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MIRROR ASSEMBLY FOR A VERICLE HAVING A CAMERA SYSTEM

FIELD OF THE INVENTION

{00013 The invention relates generally t© a mirror assembly for an
automotive vehicle.

BACKGROUND OF THE INVENTION

{6002} Side-view mirrors, which grant a driver of a motor vehicle a
view toward the exterior sides of the vehicle, are ubiguitous in motor vehicles. In
the fulure, itis inlended for the customary side-view mirrors to be substituted by or
supplemented with camera monitor systems. In this way, a view toward the sides
and vehicle surroundings is granted in thal images recorded by cameras are
displayed on monilors to a driver of a motor vehicle.

{0003] Side-view mirrors are amanged on a housing typically
mounted to the vehicle at or near the A-pillars. The mirror housings are commonly
moveable between exiended and folded positions. The folded positions can be
used to protect the mirrors in various situations, such as car washes. The folded
positions can also be used o reduce the exterior width of the vehicle, e.g. for
parking in tight spaces.

{00047 For an arrangement of cameras of camera-based mirror
substitute/supplemental systems  on vehicles, in particklar as &
substitute/supplement for exterior mirrors or side mirrors, cameras may be
mounted {0 the side of the vehicle on the mirror housing itself. However, the figld

of view of the camera will change wheneaver the mirror housing is folded.
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{0008] The background description provided herein is for the purpose
of generally presenting the context of the disclosure. Work of the presently named
inventors, o the exient it is described in this background seclion, as well as
aspects of the description that may not otherwise gualify as prior art at the time of
filing, are neither expressly nor impliedly admifted as prior art against the present
disclosure.

SUMMARY OF THE INVENTION

{0008} According to one aspeact of the invention, a mirror assembly
for a vehicle having a camera system comprises a mimor housing, a mirror
mounting mechanism for securing the mirror housing o the vehicle, wherein the
mirror housing is moveable between a first position and a second position relative
o the mirror mounting mechanism, a camera rotatably mounted to the mirror
mounting mechanism, and at least one camera adjustment mechanism o rotate
the camera relative to the mirror mounting mechanism.

{0007} According to one aspect of the invention, a method of
calibrating a camera field of view apart of a mirror assembly for a vehicle having a
camera system comprises showing an image of a field of view of a camera on a
display, rotating the camera field of view with al least one camera adjusiment
mechanism {o rotate an orientation of the field of view, and adjusting an orientation
of the image on the display with a camera calibration sysiem.

{0008] Cther aspects and advantages will become apparent upon
consideration of the following detailed description and the attached drawings

wherein like numerals designate like structures throughout the specification.
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BRIEF DESCRIPTION OF THE DRAWINGS

{00091 The present invention wili become more fully understood from
the delailed description and the accompanying drawings, wherein:

{00101 Figure 1 is a schematic view of an exemplary embodiment of
a mirror assembly for a vehicle having a camera system,

00113 Figure 2 is a schematic view of an exemplary system
architecture of a mirror assembly for vehicle having a camera sysiem of the
present invention;

{00123 Figure 3 is a schematic of a mirror assembly for a vehicle
having a camera system with an exterior camera and a mirror in a first position for
the camera system;

0013] Figure 4 is a schematic of a mirror assembly for a vehicle
having a camera system with an exterior camera and a mirror in a second position
for the camera system;

{0014] Figure 5 is a schematic of a mirror assembly for a vehicle
having a camera system with the exderior camera and a mirmor in the second
position lllustrating adjustment of the camera; and

[0015] Figure 6 is a first embodiment of a method for calibrating the
camera of the camera system.

o016} Like reference symbols in the various drawings indicate like

elaments.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

{00177 The foliowing description of the preferred embodiment(s) is
merely exemplary in nalure and is in no way intended to imit the invention, ils
application, or uses.

{06018} Referring to FIGS. 1-2, a vehicle 100 has camera system 110
The camera systemn 110 is configured with a sensor system 120, which includes
camera{s) 122, 122a-122d and a radar/lidar system 124, In particular, at least side
facing cameras 122a, 122b are able {0 view the environment proximate {o the
vehicle 100.

{00191 The camera(s) 122, 122a-122d may be single lens, dual lens,
fish eye, etc. Further, images from multiple cameras 1223-122d may be stiiched
together and analyzed o detect objects and the environment that are in view of
multiple cameras at once or are moving from view of one camera 1o ancther.

{00207 in one embodiment, the camera system 110 is also configured
with a body control system 130, The body control system 130 includes at least
one selectro-mechanical actuator, such as mirror actuator(s) 142, 142a-142b
associated with the side miror assemblies 140, 140a-140b of the vehicle 100. The
camera system 110 also includes a controller 150 configured with both the sensor
system 120 and the body control system 130, In one alternale embodiment the
controlier 150 may be a body control module 132 that is part of the body control
system 130, In another alternate embodiment the camera calibration system 200

may be part of the body control system 130 and the corresponding body control
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module 132, Further, in ancther embodiment the mirror actuator(s) 142, 142a-
1420 may be mechanical device(s) thatl are actuated by a human.

00211 The sensor system 120, in particular the camera(s) 122, 122a-
122d sense the environment around the vehicle 100. An image analysis system
300 includes an image orientation detection algorithm 310 which performs image
analysis of the images recorded by the camera(s) 122, 122a-122d to detect if the
image recorded by the camera is at g comrect vertical orientation relative to the
ground. In one embodiment, the image orientation detection algorithm 310 may
also detect if the correct horizontal orientation relalive to the vehicle body is
present. The image orientation detection algorithm 310 may further provide an
image adjustment recommendation 210 to the camera calibration system 200.

{00223 However, the image adjustment is limiled in how much
compensation of the image orientation may be provided digitally. In some
instances the image adjustment recommendation 210 may also be manually
compensated as explained with reference to FIGS. 3-5.

{00231 The image analysis system 300 may also include an image
ohject analysis algorithm 320 for detecting objects in the image, for example. An
image stifching algonthm 330 may also be included in the image analysis sysiem
300 to stitch images from muiltiple cameras 122, 122a-d together for viewing on
the display 136 by a vehicle operafor. The display 136 may be a component of a
user human machine interface 131.

{0024} FIGS. 3-5 illustrate a mirror assembly 140, 140a  Mirror

assembly 1400 operates in the same manner as shown and described here but is
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mounted to a different location on the vehicle 100. The mirror assembly 140,140a
has a mirror actuator 142a which can actuate a mirror housing 144 between a first
position 1453 and second position 145b.  The mirror housing 144 is rotalably
mounted to the vehicle with a mirror mounting element 1468, The camera 122,
122a is mounied to the mirror mounting element 146 such that it does not rotate
when the mirror housing 144 is rotated. FIG. 3 illustrates the mirror housing 144
in the first, folded, position 148a. FIG. 4 fllustrates the mirror housing 144 in the
second, extended, position 145b. Camera adjustment mechanisms 148 aliow
adjustment of the camera orientation to ensure proper vertical and horizontal
orientation of the camera.

[0025] The camera 122, 122a is secured to the mirror mounting
element 146 such that the camera field of view does not rotate/move whether the
mirror housing 144 is in the first position 145a or the second position 145h.

{0026} in  the embodiment shown the camera adjustment
mechanisms 148 comprise arched slots 147a, 147b defined by the mirror mounting
glement 146 and fasteners 148a, 148h which exiend through the slot and are
secured o a camera mounting element 126 mainly locaied within the mirror
mounting element 146. The camera 122, 1243 is fixably secured o the camera
mounting element 128. However, the camera mounting element 126 is rotatable
relative 1o the mirror mounting element 146 allowing adjustment as illustrate by the
arrows shown in FIG. &,

00271 Alternatively, the camera mounting slement 126 may be

fixably secured {o the mirror mounting element 148 and the camera 122, 122a may

6
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be rotated within the camera mounting element 126 via adjustment mechanisms
148.

{0028} in a further embodiment, an image recorded by the camera(s}
122, 122a-122b may be shown on a display 136 to facilitate adjusiment of the
camera field of view. The display 136 may alsc be part of an external device
configured with the camera(s) 122, 122a-122b such that the image can be seen
by a person exiernal {o the vehicle 100. Therefore, the camera field of view can
be seen as the adjustment mechanism is rotating the camera(s) 122, 122a-122b.
if required, further image adjustment may be carried out by the camers calibration
system 200 via the image adjustment algorithm 210 during vehicle operation.

{00291 Afurther embodiment of a mirror assembly 140 proposed here
comprises more than one camera or device secured o each mirror assembly 140,
140a-140b. Firstly, this results in for each single field of view, additional
information, for example depth information, aboul the image content may be
obtained. Secondly, it is possible in this case to combine cameras with different
image-capturing properties; for exampile a camera with telephoto properties and a
camera with wide-angle properties.

0030} iy & further embodiment of the mirror assembly 140 proposed
here, the at leas! two cameras cover al least two different fieids of view. Firstly,
this has the result that different viewing angles can be covered with cameras from
a single mirror assembly 140, Secondly, it is possible in this case to combine
cameras with different image-capiuring properties; for example a camera with

telephoto properties for a narrow image area, which reaches into the distance,
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possibly {0 the horizon, and a camera with wide-angle properties for a wide image
area.

00313 A further embodiment of mirror assembiy 140 proposed here
additionally comprises at least one sensor. The at least one sensor used can for
example to make additional funclionality of the mirror assembly 140 possible, for
example by virtue of a distance sensor. For example, at least one uitrasonic
sensor may be arranged in the mirror assembly 140, 14Ca and the mirror housing
144 may be moved 1o the first position 145a by the control unit 132 if an obstacle
which may coliide with the mirror housing 144 is detected.

00323 in a further embodiment the second camerafdevice
comprises the additional devices, such as radio antenna, position light, healing
glements, etc.

{0033] Referring o FIG. 6, a field of view of a camera of a mirror
assembly for a vehicle may be calibrated using an image from the camera. Flow
chart 600 displays the steps underiaken by the calibration process. At step 610,
an image of a field of view of a camera is shown on a display. Next at step 6820,
the camera field of view is rotated with at least one camera adjustment mechanism
o rotate an orientation of the field of view. At step 830, an orientation of the image
on the display is adjusted with a camera calibration system.

[0034] While this specification confaing many specifics, these should
not be construed as imitations on the scope of the disclosure or of what may be
claimed, but rather as descriptions of fealures specific o parlicular

implementations of the disclosure. Certain features thal are described in this
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specification in the context of separate implementations can also be implementead
in combination in a single implementation. Conversely, various features that are
described in the context of a single implementation can also be implementad in
muitiple implementations separately or in any suitable sub-combination. Morsover,
although features may be described above as acting in certain combinations and
gven initially claimed as such, one or more features from a claimed combination
can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or variation of a sub-combination.

[0035] Simitarly, while operations are depicted in the drawings in a
particular order, this should not be undersiood as requiring that such operations
be performed in the particular order shown or in seguential order, or that all
Hlustrated operations be performed, o achieve desirable results. In certain
circumstances, multi-tasking and parsilel processing may be advantageous.
Moregver, the separation of various system componenis in the embodimenis
described above should not be understood as requiring such separation in all
embodiments, and it should be understood that the described program
components and systems can generally be integrated together in a single software
product or packaged into muliiple software products,

{00386} A number of implementalions have been described.
Nevertheless, it will be understood that varicus modifications may be made without
departing from the spirit and scope of the disclosure. Accordingly, other

implemeantations are within the scope of the following claims. For example, the
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actions recited in the claims can be performed in a different order and still achieve

desirable resuits.
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CLAIMS

What is claimed is:

1. A mirror assembly for a vehicle having a camera system, comprising:

a mirror housing;

a mirror mounting mechanism for securing the mirror housing to the vehicle,
whereain the mirror housing is movable between a first position and a second
position relative to the mirror mounting meachanism;

a camera rotatably mounted to the mirror mounting mechanism, and

at least one camera adiustment mechanism o rotate the camera relative to

the mirror mounting mechanism.

2. The mirror assembly of claim 1, wherein an orientation of a field of

view of the camera is rotated when the camera is rotated.

3. The mirror assembly of claim 1, wherein the vertical orientation ¢f the

fisld of view is rotaled.

4, The mirror assembly of claim 1, wherein the camera is rofated via

the at least one camera adjusiment mechanism afier the mirror mounting

mechanism is secure to the vehicle.

11
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5. The mirror assembly of claim 1, wherein the camera is a single lens
camera.

8. The mirror assembly of claim 1, wherein the camera is a dual lens
camers.

7. The mirror assembly of claim 1, wherein the camers is a fish eye
camers.

8. The mirror assembly of claim 1, wherein the assembly further

comprises a second camera.

8. The mirror assembly of claim 8, wherein images from the cameras

are stitched together and analyzed o detect sbjects and an environment.

10, The mirror assembly of claim 1, wherein the mirror assembly further

comprises a body control system.

11, The mirror assembly of claim 10, wherein the body control sysiem

further comprises at least ong glectro-mechanical actuator.

12, The mirror assembly of claim 1, wherein the camera adjusiment

mechanism further comprises arched siots.

12
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13,  The mirror assembly of claim 1, wherein the mirror assembly further

comprises a display.

14, The mirror assembly of claim 1, wherein the mirror assembily further

comprises at ieast one sensor.

15. A method of calibrating a camera field of view apart of a mirror
assembly for a vehicle having a camera system, comprising:

showing an image of a field of view of a8 camera on a dispiay;

rotating the camera field of view with at least one camera adjustment
mechanisim {o rotate an orientation of the field of view; and

adiusting an orientation of the image on the display with a camera

calibration system.

13
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