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(57) ABSTRACT

A viewing system for a vehicle, in particular a commercial
vehicle, includes an 1mage capture unmit, a computing unit,
and a reproducing unit. The 1mage capture unit includes a
lens, which has an optical axis, and a digital image sensing
unit, and 1s configured to be attached to the vehicle such that
a viewing area on the side of the vehicle 1s sensed with at
least one part of a first legally-prescribed field of view and
with at least one part of a second legally-prescribed field of
view. The lens 1s disposed with respect to the digital image
sensing unit such that the optical axis extends through the
part of the first legally-prescribed field of view that 1s
reproduced on the digital image sensing unit.
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VIEWING SYSTEM FOR VEHICLES, IN
PARTICULAR COMMERCIAL VEHICLES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from German
patent application no. DE 10 2013 002 111.1 filed Feb. 8,
2013, the entire contents of which 1s incorporated by refer-
ence herein.

FIELD OF THE INVENTION

The present disclosure 1s directed to a viewing system for
vehicles, 1n particular commercial vehicles, and, more spe-
cifically, to a viewing system including an 1mage capture
unit for use 1n commercial vehicles. Moreover, the present
disclosure relates to a vehicle, 1n particular a commercial
vehicle, which 1s equipped with a viewing system disclosed
herein.

BACKGROUND

Fields of view (fields of vision) are legally prescribed
(defined) for different types of motor vehicles, such as e.g.,
motorcycles, motor vehicles for transporting passengers,
motor vehicles for transporting goods, etc. The fields of view
must be provided by a device for indirect viewing, conven-
tionally a mirror, and must be viewable permanently (con-
tinuously) and reliably at all times by a driver sitting in the
driver’s seat of the vehicle using the device for indirect
viewing. Specific fields of view have been prescribed or
defined by various countries, organizations and/or stan-
dards-setting bodies. For example, fields of view (vision) for
rear-view mirrors, which must be viewable by the driver in
a permanent an/or continuous and reliable manner, are
legally prescribed in UN/ECE Regulation No. 46 for the
European region.

For commercial vehicles, such as e.g., trucks or delivery
vehicles, a primary (main) mirror 1s currently provided on
cach of the driver’s side and the passenger’s side as a device
for indirect viewing. Using the primary (main) mirror, the
vehicle driver can see a level (tlat) and horizontal part of the
road surface of a certain width that extends from a stipulated
distance behind the vehicle driver’s eye (ocular) points back
to the horizon behind the vehicle. In addition, a narrower
band of the road surface must also be viewable using this
mirror, which band begins a shorter distance behind the
driver’s eye (ocular) points. Such legally-prescribed areas,
which must be viewable permanently and at all times by the
driver with the use of the devices for indirect viewing, will
be designated as “fields of view (vision)”. The area 1n the
vicinity of the vehicle that 1s legally prescribed or required
to be viewable using the primary mirror will be designated
heremnafter as the “field of view of the primary (main)
mirror.” Such an area 1s also defined as field of view II (Class
IT) in UN/ECE Regulation No. 46.

In addition to these primary (main) mirrors, fields of view
(vision), which are reproduced (shown or depicted) by
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wide-angle mirrors, are required to be viewable on both
sides of the commercial vehicle. An area behind the eye
(ocular) points of the driver 1s viewed with the wide-angle
mirrors; this area 1s wider than the area that must be
viewable 1n the primary mirrors, but 1t only extends a limited
length along the vehicle—not to the horizon as i1s the case
with the field of view of the primary (main) mirror. This

area, the area viewable 1n the wide-angle mirrors, 1s defined
as field of view IV (Class IV) in UN/ECE Regulation No.

46.

Various organizations may establish legally required
fields of view for a main mirror. Currently, according to the
field of view of Class II of UN/ECE Regulation No. 46, the
field of vision of the exterior rear-view mirror on the driver’s
side and the exterior rear-view mirror on the passenger’s
side must allow the driver to see at least a 4 m wide, flat,
horizontal portion of the road. This road portion 1s bounded
on one side by a plane that a) 1s parallel to the median
longitudinal vertical plane of the vehicle, b) passes through
the outermost point of the vehicle on the dniver’s side and
the passenger’s side of the vehicle, respectively, and c)
extends from a location 20 m behind the driver’s eye (ocular
points) to the horizon. In addition, a 1 m wide portion of the
road must be visible to the driver 1n an area that 1s bounded
by a plane a) parallel to the median longitudinal vertical
plane of the vehicle, b) passing through the outermost point
of the vehicle and ¢) extending from a location 4 m behind
a vertical plane passing through the driver’s eye (ocular
points). In other words, the primary mirror must enable the
driver to see a long wide portion of the road relatively far
from the driver and a shorter, narrower portion of the road
that 1s closer to the driver.

Various organizations may establish legally required

fields of view for a wide-angle mirror. For example, Class IV
of UN/ECE Regulation No. 46 defines a field of vision of the

&k .

wide-angle” exterior mirror on the driver’s side and the
“wide-angle” exterior mirror on the passenger’s side. This
wide angle field of view must allow the driver to see at least
a 15 m wide, flat, horizontal portion of the road, that is
bounded by a plane a) parallel to the median longitudinal
vertical plane of the vehicle, b) passing through the outer-
most point of the vehicle on the driver’s side and the
passenger’s side of the vehicle, respectively, and ¢) extend-
ing from a location at least 10 m to 25 m behind the driver’s
eye (ocular points). In addition, a 4.5 m portion of the road
must be visible to the driver 1n an area that 1s bounded by a
plane a) parallel to the median longitudinal vertical plane of
the vehicle, b) passing through the outermost point of the
vehicle, and ¢) extending from a point (location) 1.5 m
behind a vertical plane passing through the driver’s eye
(ocular points).

Despite the use of prescribed mirrors or devices for
indirect viewing (vision), however, it may be very ditlicult
or nearly impossible for a vehicle driver to adequately keep
accident-critical (accident-prone) areas around a commer-
cial vehicle 1n view. In addition, the presence of multiple
mirrors on typical vehicles makes it harder for the drniver to
keep all mirrors 1n view at the same time. The reproduction
(depiction) of the fields of view using mirrors also has the
consequence ol an influence of the mirrors on the airtlow
around the vehicle.

With commercial vehicles such as trucks, buses, etc., the
viewability on the driver’s side 1s critical. Obstacles and
other vehicles are often dificult to quickly and accurately
identily 1n a mirror because, despite the specifications of
legally-prescribed fields of view, relatively large blind spots
still exist. The orientation of the driver relative to the
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multiple devices for indirect viewing changes as the driver
moves his head and/or shifts his position 1n his seat, and this
increases the likelihood that obstacles will be overlooked, 1n
particular while turning or changing lanes, even though they
are reproduced (shown) in the device for idirect viewing
(and would be visible to the driver 1f his head were posi-
tioned 1 an ideal position). Accidents are thus frequently
caused by the fact that drivers of commercial vehicles do not
have suflicient viewability into lateral areas of the vehicle, in
particular into the one or more blind spots, which are lateral
areas adjacent to the vehicle. Even using the external mirrors
described above, these lateral areas (the blind spots) are only
barely visible by the driver, or are not visible at all.

It 1s becoming increasingly common to consider using
camera systems or image capture systems as devices for
indirect viewing, either in addition to conventional mirrors
or as replacements therefor. In such camera systems or
image capture systems an image capture umt continuously
senses an 1mage. The (video-) data sensed by the image
capture unit are transmitted, €.g., using a computing unit, to
a reproducing (display) device located 1n the driver’s cabin.
Optional further processing may be performed on the image
before 1t 1s displayed. The reproducing (display) device
depicts the corresponding legally-required field of view or a
plurality of fields of view and optionally supplemental

information, such as e.g., collision indications, distances and
the like, for the area around the vehicle 1n a manner that 1s
permanent (continuous) and viewable at all times by the
driver.

DE 10 2011 010 624 Al (corresponding to U.S. 2012/
0200664) discloses a display device for legally-prescribed
fields of view 1m a driver’s cabin of a commercial vehicle.
The display device includes at least one display adapted to
display at least two of the legally-prescribed fields of view,
permanently and in real time, on the display unit in the
driver’s cabin.

A camera unit and a device for monitoring a vehicle’s
surroundings are disclosed by DE 10 2004 043 257 B4
(corresponding to U.S. US 2005/083427). In this system a
change of the image height with respect to a change of the
image angle at a peripheral portion of the image 1s greater
than in a center portion of the image.

It 1s also known to sense (capture) each of multiple
legally-prescribed fields of view of a commercial vehicle
using separate image capture units, respectively. In this case
the 1mage capture units are each aligned such that their
optical axes, respectively, extend substantially through the
centers of each of the sensed (captured) fields of view. The
area of the image captured by the 1image capture unit has the
highest reproduction quality at the optical axis, and the
distortion, 1.e. the optical distortion, increases with increas-
ing distance from the optical axis.

Different requirements with respect to distortion are also
placed on the image capture units for sensing (capturing)
different legally-prescribed fields of view. For example, a
first field of view must have only minimal distortion,
whereas the distortion of a second field of view 1s less
critical and thus 1t can be more distorted.

Furthermore, it 1s known to sense (capture) more than one
legally-prescribed field of view using only one 1mage cap-
ture unit. In this case the optical axis extends centrally
through the viewing area captured by the image capture unit.
However, this can lead to a distortion in each of the
respective co-captured fields of view, because these co-
captured fields of view do not necessarily lie 1n the central
area.
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4
SUMMARY OF THE INVENTION

Starting therefrom, it 1s an aspect of the present disclosure
to provide a simple viewing system for a vehicle, in par-
ticular, for a commercial vehicle, that provides an optimal
view ol areas that are located laterally adjacent to the vehicle
and that can depict the fields of view (fields of vision) with
a desired reproduction quality 1n terms of optical distortion.

In the description of this invention, indications of the
direction of a vehicle, in particular a commercial vehicle, are
made with reference to the normal forward driving direction.
Thus, “in the lateral direction” means the direction that 1s
perpendicular to a forward driving direction vector of the
motor vehicle and corresponds to the left-right direction.
Furthermore, the term “viewing area” describes a maximum
arca which can be sensed (captured) by an 1mage capture
unmit, for example by a camera. The term *“fiecld of view
(vision)” differs therefrom 1in that 1t indicates an area which
1s legally prescribed to be seen by the driver. Therefore a
“viewing area” generally describes an area which i1s larger
than a legally-prescribed “field of view (vision)”, and more
than one field of view may be present in a viewing area.

An aspect of the present disclosure 1s to provide a viewing
system for a vehicle, 1 particular a commercial vehicle,
comprising an image capture unit, a computing unit con-
nected to the image capture unit, and a reproducing (display)
unit connected to the computing unit. It should be noted here
that the image capture umit, the computing unit, and the
reproducing unit are connected to one another 1n a commu-
nicative manner, and that the image capture unit, the com-
puting unit, and the reproducing unit are not necessarily
physically separate units. For example, the computing unit
can be integrated in the image capture unit or in the
reproducing umt. Furthermore, the term “image capture
unmt” should be understood to include any photographic
device for capturing static or moving 1mages, for example a
camera or a wide-angle camera. The image capture unit
comprises a lens (objective), which has an optical axis, and
a digital image sensing unit, and 1s configured to be attached
to the vehicle such that a viewing area on the side of the
vehicle 1s sensed (captured), which viewing area includes at
least one part of a first legally-prescribed field of view and
at least one part of a second legally-prescribed field of view.
Accordingly, the 1mage capture unit can be attached, for
example, to a front portion of a passenger’s side of the
vehicle, 1 order to capture the described first and second
legally-prescribed fields of view on the passenger’s side of
the vehicle. The lens 1s disposed with respect to the digital
image sensing unit such that the optical axis of the lens
extends through the part of the first legally-prescribed field
of view that 1s reproduced on (projected or mapped onto) the
digital 1mage sensing unit. This means that the optical axis
does not usually lie 1n the 1image center of the image that 1s
sensed (captured) on the 1image sensing unit, but rather 1s
shifted towards the vehicle and/or possibly towards the
driver’s cabin of the vehicle (forwards; 1n accordance with
the top of the picture). In other words, the portion of the
image where the optical axis meets the 1mage sensing unit,
which portion 1s generally the least optically distorted, 1s not
centered on the 1mage sensing umt but rather i1s offset from
the center of the 1mage sensing unit.

Moreover, according to the present disclosure, a single
image capture unit 1s used to capture two legally-prescribed
fields of view which are located laterally adjacent to the
vehicle while still keeping a level of distortion 1n critical
areas of the captured image as low as possible. For this
purpose, the optical axis 1s shifted such that the optical axis




US RE48,017 E

S

talls 1n the critical area, 1.e. the optical axis does not lie 1n
the center of the sensed and displayed captured image. The
field of view II (Main exterior rear-view mirrors Class II)
defined 1n the UN/ECE Regulation No. 46 can for example
be referred to as the critical area; it 1s located laterally
directly adjacent to the vehicle. It 1s desired that the distor-
tion of the displayed field of view II (or similar field of view
located laterally directly adjacent to the vehicle) be as low
as possible. In order to achueve this, the optical axis 1s shifted
towards the vehicle such that the optical axis extends
through the legally-prescribed field of view II.

The use of a single 1image capture unit, which 1s config-
ured for sensing (capturing) both lateral fields of view II and
IV (or a first field of view laterally near the vehicle and a
second field of view laterally further out from the vehicle),
on one vehicle side leads to a simplified viewing system.
Thus the computing umt i1s required to process a smaller
amount of (video-) data and can therefore, e¢.g., improve the
real-time display of the captured image. In addition, fewer
data connections to the vehicle are needed, since only one
image capture unit 1s provided per vehicle side, which image
capture unit 1s communicatively connected to the computing
unit.

The 1mage capture unit 1s preferably connected to the
computing unit via a first connection, for example a data
cable suitable for digital transmission of the images sensed
by the image capture unit. The computing unit i1s further
connected to the reproducing (display) umit via a second
connection, for example a data cable suitable for digital
transmission of 1mages. Alternatively, one or both of the
above-mentioned connections can also be embodied 1n a
wireless manner, for example via Bluetooth®, wireless local
area network (WLAN), or an infrared connection.

The viewing system disclosed herein can sense (capture)
a viewing area with at least parts of a first and second
legally-prescribed field of view using a single image capture
unit, and do so 1in a manner such that the distortion 1n the
captured parts of the first and second legally prescribed field
of view corresponds to specific requirements of reproduction
quality, since the optical axis extends through the part of the
particular field of view that 1s reproduced on (projected or
mapped onto) the digital image capture unit and that 1s
critical with respect to distortion and must have a low
distortion. Altogether the viewing area sensed (captured) by
the 1image capture unit preferably contains the entire first and
second legally-prescribed field of view.

The 1image sensed by the image capture unit 1s generally
a two-dimensional 1mage which substantially corresponds to
the shape of the digital image sensing unit. In the following,
discussion, the digital image sensing unit 1s considered to be
an object having a negligible thickness, 1.e. the digital image
sensing unit can be considered to be a two-dimensional
object.

The optical axis extends substantially orthogonally
through the digital image sensing unit, so that a high-quality
image can be sensed 1n terms of the resolution. The optical
axis preferably extends eccentrically with respect to (is
oflset relative to) the geometric center of gravity of the
digital 1mage sensing unit, 1.e. the optical axis does not
extend through the geometric center of gravity of the digital
image sensing unit. As a two-dimensional object, the digital
image sensing unit thus has a centroid (center) which 1is
preferably not traversed by the optical axis.

Furthermore, it 1s preferable that the digital image sensing
unit has a substantially symmetric shape, and consequently
has at least one axis of symmetry which extends in the plane
defined by the digital image sensing umt. The term “sub-
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stantially symmetric shape” i1s understood to mean, for
example, regular polygons, such as for example rectangles
and squares, circles, ellipses, etc. which have at least one
axis of symmetry. In addition, the term “substantially sym-
metric shape” can also include shapes which deviate slightly
from a symmetric shape. For example, a rectangle having,
¢.g., one or more obliquely truncated corners should be
included within the term “‘substantially symmetric shape.”

The optical axis 1s preferably displaced or offset or
skewed or out of square with respect to at least one of the
axes of symmetry of the digital image sensing unit, 1.e. the
optical axis does not intersect at least one axis of symmetry
of the digital image sensing unit.

In other embodiments, 1t may be prelferable that the
optical axis extends through the vertical center, of a height-
depth direction, of the part of the first legally-prescribed
field of view that 1s reproduced on (projected or mapped
onto) the digital image sensing unit. This leads to a uni-
formly low distortion in the horizontal direction 1n the part
of the first legally prescribed field of view that 1s reproduced
by the digital image sensing unit. Moreover, 1t 1s preferred
that the optical axis extends through the horizontal center,
1.¢. ol a center 1n the left-right direction, of the part of the
first legally-prescribed field of view that 1s reproduced on
(projected or mapped onto) the digital image sensing unit.
This leads to a umformly low distortion n the vertical
direction 1n the part of the first legally-prescribed field of
view that 1s reproduced by the digital image sensing unit, in
particular in the part of the image which 1s preferably to be
displayed nearly distortion-free. Furthermore 1t 1s preferable
that the optical axis extend through the surface center of the
part of the first legally-prescribed field of view that 1s
reproduced on (projected or mapped onto) the digital image
sensing unit. This leads to a uniformly low distortion 1n the
vertical and horizontal directions in the part of the first
legally-prescribed field of view that 1s reproduced by the
digital 1mage sensing unit in the part of the image which 1s
to be displayed as distortion-iree as possible.

The first legally-prescribed field of view preferably cor-
responds to a primary (main) mirror field of view, for
example, the field of view II (Class II) defined in the
UN/ECE Regulation No. 46 for primary (main) mirrors, and
the second legally-prescribed field of view preferably cor-
responds to a wide-angle mirror field of view, for example,
the field of view IV for wide-angle exterior mirrors (“Wide-
angle” exterior mirror (Class 1V)) defined in the UN/ECE
Regulation No. 46. Here it 1s preferred that the main exterior
mirror field of view II have only a small amount of distor-
tion, whereas the distortion in the wide-angle external mirror
field of view IV 1s less critical. Since the optical axis extends
through the part of the main exterior mirror field of view 11
that 1s reproduced on (projected or mapped onto) the digital
image sensing unit, the distortion in this part 1s lowest and
can be provided to the driver of the vehicle in the desired
degree of quality. The distortion in the wide-angle exterior
mirror field of view IV 1s indeed greater, but due to the
above-described fact that this distortion 1s less critical, the
lesser reproduction quality of the wide-angle exterior mirror
field of view 1V 1s more acceptable.

The computing unit 1s preferably configured to receive an
image sensed by the image capture unit and to modity 1t into
a reproduced 1mage containing the part of the first legally-
prescribed field of view sensed by the image capture unit and
the sensed part of the second legally-prescribed field of view
in the reproduced 1mage. The reproducing (display) unit 1s
configured to be disposed 1n the interior of the vehicle so that
it 1s visible by the driver and to display the reproduced image
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received from the computing unit. The computing unit can
be integrally embodied with the image capture unit, the
reproducing unit, or the control umt of the vehicle. Further-
more, the computing unit can be attached as a separate unit
in or on the vehicle, e.g. integrally with an onboard com-
puter. The reproducing unit can be a unit which visibly
displays, in a manner suitable for the driver of the vehicle,
the reproduced 1mage provided by the computing unit. For
example, the reproducing unit can be a separate device, for
example an LCD, an LED, a projector, or the like. In
addition, the reproducing umt can be integrally embodied
with the so-called Central Information Display which 1s
already located 1n the vehicle as a standard part.

Furthermore, 1t 1s preferred that the reproducing unit 1s
configured to permanently (continuously) display the
received reproduced image. Herein, “permanently” means
that the display of the field of view 1s not (temporally)
interrupted by other information, so that the driver can view
the first and second legally-prescribed field of view by
looking at the reproducing (display) unit. However, “per-
manently” also means that the display of the fields of view
1s consistently present at least during the driving operation
of the commercial vehicle. The state described as and
comprising “‘permanent” can also optionally be broadened to
include the 1gnition state of the vehicle or, for example, a
state 1n which a driver can be found 1n the vehicle, e.g.
dependent on the detection (sensing) of a key device located
in the vicinity of or inside the vehicle.

The 1mage capture unit preferably includes a housing
inside which the digital image sensing unit and a holding
device for the digital image sensing unit are disposed and
attached, and the lens or “objective”, which for example can
be an anamorphic lens, 1s also attached to the housing. The
digital 1image sensing unit 1s preferably attached to the
holding device by adhesion, welding, soldering, etc. The
lens 1s preferably attached to the housing via a thread. In the
sense used herein, the terms “lens” and “objective” encom-
pass a lens system having at least one lens for focusing the
image to be sensed (captured), and, in some embodiments,
an aperture for taking a photograph. The aperture preferably
has an opening, and the optical axis extends through the
center of this opening. It should be noted that the extension
of the optical axis can also be influenced by a special
arrangement of the at least one lens and, as described above,
the aperture, 1 present. In addition, the axial distance
(spacing) between the lens and the digital image capture unit
can be adjusted by turning (rotating) the lens in the thread
such that the focusing of the image to be sensed (captured)
1s optimal. However, this adjustment 1s usually performed
during manufacture and thus only once, when the lens
(objective) 1s attached.

In order to achieve (ensure) that the optical axis extends
through the part of the first legally-prescribed field of view
that 1s reproduced on (projected or mapped onto) the digital
image sensing unit, the digital image sensing unit may be
attached so that 1t 1s centered on the holding device. The lens
(objective) 1s attached to the housing such that 1t 1s disposed
eccentric with respect to (ofl-center relative to) the holding
device and accordingly also eccentric or ofl center with
respect to the digital image sensing unit. In this case, the lens
can be attached to the housing via a lens holder which
includes a thread disposed eccentric with respect to the
digital image capture unit; the thread can accommodate the
lens 1n a screw-type manner. Alternatively, the lens can be
attached to the lens holder by adhesion, welding, screws, or
the like, wherein preferably the connection between lens and
lens holder 1s such that 1t can be adjusted and aligned at least
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once during manufacture. In a further preferred design, the
holding device and the lens are aligned concentric to each
other, and the digital image sensing unit 1s attached to the
holding device in a concentric manner, i1.e. the centroid
(center) of the attachment surface of the holding device 1s
eccentric with respect to (oflset relative to) the centroid
(center) of the digital image sensing unit.

The digital 1image sensing unit 1s preferably a CMOS
sensor which includes light-sensitive electronic components
that are based on the internal photoelectric eflect. The
CMOS sensor can have a negligible thickness, so that the
CMOS sensor can be considered to be a two-dimensional
digital image sensing unit which 1s attached to the holding
device. The digital image sensing unit preferably has a
resolution of at least two megapixels.

The disclosed viewing system 1s preferably attached to a
vehicle, 1 particular a commercial vehicle, with the digital
image capture unit attached to the vehicle such that 1t can
sense a viewing area on one side of the vehicle with at least
one part of a first legally-prescribed field of view and with
at least one part of a second legally-prescribed field of view.
The 1image capture umt preferably senses the viewing area
with the parts of the first and second legally prescribed field
of view from a “bird’s-eye” perspective, 1.e. an object
located 1n the viewing area 1s viewed from an eye (ocular)
point located obliquely above the object. Using the capture
(sensing) of the viewing area from a birds-eye perspective,
the drniver of the vehicle can view the first and second
legally-prescribed field of view 1n an improved manner and,
due to the improved image quality in the reproduced (dis-
played) part of the first legally-prescribed field of view,
recognize traflic obstacles such as pedestrians and other
vehicles 1n a timely manner.

Furthermore, 1t 1s preferable that the image capture unit 1s
attached to the vehicle, in particular a commercial vehicle,
such that the viewing area in the forward direction of the
vehicle 1s sensed from front to rear. A sensing (capturing) of
a viewing area “from front to rear” means that the viewing-
area sensing (capture) 1s 1n a direction which 1s substantially
parallel to a longitudinal direction of the vehicle and/or to a
rearward driving direction of the vehicle.

The disclosed viewing system preferably includes an
image capture unit with a single digital 1mage sensing unit
that 1s configured for sensing (capturing) at least one part of
a first legally-prescribed field of view and at least one part
of a second legally-prescribed field of view. The image
capture umt thus does not include two 1mage sensor units
which would be formed for separate sensing (capturing) of
the parts of the first and second fields of view.

Furthermore, 1t can be advantageous that the viewing
system 1ncludes a further image capture umt that also
includes a lens (objective) having an optical axis and a single
digital image sensing unit on the opposite side of the vehicle
from the first image capture unit. In this case, the further
image capture unit 1s configured to sense a viewing area on
the opposite side of the vehicle from the first image capture
umt, which area includes at least one part of a first legally-
prescribed field of view and at least one part of a second
legally-prescribed field of view. In this case, the reproducing
(display) unit can be further configured to display the two
sensed (captured) viewing areas in a split-screen method so
as to be viewable by the driver in the mterior of the vehicle.
In this case, the sensed viewing area of the driver’s side 1s
displayed on the driver’s-side on the reproducing unit, and
the sensed viewing area of the passenger’s side 1s displayed
on the passenger’s-side on the reproducing unit. Thus, by
looking at the reproducing (display) unit, the driver can view
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both viewing areas lateral to the vehicle. Alternatively, the
viewing areas sensed (captured) on the two sides can be
displayed separately from each other on two reproducing
(display) units.

Using the viewing system disclosed herein, it 1s possible
to sense (capture) a first legally-prescribed field of view and
a second legally-prescribed field of view, for example the
fields of view II and IV (Classes II and IV) defined in the
UN/ECE Regulation No. 46, using only one digital image
sensing unit, for example a CMOS sensor, while still meet-
ing the requirements of the respective image reproduction
qualities. By using only one digital image sensing unit, an
economical system 1s thus disclosed, which further also
results 1n fewer technical implementation costs, since the
eccentric arrangement ol the above-described elements of
the 1mage capture unit can already be incorporated in the
development phase. In addition, the adjustment (change-
over) for the driver from a wide-angle mirror to the viewing
system disclosed herein 1s non-critical, since using the
viewing system disclosed herein, the wide-angle field of
view 1s displayed to the driver with the usual degree of
distortion.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described 1n an exemplary manner
in the following detailed description with reference to the
accompanying figures:

FIG. 1 shows a schematic 1llustration of a viewing system;

FIG. 2 shows a schematic 1llustration of a viewing system
attached to a commercial vehicle and two legally-prescribed
fields of view:

FIG. 3 shows a schematic illustration of an 1mage capture
unit of the viewing system; and

FIG. 4 shows a schematic illustration of a viewing area
captured by the 1mage capture unit of FIG. 3.

DETAILED DESCRIPTION

FIG. 1 schematically shows a viewing system 10. The
viewing system 10, which for example can be used in a
commercial vehicle such as a truck, comprises at least one
image capture unit 30, a computing unit 20, and a repro-
ducing (display) unit 40. The viewing area sensed (captured)
by the image capture unit 30 1s provided to a computing unit
20 via a first connection 21, for example a data cable suitable
for digital transmission of the images captured by the image
capture unit 30. The computing unit 20 can be configured to
modily the sensed images 1n a desired manner into a
reproduced (displayable) image. For example, the comput-
ing unit 20 can process one of the images received from the
image capture unit 30 so that certain traflic objects are
recognized and 1dentified in the displayed image. The repro-
duced image modified by the computing unit 20 1s then
provided to the reproducing umt 40 via a second connection
31, for example a data cable suitable for digital transmission
of 1mages. The reproducing unit 40 1s adapted to display the
reproduced 1image to a dniver of the commercial vehicle 50
in an easily viewable and photorealistic manner.

The computing umit 20 need not necessarily process the
image sensed by the image capture unit 30. In some embodi-
ments, the computing unit 20 1s configured such that the
image sensed by the image capture unit 30 1s provided 1n an
unaltered state as the reproduced 1mage of the reproducing,
unit 40.

With reference to FIG. 2, a commercial vehicle 50 1s
shown which has a longitudinal axis 52 that extends sub-
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stantially parallel to the forward driving direction, repre-
sented by an arrow 54. As shown 1 FIG. 2, the image
capture unit 30 1s located on the passenger’s side of the
commercial vehicle 50. The commercial vehicle 50 shown 1n
FIG. 2 1s a left-hand drive vehicle. However, the commercial
vehicle 50 can also be a nght-hand drive vehicle. In addition,
for reasons of simplification, only one 1mage capture unit 30
1s shown. However, the disclosed viewing system 10 can
also include a further image capture unit on the driver’s side
of the commercial vehicle 50, which further image capture
unit has a similar configuration to the described passenger’s-
side 1mage capture unit 30.

The image capture unit 30 shown 1n FIG. 2 1s attached to
the commercial vehicle 50 such that it can sense (capture) a
viewing area 60 which 1s located laterally adjacent to the
commercial vehicle 50, and that extends substantially from
front to rear up to the horizon. Here the image capture unit
30 1s configured such that the viewing area 60 includes at
least one part of a legally-prescribed field of view (vision)
62, which for example corresponds to the field of view
(vision) II (Class II) defined in the UN/ECE Regulation No.
46 for primary (main) exterior mirrors, and at least one part
of a second legally-prescribed field of view (vision) 64,
which for example corresponds to the field of view IV (Class
IV) defined 1n the UN/ECE Regulation No. 46 for wide-
angle exterior mirrors. As shown in FIG. 2, the viewing area
60 captured by the image capture umt 30 completely
includes the first and second legally-prescribed fields of
view (vision) 62, 64.

The 1image capture unit 30 further has an optical axis 32
which extends substantially parallel to the longitudinal axis
52 of the commercial vehicle 50. As shown 1n FIG. 2, the
optical axis 32 extends through the first legally-prescribed
field of view 62 and consequently need not necessarily
extend centrally through the viewing area 60. Since the
optical axis 32 extends through the first legally-prescribed
field of view 62, the area of the sensed part, displayed by the
reproducing unit 40 to the driver of the commercial vehicle
50, of the first legally-prescribed field of view 62 has a lesser
distortion and higher reproduced 1image quality than the area
of the sensed part of the second legally-prescribed field of
view 64.

With reference to FIG. 3, the individual components of
the 1mage capture unit 30 are shown in an exemplary
manner. The image capture unit 30 includes a lens (objec-
tive) 34, a digital image sensing unit 36, a holding device 38,
and a housing 39 in which the digital image sensing unit 36
and the holding device 38 are disposed. The lens (objective)
34 includes a lens and aperture system 35 which substan-
tially define the extension of the optical axis 32 and can
influence 1t by their arrangement. The lens 34 1s attached to
the housing 39 for example via a thread (not shown). As
shown 1n FIG. 3, the digital image capture unit 36 1s attached
to the holding device 38, which 1s 1n turn attached to an
interior side of the housing 39 1n order to hold the digital
image sensing unit 36 in a defined manner. The digital image
sensing unit 36 shown 1n FIG. 3 1s attached to the holding
device 38 1n an eccentric/off-center manner so that the
digital image sensing unit 36 1s also attached 1n an eccentric
manner with respect to the lens 34. Here the dashed line 33
shows an axis orthogonal to the digital image sensing unit
36, which extends through the centroid (center) of the digital
image capture unit and 1s spaced from the optical axis 32.

FIG. 4 shows a viewing areca 60 sensed by the image
capture unit 30 in an exemplary manner, which viewing area
60 completely encompasses the first legally-prescribed field
of view (vision) 62 and the second legally-prescribed field of
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view (vision) 64. The viewing area 60 can be depicted by the
reproducing unit 40 as a reproduced 1image modified by the
computing unit 20 or, as shown in FIG. 4, unaltered. In FIG.
4, the horizon 66 1s shown as well as a portion of the
commercial vehicle 50 which 1s also sensed by the image
capture unit 30, so that the driver of the commercial vehicle
50 can quickly and easily understand the orientation of the
reproduced (displayed) image.

In addition, 1 FIG. 4 it 1s also apparent that the optical
axis 32 1s shufted from the center 68 of the viewing area 60
by an eccentricity or distance 69. In this case, the center of
the viewing area 60 1s a first distance from a plane at the side
of the commercial vehicle 50, and the distance between the
plane at the side of the vehicle and the optical axis 32 1s
about half the distance between the plane at the side of the
commercial vehicle 50 and a parallel plane that includes the
center 68. The center 68 lies within the second legally-
prescribed field of view 64, but outside the first legally-
prescribed field of view 62, which 1s the critical field of
view. As was already mentioned, the optical axis 32 should
be shifted from the center 68 of the viewing area 60 such that
the optical axis 32 extends through the first legally-pre-
scribed field of view 62 which 1s critical with respect to
distortion. According to FIG. 4 an embodiment 1s shown 1n
which the optical axis 32 lies close to the horizontal center
of the legally-prescribed field of view 62. Consequently the
optical distortion of the first legally-prescribed field of view
62 displayed on the reproduced image 1s low and the display
of the first legally-prescribed and critical field of view 62 1s
better. The optical axis 32 1s preferably shifted so far that it
extends through the center of the first legally-prescribed
field of view 62, which center 1s formed by the centroid.

REFERENCE NUMBER LIST

10 Viewing system

20 Computing unit

21 First connection

20 Computing unit

30 Image capture unit

31 Second connection

32 Optical axis

33 Axis of the digital image sensing unit

34 Lens (Objective)

35 Lens and aperture system

36 Digital image sensing unit

38 Holding device

39 Housing

40 Reproducing (Display) unit

50 Commercial vehicle

52 Longitudinal axis of the commercial vehicle
54 Forward driving direction

60 Viewing area

62 First legally-prescribed-field of view (vision)
64 Second legally-prescribed field of view (vision)
66 Horizon

68 Center of the viewing area

69 Eccentricity

The invention claimed 1s:
1. A vehicle equipped with a viewing system the viewing
system comprising:

an 1mage capture umt, a computing umt connected to the
image capture unit, and a reproducing unit connected to
the computing unit,

wherein the 1mage capture umt comprises a lens, which
has an optical axis, and a digital image sensing unit, and
1s attached to the vehicle such that, in use, a viewing
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area on the side of the vehicle 1s sensed with at least a
part of a first legally-prescribed field of view and at
least a part of a second legally-prescribed field of view,

wherein the lens 1s disposed with respect to the digital
image sensing unit such that the optical axis intersects
the part of the first legally-prescribed field of view that
1s reproduced on the digital image sensing unit at a
point, and

wherein the point 1s located between a center of the digital

image sensing unit and a longitudinal centerline of the
vehicle.

2. The vehicle according to claim 1, wherein the digital
image sensing unit [is substantially symmetric and] has at
least one axis of symmetry.

3. The vehicle according to claim 2, wherein the optical
axis extends skewed with respect to at least one of the axes
of symmetry of the digital image sensing unit.

4. The vehicle according to claim 1, wherein the optical
axis extends through the vertical center of the part of the first
legally-prescribed field of view that 1s reproduced on the
digital 1image sensing unit.

5. The vehicle according to claim 1, wherein the optical
axis extends through the horizontal center of the part of the
first legally-prescribed field of view that 1s reproduced on
the digital 1mage sensing unit.

6. The vehicle according to claim 1, wherein the optical
axis extends through the surface center of the part of the first
legally-prescribed field of view that i1s reproduced on the
digital 1mage sensing unit.

7. The vehicle according to claim 1, wheremn the first
legally-prescribed field of view corresponds to the field of
view Il defined in the UN/ECE Regulation No. 46 for main
exterior mirrors, and the second legally-prescribed field of
view corresponds to the field of view IV defined in the
UN/ECE Regulation No. 46 for wide-angle exterior mirrors.

8. A viewing system for a commercial vehicle, including:

an 1image capture unit comprising a lens having an optical

ax1s and a digital image sensor having a sensor surface

having a center point, the digital image sensor being

positioned adjacent to the lens such that the optical axis

intersects the sensor surface at an intersection point
offset from the sensor surface center point;

a computing unit in commumnication with the 1mage cap-

ture unit, and

a reproducing unit 1n communication with the computing

unit,

wherein

the computing unit 1s configured to receive an image

sensed by the image capture unit and to modity it nto
a reproduced image such that the part of the first
legally-prescribed field of view sensed by the image
capture unit and the sensed part of the second legally-
prescribed field of view are contained 1n the reproduced
image, and

the reproducing unit 1s configured to be disposed 1n the

interior of the vehicle so as to be viewable by the driver
and to display the reproduced image received from the
computing unit.

9. The [vehicle] viewing system according to claim 8,
wherein the image capture unit further includes a housing, in
which the digital image sensing unit and a holding device for
the digital image sensing unit are disposed, and wherein the
lens 1s attached to the housing.

10. The [vehicle] viewing system according to claim 9,
wherein the lens is [disposed eccentric with respect] rot
centered relative to the holding device and [with respect] is
not centered relative to the digital 1mage sensing unit.
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11. The [vehicle] viewing system according to claim 9,
wherein the digital image sensing unit is [disposed eccentric
with respect] not centered relative to the holding device and
is not centered relative to the lens.

12. The vehicle according to claim 1, wherein the digital
image sensing unit 1s a CMOS or CCD sensor.

13. The vehicle according to claim 1, wherein the 1image
capture unit 1s further configured to sense the viewing area
from a birds-eye perspective.

14. The vehicle according to claim 1, wherein the image
capture unit 1s attached to a side of the vehicle such that the
viewing area 1s sensed from Iront to rear in the forward
driving direction of the vehicle.

15. The vehicle according to claim 1, wherein the image
capture unit comprises a single digital image sensing unit for
sensing the parts of the first and second legally-prescribed
field of view.

16. The vehicle according to claim 1, wherein the optical
axis 1s ollset from a center of the digital image sensing unit.

17. The [vehicle] viewing system according to claim 8,
wherein the reproducing unit 1s configured to permanently
display the reproduced 1mage received from the computing
unit.

18. The viewing system according to claim 8, wherein the
image capture unit 1s configured to capture an 1mage of a
side of a vehicle to which the image sensor 1s attached and
wherein the optical axis intersects the sensor surface at a
location [substantially] midway between a first line includ-
ing the side of the vehicle and a second, parallel, line
including the center point of the sensor surface.

19. A vehicle equipped with a viewing system, the view-
Ing system comprising:

an 1mage capture unit, a computing unit connected to the

image capture unit, and a reproducing unit connected to
the computing unit,

wherein the 1mage capture umt comprises a lens, which

has an optical axis, and a digital image sensing unit, and
1s attached to the vehicle such that, in use, a viewing
area on the side of the vehicle 1s sensed with at least a
part of a first legally-prescribed field of view and at
least a part of a second legally-prescribed field of view,
wherein the first legally-prescribed field of view 1s a view
from a perspective of a driver of the vehicle of at least
a 4 meter wide, flat, horizontal portion of a road
bounded on one side by a plane that a) 1s parallel to a
median longitudinal vertical plane of the vehicle, b)
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passes through an outermost point of the vehicle on a
driver’s side of the vehicle or a passenger’s side of the
vehicle, and c¢) extends from a location 20 meters
behind an eye of the driver of the vehicle to the horizon,
and of a 1 meter wide portion of the road bounded by

a plane a) parallel to the median longitudinal vertical
plane of the vehicle, b) passing through the outermost
point of the vehicle, and ¢) extending from a location
4 meters behind a vertical plane passing through the
eye of the driver of the vehicle, and

wherein the lens 1s disposed with respect to the digital

image sensing unit such that the optical axis extends
through the part of the first legally-prescribed field of
view that 1s reproduced on the digital image sensing
unit.

20. The vehicle according to claim 19, wherein the optical
ax1s extends through the vertical center of the part of the first
legally-prescribed field of view that 1s reproduced on the
digital image sensing unit.

21. The vehicle according to claim 1, wherein

the computing unit is configured to receive an image

sensed by the image capture unit and to modify it into
a reproduced image such that the part of the first
legally-prescribed field of view sensed by the image
capture unit and the sensed part of the second legally-
prescribed field of view are contained in the reproduced
image, and

the veproducing unit is configured to be disposed in the

interior of the vehicle so as to be viewable by the driver
and to display the reproduced image received from the
computing unit.

22. The vehicle according to claim 21, wherein the
reproducing unit is configured to permanently display the
reproduced image received from the computing unit.

23. The vehicle accovding to claim 21, wherein the image
capture unit further includes a housing, in which the digital
image sensing unit and a holding device for the digital
image sensing unit arve disposed, and wherein the lens is
attached to the housing.

24. The vehicle according to claim 23, wherein the lens is
not centered velative to the holding device and is not
centered rvelative to the digital image sensing unit.

25. The vehicle according to claim 23, wherein the digital
image sensing unit is not centered relative to the holding
device and is not centered velative to the lens.
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