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VEHICLE VISION SYSTEM WITH CUSTOMIZED DISPLAY

CROSS REFERENCE TO RELATED APPLICATIONS

[oooi] The present application is related to U.S. provisional applications, Ser. No.

61/706,406, filed Sep. 27, 201 2 ; Ser. No. 61/61 5,41 0 , filed Mar. 26, 201 2 ; Ser. No.

61/570,01 7 , filed Dec. 13 , 201 1; and Ser. No. 61/568,791 , filed Dec. 9 , 201 1, which are

hereby incorporated herein by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates to imaging systems or vision systems for vehicles.

BACKGROUND OF THE INVENTION

[0003] Use of imaging sensors in vehicle imaging systems is common and known.

Examples of such known systems are described in U.S. Pat. Nos. 7,1 6 1 ,61 6 ; 5,949,331 ;

5,670,935; and/or 5,550,677, which are hereby incorporated herein by reference in their

entireties.

SUMMARY OF THE INVENTION

[0004] The present invention provides a vision system or imaging system for a vehicle that

utilizes one or more cameras to capture images exterior of the vehicle, and provides the

communication/data signals, including camera data or image data, that may be displayed

at a display screen that is viewable by the driver of the vehicle, such as when the driver is

backing up the vehicle, and that may be processed and, responsive to such image

processing, the system may detect an object at or near the vehicle and in the path of travel

of the vehicle, such as when the vehicle is backing up. The system is operable to display

a surround view or bird's-eye view of the environment at or around or at least partially

surrounding the subject or equipped vehicle, and the displayed image includes a displayed

image representation of the subject vehicle that at least partially corresponds to the actual

subject vehicle, so that the driver can cognitively associate the displayed image as being

representative of the driven vehicle and readily understand that the displayed vehicle

represents the vehicle that he/she is driving.

[0005] According to an aspect of the present invention, a vision system for a vehicle

includes multiple cameras or image sensors disposed at a vehicle and having respective

fields of view exterior of the vehicle, and a processor operable to process image data



captured by the camera. The processor processes captured image data to generate

images, such as three dimensional images, of the environment surrounding the equipped

vehicle, and the processor is operable to generate a three dimensional vehicle

representation of the equipped vehicle. A display screen is operable to display the

generated images of the environment surrounding the equipped vehicle and to display the

three dimensional vehicle representation of the equipped vehicle as the representation

would be viewed from a virtual camera viewpoint exterior to and higher than the equipped

vehicle itself. At least one of (a) a degree of transparency of at least a portion of the

displayed vehicle representation is adjustable, (b) the vehicle representation comprises a

vector model and (c) the vehicle representation comprises at least one of (i) a shape

corresponding to that of the actual equipped vehicle, (ii) a body type corresponding to that

of the actual equipped vehicle, (iii) a body style corresponding to that of the actual

equipped vehicle and (iv) a color corresponding to that of the actual equipped vehicle.

[0006] The vision system thus may select or adjust the displayed vehicle image or

representation that is representative of the equipped vehicle to provide an enhanced

display of the surrounding environment (such as by adjusting a degree of transparency or

opaqueness of the displayed vehicle representation of the subject vehicle) and/or

enhanced cognitive recognition by the driver of the equipped vehicle that the displayed

vehicle representation represents the equipped vehicle that is being driven by the driver

(such as by matching or coordinating the vehicle type or style or color or the like of the

displayed vehicle representation with the actual vehicle type or style or color or the like of

the actual particular subject vehicle). For example, a portion of the generated vehicle

representation (such as an avatar of the vehicle or virtual vehicle or the like) may be

rendered at least partially transparent or non-solid to allow "viewing through" the displayed

vehicle representation to view an object at or near the vehicle that may be "blocked" by the

vehicle representation, which may be between the displayed object and the virtual camera.

[0007] The present invention may also or otherwise provide a calibration system for the

vision system or imaging system, which utilizes multiple cameras to capture images

exterior of the vehicle, such as rearwardly and sidewardly and forwardly of the vehicle,

such as for a surround view or bird's-eye view system of a vehicle. The cameras provide

communication/data signals, including camera data or image data that is displayed for

viewing by the driver of the vehicle and that is processed to merge the captured images



from the cameras to provide or display a continuous surround view image for viewing by

the driver of the vehicle. The cameras and/or image processing is calibrated to provide the

continuous image or merged images. When the cameras and/or image processing is

calibrated, the captured images can be stitched or merged together to provide a

substantially seamless top-down view or bird's-eye view at the vehicle via capturing

images and processing images captured by the vehicle cameras.

[0008] According to an aspect of the present invention, a vision system for a vehicle

includes multiple cameras or image sensors disposed at a vehicle and having respective

fields of view exterior of the vehicle, and a processor operable to process data transmitted

by the camera. The processor comprises a camera calibration algorithm that is operable

to compare captured image data of a portion of the equipped vehicle with stored or

received data (such as uploaded data from a database or data received from a remote

source or the like) that is representative of where the portion of the equipped vehicle

should be in the captured image data for a calibrated vision system. The vision system

adjusts the image processing and/or the camera so that the captured image data of the

portion of the equipped vehicle is within a threshold level of where the portion of the

equipped vehicle is in the stored or received data (such that the camera field of view

and/or the captured image is within a threshold height, width, depth, tilt and/or rotation of

the stored or received calibrated camera image).

[0009] These and other objects, advantages, purposes and features of the present

invention will become apparent upon review of the following specification in conjunction

with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a plan view of a vehicle with a vision system and imaging sensors or

cameras that provide exterior fields of view in accordance with the present invention;

[ooii] FIG. 2 is a schematic of the vision system of the present invention, showing an

aberration angle a from the center viewing direction of the virtual camera and the distance

to an object;

[0012] FIG. 3 is a schematic of the vision system of the present invention, showing small

distances between a virtual camera and an object where the transparency is relatively

high, and shown with the aberration angle a from the center viewing direction being zero;



[0013] F IG . 4 is a schematic of the vision system of the present invention, showing the

influence of the distance and aberration angle to the transparency of an object;

[0014] F IG . 5 is a schematic of the vision system of the present invention, showing the

dependence of transparency on the distance and viewing angle resulting in a circle like

opening of surfaces when a virtual camera is closing and finally diving into a virtual object

or surface, especially when moving the virtual camera or viewpoint;

[0015] F IG . 6 is a schematic of an automotive vision camera that provides data and that is

controlled from an image processing control device, with the image processing control

device providing image data to a head unit or other display device;

[0016] F IG . 7 is a plan view of an automotive vision virtual top view system with four

cameras A , B, C and D, which capture respective images lA to lD which have overlapping

regions in each corner, with the cameras having a fish eye lens system with an opening

angle of about 180 degrees, such that, for generating a virtual top view, the to ID images

are already distorted, dewarped, cropped and aligned accordingly, and shown with the

upper left corner selected and highlighted as gray triangle;

[0017] F IG . 8 is an enlarged view of the upper left corner of the virtual top view of FIG . 7 ,

shown, for illustration, with the vehicle disposed at the ground with a checkerboard pattern,

and with an area of interest highlighted in light gray;

[0018] F IG . 9 is a view similar to F IG . 8 , with the highlighted region being a further

processed (blending) area of interest (4), and wherein the area (5) at the far distant end

may be neglected or ignored or may have reduced processing since the image resolution

has diminished too much for showing details at that area;

[0019] F IG . 10A is another view of the scene of F IG . 9 , showing the excavated illumination

and color borderlines, generated by altering the brightness transfer function which produces

in contrast enhancement that serve as input patterns for the dynamic alpha mask of the

present invention;

[0020] F IG . 10B shows a brightness transfer function suitable for generating contrast

enhancement as on area (4) of the image in F IG . 9 which results in F IG . 10A;

[0021] F IG . 11A is another view of the scene of F IG . 10A, showing the resulting alpha

mask which was composed by a static sliding gradient orthogonal to the vehicle's edge

and a dynamic component which is oriented on structures within the images;



[0022] FIG. 11B is another view of a different alpha map mask which was composed by

running a static sliding alpha gradient borderlined by structures within the image, with this

example having just one structure which ends within the stitching area, and with the alpha

gradient following a path (20) found by a flood fill algorithm;

[0023] FIG. 12 is an illustration of an exemplary path with an alpha gradient value shown in

diagram ( 1 0), wherein higher levels mean a higher ratio of camera D to camera A , and

lower levels mean a higher ratio of camera A to camera D in the camera's image texture

blending, with zone (7) being representative of 100 percent camera A and zone (8) being

representative of 100 percent of camera D;

[0024] FIG. 13 illustrates an example of how light intensity gradients thresholds are used

as input to generate the dynamic alpha gradient curve (in one dimension), which is

combined with the static sliding transition alpha map, with the gradients transition set up as

linear, and wherein the graph at the bottom of FIG. 13 showing how the skips of the alpha

map are dedicated to skips in the light intensity (and with the color thresholds ignored in

these diagrams);

[0025] FIG. 14 is a resulting alpha map without detected thresholds using linear transition;

[0026] FIG. 15 is a resulting alpha map having one detected threshold using linear

transition;

[0027] FIG. 16 is a resulting alpha map having two detected thresholds using linear

transition;

[0028] FIG. 17 shows an example of a natural image taken by a conventional hand held

camera having a blooming effect around the bright light sources caused by the camera

system;

[0029] FIG. 18 shows an example of a natural image of a vehicle which is in motion, with

the camera's view point in motion as well, such that the surrounding blurs due to motion

blurring, and showing lens flaring caused by a bright light source in combination to the

camera objective's lens system; and

[0030] FIGS. 19A and 19B show an example of a natural image of a vehicle which is in

motion while the camera is static, with FIG. 19A showing a not blurred object box around

the moving vehicle, and FIG. 19B showing the same scene as in FIG. 19A, having an

object box around the vehicle which is artificially motion blurred in the same extend then

the moving vehicle;



[0031] FIG. 20 is an example of a fish eye view of a vehicle vision side camera, with parts

of the vehicle's body being visible at the lateral regions of the captured image;

[0032] FIG. 2 1 is a block diagram of a camera calibration system, running an alignment

algorithm of captured camera images against a transferred fish eye view of the vehicle's

shape in accordance with the present invention;

[0033] FIG. 22 is an example of a virtual top view of a vehicle;

[0034] FIG. 23 is an example of a virtual top view of a vehicle's shape having the side

camera's view mapped onto a three dimensional or 3D vehicle model in accordance with

the present invention;

[0035] FIG. 24 is view of a 3D vehicle model as like used in FIG. 23;

[0036] FIG. 25 is view of mapping the camera view of FIG. 23 as it is transferred and

mapped onto the 3D vehicle model of FIG. 24 in accordance with the present invention;

[0037] FIG. 26 is the remaining portion or piece of the difference image between the

camera view of FIG. 23 when transferred and the 3D vehicle model view of FIG. 24 in

accordance with the present invention; and

[0038] FIG. 27 is a typically top view image showing well aligned and poor aligned (right

camera) vision system cameras stitched to one another.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] A vehicle vision system and/or driver assist system and/or object detection system

and/or alert system operates to capture images exterior of the vehicle and may process

the captured image data to display images and to detect objects at or near the vehicle and

in the predicted path of the vehicle, such as to assist a driver of the vehicle in maneuvering

the vehicle in a rearward direction. The vision system includes a processor that is

operable to receive image data from one or more cameras and may provide or generate a

vehicle representation or image that is representative of the subject vehicle (such as for a

top down or bird's-eye or surround view, such as discussed below), with the vehicle

representation being customized to at least partially correspond to the actual subject

vehicle, such that the displayed vehicle image or representation is at least one of the same

or similar type of vehicle as the subject vehicle and the same or similar color as the subject

vehicle.

[0040] Referring now to the drawings and the illustrative embodiments depicted therein, a

vehicle 10 includes an imaging system or vision system 12 that includes multiple exterior



facing imaging sensors or cameras (such as a rearward facing imaging sensor or camera

14a, and a forwardly facing camera 14b at the front (or at the windshield) of the vehicle,

and a sidewardly/rearwardly facing camera 14c, 14b at respective sides of the vehicle),

which capture images exterior of the vehicle, with each of the cameras having a lens for

focusing images at or onto an imaging array or imaging plane of the camera (FIG. 1) . The

vision system 12 includes a control or processor 18 that is operable to process image data

captured by the cameras and may provide displayed images at a display device 16 for

viewing by the driver of the vehicle (although shown in FIG. 1 as being part of or

incorporated in or at an interior rearview mirror assembly 20 of the vehicle, the control

and/or the display device may be disposed elsewhere at or in the vehicle).

[0041] The vision system 12 is operable to process image data captured by the cameras

and may merge or stitch the images together to provide a top view or surround view or

bird's-eye view image display at a display device 16 for viewing by the driver of the vehicle

(such as by utilizing aspects of the vision systems described in PCT Application No.

PCT/US 10/25545, filed Feb. 26, 201 0 and published on Sep. 2 , 201 0 as International

Publication No. WO 201 0/09941 6 , and/or PCT Application No. PCT/US 10/47256, filed

Aug. 3 1 , 201 0 and published Mar. 10 , 201 1 as International Publication No. WO

201 1/028686, and/or PCT Application No. PCT/US201 1/062834, filed Dec. 1, 201 1 and

published Jun. 7 , 201 2 as International Publication No. WO201 2/075250, and/or PCT

Application No. PCT/US201 2/064980, filed Nov. 14 , 201 2 (Attorney Docket MAG04 FP-

1959(PCT)), and/or PCT Application No. PCT/US201 2/048993, filed Jul. 3 1 , 201 2

(Attorney Docket MAG04 FP-1 886(PCT)), and/or PCT Application No.

PCT/CA201 2/000378, filed Apr. 25, 201 2 (Attorney Docket MAG04 FP-1 8 19(PCT)), and/or

U.S. patent application Ser. No. 13/333,337, filed Dec. 2 1 , 201 1 (Attorney Docket DON01

P-1 797), and/or U.S. provisional application Ser. No. 61/588,833, filed Jan. 20, 201 2 ,

which are hereby incorporated herein by reference in their entireties). Optionally, the

control or processor of the vision system may process captured image data to detect

objects, such as objects to the rear of the subject or equipped vehicle during a reversing

maneuver, or such as approaching or following vehicles or vehicles at a side lane adjacent

to the subject or equipped vehicle or the like.

[0042] Vehicle vision systems are typically made for displaying the vehicle's environment,

highlighting hazards, displaying helpful information and/or enhancing the visibility. The



vision systems display the images (such as video images) to the driver of the vehicle, with

the images captured by cameras and sensors, which may comprise optical image sensors,

infrared sensors, long and short range RADAR, LIDAR, Laser, ultrasound sensors, and/or

the like. The display may be integrated into an interior rearview mirror assembly disposed

inside the vehicle, or an exterior rearview mirror assembly at an exterior side portion of the

vehicle, or a heads up display or other projection system that projects the visual

information to any surface or surfaces for viewing by the driver, or a display unit within the

instrument cluster, or a flip up display on the dashboard, or a central display or an

aftermarket display which receives display data from the vehicle and/or other aftermarket

sensors.

[0043] Overlays to the natural or captured image, icons or soft buttons are often useful in

such vision systems. The natural or captured images may be enhanced by any algorithm

or system. The images may be influenced by the situation depending state (such as

similar to the systems described in U.S. patent application Ser. No. 13/660,306, filed Oct.

25, 201 2 (Attorney Docket MAG04 P-1 950), which is hereby incorporated herein by

reference in its entirety), or the images may be enhanced by or merged with information

coming from non-vision sensors, such as an infrared sensor or sensors, a radar sensor or

sensors, a laser sensor or sensors, a lidar sensor or sensors, or the like, or the images

may be influenced by, enhanced by or merged with data from any other data source, such

as mobile devices, such as mobile phones, infotainment devices, GPS, a car to car

communication device or car to infrastructure communication device or the like.

[0044] It is known to merge or stitch images captured by and coming from more than one

camera or image capturing device, eventually merging or enhancing the images

responsive to non-vision sensors such as discussed above. The resulting stitched images

may then be displayed in a manner that the stitched or merged images form a kind of bowl

or dome in the displayed image or projection (such as by utilizing aspects of the system

described in Japanese publication JP201 115 1446A, which is hereby incorporated herein

by reference in its entirety). Typically, there is an overlay of the subject vehicle placed on

top the artificially generated top view. The displayed image view is as if the person

viewing the displayed image is looking at the vision system's own vehicle (the subject or

equipped vehicle) and seeing the environment in which the vehicle is located (such as

from a virtual view point or virtual camera). The virtual view is from the outside of the



vehicle and looking downward towards and onto the vehicle, and the vehicle is typically

shown as disposed at the bottom of the bowl or dome. This means that a representation

of the equipped vehicle is fully or partially visible in the displayed image. The view may be

free positionable by a virtual camera (view -point, -angle, -focus, -shutter, -blend). The

virtual camera might have a top view point, and/or may be looking at the vehicle's rooftop

from an angle (and may be provided as a predetermined virtual viewpoint or may be

selected or adjusted by the operator, such as via a user input in the vehicle that allows the

operator to adjust the viewing angle and/or distance from the virtual camera to the

equipped vehicle).

[0045] The vehicle's overlay is typically arbitrarily chosen and is not based on sensor data,

but is chosen by the given parameter set up. There may be art to calibrate the camera's

color room by the common color captured on some of the subject vehicle's surfaces, but

the vehicle in it's entirely is not covered by any sensor so the vehicle's real appearance is

typically not detectable. Optionally, and such as described in U.S. provisional application

Ser. No. 61/602,876, filed Feb. 24, 201 2 (Attorney Docket MAG04 P-1 830), which is

hereby incorporated herein by reference in its entirety, a vision system may provide a

manner of detecting the subject vehicle's total height plus baggage by using reflected

images of the vehicle as reflected in a window or the like adjacent to or near the vehicle.

[0046] The displayed vehicle image (as generated by the system, and not as captured by

the cameras) may be selected to be close to the shape of the equipped vehicle. Typically,

the displayed vehicle image is an arbitrary or generic vehicle shape and is shown as a

solid vehicle shape and drawn sharp without noise or softened borderlines.

[0047] Top view vision systems typically provide aligned images without black bars on the

abutting sides. These might be stitched by any common algorithm. Typically, such

systems may have a comparably small overlapping zone in which both images have a

degree of transparency to smooth the stitching borderlines.

[0048] Thus, images of objects and the environment around the vehicle that are captured

by the cameras and/ or further sensing systems, and thus might be evident to the driver,

may be hidden or partially hidden by the visualized or displayed (own or equipped) vehicle

image shown in the displayed images. Known vision systems are operable to display a

vehicle representation that typically does not match or correspond with the real

appearance of the real or actual subject or equipped vehicle, and customers may dislike



the potentially substantial differences between the actual equipped vehicle and the

displayed representation of the vehicle.

[0049] In nature the surfaces of objects reflect the surrounding scene, depending on the

object surfaces' reflection ratio, scattering properties of the surfaces and illumination angle.

The surrounding scene's illumination brightness and color also becomes influenced by

objects reflections. Known vehicle top view vision systems do not reflect most of these

matters. For improving the visual reproduction or representation of the subject vehicle

within its surrounding environment, the present invention may utilize the methods of

Gouraud-shading, (Blin-) Phong shading (use of bidirectional reflectance distribution

functions), Fast Phong shading (using texture coordinates instead of angle calculation),

Bump mapping or Fast Bump mapping (a fast phong shading based brightness control) for

generating reflections or scattering on the vehicle's surfaces, especially the windshield,

chrome parts and painted metal and plastic parts. The closest to a realistic reproduction of

reflections may be the (spherical) "Environment mapping" method. A sphere shape image

around the reflecting object is assumed. Rays from the viewpoint reflected angle correct

(angle in = angle out) onto the object's surface are tracked to a respecting originating point

on the sphere (part of the ray tracing formulas). The reflections may be calculated out of

the images taken by the vehicle's cameras. There may be a simplified model to calculate

the ray tracing since the object's (vehicle's) surface is composed out of several polygons.

This may require calculating the ray tracing on it's edges and to interpolate texture

coordinates within the polygon. To ease the ray tracing, the undewarped original images

of the fish eye cameras may be directly used as spherical environment images assuming

these are mostly spherical. If the sky cannot be captured by any camera sufficiently it may

be assumed according real reflections on the real vehicle's surface seen by any camera.

The sun's position may be calculated out of navigation system data or assumed according

to real reflections on the real vehicle's surface as seen by any camera. The reflections

may be generated correctly according the surface's (such as, for example, the hood of the

vehicle) curvature or in a simplified manner, so that the reflection does not represent the

real world's reflections in full extend.

[0050] The present invention may also map the movement of the correct appearance or

fake tires, the correct or a fake license plate, and switched on or switched off lights and

blinkers. The light or the blinking may be done by positioning one or more glowing, partial,



transparent polygons in front of the not engaged blinker or lights, or by animating the

texture of the vehicle. The animation may be a part of at least one camera's view, and

may be distorted to match correctly. The top view animation may replace the blinker

indicators in the central clusters, and it may also indicate which headlight or blinker bulb is

broken when there is a defect, maybe by an additional icon overlay that is deployed.

The present invention may also or otherwise use three dimensional polygon models

for rendering the subject vehicle projected into the scene within the top view (typically into

the center of the view) in combination with bump mapping. The quality of the produced

image of the vehicle improves with the number of used polygons. Higher polygon numbers

(for example, at least about 10,000, more preferably at least about 20,000 and more

preferably at least about 30,000 or the like) require increasingly more calculating

capacities. Hence, the necessary number of used polygons shall be as minimal as

acceptable. With decreasing numbers of polygons, increasingly less details can be

realized. To make the own vehicle's image look right or correct while having a low or

restricted number of polygons (for example, less than about 10,000, more preferably less

than about 8,000 or the like), the present invention may use "bump mapping" methods

when applying the own vehicle's surface maps onto the vehicle's polygon surfaces (such

as by utilizing aspects of the systems described in U.S. provisional applications, Ser. No.

61/602,878, filed Feb. 24, 201 2 , and Ser. No. 61/678,375, filed Aug. 1, 201 2 , which are

herby incorporated herein by reference in their entireties, which suggests to use 'Parallax

Occlusion mapping' for automotive visions systems in general and especially on the

surface of imposters). By that, missing contour details can be faked into the image

pleasing to the viewer (usable for human vision not for machine vision). Peculiarities of

bump mapping is "Normal mapping" also called "Dot3 bump mapping" (enhancement of

the appearance of details by faking the lighting (scattering and shading) of bumps and

dents generated by a normal map of a high polygon model). "Parallax mapping" or "virtual

Displacement mapping" is a peculiarity of Normal mapping. Hereby the displacement of a

point of a rendered polygon may be mapped according the viewing angle. This gives

(rough) surfaces the illusion of an apparent depth. Basic Parallax mapping does not

account for occlusion. "Occlusion mapping" is a peculiarity of Parallax mapping. By using

a displacement map, self-occlusion and fake reflections relative to the perspective may be

possible to be mapped onto a polygons mapping surface. For the viewer it is nearly



indiscriminate whether he sees a flat surface with Occlusion mapping or a real complex

three dimensional (3D) surface on a two dimensional (2D) display screen.

[0052] Since the display screen may not have the contrast level and the light intensity of

possible light sources in nature, bright light reproduced on display screens typically looks

quite flat. To enhance the illusion for looking at bright light in vehicle vision systems, the

system of the present invention may use "Bloom shading". By a fake aperture diffraction

bright light appears to exceed beyond its natural area. Natural camera's do this by nature,

depending on their optical and imagers properties due to aperture diffraction and pixel

cross talking (see FIG. 17). This artificial effect may preferably come into use when an

artificial light source becomes added to a vision system's scene. An additional artificial

effect which is herein suggested to use as well is "adding of fake lens flares", whereby the

lens flaring (which can be observed on real cameras images when pointing to the near of

bright light spots caused by the lens systems scattering and refraction (see FIG. 18))

becomes imitated. In nature as well as in the fake effect, the distance and intensity of the

flares may change by the viewing angle to the light source (which may be added artificial

or is a real scene light source). Artificial flares may consist of colored round shapes having

increasingly higher transparency in the center than at the outer portions or outlines. There

may be star shape glares coming from the center of such artificial flares.

[0053] An additional artificial effect which is suggested herein to use in the vehicle vision

system is "artificial Motion blurring". This effect can be observed on real camera's movies

when fast objects pass a scene (see FIGS. 19A and 19B) or a camera's viewing angle is

changing fast relative to the scene or the scene flow is fast (see FIG. 18). In vehicle vision

systems, for example, box-like overlays which may be placed by an object tracking system

around tracked objects may become (motion-) blurred artificially into the opposite direction

an object is moving towards. Comparing FIG. 19A and 19B, FIG. 19A shows a not blurred

object box around a moving object which is motion blurred by nature, while FIG. 19B

shows a moving object having a object box around it which is artificially motion blurred in

the same extend as the moving object. By that the object box appears less artificial but

more as a part of the real scene. When an object is moving but is static within the

camera's view it leads to blurring of the surrounding scene, but the object is not blurred

(see FIG 18).



[0054] The top view image may come with a certain noise level depending on the

hardware's quality and/or algorithm's quality. The displayed vehicle on top is a rendered

overlay with a low noise level. Due to the different noise levels the overlay appears quite

artificially. This is typically done to ease the viewing. The stitching of abutting images

within a top view display is often not optimally resolved. If done well, the user cannot

readily discern where the stitching / overlapping area begins and ends. The transient from

one image to the other becomes mostly invisible or not readily discernible.

[0055] The present invention provides a solution to make objects and areas around the

vehicle captured by the cameras and/ or further sensing systems visible within the display,

although the displayed vehicle image may be in the line of sight from the virtual view point

to the objects/areas.

[0056] The present invention may provide such a solution by displaying the displayed

subject vehicle image as a fully or partially transparent vehicle image or vehicle

representation. The transparency may be a dependency of the distance, and/or the angle

aberration from the center viewing direction of the virtual camera or viewpoint (such as can

be seen with reference to FIGS. 2-5). For example, the value or degree of transparency

(T) may equate in dependency to the distance (d) and aberration angle (a) from the center

viewing direction in accordance with the equation:

T(d, a) = T * ½ * ((1 - 1/d * k + ( 1 - a * k2));

where k - is a scaling factor (parameter) for the distance in [1/mm], and k2 is a scaling factor

(parameter) for the aberration angle.

[0057] Optionally, the transparency may be a dependency of whether the virtual camera is

within the (own) vehicle's body or outside of the subject or equipped vehicle. Optionally,

the transparency may be a combination of dependency of the equation above and the

location of the virtual camera. Optionally, the transparency may be dependent or at least

may be influenced by the level of backlight and/or a combination of one or more of the

other factors above. Optionally, the transparency may be dependent on a location of a

detected object at or near the vehicle whereby the displayed images may not show the

detected object when a portion of the three dimensional vehicle representation may block

or obscure the object when the vehicle would be at least partially between the object and

the virtual camera, as discussed below.



[0058] Optionally, the vision system may display the subject vehicle image as a vector

model shape without solid surfaces. The vector model shape may be shown or displayed

dependent on whether the virtual camera is within the (own) vehicle's body or outside of

the subject or equipped vehicle. The options for the criteria that determine the degree of

transparency of the displayed image may be selectable by the driver within a vehicle's

OBD (on-board diagnostics), or via remote device or vehicle manufacturer service tool or

vehicle repair or service shop (manufacturer or after market) service tool.

[0059] The vision system of the present invention is also or otherwise operable to match

the appearance of the vision system's shown or displayed (own) vehicle to that of the

appearance of the real or actual subject or equipped vehicle as close as possible, or to

customize the displayed vehicle's appearance.

[0060] The display or customization may be adjusted individually by the vision system

actively making the adjustment/customization. For example, the vision system's processor

or cameras or other sensors may identify the color of the equipped vehicle (such as by

processing of captured images of portions of the equipped vehicle as captured by its

cameras or other sensors), and further on may match or substantially match or coordinate

the visualized or displayed vehicle's color accordingly. Optionally, the vision system's

cameras or other sensors and algorithm may identify the "real" vehicle's surface

appearance by the images taken from the vehicle direct and further on may "map" the

identified surface to the image of the vehicle displayed or shown on the display screen by

the vision system. Optionally, the vision systems cameras or other sensors and algorithm

may analyze, stitch, dewarp, and the like the captured images to identify the "real"

vehicle's surface appearance by the vehicle's appearance seen in reflecting surfaces

distant to the vehicle, and further may "map" the identified surface to the image of the

vehicle displayed or shown on the display screen by the vision system.

[0061] Optionally, the display or customization may be adjusted individually and may be a

passive adjustment/customization in accordance with given parameters. For example, the

parameters may be first time transmitted or updated at the line or end of line of the vision

system manufacturer or of the vehicle manufacturer. Optionally, the parameters may be

first time transmitted or updated by a supporting system embodied to the vehicle, such as

via any kind of data channel, such as via a one time initial system power up or all time on

power up of the system. Optionally, the parameters may be first time transmitted or



updated by a supporting system not permanently installed to the vehicle, such as a

remote/mobile device or system or device or tool at a vehicle shop (such as at a

manufacturer facility or after market device or facility) or such as a driver input via the

vehicle's OBD.

[0062] Optionally, the display or customization of the vehicle representation or vehicle

image may be adjusted individually or freely by mapping one or more images of the vehicle

(such as the subject or equipped vehicle) that is to be shown in the display of the vision

system. Such images or vehicle representations may be uploaded by the system

manufacturer or the vehicle manufacturer, or by the customer or active software (that may

be developed for this operation/function). For example, the mapped images may be digital

photographs of the actual equipped vehicle, or may be previously captured images or

generated images selected to correspond to the actual vehicle car line and/or body style

and/or trim options and/or color. The mapped images may comprise one or more images

captured or generated to represent the equipped vehicle from one or more view points that

may correspond with the virtual camera viewpoint in the displayed images. For example,

at the vehicle assembly plant, when the vision system is installed in the vehicle (or earlier

at the vision system manufacturing facility if the vision system is made for a particular car

line or the like), the system may be set to correspond to the actual vehicle in which it is

installed. Thus, an operator at the vehicle assembly plant may enter "Buick Enclave

Silver" or other manufacturer name/code, vehicle line/code and color/code and/or the like

(or the vision system may be automatically set according to the manifest or bar code for

the vehicle in which the system is being installed), and images or representations of a

silver Buick Enclave may be downloaded into the vision system or control for use as the

displayed vehicle images when the vision system operates to display images for viewing

by the driver of the equipped silver Buick Enclave.

[0063] Optionally, the mapping interior of the vehicle may be set by parameters or may be

uploaded by the vision system manufacturer, the OEM, the vehicle buyer (owner) or

contracted as a third party service. For this mapping, advance (bump-) mapping methods

for faking structure of the types mentioned above (Normal mapping, Occlusion mapping or

Parallax mapping) may come into use as well. The vehicle interior's structure may be

rendered by a low number of polygons with a bump map mapped onto it, instead of having

a high number of polygons. A low level variant may be to just map the interior onto the



window surfaces. This may substantially reduce the numbers of required polygons for the

inner structure. It is known to map the driver's face into the interiors scene. It is unknown

in automotive vision systems to integrate the driver's face into a bump map. The driver's

face bump map may become produced offline out of two or more images from different

viewing angles. The driver's mapping may be placed on top of a neutral body made by a

low number of polygons.

[0064] Optionally, the interior's scene may be not static but calculated in real time to render

the interiors polygons and its mapping. The input of the interior's scene including the

instrumentation may be composed (stitched) out of the images from one or more interior

cameras (and may be out door cameras looking inside in parts) which may be in front of

the passengers. The area which does not become captured by any camera may be a

static non real time image which may become partially blended (merged) into the real time

image to fill missing parts.

[0065] Optionally, the displayed images may comprise a combination of the adjustment

and/or customization of the displayed equipped vehicle image or representation and the

partial or full transparency of the displayed equipped vehicle image or representation to

further enhance the display of the equipped vehicle and environment surrounding the

equipped vehicle for viewing by the driver of the equipped vehicle, such as during a

reversing maneuver or parking maneuver or the like.

[0066] To cope with the overlays which are placed over vision systems images, especially

the own or subject vehicle's top view overlay or representation, which appear artificial due

to mismatching noise levels, it is heretofore unknown in automotive vision to raise the

noise level of the overlays artificially. Overlays which are there for highlighting important

facts to the driver, such as control buttons or inputs or the distance to a solid obstacle at

the projected rearward path of travel of the vehicle when the vehicle is backing up, may

appear as clearly as possible to become highlighted so such an overlay should not

become acknowledged or discerned as a part of the scenery. Thus, such overlays may be

superimposed in a low noise level.

[0067] However, for different overlays which are for providing an understanding of the

general scenery the driver is looking at, there is not a concern that they be seen as clearly.

Thus, it may help the driver's viewing and understanding of the displayed images to

superimpose the top view of the vehicle when providing four stitched camera images as a



top view, and, to ease the viewing, the vehicle may appear as embedded to the scenery.

Thus, the noise level should become adapted to the noise level of the images. Naturally,

the noise level of the camera images are higher than that of the overlay or overlays, so to

adapt or match the noise levels, the noise level of the overlay or overlays has to be

increased (or otherwise adapted or adjusted). In some systems, the images of the four (or

more) cameras may come with different noise levels for some or each of the cameras, and

thus the overlay may be adapted to an average noise level or to a noise level at about the

lowest or the highest noise level value of the captured images. The noise level may be set

by parameters, since the cameras and system's features do not change much over life

time, or the noise level may be determined by a suited algorithm during a run time of the

system or during an initial phase of the system.

[0068] When the noise level is selected, the noise to the overlay may be added by (i) use

of a scrim diffuser, soft focus or blur effect filter/generator, (ii) use of a salt and pepper

noise filter/generator, (iii) use of image analogies filters which may transfer image

analogies from one ore more camera images and project the analogy to the overlay or

overlays, (iv) generation of overlays with semi transparent borderlines, having increasing

transparency with diminishing distance to the borderline over the full overlay or partially, (v)

use of one or more (offline or initially calculated) stored overlay or overlays which have

already diffuse borderlines (and optionally with a look up table for different levels of noise

to become achieved), or (vi) by reducing the acutance, if present.

[0069] To optimize the appearance of the stitching / overlapping area of abutting images

within a top view display, the method "Texture Splatting" or "Texture Blending" may be

used. Hereby also called alphamap comes into use for controlling the transparency ratio

of the overlapping areas. Such alphamapping is known and, because the underlying

principle is for each texture to have its own alpha channel, large amounts of memory may

be consumed by such a process. As a solution to this potential concern, multiple alpha

maps may be combined into one texture, such as by using a red channel for one map, a

blue channel for another map, and so on. This effectively uses a single texture to supply

alpha maps for four (or more or less) real-color textures. The alpha textures can also use

a lower resolution than the color textures, and often the color textures can be tiled. This

might also find use for top view image blending.



[0070] It may be suggested that the alpha map (generally) possess a sliding gradient from

100 percent to zero (0) percent for one camera's captured image and zero percent to 100

percent for the other camera's captured image (see FIG. 12). With a four camera system,

the blending zones are typically at the four edges of the virtual top view (an upper left

corner region, an upper right corner region, a lower left corner region and a lower right

corner region, such as shown in FIG. 7) and the alpha map gradients vector may be mostly

orthogonal to the vehicle's edge, eventually slightly bent to the vehicle's center.

[0071] It may be suggested that the blending zone has a V-shape with the open side

pointing into the top view's corner. The borderlines may be comprised by the V blades

(see FIG. 8).

[0072] With reference to FIGS. 7-1 2 , reference ( 1 ) refers to a vehicle or vehicle body,

reference (2) is the blending region's borderlines equates to alpha map expansion,

reference (3) is a strong Illumination and color threshold, reference (4) is a blending region

with structures of interest, reference (5) is a neglected or ignored region, reference (6) is

an area of local alpha map gradient ("local transition"), reference (7) is a region of 100

percent intensity of camera A , reference (8) is a region of 100 percent intensity of camera

D, reference (9) is an alpha map gradient example path, reference ( 1 0) is a diagram of an

alpha map gradient intensity along an example path, reference ( 1 1) is an alpha map

gradient intensity curve along an example path, reference ( 1 2) is a static base gradient

curve over the blending area, reference ( 1 3) is an alpha_intensity of camera D, and

reference ( 14) is a ( 1 -) alpha_intensity of camera A .

[0073] It may be also or otherwise be suggested that the alphamap is not static, but

influenced by the image's structure. The blending area may be formed such as discussed

above and there may still be a static sliding gradient such as discussed above from one

borderline to the other, but this gradient may be combined with a dynamic part. The

dynamic component may orient on strong illuminance and/or color thresholds (this may be

done in a manner similar to that described in Zitnick, Lawrence, IEEE Transactions on

Pattern Analysis and Machine Intelligence , Vol. 34, No. 4 , Apr. 201 2 , which is hereby

incorporated by reference herein in its entirety, but not for finding the correct image overlap

alignment, but rather for finding the input of an alpha map filter). At these thresholds, the

alpha map gradient may be increased during the gradient over the areas without

thresholds or may be decreased.



[0074] The system of the present invention may also use a "flood fill' algorithm to deploy

(find) smooth alpha maps through areas which are borderlined by structures within the

image which are ending within the overlapping area of two cameras. A typical path found

by flood fill would look as like path 20 shown in FIG. 11B. In here the general "fill" direction

is from camera A , reference (8) to camera B, reference (9). Structures in the image depict

hereby invisible boundaries along the fill that are filling up until overtopping on the

structure's end. The older fill increments reflect darker mapping regions (more blending

percentage of camera A), and younger ones lighter regions (more blending percentage of

camera B). Illustratively speaking, the result looks like as filling in a jam like paint at one

far edge of the alpha map of camera A , reference (8). The thickness of the paint after

some time represents the percentage of the lending of camera A to B.

[0075] The source image for determining the illuminance and/or color threshold may be the

image of just one camera or may be generated by a 50% / 50% superposition of two or

both cameras, with a consecutive (Gausian) blurring, artificial diffusion or resolution

reduction for uniting areas which are originating in the same structure but are not fully

matching due to imperfect distortion correction or reconstruction (de-fisheye and view point

elevation), color and white balancing and resolution differences.

[0076] Optionally, the gradients transition of the whole area and/or the local transitions may

be set up as generally linear such as illustrated in FIGS. 13-1 6 , or logarithmic such as

illustrated in FIGS. 11 and 12 , or in any other suitable mathematically consistent manner.

[0077] Optionally, for data reduction and/or calculation effort reduction, a quantification

(inconsistent manner) may find use for a certain extend in which these measures do not

significantly worsen the subjective or objective appearance.

[0078] Optionally, and in addition to the above or as alternative solution, the alpha map

may be generated by the use of half toning /dither pattern or error diffusion pattern

algorithm or the like. Such patterns may have sliding parameters along their extension.

Optionally, an embodiment may be that the areas with the most distortion reconstruction,

typically the farthest edges of fisheye lens images, become influenced (filtered) the most.

This is different from just weighing bending such as is known and such as described in EP

publication No. EP000002081 149A1 , which is hereby incorporated herein by reference in

its entirety.



[0079] Therefore, the present invention provides a vision system for a vehicle that includes

a processor or head unit and a camera or cameras mounted at the vehicle. The processor

or head unit is operable to merge captured images to provide a surround view or virtual

view of the area at least partially at or surrounding the equipped vehicle, and may select or

adjust or customize a generated vehicle representation and/or the displayed image so that

the displayed image of a vehicle representation that is representative of the equipped

vehicle is actually similar (such as in body type or style and/or car line and/or color) to the

actual vehicle equipped with the vision system and display screen. Optionally, the

displayed vehicle representation may be adjusted to be more or less transparent to

enhance viewing of objects detected at or near the vehicle (such that, for example, the

displayed vehicle representation may be more transparent or substantially transparent

when an object is detected that may be blocked or partially blocked or hidden by the

displayed vehicle representation, such as when the virtual camera angle and/or distance is

such that the detected object is at least partially "behind" the displayed vehicle

representation and/or when a detected object is very close to the equipped vehicle or

partially at or possibly partially under the equipped vehicle), so as to enhance viewability of

the images of the detected object by the driver of the vehicle. The noise level of the

overlays may be adapted or increased to generally match the noise level in the captured

images to provide enhanced display qualities and seamless display images.

[0080] Optionally, a vehicle vision system and/or driver assist system and/or object

detection system and/or alert system of the present invention may operate to capture

images exterior of the vehicle and may process the captured image data to display images

and to detect objects at or near the vehicle and in the predicted path of the vehicle, such

as to assist a driver of the vehicle in maneuvering the vehicle in a rearward direction. The

vision system includes a processor that is operable to receive image data from one or

more cameras and may provide a displayed image that is representative of the subject

vehicle (such as for a top down or bird's-eye or surround view, such as discussed below),

with the displayed image being customized to at least partially correspond to the actual

subject vehicle, such that the displayed vehicle is at least one of the same or similar type

of vehicle as the subject vehicle and the same or similar color as the subject vehicle.



[0081] Optionally, the method or system or process of the present invention is operable to

process image data and calibrate the cameras so the images are accurately or optimally

merged together to provide the top down or surround view display, as discussed below.

[0082] Vehicle vision systems may include more than one camera or image capture

device. Often, there are cameras at the front, rear and both sides of the vehicle, mostly

integrated into the vehicle's structure, and mounted in a fixed position. Vision systems are

made for displaying the vehicle's environment, highlighting hazards, displaying helpful

information and/or enhancing the visibility to the driver of the vehicle.

[0083] It is known to merge or stitch images captured by and coming from more than one

camera or image capturing device, in order to provide a 360 degree surround view. The

cameras typically use a wide focal width, commonly referred to as a fish eye lens or optic,

for providing a wide angle field of view, typically about 180 degrees to about 220 degrees

for each camera (such as for a four camera vision system). Typically there are

overlapping regions in the fields of view of the cameras. By providing such a wide angle

field of view, the field of view of the cameras typically not only include the environment

around the vehicle, but partially includes the vehicle's body as well, such as at the lateral

regions of the captured images of each camera.

[0084] The composed wide angle or wide view image is displayed in a manner that the

images form a kind of bowl or dome. The view is as like as looking at the vision system's

own vehicle from the outside, seeing the environment that the vehicle is located in. The

vehicle is typically sitting at the bottom of the bowl or dome (such as shown, for example,

in FIG. 20). The shown vehicle within this image may be generated by rendering a more

or less naturalistic appearing vehicle more or less close to it's real shape and proportions

(and/or may be displayed utilizing aspects of the vision systems described above.

[0085] For stitching and composing the right proportions of the above mentioned captured

images from each camera to a single 360 degree view properly, it is always a task that

each camera is aligned properly or within a threshold degree of alignment. There are five

degrees of freedom a camera can be misaligned: height, width, depth, tilt and rotation.

Another one is the focal length, but this one is usually fixed during manufacture of the

camera or camera module and has a low variance. FIG. 27 shows an exemplary top view

image generated by stitching images captured by front, rear, left and right cameras. Due

to poor calibration, the right camera's misalignment becomes visible at the stitching lines



due to breaks within straight structures crossing the views' stitching borderlines. Also,

other image deformation might appear. Most are unwanted, coming from camera failures.

Some cameras include specific lenses or multi lens systems used to contort the image in a

desired manner. These lenses or optics may also include a variance of manufacturing

which may be captured in the camera's image. In such systems, the fish eye view may be

distorted into an asymmetric fish eye view or image.

[0086] It is a known method to correct camera misalignments by rotating and/or shifting the

captured camera image during the image processing. Typically, this may be done by

capturing a target, which has known dimensions during a calibration procedure (and such

as by utilizing aspects of the vision systems described in PCT Application No.

PCT/US201 2/064980, filed Nov. 14 , 201 2 (Attorney Docket MAG04 FP-1 959(PCT)), which

is hereby incorporated herein by reference in its entirety). There may also be methods to

cure or correct unwanted lens distortions during such a procedure using a target. Also,

more than one misaligned camera can be calibrated with a target or targets.

[0087] Other calibration methods are targetless. These try to eliminate the misalignment

over time by capturing a the natural environment, often during driving of the vehicle, using

optical physics, such as the vanishing point or round shape items, and/or the like.

[0088] Calibrating cameras in a vehicle repair shop or otherwise having the need of using a

target is inconvenient. It may also be error prone since it is hard for the repair shop's staff

to set up the target correctly and/or to judge whether a calibration was successful. Also,

such targets are inconvenient to handle and to store. Thus, it may be desired to provide a

targetless calibration system for (re-)calibrating vehicle vision system cameras.

[0089] Using targetless vehicle vision system camera calibration methods, which have the

need for moving the vehicle to calibrate may not be fully satisfying. It takes time and is not

always successful, depending on the environment and lighting and/or weather conditions.

Thus, the present invention provides a target less calibrating method without the need for

doing a calibration drive or at least to limit such a calibration drive.

[0090] The vehicle's own shape and proportions are known from the OEM's construction

model (CAD). Typically, this is a file of data. These or an extract of it, or data close to it

can be used for generating (rendering) a virtual vehicle model as like it would be visible in

a vision system (such as by utilizing aspects of the vehicle vision systems described

above). Such a vehicle model may also come from a scanned vehicle (surface), such as



by capturing the reflections of the vehicle in one or multiple (non vehicle) mirrors or

reflective surfaces, such as window surfaces of a building or the like, and preferably, the

vehicle may turn or move until all of the vehicle side and front and rear surfaces are

captured. Optionally, such a vehicle model may be generated by using a scanner device,

such as a laser scanner or the like.

[0091] The vehicle's model data may become overwritten entirely or in parts over a run

time, by captured image data when the camera(s) is/are not running in calibration mode,

but was/were calibrated before. The corrected vehicle model may find use in the next

calibration event and further on consecutively.

[0092] The vehicle's own shape and proportions from above become transformed into a

single camera's fisheye view, in order to be calibrated, according the camera's and/or

transformation matrix parameters. The transformation may take place in one step while

capturing the vehicle's proportion and shape in the method above. The vehicle's model

might be stored in natural view or may be stored in the transformed view. The vehicle's

model may be provided by a vehicle device, such as, for example, the vision processing or

head- or display unit, and/or a communication device that collects the according data from

a remote source, such as a supplier's or OEM's server or the like.

[0093] Additionally or alternatively, the system may transfer the single camera's wide angle

or fisheye view into one vehicle top view as seen from an virtual view point mapping the

proportion and shape onto the according positions of the vehicle's 3D model in order to

calibrate the cameras' view mapping positions, according the camera's and/or

transformation matrix parameters. FIGS. 22-26 show an example in which one camera's

alignment may be compared to the 3D vehicle reference.

[0094] The camera becomes calibrated by running an alignment algorithm of the body

shapes captured, real view against the expected view out of the vehicle's model

transformed as described above. The resulting misalignment is reflected, and thus

subtracted or compensated for when stitching all of the cameras' images and composing

the right proportions in the virtual 360 degree vision system view.

[0095] An approximation algorithm also comes into use. The approximation algorithm is a

Newton's method. The alignment is done by a minimum quest. Not the whole vehicle

body image, but filtered data of it, comes into use for the alignment algorithm. For

example, the main borderlines and/or edges of the vehicle body come into use. The



algorithm may use any suitable number of significant points to align, such as, for example,

nine or more significant points to align.

[0096] The calibration algorithm may include several stages. For example, the calibration

algorithm may find a first side-minimum initially. The camera's image for the alignment

algorithm above may become composed out of several superpositioned images, and the

superpositioned images may be taken over a specific time, and/or the superpositioned

images may be taken in infinite time (such as a running average or the like).

[0097] The main minimum may be found in a consecutive stage when using the

superposed image which was already composed at that time. The image superposition

minimum search algorithm of the second stage may run in a low priority, when processing

time is available. The calibration algorithm may have a routine to decide whether the

found minimum is the main minimum.

[0098] Optionally, it is envisioned that non-vehicle embodied cameras may be calibrated by

the calibration method of the present invention. For example, the cameras to be calibrated

may comprise after market cameras, mobile or entertainment device cameras, and the

like, OEM-cameras added to the vehicle by the owner (after vehicle manufacture or end-of-

line (EOL)).

[0099] Optionally, cameras mounted on a trailer may become incorporated into the vision

system's 360 degree view and may also be calibrated by the calibration method of the

present invention. The trailers dimensions and bending attributes become reflected. The

trailer's attributes may be uploaded by the owner, or by a communication device or the

like, or may be from the trailer manufacturer's, OEM's or vision system supplier's database

or the like. The trailer's attributes may be measured in a learning mode by the vision

system by circling or driving the vehicle around the de-coupled trailer. A top view on to the

trailer and its rear area or region may be generated by the vision system. A specific trailer

steering aid system / algorithm might come into use having rear top view and according

overlays.

[ooioo] Therefore, the present invention provides a vision system for a vehicle that includes

a processor or head unit and a camera or cameras mounted at the vehicle. The processor

or head unit may be operable to merge captured images to provide a surround view or

virtual view of the area at least partially at or surrounding the equipped vehicle. The

present invention provides a calibration system for the vehicle vision system that calibrates



the vehicle cameras without targets and/or specific calibration drives. The calibration

system utilizes real vehicle images or data (such as image data representative of where a

portion or portions of the equipped vehicle should be in the captured images for a properly

calibrated camera) and determines a variation in captured images of the portion or portions

of the equipped vehicle as compared to a database or data file of the vehicle, in order to

determine a misalignment of the camera or cameras. The comparison and determination

may be done while the vehicle is parked and/or being driven.

[ooioi] Conventional surround view / bird's-eye systems typically present for view by the

driver of the vehicle a two dimensional view of what a virtual observer may see from a

vantage point some distance above the vehicle and viewing downward, such as by utilizing

aspects of the display systems described in PCT Application No. PCT/US1 0/25545, filed

Feb. 26, 201 0 and published on Sep. 2 , 201 0 as International Publication No. WO

201 0/09941 6 , and/or PCT Application No. PCT/US1 0/47256, filed Aug. 3 1 , 201 0 and

published Mar. 10 , 201 1 as International Publication No. WO 201 1/028686, and/or PCT

Application No. PCT/US201 1/062834, filed Dec. 1, 201 1 and published Jun. 7 , 201 2 as

International Publication No. WO201 2/075250, and/or PCT Application No.

PCT/US201 2/064980, filed Nov. 14 , 201 2 (Attorney Docket MAG04 FP-1 959(PCT)),

and/or PCT Application No. PCT/US201 2/048993, filed Jul. 3 1 , 201 2 (Attorney Docket

MAG04 FP-1 886(PCT)), and/or PCT Application No. PCT/US1 1/62755, filed Dec. 1, 201 1

and published Jun. 7 , 201 2 as International Publication No. WO 201 2-075250, and/or PCT

Application No. PCT/CA201 2/000378, filed Apr. 25, 201 2 (Attorney Docket MAG04 FP-

18 19(PCT)), and/or U.S. Pat. No. 7,1 6 1 ,61 6 , and/or U.S. patent application Ser. No.

13/333,337, filed Dec. 2 1 , 201 1 (Attorney Docket DON01 P-1 797), which are hereby

incorporated herein by reference in their entireties. In this regard, the region that the

vehicle occupies is also shown two dimensionally, typically as a schematic representation

in two dimensions as a footprint of a vehicle representation.

[00102] In accordance with the present invention, the central or footprint region of the

displayed image that the vehicle occupies and around which the real time video images

are displayed, is shown by a three dimensional representation or rendering of the subject

vehicle (with the three dimensional representation having an upper or top surface and one

or more side surfaces of the vehicle represented in the displayed image). Thus, to take an

example for illustration, an owner of a MY 201 2 black colored BMW 3-series vehicle would



see on the video screen, the actual subject vehicle type (where the vehicle representation

generated by the system would look like a three dimensional model of, for example, a MY

201 2 black colored BMW 3-series vehicle or the like). Optionally, the system may

generate and the viewer may see an avatar or virtual image that, preferably, closely

resembles the subject vehicle.

[00103] In accordance with the present invention, the driver or occupant of the subject

vehicle may effectively maneuver or pan the viewing aspect or angle or virtual vantage

point to any desired side view or viewing angle of a representation of the subject vehicle in

full three dimensions (showing the top and front, rear and/or sides of the vehicle

representation depending on the virtual viewing location or vantage point). When looking,

for example, from a bird's-eye view and at an angle, a portion of the representation of the

subject vehicle (for example, the forward left region of the vehicle representation when

viewed from a virtual vantage point rearward and towards the right side of the vehicle

relative to a central point above the vehicle) may shadow or obscure an object (such as a

child or other object of interest) standing or present on the road and close to that particular

part of the vehicle. Thus, when viewing displayed images representative of that particular

viewing angle, the solid presence of that particular portion of the vehicle representation

would hide or obscure the presence of that object or child.

[00104] However, in accordance with the present invention, that particular region of the

vehicle representation at which the child or object is present but not viewable by the driver

can be rendered transparent or can be removed or partially or substantially removed or

hidden, so that the object or child so present that is being imaged by a camera of the

vehicle, and that is otherwise shadowed / obscured by the solid portion of the vehicle

representation due to the particular viewing angle of the virtual camera, is viewable by the

driver or occupant of the vehicle that is viewing the display screen. Preferably, the portion

of the vehicle representation at or adjacent the detected object or child or critical to

allowing the driver to view the presence of the object or child is all that is rendered

transparent or removed, while the rest of the vehicle representation is solid or "normal", so

as to enable the driver to appropriately appreciate and gauge the relationship of the overall

vehicle to the rest of the exterior scene that is being imaged by the multi-camera system.

[00105] The renderence of local transparency / vehicle body removal of the vehicle

representation may be via user selection, where the driver may, using a cursor or other



input device, select a particular portion of the displayed vehicle representation to be

rendered transparent based on the driver's particular concern to ensure that there is

nothing being shadowed or obscured by that portion of the vehicle representation itself.

Alternatively and preferably, machine vision object detection techniques (such as by

utilizing an EyeQ image processor or the like and/or external radar sensors or the like,

such as by utilizing aspects of the vision systems described in U.S. Pat. Nos. 7,937,667;

8,01 3,780; 7,91 4,1 87; 7,038,577 and/or 7,720,580, which are hereby incorporated herein

by reference in their entireties) may automatically detect the presence or possible

presence of an object or person or hazardous condition and may automatically render the

appropriate portion of the vehicle representation transparent, with the portion that is

rendered transparent being determined based on the location of the detected object

relative to the vehicle and based on the location of the virtual viewpoint or vantage point of

the virtual camera.

[00106] The camera or sensor may comprise any suitable camera or sensor. Optionally, the

camera may comprise a "smart camera" that includes the imaging sensor array and

associated circuitry and image processing circuitry and electrical connectors and the like

as part of a camera module, such as by utilizing aspects of the vision systems described in

PCT Application No. PCT/US201 2/066571 , filed Nov. 27, 201 2 (Attorney Docket MAG04

FP-1 961 (PCT)), and/or PCT Application No. PCT/US201 2/066570, filed Nov. 27, 201 2

(Attorney Docket MAG04 FP-1 960(PCT)), which are hereby incorporated herein by

reference in their entireties.

[00107] The vehicle may include any type of sensor or sensors, such as imaging sensors or

radar sensors or lidar sensors or ultrasonic sensors or the like. The imaging sensor or

camera may capture image data for image processing and may comprise any suitable

camera or sensing device, such as, for example, an array of a plurality of photosensor

elements arranged in at least 640 columns and at least 480 rows (at least a 640 x 480

imaging array), with a respective lens focusing images onto respective portions of the

array. The photosensor array may comprise a plurality of photosensor elements arranged

in a photosensor array having rows and columns. The logic and control circuit of the

imaging sensor may function in any known manner, such as in the manner described in

U.S. Pat. Nos. 5,550,677; 5,877,897; 6,498,620; 5,670,935; 5,796,094; and/or 6,396,397,

and/or U.S. provisional applications, Ser. No. 61/727,91 2 , filed Nov. 19 , 201 2 ; Ser. No.



61/71 8,382, filed Oct. 25, 201 2 ; Ser. No. 61/699,498, filed Sep. 11, 201 2 ; Ser. No.

61/696,41 6 , filed Sep. 4 , 201 2 ; Ser. No. 61/682,995, filed Aug. 14, 201 2 ; Ser. No.

61/682,486, filed Aug. 13 , 201 2 ; Ser. No. 61/680,883, filed Aug. 8 , 201 2 ; Ser. No.

61/678,375, filed Aug. 1, 201 2 ; Ser. No. 61/676,405, filed Jul. 27, 201 2 ; Ser. No.

61/666,1 46, filed Jun. 29, 201 2 ; Ser. No. 61/653,665, filed May 3 1 , 201 2 ; Ser. No.

61/653,664, filed May 3 1 , 201 2 ; Ser. No. 61/648,744, filed May 18 , 201 2 ; Ser. No.

61/624,507, filed Apr. 16 , 201 2 ; Ser. No. 61/61 6,1 26, filed Mar. 27, 201 2 ; Ser. No.

61/61 3,651 , filed Mar. 2 1 , 201 2 ; Ser. No. 61/607,229, filed Mar. 6 , 201 2 ; Ser. No.

61/605,409, filed Mar. 1, 201 2 ; Ser. No. 61/602,878, filed Feb. 24, 201 2 ; Ser. No.

61/602,876, filed Feb. 24, 201 2 ; Ser. No. 61/600,205, filed Feb. 17 , 201 2 ; Ser. No.

61/588,833, filed Jan. 20, 201 2 ; Ser. No. 61/583,381 , filed Jan. 5 , 201 2 , and/or PCT

Application No. PCT/US201 2/066571 , filed Nov. 27, 201 2 (Attorney Docket MAG04 FP-

1961 (PCT)), and/or PCT Application No. PCT/US201 2/066570, filed Nov. 27, 201 2

(Attorney Docket MAG04 FP-1 960(PCT)), and/or PCT Application No.

PCT/US201 2/064980, filed Nov. 14 , 201 2 (Attorney Docket MAG04 FP-1 959(PCT)),

and/or PCT Application No. PCT/US201 2/062906, filed Nov. 1, 201 2 (Attorney Docket

MAG04 FP-1 953(PCT)), and/or PCT Application No. PCT/US201 2/063520, filed Nov. 5 ,

201 2 (Attorney Docket MAG04 FP-1 954(PCT)), and/or PCT Application No.

PCT/US201 2/057007, filed Sep. 25, 201 2 (Attorney Docket MAG04 FP-1 942(PCT)),

and/or PCT Application No. PCT/CA20 12/000378, filed Apr. 25, 201 2 (Attorney Docket

MAG04 FP-1 8 19(PCT)), and/or PCT Application No. PCT/US201 2/05601 4 , filed Sep. 19 ,

201 2 (Attorney Docket MAG04 FP-1 937(PCT)), and/or PCT Application No.

PCT/US201 2/048800, filed Jul. 30, 201 2 (Attorney Docket MAG04 FP-1 908(PCT)), and/or

PCT Application No. PCT/US201 2/0481 10 , filed Jul. 25, 201 2 (Attorney Docket MAG04

FP-1 907(PCT)), and/or U.S. patent applications, Ser. No. 13/660,306, filed Oct. 25, 201 2

(Attorney Docket MAG04 P-1 950), and/or Ser. No. 13/534,657, filed Jun. 27, 201 2

(Attorney Docket MAG04 P-1 892), which are all hereby incorporated herein by reference in

their entireties. The system may communicate with other communication systems via any

suitable means, such as by utilizing aspects of the systems described in PCT Application

No. PCT/US1 0/038477, filed Jun. 14 , 201 0 , and/or U.S. patent application Ser. No.

13/202,005, filed Aug. 17 , 201 1 (Attorney Docket MAG04 P-1 595), and/or U.S. provisional



applications, Ser. No. 61/650,667, filed May 23, 201 2 , which are hereby incorporated

herein by reference in their entireties.

The imaging device and control and image processor and any associated

illumination source, if applicable, may comprise any suitable components, and may utilize

aspects of the cameras and vision systems described in U.S. Pat. Nos. 5,550,677;

5,877,897; 6,498,620; 5,670,935; 5,796,094; 6,396,397; 6,806,452; 6,690,268; 7,005,974;

7,937,667; 7,1 23,1 68; 7,004,606; 6,946,978; 7,038,577; 6,353,392; 6,320,1 76; 6,31 3,454;

and 6,824,281 , and/or International Publication No. WO 201 0/09941 6 , published Sep. 2 ,

201 0 , and/or PCT Application No. PCT/US1 0/47256, filed Aug. 3 1 , 201 0 and published

Mar. 10 , 201 1 as International Publication No. WO 201 1/028686, and/or U.S. patent

application Ser. No. 12/508,840, filed Jul. 24, 2009, and published Jan. 28, 201 0 as U.S.

Pat. Publication No. US 201 0-00201 70; and/or PCT Application No. PCT/US201 2/0481 10 ,

filed Jul. 25, 201 2 (Attorney Docket MAG04 FP-1 907(PCT)), and/or U.S. patent application

Ser. No. 13/534,657, filed Jun. 27, 201 2 (Attorney Docket MAG04 P-1 892), which are all

hereby incorporated herein by reference in their entireties. The camera or cameras may

comprise any suitable cameras or imaging sensors or camera modules, and may utilize

aspects of the cameras or sensors described in U.S. patent applications, Ser. No.

12/091 ,359, filed Apr. 24, 2008 and published Oct. 1, 2009 as U.S. Publication No. US-

2009-0244361 ; and/or Ser. No. 13/260,400, filed Sep. 26, 201 1 (Attorney Docket MAG04

P-1 757), and/or U.S. Pat. Nos. 7,965,336 and/or 7,480,1 49, which are hereby incorporated

herein by reference in their entireties. The imaging array sensor may comprise any

suitable sensor, and may utilize various imaging sensors or imaging array sensors or

cameras or the like, such as a CMOS imaging array sensor, a CCD sensor or other

sensors or the like, such as the types described in U.S. Pat. Nos. 5,550,677; 5,670,935;

5,760,962; 5,71 5,093; 5,877,897; 6,922,292; 6,757,1 09; 6,71 7,61 0 ; 6,590,71 9 ; 6,201 ,642;

6,498,620; 5,796,094; 6,097,023; 6,320,1 76; 6,559,435; 6,831 ,261 ; 6,806,452; 6,396,397;

6,822,563; 6,946,978; 7,339,149; 7,038,577; 7,004,606; 7,720,580; and/or 7,965,336,

and/or PCT Application No. PCT/US2008/076022, filed Sep. 11, 2008 and published Mar.

19 , 2009 as International Publication No. WO/2009/0361 76, and/or PCT Application No.

PCT/US2008/078700, filed Oct. 3 , 2008 and published Apr. 9 , 2009 as International

Publication No. WO/2009/046268, which are all hereby incorporated herein by reference in

their entireties.



[00109] The camera module and circuit chip or board and imaging sensor may be

implemented and operated in connection with various vehicular vision-based systems,

and/or may be operable utilizing the principles of such other vehicular systems, such as a

vehicle headlamp control system, such as the type disclosed in U.S. Pat. Nos. 5,796,094;

6,097,023; 6,320,1 76; 6,559,435; 6,831 ,261 ; 7,004,606; 7,339,1 49; and/or 7,526,1 03,

which are all hereby incorporated herein by reference in their entireties, a rain sensor,

such as the types disclosed in commonly assigned U.S. Pat. Nos. 6,353,392; 6,31 3,454;

6,320,1 76; and/or 7,480,1 49, which are hereby incorporated herein by reference in their

entireties, a vehicle vision system, such as a forwardly, sidewardly or rearwardly directed

vehicle vision system utilizing principles disclosed in U.S. Pat. Nos. 5,550,677; 5,670,935;

5,760,962; 5,877,897; 5,949,331 ; 6,222,447; 6,302,545; 6,396,397; 6,498,620; 6,523,964;

6,61 1,202; 6,201 ,642; 6,690,268; 6,71 7,61 0 ; 6,757,1 09; 6,802,61 7 ; 6,806,452; 6,822,563;

6,891 ,563; 6,946,978; and/or 7,859,565, which are all hereby incorporated herein by

reference in their entireties, a trailer hitching aid or tow check system, such as the type

disclosed in U.S. Pat. No. 7,005,974, which is hereby incorporated herein by reference in

its entirety, a reverse or sideward imaging system, such as for a lane change assistance

system or lane departure warning system or for a blind spot or object detection system,

such as imaging or detection systems of the types disclosed in U.S. Pat. Nos. 7,881 ,496;

7,720,580; 7,038,577; 5,929,786 and/or 5,786,772, and/or U.S. provisional applications,

Ser. No. 60/628,709, filed Nov. 17 , 2004; Ser. No. 60/61 4,644, filed Sep. 30, 2004; Ser.

No. 60/61 8,686, filed Oct. 14 , 2004; Ser. No. 60/638,687, filed Dec. 23, 2004, which are

hereby incorporated herein by reference in their entireties, a video device for internal cabin

surveillance and/or video telephone function, such as disclosed in U.S. Pat. Nos.

5,760,962; 5,877,897; 6,690,268; and/or 7,370,983, and/or U.S. patent application Ser.

No. 10/538,724, filed Jun. 13 , 2005 and published Mar. 9 , 2006 as U.S. Publication No.

US-2006-005001 8 , which are hereby incorporated herein by reference in their entireties, a

traffic sign recognition system, a system for determining a distance to a leading or trailing

vehicle or object, such as a system utilizing the principles disclosed in U.S. Pat. Nos.

6,396,397 and/or 7,1 23,1 68, which are hereby incorporated herein by reference in their

entireties, and/or the like.

[OOiiO] Optionally, the circuit board or chip may include circuitry for the imaging array sensor

and or other electronic accessories or features, such as by utilizing compass-on-a-chip or EC



driver-on-a-chip technology and aspects such as described in U.S. Pat. No. 7,255,451 and/or

U.S. Pat. No. 7,480,1 49; and/or U.S. patent applications, Ser. No. 11/226,628, filed Sep. 14 ,

2005 and published Mar. 23, 2006 as U.S. Publication No. US-2006-0061 008, and/or Ser.

No. 12/578,732, filed Oct. 14 , 2009 (Attorney Docket DON01 P-1 564), which are hereby

incorporated herein by reference in their entireties

[ooiii] Optionally, the vision system may include a display for displaying images captured

by one or more of the imaging sensors for viewing by the driver of the vehicle while the

driver is normally operating the vehicle. Optionally, for example, the vision system may

include a video display device disposed at or in the interior rearview mirror assembly of the

vehicle, such as by utilizing aspects of the video mirror display systems described in U.S.

Pat. No. 6,690,268 and/or U.S. patent application Ser. No. 13/333,337, filed Dec. 2 1 , 201 1

(Attorney Docket DON01 P-1 797), which are hereby incorporated herein by reference in

their entireties. The video mirror display may comprise any suitable devices and systems

and optionally may utilize aspects of the compass display systems described in U.S. Pat.

Nos. 7,370,983; 7,329,01 3 ; 7,308,341 ; 7,289,037; 7,249,860; 7,004,593; 4,546,551 ;

5,699,044; 4,953,305; 5,576,687; 5,632,092; 5,677,851 ; 5,708,41 0 ; 5,737,226; 5,802,727;

5,878,370; 6,087,953; 6,1 73,508; 6,222,460; 6,51 3,252; and/or 6,642,851 , and/or

European patent application, published Oct. 11, 2000 under Publication No. EP 0

1043566, and/or U.S. patent application Ser. No. 11/226,628, filed Sep. 14 , 2005 and

published Mar. 23, 2006 as U.S. Publication No. US-2006-0061 008, which are all hereby

incorporated herein by reference in their entireties. Optionally, the video mirror display

screen or device may be operable to display images captured by a rearward viewing

camera of the vehicle during a reversing maneuver of the vehicle (such as responsive to

the vehicle gear actuator being placed in a reverse gear position or the like) to assist the

driver in backing up the vehicle, and optionally may be operable to display the compass

heading or directional heading character or icon when the vehicle is not undertaking a

reversing maneuver, such as when the vehicle is being driven in a forward direction along

a road (such as by utilizing aspects of the display system described in PCT Application No.

PCT/US201 1/056295, filed Oct. 14 , 201 1 and published Apr. 19 , 201 2 as International

Publication No. WO 201 2/051 500, which is hereby incorporated herein by reference in its

entirety).



[00112] Optionally, the vision system (utilizing the forward facing camera and a rearward

facing camera and/or other cameras disposed at the vehicle with exterior fields of view)

may be part of or may provide a display of a top-down view or birds-eye view system of the

vehicle or a surround view at the vehicle, such as by utilizing aspects of the vision systems

described in PCT Application No. PCT/US1 0/25545, filed Feb. 26, 201 0 and published on

Sep. 2 , 201 0 as International Publication No. WO 201 0/09941 6 , and/or PCT Application

No. PCT/US1 0/47256, filed Aug. 3 1 , 201 0 and published Mar. 10 , 201 1 as International

Publication No. WO 201 1/028686, and/or PCT Application No. PCT/US201 1/062834, filed

Dec. 1, 201 1 and published Jun. 7 , 201 2 as International Publication No. WO201 2/075250,

and/or PCT Application No. PCT/US201 2/064980, filed Nov. 14 , 201 2 (Attorney Docket

MAG04 FP-1 959(PCT)), and/or PCT Application No. PCT/US201 2/048993, filed Jul. 3 1 ,

201 2 (Attorney Docket MAG04 FP-1 886(PCT)), and/or PCT Application No.

PCT/US1 1/62755, filed Dec. 1, 201 1 and published Jun. 7 , 201 2 as International

Publication No. WO 201 2-075250, and/or PCT Application No. PCT/CA201 2/000378, filed

Apr. 25, 201 2 (Attorney Docket MAG04 FP-1 8 19(PCT)), and/or U.S. patent application

Ser. No. 13/333,337, filed Dec. 2 1 , 201 1 (Attorney Docket DON01 P-1 797), and/or U.S.

provisional application Ser. No. 61/588,833, filed Jan. 20, 201 2 , which are hereby

incorporated herein by reference in their entireties.

[00113] Optionally, the video mirror display may be disposed rearward of and behind the

reflective element assembly and may comprise a display such as the types disclosed in

U.S. Pat. Nos. 5,530,240; 6,329,925; 7,855,755; 7,626,749; 7,581 ,859; 7,446,650;

7,370,983; 7,338,1 77; 7,274,501 ; 7,255,451 ; 7,1 95,381 ; 7,1 84,1 90; 5,668,663; 5,724,1 87

and/or 6,690,268, and/or in U.S. patent applications, Ser. No. 11/226,628, filed Sep. 14 ,

2005 and published Mar. 23, 2006 as U.S. Publication No. US-2006-0061 008; and/or Ser.

No. 10/538,724, filed Jun. 13 , 2005 and published Mar. 9 , 2006 as U.S. Publication No.

US-2006-005001 8 , which are all hereby incorporated herein by reference in their

entireties. The display is viewable through the reflective element when the display is

activated to display information. The display element may be any type of display element,

such as a vacuum fluorescent (VF) display element, a light emitting diode (LED) display

element, such as an organic light emitting diode (OLED) or an inorganic light emitting

diode, an electroluminescent (EL) display element, a liquid crystal display (LCD) element,

a video screen display element or backlit thin film transistor (TFT) display element or the



like, and may be operable to display various information (as discrete characters, icons or

the like, or in a multi-pixel manner) to the driver of the vehicle, such as passenger side

inflatable restraint (PSIR) information, tire pressure status, and/or the like. The mirror

assembly and/or display may utilize aspects described in U.S. Pat. Nos. 7,1 84,1 90;

7,255,451 ; 7,446,924 and/or 7,338,1 77, which are all hereby incorporated herein by

reference in their entireties. The thicknesses and materials of the coatings on the

substrates of the reflective element may be selected to provide a desired color or tint to the

mirror reflective element, such as a blue colored reflector, such as is known in the art and

such as described in U.S. Pat. Nos. 5,91 0,854; 6,420,036; and/or 7,274,501 , which are

hereby incorporated herein by reference in their entireties.

[00114] Optionally, the display or displays and any associated user inputs may be

associated with various accessories or systems, such as, for example, a tire pressure

monitoring system or a passenger air bag status or a garage door opening system or a

telematics system or any other accessory or system of the mirror assembly or of the

vehicle or of an accessory module or console of the vehicle, such as an accessory module

or console of the types described in U.S. Pat. Nos. 7,289,037; 6,877,888; 6,824,281 ;

6,690,268; 6,672,744; 6,386,742; and 6,1 24,886, and/or U.S. patent application Ser. No.

10/538,724, filed Jun. 13 , 2005 and published Mar. 9 , 2006 as U.S. Publication No. US-

2006-005001 8 , which are hereby incorporated herein by reference in their entireties.

toons] Changes and modifications to the specifically described embodiments may be

carried out without departing from the principles of the present invention, which is intended

to be limited only by the scope of the appended claims as interpreted according to the

principles of patent law.



CLAIMS:

1. A vision system for a vehicle, said vision system comprising:

a plurality of cameras disposed at a vehicle equipped with said vision system,

wherein said plurality of cameras have respective fields of view exterior of the equipped

vehicle;

a processor operable to process image data captured by said cameras, wherein

said processor processes captured image data to generate images of the environment

surrounding the equipped vehicle, and wherein said processor is operable to generate a

three dimensional vehicle representation of the equipped vehicle;

a display screen operable to display the generated images of the environment

surrounding the equipped vehicle and to display the three dimensional vehicle

representation of the equipped vehicle as would be viewed from a virtual camera viewpoint

exterior to and higher than the equipped vehicle itself; and

wherein at least one of (a) a degree of transparency of at least a portion of the

displayed vehicle representation is adjustable, (b) the vehicle representation comprises a

vector model and (c) the vehicle representation comprises at least one of (i) a shape

corresponding to that of the actual equipped vehicle, (ii) a body type corresponding to that

of the actual equipped vehicle, (iii) a body style corresponding to that of the actual

equipped vehicle and (iv) a color corresponding to that of the actual equipped vehicle.

2 . The vision system of claim 1, wherein the vehicle representation of the equipped

vehicle comprises at least one of (i) a shape corresponding to that of the actual equipped

vehicle, (ii) a body type corresponding to that of the actual equipped vehicle, (iii) a body

style corresponding to that of the actual equipped vehicle and (iv) a color corresponding to

that of the actual equipped vehicle.

3 . The vision system of claim 2 , wherein, responsive to processing of image data

captured by at least one of said cameras, said vision system is operable to determine at

least one of (i) a shape of the actual equipped vehicle, (ii) a body type of the actual

equipped vehicle, (iii) a body style of the actual equipped vehicle and (iv) a color of the

actual equipped vehicle.



4 . The vision system of claim 2 , wherein, responsive to a selection input, said vision

system is operable to determine at least one of (i) a shape of the actual equipped vehicle,

(ii) a body type of the actual equipped vehicle, (iii) a body style of the actual equipped

vehicle and (iv) a color of the actual equipped vehicle.

5 . The vision system of claim 1, wherein said vision system is operable to select or

adjust or customize the vehicle representation of the equipped vehicle by adjusting a

degree of transparency of the vehicle representation.

6 . The vision system of claim 5 , wherein the degree of transparency of the vehicle

representation is adjusted responsive to at least one of (i) a distance from the equipped

vehicle to the viewpoint of the virtual camera and (ii) an aberration angle of the equipped

vehicle from the viewing direction of the virtual camera.

7 . The vision system of claim 1, wherein the vehicle representation comprises an

overlay that is applied to the displayed images, and wherein a noise level of said overlay is

adapted to generally match a noise level in said image data captured by said cameras.

8 . The vision system of claim 1, wherein the vehicle representation comprises an

overlay that is applied to the displayed images, and wherein a blurring level of said overlay

is adapted to the speed of the overlay relative to the displayed images.

9 . The vision system of claim 1, wherein the displayed images are enhanced by an

artificial blooming effect around light sources meant to appear bright.

10 . The vision system of claim 1, wherein the displayed images are enhanced by

having artificial lens flare overlays reliant to light sources meant to appear bright.

11. The vision system of claim 1, wherein stitching borderlines between images

captured by two of said cameras is adjusted dynamically according to structure appearing

in images captured by said two of said cameras.



12 . The vision system of claim 1, wherein the field of view of at least some of said

cameras encompasses a portion of the equipped vehicle, and wherein said processor

comprises a camera calibration algorithm that is operable to compare captured image data

of a portion of the equipped vehicle with stored or received data that is representative of

where the portion of the equipped vehicle should be in the captured image data for a

calibrated vision system, and wherein said vision system adjusts said image processing

and/or said camera so that said captured image data of the portion of the equipped vehicle

is within a threshold level of where the portion of the equipped vehicle is in the stored or

received data.

13 . The vision system of claim 12 , wherein said captured image data of the portion of

the equipped vehicle as captured by at least one of said cameras is transferred into a three

dimensional vehicle representation as seen from a virtual viewpoint.

14 . The vision system of claim 12 , wherein said captured image data of the portion of

the equipped vehicle is generated by transferring a view onto a three dimensional vehicle

representation into a two dimensional image as seen from a camera's viewpoint.

15 . The vision system of claim 12 , wherein the stored or received data is captured via

capturing image data that encompasses the portion of the equipped vehicle when said

camera is calibrated within the threshold level.
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