hite balance for said at least one virtual camera (50)

based on projections of said corresponding object space.

The method according to one of the preceding claims 1 to
10, wherein overlapping areas (32, 34, 36, 38) are iden-
tified if at least two virtual cameras (50) are used,
wherein said at least two virtual cameras (50) are placed

at different potential camera positions (12, 14, 16, 18).

The method according to claim 11, wherein a relationship
between mechanical tolerances and a resolution in image
space and expected location of said object space region
of interest as seen by said respective cameras (50) is
determined, if a common region of interest of two or more

cameras (50) in object space is given.

The method according to claim 11 or 12, wherein minimum
resolution requirements in said object space are trans-
lated into pixel densities in image space and correspond-
ing optical requirements of said at least one virtual

camera (50).

The method according to one of the preceding claims 11 to
13, wherein data reflecting reliability of picking up a
location of an object in object space as seen by more
than one camera (50) with sufficient accuracy and/or pre-

cision are determined.
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The method according to one of the preceding claims 1 to
14, wherein a first virtual camera (50) is placed at a
vehicle front position (12), a second virtual camera (50)
is placed at a vehicle left side position (14), a third
virtual camera (50) is placed at a vehicle right side po-
sition (16) and a fourth virtual camera (50) is placed at

a vehicle rear position (18), wherein images of said four

cameras (50) are merged together to calculate a Bird-Eye- _

View (61) of said vehicle environment.

A data processing program for execution in a data proc-

essing system comprising software code portions for per-
forming a method for camera mounting in a vehicle accord-
ing to one of the preceding claims 1 to 15 when said pro-

gram is run on said data processing system.

A computer program product stored on a computer-usable
medium, comprising computer-readable program means for
causing a computer to perform a method for camera mount-
ing in a vehicle according to one of the preceding claims

1 to 15 when said program is run on said computer.
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