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1
INTEGRATED VISUAL DISPLAY SYSTEM

FIELD OF THE INVENTION

The present invention is related to a visual display system
for a motor vehicle. In particular, the invention is related to an
integrated visual display system that displays proximity sen-
sor information and/or collision warning information on a
single display screen.

BACKGROUND OF THE INVENTION

Various visual display interfaces within motor vehicles are
known. For example, display interfaces that provide a map,
directions, and the like are common. In addition, some motor
vehicles now include visual displays that provide information
on the proximity of external objects in the vicinity of the
motor vehicle. However, heretofore systems have been lim-
ited to autonomous systems wherein information displayed
by the system is obtained solely from on-board sensors. Fur-
thermore, such systems have typically displayed such infor-
mation at different locations on a motor vehicle instrument
panel.

Recent advancements in vehicle-to-vehicle and vehicle-to-
infrastructure communication technologies, commonly
known as cooperative systems, have further complicated the
task of displaying external object proximity location infor-
mation (EOPLI) due to the increased amount of information
that is available to and must be processed by the driver of the
motor vehicle. For example, communication-enabled coop-
erative systems can increase the complexity of information
provided to the driver by detecting the existence of potential
hazards up to 300 meters in front of the vehicle. As such, an
integrated visual display system that can provide information
from autonomous and cooperative systems onto an easily
viewable and easy to understand single display would be
desirable.

SUMMARY OF THE INVENTION

A motor vehicle with an integrated visual display system
(IVDS) for displaying external object proximity location
information (EOPLI) on a single display screen while the
motor vehicle is parked or moving is provided. The system
can include a motor vehicle with a plurality of proximity
sensors that are operable to detect an object that is external or
spaced apart from the motor vehicle. The IVDS is in elec-
tronic communication with at least part of the plurality of
proximity sensors and the single display screen can include a
plurality of grid sections thereon with an illumination source
that is operable to illuminate one or more of the grid sections.
The IVDS is operable to receive the proximity location infor-
mation from at least part of the plurality of proximity sensors
and illuminate one or more of the plurality of grid sections as
a function of the location of one or more external objects.

The plurality of grid sections on the single display screen
can be an x by y grid with y rows of x grid sections and x
columns of'y grid sections. The x and y can be an integer
between 2 and 10. The x columns of y grid sections can
visually represent lanes of a road or highway that the motor
vehicle is traveling on and the y rows of x grid sections can
visually represent a range of distances in front, beside and
behind the motor vehicle. The single display screen can also
have a symbol that is representative of the motor vehicle, the
symbol being located on a reference grid section, the refer-
ence grid section being one of the plurality of grid sections. In
some instances, at least one of the x columns can be located on
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aright side of the reference grid section and at least one of the
x columns can be located on a left side of the grid section. In
addition, at least one of the y rows can be located behind the
reference grid section and at least one of the y rows can be
located in front of the grid section. In some instances, X is
equal to 3 and y is equal to 4, thereby affording a 3 by 4 grid
section with 3 columns of 4 grid sections and 4 rows of 3 grid
sections. In such an instance, the reference grid section can be
located on a central column two of the 4 rows located in front
of the reference grid section and 1 of the four rows located
behind the reference grid section.

The single display screen can also have a left lane marker
line on a left side of the reference grid section and a right lane
marker line on a right side of the reference grid section. The
IVDS is operable to illuminate the left lane marker line and/or
the right lane marker line when at least one of the plurality of
proximity sensors detects a left lane marker and/or aright lane
marker, respectively, on a road or highway the motor vehicle
is traveling on. In addition, the IVDS is also operable to
illuminate the left lane marker line or the right lane marker
line when the motor vehicle comes within a predetermined
distance of the left lane marker line or right lane marker line,
respectively, without having a turn signal on.

The plurality of proximity sensors can include a plurality
of immediate vicinity sensors having a range of between 0 to
10 meters from the motor vehicle and a plurality of extended
vicinity sensors having a range of between 10 to 300 meters
from the motor vehicle. In addition, the plurality of proximity
sensors can include at least one sensor from an autonomous
external object proximity location system and at least one
sensor from a cooperative external object proximity location
system. The external object can be another motor vehicle, a
pedestrian, a traffic signal, a lane marker on a road or high-
way, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an instrument panel with an integrated
visual display system (IVDS) according to an embodiment of
the present invention;

FIG. 2 is an embodiment of an IVDS showing a plurality of
grid sections, a symbol representing a motor vehicle on a
reference grid section and a symbol representing a traffic
signal;

FIG. 3 is the embodiment of FIG. 2 illustrating the IVDS
displaying detection of an external object in the immediate
vicinity of the motor vehicle;

FIG. 4 is the embodiment of FIG. 2 illustrating the IVDS
displaying the recognition of lane markers on a road or high-
way;

FIG. 5 is the embodiment of FIG. 2 illustrating the IVDS
displaying a collision threat in front of the motor vehicle;

FIG. 6 is the embodiment of FIG. 2 illustrating the IVDS
displaying the presence of other motor vehicles in the vicinity
of the motor vehicle;

FIG. 7 is the embodiment of FIG. 2 illustrating the IVDS
displaying another motor vehicle passing the original motor
vehicle;

FIG. 8 is the embodiment of FIG. 2 illustrating the IVDS
displaying a collision threat when the original vehicle
attempts to turn into the lane of another motor vehicle;

FIG. 9 is the embodiment of FIG. 2 illustrating the IVDS
displaying another motor vehicle turning in front of the origi-
nal motor vehicle;

FIG. 10 is the embodiment of FIG. 2 illustrating the IVDS
displaying the original motor vehicle and another motor
vehicle approaching an intersection from different directions;
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FIG. 11 is the embodiment of FIG. 2 illustrating the IVDS
displaying a collision warning from another vehicle that is
located two vehicles in front of the original motor vehicle;

FIG. 12 is the embodiment of FIG. 2 illustrating the IVDS
displaying the original motor vehicle approaching a traffic
signal;

FIG. 13 is the embodiment of FIG. 2 illustrating the IVDS
displaying the original motor vehicle approaching a pedes-
trian crossing in front of the original motor vehicle; and

FIG. 14 is the embodiment of FIG. 2 illustrating the IVDS
displaying the original motor vehicle turning into the path of
a walking pedestrian.

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses an integrated visual dis-
play system (IVDS) for a motor vehicle that integrates prox-
imity location information of an external object onto one
single display screen. As such, the IVDS has utility as a safety
feature for a motor vehicle.

The IVDS can include a plurality of proximity sensors that
are operable to detect an external object. It is appreciated that
the IVDS and the plurality of proximity sensors are located
and/or attached on/within a motor vehicle. In addition, for the
purposes of the present invention an external object can be
another motor vehicle, a lane marker on the road or highway
that the motor vehicle is traveling on, a pedestrian, a traffic
signal, a STOP sign, a speed limit sign, other traffic signs,
infrastructure objects, and the like.

The IVDS can also include a single visual display screen
that is located in a driver’s line of sight when the driver is
seated in a driver seat of the motor vehicle. The single display
screen is in electronic communication with at least part of the
plurality of proximity sensors and can have a plurality of grid
sections thereon with an illumination source. The illumina-
tion source can illuminate one or more of the plurality of grid
sections.

In addition, the IVDS is operable to receive external object
proximity location information (EOPLI) from at least part of
the plurality of proximity sensors and illuminate one or more
of'the plurality of grid sections on the single display screen as
a function of where the external object is located relative the
motor vehicle having the IVDS,; hereafter referred to as the
“original motor vehicle” or “original vehicle”. For example,
if the original motor vehicle is traveling on a road or highway,
and another vehicle approaches from the rear, the IVDS can
illuminate a grid section on the single display screen that
alerts the driver that the other motor vehicle is approaching
from behind. Likewise, the IVDS can illuminate grid sections
on the single display screen in order to show the driver the
location(s) of more than one vehicle in the original vehicle’s
vicinity.

If a cooperative system is engaged with the IVDS, the
location of other external objects such as traffic signals, infra-
structure objects, in addition to other motor vehicles, can be
displayed to the driver. For example and for illustrative pur-
poses only, if the original motor vehicle is approaching a “red
light” at too high a rate of speed, the single display screen can
alert the driver of a collision threat.

The plurality of grid sections on the single display screen
can be an x by y grid with y rows of x grid sections and x
columns of y grid sections. The x and the y can each be an
integer between 2 and 10. The x columns ofthe y grid sections
are arranged such that they visually represent lanes of a road
or highway that the motor vehicle could be traveling on. In
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addition, the y rows of x grid sections are arranged such that
they visually represent a range of distances in front, beside
and behind the motor vehicle.

The single display screen can also include a symbol that is
representative of the original motor vehicle, the symbol being
located on a reference grid section that is one of the plurality
of'grid sections. In this manner, the other grid sections of the
x by y grid represent areas surrounding the original motor
vehicle. In some instances, at least one of the x columns is
located on aright side of the reference grid section and at least
one of the x columns is located on a left side of the reference
grid section. As such, the columns on the right side and the left
side of the reference grid section represent different lanes of
a road or highway that could be present when the motor
vehicle is traveling thereon. At least one of the y rows is
located behind the reference grid section and at least one of
the y rows is located in front of the reference grid section. In
this manner, the rows of grid section represent areas behind
and in front of the original motor vehicle. One or more of the
grid sections can be illuminated in one or more colors by the
illumination source.

In some instances, the x is equal to 3 and the y is equal to 4.
In these instances, the reference grid section can be located on
acentral column of grid sections, one of the three columns can
be located on a left side of the reference grid section and one
of the three columns can be located on a right side of the
reference grid section. In addition, the reference grid section
can be located on one of the rows of grid sections with one of
the four rows located behind the reference grid section and
two of the four rows located in front of the reference grid
section.

The single display screen can also include a left lane
marker line on a left side of the reference grid section and a
right lane marker line on a right side of the reference grid
section. The left lane marker line and the right lane marker
line can be illuminated in one or more colors by the illumi-
nation source. For example, the left lane marker line can be
illuminated in a first color when at least one of the plurality of
proximity sensors detects a left lane marker and the right lane
marker line can be illuminated in the first color when at least
one of the plurality of proximity sensors detects a right lane
marker on the road or highway the original motor vehicle is
traveling on. In addition, the IVDS is operable to illuminate
either the left lane marker line or the right lane marker line a
second color when the motor vehicle comes within a prede-
termined distance of the left lane marker or the right lane
marker, respectively, without having a turn signal on. In this
manner, a driver of the original motor vehicle can be alerted
when veering too close to a lane marker that is on the left side
or the right side of the vehicle. In some instances, the first
color can be white and the second color can be red, however
this is not required.

The left lane marker line on the display screen can be
between the column that the reference grid section is located
on and the column of grid sections on the left side of the
reference grid section. Likewise, the right lane marker line
can be between the column that the reference grid section is
located on and the column of grid sections on the right side of
the reference grid section.

The plurality of proximity sensors can include immediate
vicinity sensors having a range of between 0 to 10 meters
from the motor vehicle and extended vicinity sensors having
a range of between 10 to 300 meters from the motor vehicle.
In addition, the plurality of proximity sensors can include at
least one sensor from an autonomous external object proxim-
ity location system and at least one sensor from a cooperative
external object proximity location system. For the purposes
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of'the present invention, an autonomous external object prox-
imity location system refers to a system that can detect and/or
locate an external object using sensors that are completely on
board the vehicle. In addition, a cooperative external object
proximity location system is known as a system that can
communicate with other vehicle and/or infrastructure sys-
tems in order to determine the proximity and/or location of an
external object. Such types of proximity sensors and EOPLI
systems include, but are not limited to the following.
Autonomous Systems

A park assist system typically includes 4 to 6 ultrasonic
sensors that are installed on bumper surfaces to detect
obstacles around the vehicle. The system works at a relatively
slow motor vehicle speed range, for example less than 16
kilometers per hour (kph) (less than 10 miles per hour (mph)).
The detection range is usually within 3 meters (9.8 feet).
When an obstacle such as another parked car or barrier in a
parking lot is located in the immediate vicinity of the original
vehicle, the park assist system alerts the driver of the exist-
ence of the obstacle by illuminating a dot near a vehicle icon
on the instrument panel and activating a beeping sound in
order to assist a driver in avoiding a collision.

A forward collision warning system can include a forward-
looking sensor that detects an obstacle in the front of the
vehicle and warns the driver if a rear end collision into the
obstacle is predicted. There forward-looking sensor can
include a 77 GHz radar, 24 GHz radar, laser scanner, and/or
camera that can detect the existence, location and movement
of obstacles in front of the original motor vehicle.

A blind spot warning system can be similar to the forward
collision warning system but the obstacles are detected in the
blind spot zones, e.g. rear right and rear left, of the original
motor vehicle. A 24 ZGHz radar and/or camera can be used to
detect other vehicles in a blind spot. The blind spot warning
system can also determine a collision risk with the obstacle
and warn the driver accordingly.

A lane departure warning system can use a forward-look-
ing camera to detect the lane markings on a road or highway
that the original motor vehicle is traveling on. Based on a
current status of the original vehicle, e.g. its speed and head-
ing, and its relationship with the lane markings defined by the
camera, the system determines the possibility of the vehicleto
depart its own lane and warns the driver if necessary.
Cooperative Systems

Dedicated short range communication (DSRC) using 5.9
GHz sensors can be used to exchange vehicle-related infor-
mation among other vehicles as well as with infrastructure
systems.

An emergency electronic brake light system can assist
drivers that can not see ahead of a motor that is directly in
front of them. For example, assume there are three cars driv-
ing in the same lane and the same direction. The driver of the
rearward most vehicle cannot see the rear of the forward most
vehicle because the view is blocked by the center vehicle.
When the brakes of the forward most vehicle are suddenly
applied, information related to the sudden braking and other
vehicle data (such as speed, location and heading) can be
transmitted wirelessly to the rearward most vehicle such that
the driver of the rearward most vehicle can react to the brak-
ing of the forward most vehicle prior to actually seeing the
brake lights of the center vehicle. In this manner, the system
can aid in reducing the risk of the rearward most vehicle
colliding into preceding vehicles.

A straight cross path warning system can assist drivers
when two cars are approaching an intersection at different
directions. Conventional on-board sensors such as radar, laser
or camera on the original vehicle typically do not detect
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another vehicle on a road that is approaching an intersection
ata different direction since the on-board sensors are aimed to
detect obstacles in front and/or behind the original vehicle.
Thus the other vehicle approaching the intersection is outside
of'the detection range/angle of the on-board sensors. When a
wireless communication between two vehicles is available,
each vehicle can detect the existence and movement of the
other vehicle. When a collision risk is predicted, the straight
cross path system can warn the driver.

A blind spot warning system for a cooperative system is
similar to the autonomous system version previously
described. However, if a cooperative system affords for wire-
less detection of the existence and movement of another
vehicle. In addition, since a 5.9 GHz DSRC communication
sensor is omni-directional and has a 300 meter (984 feet)
communication range, the cooperative blind spot warning
system can detect the other vehicle at a greater distance and at
any angle when compared to the autonomous system.

A traffic signal violation warning system can warn a driver
of a potential signal violation when a roadside system trans-
mits a map of an intersection and information about a traffic
signal, e.g. the current color of the signal and when it will
change to another color. An original vehicle can then receive
the information and compare it with its current status, e.g.
location and speed, and calculate the potential of violating a
red signal. When a violation is predicted, the driver can be
alerted.

Turning now to FIG. 1, an illustration of an instrument
panel within a motor vehicle is shown with an IVDS 10. It is
appreciated that the system includes and/or can be in com-
munication with a plurality of proximity sensors (not shown)
that are part of and/or attached to the original motor vehicle.
As shown in this figure, it is appreciated that the IVDS 10 can
have a single display screen 50 that is in a line-of-site of a
driver sitting in a driver’s seat of the original vehicle.

Turning now to FIG. 2, an enlarged view of the single
display screen 50 is shown. The display screen 50 can include
a symbol 150 that is representative of the original motor
vehicle, the symbol 150 located on a reference grid section
134. In addition, the display 50 can include a plurality of grid
sections that surround the symbol 150 and/or reference grid
section 134. As shown in FIG. 2, the plurality of grid sections
can be a 3 by 4 grid having 3 columns of 4 grid sections and
4 rows of 3 grid sections. However, other grids are possible,
for example an x by y grid where x and y are equal to an
integer between 2 and 10, inclusive. In the example shown in
FIG. 2, two rows of grid sections, in particular row 110 and
row 120, are located in front of the symbol 150 and one row
140 is located behind the symbol 150. It is appreciated that the
symbol 150 is located on a row 130. It is further appreciated
that 1 column of 4 grid sections is located on a left side of the
symbol 150 and 1 column of 4 grid sections is located on a
right side of the symbol 150. In addition, the symbol 150 is
located on a center column of 4 grid sections.

For illustrative purposes only, the grid sections are labeled
with a grid section 112 being the furthest front left grid
section and a grid section 116 being the furthest front right
grid section relative to the symbol 150 and/or reference grid
section 134. Between the row 130 upon which the symbol 150
is located and the forwardmost row 110 is an intermediate row
120. It is appreciated that this row of grid sections represents
distances between the symbol 150 and the front row 110 of
grid sections.

Located between the reference grid section 134 and the
column of grid sections to the left of the symbol 150 canbe a
left lane marker line 180. Likewise, located between the ref-
erence grid section 134 and the column of grid sections to its
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right can be a right lane marker line 190. In addition to the
plurality of grid sections located around the symbol 150, an
object 170 may or may not be displayed on the single display
screen 50. As illustrated in FIG. 2, the external object 170 can
be a traffic signal, however, other external objects can be
displayed on the display screen 50, for example a symbol
representing a pedestrian, a STOP sign, and the like.

During operation, the original motor vehicle can be parked
or moving along a road or highway with the plurality of
proximity sensors detecting and/or gathering information
regarding the external surroundings/environment of the origi-
nal motor vehicle. As such, if another motor vehicle comes
within the vicinity of the original motor vehicle, its location
can be shown on the display 50 by illuminating one of the grid
sections. For example and for illustrative purposes only, if a
motor vehicle is in front of the original motor vehicle by a
distance of between 150 to 300 meters, then the IVDS 10 is
operable to illuminate grid section 112, 114 or 116 depending
upon whether the other vehicle is located to the left, directly
in front or to the right, respectively, of the original motor
vehicle. Likewise, if a motor vehicle is detected within a
range of 10 to 150 meters (33 to 492 feet) in front of the
original motor vehicle, then the grid section 122, 124 or 126
is illuminated depending upon whether the other motor
vehicle is located to the left, directly in front or to the right,
respectively, of the original motor vehicle. If the other motor
vehicle is located directly beside the original motor vehicle,
for example in the next lane, then the grid section 132 or 136
can be illuminated. And finally, if another motor vehicle is
located between 10 to 300 meters behind the original motor
vehicle, then the grid sections 142, 144 or 146 can be illumi-
nated depending upon whether the other motor vehicle is
located to the left, directly behind or to the right of the original
motor vehicle.

In addition to the plurality of grid sections on the single
display screen 50, the integrated visual display system 10 can
include immediate vicinity signals that can be seen by the
driver of the motor vehicle. For example, signals 162, 164,
166, 168 and 169 as illustrated in FIG. 2 provide information
to the driver regarding other parked motor vehicles, children
in the immediate vicinity, pets in the immediate vicinity and
the like when the car is parked. Illustrating such use of the
immediate vicinity signals is shown in FIG. 3 where FIG. 3A
illustrates the original motor vehicle with no surrounding
external objects, FIG. 3B illustrates the original motor vehicle
with an external object located on the front right side of the
vehicle, and FIG. 3C illustrates an external object located
directly behind the motor vehicle. It is appreciated that FIG.
3 A represents the single display screen 50 without any illu-
mination, or in the alternative, with standard background
color(s). In this manner, when the motor vehicle is parked or
traveling at a very slow rate of speed, for example less than 16
kph (10 mph), the driver can glance at a single display screen
50 and determine the immediate surroundings of the vehicle.

Turning now to FIGS. 4-6, illustration of the plurality of
grid sections being illuminated depending upon various
external object location scenarios is shown. For example and
for illustrative purposes only, FIG. 4A illustrates the original
motor vehicle just entering onto a road or highway with no
external objects in the vicinity. Then, FIG. 4B illustrates that
at least one of the plurality of proximity sensors on the origi-
nal motor vehicle has detected a lane marker on the right side
of'the vehicle and the IVDS 10 has illuminated the right road
marker line 190 a first color represented by the slash lines on
the line 190. Assuming that the road or highway also has a
lane marker on the left side of the original motor vehicle, FIG.
4C illustrates that at least one of the proximity sensors on the
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motor vehicle has detected the lane marker and the IVDS 10
has illuminated the left lane marker line 180 the first color.
Looking specifically at FIG. 4D, the right lane marker line
190 is illuminated a second color represented by the cross-
hatch lines on the line 190 and illustrates that the original
motor vehicle has veered over to the lane marker located on
the right side of the vehicle beyond a predetermined distance
without having a turn signal on. It is appreciated that when the
IVDS 10 can afford for illuminating the left lane marker line
180 and/or the right lane marker line 190 in the first color, the
second color or other colors. In some instances, the first color
can be white and the second color can be red, however this is
not required. In addition, the background 200, the plurality of
grid sections 100, the lane marker lines 180, 190, etc., can
have a background color such as grey, green, etc.

Looking specifically at FIG. 5, FIG. 5A illustrates the
original motor vehicle traveling on a road with no other motor
vehicles in its vicinity. In contrast, FIG. 5B shows grid section
122 illuminated in the first color, thereby illustrating that
another motor vehicle or some other external object is located
directly in front of the original motor vehicle at a distance
between 10 to 150 meters. If the original motor vehicle con-
tinues to approach the external object directly in front thereof
without adequately slowing down, then the IVDS 10 affords
for the grid section 122 to be illuminated in the second color.
It is appreciated that the change in color of the grid section
122 can alert the driver of a possible collision. Looking spe-
cifically at FIG. 5D, if the driver continues to approach the
external object without appropriately slowing down, the grid
section 122 can be illuminated in the second color and blink
on and off as represented by the short lines extending away
from the grid section. It is further appreciated that an audio
signal could also be provided to the driver under such a
circumstance. In this manner, a collision hazard can be com-
municated to the driver.

Looking now at FIG. 6, FIG. 6A illustrates the original
motor vehicle traveling along a road or highway with no
external objects in its vicinity. Then, FIG. 6B illustrates that
an external object, for example another motor vehicle, is
located in front of the original motor vehicle, e.g. at a distance
between 150 to 300 meters (492 to 984 feet) and off to the
right side as represented by the illumination of grid section
114. FIG. 6C illustrates that another motor vehicle has
approached the original motor vehicle and is located directly
beside the motor vehicle, e.g. within a distance of 2 to 10
meters (7 to 33 feet), as shown illustrated by the illumination
of'the grid section 132.

Various scenarios of other motor vehicles in the vicinity of
the original motor vehicle are shown in FIGS. 4-14. It is
appreciated that these figures are not meant to limit the inven-
tion in any way and are provided for illustrative purposes
only.

Looking specifically at FIG. 7, FIGS. 7A-7D illustrate
another motor vehicle V1 approaching the original motor
vehicle V from the left rear and eventually passing the vehicle
V and pulling into its lane. As shown in FIG. 7A, when the
vehicle V1 is located on the left rear portion of the vehicle V,
the grid section 142 is illuminated. As the vehicle V1 pulls up
beside the vehicle V the grid section 142 is de-illuminated and
the grid section 132 is illuminated. Thereafter, as the vehicle
V1 passes beyond the vehicle V, grid section 132 is de-illu-
minated and grid section 122 is illuminated. And finally,
when the vehicle V1 moves from the lane that is to the left of
the vehicle V into the same lane that vehicle V is driving, grid
section 122 is de-illuminated and grid section 114 is illumi-
nated. In this manner, the IVDS 10 provides the driver of the
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original motor vehicle V with proximity information on the
vehicle V1 as it approaches and eventually passes.

Turning now to FIG. 8, FIGS. 8 A-8D illustrate the original
motor vehicle V attempting to turn into the path of the other
motor vehicle V1 that is passing the vehicle V. As shown in
FIG. 8A, as the vehicle V1 approaches the vehicle V from the
left rear, grid section 142 is illuminated. However, as the
vehicle V1 pulls alongside the vehicle V and the vehicle V
attempts to move over into the left lane, the grid section 132
is illuminated in the second color. In this manner, the driver of
the vehicle V is alerted that a collision is possible. After the
vehicle V reverses its preliminary move or movement over to
the left lane, and the vehicle V1 passes the vehicle V, grid
section 122 is illuminated while the grid section 132 is de-
illuminated. And finally, as the vehicle V1 moves over into the
lane that vehicle V is traveling on, the grid section 122 is
de-illuminated and the grid section 114 is illuminated.

Turning to FIG. 9, FIGS. 9A-9E illustrate a potential col-
lision hazard from a motor vehicle that has pulled in front of
the original motor vehicle V. Looking specifically at FIG. 9A,
the single display screen 50 illustrates that a vehicle V2 is
located directly behind the original vehicle V by the illumi-
nation of grid section 144 and another vehicle V1 is approach-
ing the vehicle V from the right by the illumination of grid
section 116. Thereafter, the vehicle V1 turns right and pulls in
front of the vehicle V as illustrated by the illumination of grid
section 114. In the event that the vehicle V1 is traveling too
slow or that the vehicle V does not adequately slow down
when vehicle V1 pulls in front, the grid section 124 is illumi-
nated in the second color. In this manner, the driver of the
vehicle V is alerted that he or she is approaching the vehicle
V1 in an unsafe manner and a collision is possible. FIGS. 9D
and 9E illustrate that the original motor vehicle V has moved
over to the left lane and is passing the vehicle V1 which is
shown by the illumination of grid sections 146 and 126, and
then grid sections 146 and 136.

Turning now to FIG. 10, FIGS. 10A-10F illustrate the
original motor vehicle V and the other motor vehicle V1
approaching an intersection from different directions. As
shown in FIG. 10A, the grid section 116 is illuminated as the
vehicle V1 and vehicle V approach the same intersection.
Assuming the vehicles continue to approach the intersection,
FIG. 10B illustrates the two vehicles moving closer to each
other with the illumination of grid section 126. Assuming the
driver does not adequately reduce the speed of the vehicle V,
FIG. 10C illustrates a collision warning to the driver with the
illumination of grid 126 in the second color. Thereafter
assuming that the vehicle V stops and/or that the vehicle V1
stops, the grid section 126 changes its illumination color from
the second color back to the first color. After the vehicle V1
passes in front of the vehicle V grid section 122 is illuminated
as shown in FIG. 10F.

Turning now to FI1G. 11, a potential collision hazard result-
ing from a vehicle that is “two cars ahead” of the original
motor vehicle V is shown. Looking particularly at FIG. 11A,
two vehicles V1 and V2 are traveling in front of vehicle V.
This is shown on the display 50 by the illumination of grid
sections 114 and 124. In the event that the most forward
vehicle V1 stops suddenly, the integrated visual display sys-
tem 10 alerts the driver of the vehicle V of the sudden stop by
changing the illumination color of grid section 114 from the
first color to the second color. In this manner, the driver of the
vehicle V is alerted in advance of seeing the brake lights of the
vehicle V2 that a collision hazard is present. FIGS. 11C and
11D illustrate that the vehicle V2 has pulled over to the right
in order to pass the vehicle V1 as represented by the grid
section 126 being illuminated.
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Regarding the IVDS 10 providing information to the driver
of the motor vehicle with respect to traffic lights, pedestrians
and the like, FIG. 12 shows an example of the original motor
vehicle V approaching a traffic signal. In particular, FIG. 12A
shows a traffic signal 170 on the single display screen 50, the
signal 170 having lights 172, 174 and 176. When the actual
traffic signal is “green”, the light 176 is illuminated as shown
in the figure. In the event that the traffic signal changes from
green to red, this information can be provided to the driver by
the de-illumination of light 176 and illumination of light 172.
It is appreciated that the lights 172, 174 and 176 can be
illuminated in a red, yellow and green color, respectively. In
this manner, if the motor vehicle V is traveling behind a large
object such as a tractor-trailer truck and cannot see the traffic
signal, it is alerted as to whether or not it is green, yellow or
red. In the event that the original motor vehicle V approaches
the traffic signal when it is red at too high a rate of speed, in
addition to the light 172 being illuminated on the display 50,
the background 200 can be illuminated. If the vehicle contin-
ues to approach the traffic signal at too great a rate of speed,
the background 200 can be illuminated and also blink. It is
appreciated that audio signals can also be provided to the
driver when such a hazard exists.

Turning now to FIG. 13, a situation where a pedestrian is
walking in front of the original motor vehicle V is shown. As
the pedestrian approaches the path of the vehicle V, the sym-
bol 178 can appear on the display screen 50. If the pedestrian
comes within a predetermined distance of the vehicle V, the
background 200 can be illuminated, for example in red.
Assuming the vehicle V slows down or stops, and the pedes-
trian walks in front of the vehicle V, thereafter the pedestrian
symbol 178 is shown on the left side of the plurality of grid
sections 100.

Looking specifically at FIG. 14, an example of the original
vehicle V attempts to make a right turn and upon doing so
comes within a predetermined distance of the pedestrian is
shown. As illustrated in FIG. 14A, the pedestrian symbol 178
is presented to the driver on the single display screen 50 and
asthe vehicle V attempts to make a right turn as shown in FIG.
14B, the background 200 is illuminated, for example in red.
In addition, the background 200 can be illuminated and blink
on and off. This alerts the driver to slow down or stop, thereby
allowing the pedestrian to walk in front of the vehicle V after
which the vehicle V can proceed. In this manner, the IVDS 10
provides external object proximity location information to
the driver and affords for the driver to change the direction
and/or speed of the motor vehicle and thus avoid a potential
collision.

It is appreciated that the display screen 50 is an LCD
display screen, however this is not required. Other types of
display screens can be used including those not yet available,
since the scope of the invention is related to providing exter-
nal object proximity location information to a driver on a
single screen. As such, any display screen falls within the
scope of the present invention. The IVDS 10 a system can
integrate autonomous systems and cooperative systems such
that potential collision hazards from external objects up to
300 meters (984 feet) in distance from the motor vehicle can
beavoided. Itis appreciated that the distance values are proxi-
mate and can vary from the actual values that are listed.

Thus, the invention is not restricted to the illustrative
examples described above. The examples are not intended as
limitations on the scope of the invention. Methods, apparatus
and the like described herein are exemplary and not intended
as limitations on the scope of the invention. Changes therein
and other uses will occur to those skilled in the art. The scope
of'the invention is defined by the scope of the claims.

IPR2025-01035
Tesla EX1043 Page 13



US 8,305,444 B2

11

I claim:

1. A motor vehicle with an integrated visual display system
for displaying proximity location information on an external
object while the motor vehicle is parked or moving, the inte-
grated visual display system operable to display the proxim-
ity location information of the external object on a single
screen within the motor vehicle, said motor vehicle compris-
ing:

aplurality of proximity sensors operable to detect an exter-

nal object;

avisual display located in a driver’s line of sight when the

driver is seated in a driver’s seat of said motor vehicle,
said visual display in electronic communication with
said plurality of proximity sensors and having:
asingle display screen with a plurality of grid sections, said
plurality of grid sections having a reference grid section
with a symbol representing the motor vehicle and grid
sections located behind, in front and on both sides of said
reference grid section, wherein said plurality of grid
sections is an x by y grid with y rows of x grid sections
and x columns of y grid sections, said x and said y each
being an integer between 2 and 10;

an illumination source, said illumination source operable
to illuminate one or more of said plurality of grid sec-
tions;

said visual display operable to receive the proximity loca-

tion information from at least part of the plurality of
proximity sensors and illuminate one or more of said
plurality of grid sections as a function of the proximity
location information.

2. The motor vehicle of claim 1, wherein said x columns of
y grid sections visually represent lanes of a road or highway
said motor vehicle is traveling on.

3. The motor vehicle of claim 1, wherein said y rows of x
grid sections visually represent a range of distances in front,
beside and behind said motor vehicle.

4. The motor vehicle of claim 3, wherein at least one of said
x columns is located on a right side of said reference grid
section and at least one of said x columns is located on a left
side of said reference grid section.

5. The motor vehicle of claim 4, wherein at least one of said
y rows is located behind said reference grid section and at
least one of said y rows is located in front of said reference
grid section.

6. The motor vehicle of claim 5, wherein at least two of said
y rows are located in front of said reference grid section.

7. The motor vehicle of claim 1, wherein said x is equal to
3 and said y is equal to 4.
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8. The motor vehicle of claim 7, wherein one of said 3
columns is located on a left side of said reference grid section
one of said 3 columns is located on a right side of reference
grid section.

9. The motor vehicle of claim 7, wherein one of said 4 rows
is located behind said reference grid section and two of'said 4
rows is located in front of said reference grid section.

10. The motor vehicle of claim 1, further comprising a left
lane marker line on a left side of said reference grid section
and a right lane marker line on a right side of said reference
grid section.

11. The motor vehicle of claim 10, wherein said visual
display is operable to illuminate said left lane marker line and
said right lane marker line.

12. The motor vehicle of claim 11, wherein said left lane
marker line is illuminated when at least one of said plurality
of proximity sensors detects a lane marker on a left side of
said motor vehicle and said right lane marker line is illumi-
nated when at least one of said plurality of proximity sensors
detects a lane marker on a right side of said motor vehicle.

13. The motor vehicle of claim 11, wherein said visual
display is operable to illuminate said left lane marker line or
said right lane marker line when said motor vehicle comes
within a predetermined distance of said left lane marker or
said right lane marker, respectively, without having a turn
signal on.

14. The motor vehicle of claim 10, wherein said left lane
marker line is located between a column of grid sections that
said reference grid section is located on an adjacent column of
grid sections located on said left side of said reference grid
section, and said right lane marker line is located between
said column of grid sections that said reference grid section is
located on an adjacent column of grid sections located on said
right side of said reference grid section.

15. The motor vehicle of claim 1, wherein said plurality of
proximity sensors is a plurality of immediate vicinity sensors
having a range of between 0 to 10 meters from said motor
vehicle and a plurality of extended vicinity sensors having a
range of between 10 to 300 meters from said motor vehicle.

16. The motor vehicle of claim 1, wherein said plurality of
proximity sensors includes at least one sensor for an autono-
mous external object proximity location system and at least
one sensor for a cooperative external object proximity loca-
tion system.

17. The motor vehicle of claim 1, wherein the external
object is selected from the group consisting of another motor
vehicle, a pedestrian, a traffic signal and a lane marker on a
road.
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