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(54) Aircraft flight deck displays and systems and methods for enhanced display of obstacles in 
a combined vision display

(57) Systems and methods for enhanced display of
obstacles in a combined vision display are provided. The
system comprises a display unit and an enhanced vision
system configured to generate first signals representa-
tive of enhanced vision images. Data storage device con-
tains obstacle data representative of obstacles. Synthetic
vision system is configured to selectively retrieve obsta-
cle data from data storage device and generate second
signals representative of synthetic vision images of one
or more obstacles. Processor is in operable communica-
tion with display unit and coupled to receive first and sec-
ond signals and configured, in response thereto, to: over-
lay the synthetic vision images of the one or more obsta-
cles over the enhanced vision images and command dis-
play unit to display the synthetic vision images of the one
or more obstacles overlaid over the enhanced vision im-
ages. The overlaid synthetic vision images of the one or
more obstacles may be visually highlighted.
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Description

TECHNICAL FIELD

[0001] The present invention generally relates to vehi-
cle display systems, and more particularly relates to air-
craft flight deck displays and systems and methods for
enhanced display of obstacles in a combined vision dis-
play.

BACKGROUND

[0002] Many vehicles, such as aircraft, are commonly
equipped with one or more vision enhancing systems.
Such vision enhancing systems are designed and con-
figured to assist a pilot when flying in conditions that di-
minish the view from the cockpit. One example of a vision
enhancing system is known as a synthetic vision system
(hereinafter, "SVS"). A typical SVS is configured to work
in conjunction with a position determining unit associated
with the aircraft as well as dynamic sensors that sense
aircraft altitude, heading, and orientation. The SVS in-
cludes or accesses a database containing information
relating to the topography along the aircraft’s flight path,
such as information relating to the terrain and known
man-made and natural obstacles proximate the aircraft
flight path. The SVS receives inputs from the position
determining unit indicative of the aircraft location and also
receives inputs from the dynamic sensors. The SVS is
configured to utilize the position, heading, altitude, and
orientation information and the topographical information
contained in the database, and generate a three-dimen-
sional image that shows the topographical environment
through which the aircraft is flying from the perspective
of a person sitting in the cockpit of the aircraft. The three-
dimensional image (also referred to herein as an "SVS
image") may be displayed to the pilot on any suitable
display unit accessible to the pilot. The SVS image in-
cludes features that are graphically rendered including,
without limitation, a synthetic perspective view of terrain
and obstacles located proximate the aircraft’s flight path.
Using a SVS, the pilot can look at a display screen of the
display unit to gain an understanding of the three-dimen-
sional topographical environment through which the air-
craft is flying and can also see what lies ahead. The pilot
can also look at the display screen to determine aircraft
proximity to one or more obstacles proximate the flight
path.
[0003] Another example of a vision enhancing system
is known as an enhanced vision system (hereinafter,
"EVS"). A typical EVS system includes an imaging de-
vice, such as, but not limited to, a visible lowlight televi-
sion camera, an infrared camera, or any other suitable
light detection system capable of detecting light or elec-
tromagnetic radiation, either within or outside of the vis-
ible light spectrum. Such imaging devices are mounted
to the aircraft and oriented to detect light transmissions
originating from an area outside of the aircraft and typi-

cally located ahead of the aircraft in the aircraft’s flight
path. The light received by the EVS is used by the EVS
to form an EVS image that is then displayed to the pilot
on any suitable display unit in the cockpit of the aircraft.
The sensor used in an EVS is more sensitive to light than
is the human eye. Accordingly, using the EVS, a pilot can
view elements of the topography that are not visible to
the human eye. For this reason, an EVS is very helpful
to a pilot when attempting to land an aircraft in inclement
weather or at night. One advantage to an EVS system is
that it depicts what is actually present versus depicting
what is recorded in a database. However, the EVS sys-
tem has low resolution and may not be sensitive enough
to detect certain obstacles because of their size or other
conditions. For example, thin radio towers, high voltage
wires, cables, power lines, etc. represent a particularly
insidious obstacle hazard, as they are difficult to detect
by the EVS system even during daylight with good visi-
bility conditions.
[0004] Combined vision displays include both a SVS
image and an EVS image and may further include addi-
tional images, in the form of symbology. The symbology
commonly appears as an icon or a series of icons on the
display screen and may be indicative of the aircraft head-
ing, direction, attitude, and orientation. With combined
vision displays, the SVS and EVS images are commonly
shown to the pilot on the same display screen. The EVS
image (which may be smaller than the SVS image) may
be overlaid on top of the SVS image such that the portion
of the SVS image underlying the EVS image may not be
visible or may be obscured (such as when the EVS over-
lay has a high level of opacity or is semi-transparent,
respectively). The EVS overlay in a combined vision dis-
play may be visually partitioned into separate portions.
The portion of the EVS image below an attitude reference
(e.g., the zero pitch attitude for the aircraft) is displayed
in a manner that provides a seamless transition to/from
the underlying SVS image while the upper portion of the
EVS image is displayed in a different color than the lower
portion of the EVS image and in a manner that allows
the underlying SVS image to be perceived. In this man-
ner, a pilot can quickly and intuitively ascertain the rela-
tive attitude and/or relative altitude of the aircraft with
respect to the features shown in the EVS image while
maintaining situational awareness.
[0005] One important aspect of situational awareness
is to be aware of obstacles that pose a collision threat to
vehicles. This is particularly true for aircraft during take-
off and landing or other low altitude operations and even
more so in low visibility conditions. Terrain and obstacle
images should be presented in such a way that they will
provide timely awareness of the type, height, location,
and distance of possible collision threats relative to the
vehicle. In order to successfully avoid obstacles, the op-
erator will have a short response time in which to deter-
mine how best to avoid the obstacles. Unfortunately, ob-
stacle images in combined vision displays, even if within
sensor detection range or in the database, may not be
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easily visible, thereby limiting obstacle awareness and
decreasing the potential for obstacle avoidance.
[0006] Accordingly, it is desirable to provide systems
and methods for enhanced display of obstacles in a com-
bined vision display. It is desired to provide the pilot with
heightened obstacle awareness by selectively bringing
obstacle images to the front of the combined vision dis-
play and visually highlighting the obstacle images, there-
by increasing the potential of obstacle detection and
avoidance regardless of obstacle size, and other condi-
tions. Furthermore, other desirable features and charac-
teristics of exemplary embodiments will become appar-
ent from the subsequent detailed description and the ap-
pended claims, taken in conjunction with the accompa-
nying drawings and the foregoing technical field and
background.

BRIEF SUMMARY

[0007] Systems are provided for enhanced display of
obstacles in a combined vision display. In accordance
with an exemplary embodiment, a system comprises a
display unit, and an enhanced vision system configured
to generate a first signal representative of enhanced vi-
sion images. A data storage device contains obstacle
data representative of obstacles. A synthetic vision sys-
tem is configured to selectively retrieve the obstacle data
from the data storage device and generate a second sig-
nal representative of synthetic vision images of the one
or more obstacles. A processor is in operable communi-
cation with the display unit and is coupled to receive the
first and second signals and is configured, in response
thereto, to: overlay the synthetic vision images of the one
or more obstacles over the enhanced vision images and
command the display unit to display the synthetic vision
images of the one of more obstacles overlaid over the
enhanced vision images.
[0008] Methods are provided for enhanced display of
obstacles in combined vision displays in accordance with
yet another exemplary embodiment of the present inven-
tion. The method comprises generating an enhanced vi-
sion image. A synthetic vision image of one or more ob-
stacles is generated. The synthetic vision image of the
one or more obstacles is selectively overlaid over the
enhanced vision image. The synthetic vision image of
the one or more obstacles overlying the enhanced vision
images is selectively visually highlighted. The visually
highlighted synthetic vision image of the one or more
obstacles overlying the enhanced vision image is dis-
played.
[0009] Flight deck displays for an aircraft are provided
in accordance with yet another exemplary embodiment
of the present invention. The flight deck display has ren-
dered thereon a primary flight display comprising a syn-
thetic perspective image of topography for a region prox-
imate the aircraft. The synthetic perspective image of to-
pography comprises a synthetic vision image of obstacle
data. An enhanced vision image overlies a portion of the

synthetic perspective view of the topography. A synthetic
vision image of obstacle data overlies the enhanced vi-
sion image.
[0010] Furthermore, other desirable features and char-
acteristics of the systems and methods will become ap-
parent from the subsequent detailed description and the
appended claims, taken in conjunction with the accom-
panying drawings and the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will hereinafter be de-
scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 is a schematic diagram of a system for en-
hanced display of obstacles in a combined vision
display, according to exemplary embodiments of the
present invention;

FIG. 2 is an exemplary flight deck display with an
enhanced display of obstacles therein; and

FIG. 3 is a flow diagram of a method for enhanced
display of obstacles in a combined vision display,
according to another exemplary embodiment of the
present invention.

DETAILED DESCRIPTION

[0012] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. As used here-
in, the word "exemplary" means "serving as an example,
instance, or illustration." Thus, any embodiment de-
scribed herein as "exemplary" is not necessarily to be
construed as preferred or advantageous over other em-
bodiments. All of the embodiments described herein are
exemplary embodiments provided to enable persons
skilled in the art to make or use the invention and not to
limit the scope of the invention which is defined by the
claims. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary, or the
following detailed description.
[0013] Various embodiments are directed to systems
and methods for enhanced display of obstacles in a com-
bined vision display. Such systems and methods bring
selected obstacle images to the front of the combined
vision display and may visually highlight them, thereby
making them more visually compelling and increasing
situational and obstacle awareness. The system is con-
figured to operate by selectively overlying synthetic vision
system (SVS) images of one or more obstacles over an
enhanced vision system (EVS) image in a combined vi-
sion display comprising a synthetic perspective image of
topography and the EVS image and selectively visually
highlighting the synthetic vision images of the one or
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more obstacles overlying the EVS image. The combined
vision display may further comprise data symbology. The
EVS image may be visually partitioned as hereinafter
generally described and known in the art. Selectively
overlying and visually highlighting the synthetic vision im-
ages of obstacles allows the flight crew to clearly identify
visually the obstacle(s) to avoid and to provide a refer-
ence to gauge the height, distance, and location of the
obstacle from the vehicle, thereby increasing the poten-
tial of obstacle detection and avoidance. Although em-
bodiments described herein are specific to aircraft dis-
play systems, it should be recognized that principles of
the inventive subject matter may be applied to other ve-
hicle display systems.
[0014] FIG. 1 is a simplified functional block diagram
of a system 10 for enhanced display of obstacles in a
combined vision display, according to exemplary embod-
iments. System 10 includes multiple components each
of which may be configured for mounting to aircraft. In
some embodiments, system 10 may be a self-contained
system such that each of the components described be-
low are contained in a single housing and are dedicated
exclusively to serving the functions of system 10. In other
embodiments, the various components described below
may be standalone components or they may be compo-
nents that are used as part of other systems and which
are configured to be used as a shared resource between
such other systems and system 10.
[0015] In the embodiment illustrated in FIG. 1, system
10 includes an enhanced vision system 12 ("EVS 12"),
a position determining unit (such as a Global Positioning
System (GPS), inertial navigation system, or the like) and
avionics sensors 14, a synthetic vision system 16 ("SVS
16"), a display unit 20, display screen 22, and a processor
24. In other embodiments, system 10 may include either
additional or fewer components.
[0016] EVS 12, as described in the background section
above, includes one or more sensors adapted for mount-
ing to an aircraft and configured to detect a light signature
originating from outside the aircraft. The sensor may in-
clude a visible low light television camera, an infrared
camera, millimeter wave (MMW) camera or any other
light sensing device capable of detecting light either with-
in, or outside of the visible spectrum. The light signature
may include any light that is projected from, or that is
reflected off of any terrain or object outside of the aircraft.
The object may be an "obstacle" as used herein. As used
herein, the term "obstacle" refers to man-made and nat-
urally-occurring structures located proximate the vehicle
travel path (such as an aircraft flight path), such as tow-
ers, buildings, antennas, power lines, wind turbines, for-
est edges, etc. The term "terrain" as used herein refers
to land mass.
[0017] EVS 12 is configured to generate a first signal
26 and to provide first signal 26 to processor 24. First
signal 26 is an electronic signal that includes information
corresponding to the light signature detected by EVS 12
and that enables processor 24 to render an image of the

light signature (referred to hereinafter as "the EVS im-
age"). For example, if the detected light signature is of
an obstacle, first signal 26 would enable processor 24 to
render an EVS image of the obstacle. In some embodi-
ments, EVS 12 may include a dedicated processor, a
microprocessor, circuitry, or some other processing com-
ponent that is configured to receive input from the one
or more light detecting sensors and to generate first sig-
nal 26 using such inputs. In other embodiments, EVS 12
may not include a dedicated processor, microprocessor,
circuitry or other processing component, in which case
first signal 26 would comprise unprocessed inputs from
the light detecting sensors of EVS 12 for processing by
processor(s) 24.
[0018] First signal 26 may be a weak signal in the sense
that the signature to be identified has very low contrast
with respect to the background image because of size
and/or weather conditions that may obscure the ability
of EVS 12 to obtain a strong light signature or because
of the distance of the aircraft from the light signature or
for a variety of other factors. When first signal 26 is weak,
the image corresponding to first signal 26 is easily over-
powered and washed out, making it difficult to perceive
the weak signatures contained in the EVS image. As a
result, an obstacle corresponding to the first signal may
not be discernible in the EVS image 36 or it may be very
weak and can be easily missed. As a result, a pilot may
not be able to see the obstacle in time to avoid the ob-
stacle.
[0019] SVS 16, as described in the background section
above, is configured to generate a three-dimensional im-
age of the topographical environment around the aircraft
(referred to hereinafter as "the SVS image") and to gen-
erate a second signal carrying SVS image and to provide
the second signal to processor 24. The SVS 16 may ac-
cess or include a data storage device 25 containing a
database with data relating to the topography which may
include information (data) relating to terrain and obsta-
cles located along or at least proximate to the aircraft’s
flight path. The data storage device may contain such
data for an entire geographical region such as a state, a
country or continent. SVS 16 may also access or include
the position determining unit that is configured to deter-
mine the position of the aircraft with respect to the surface
of the earth. SVS 16 may be configured to receive course,
speed, and other avionic inputs relating to the aircraft
heading, altitude, and attitude. In equivalent embodi-
ments, SVS 16 may receive the GPS and avionic inputs
from the aircraft GPS and avionic sensors 14.
[0020] In some embodiments, SVS 16 may include a
dedicated processor, microprocessor, or other circuitry
that is configured to take the information pertaining to the
position, attitude, altitude and heading of the aircraft and
to utilize the information/data available in the database
to generate a second signal 30 that may be utilized by
processor 24 to render a three-dimensional image of the
topographical environment through which the aircraft is
traveling. As a pilot may wish to have a clearer and less
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cluttered view of potential obstacle(s) relative to the ter-
rain surrounding the obstacle(s), system 10 may be con-
figured to permit the pilot to visually highlight the synthetic
vision images of obstacles to reduce any visual interfer-
ence with the synthetic vision images of the terrain. The
synthetic vision images of the obstacles may be visually
highlighted by changing the color, opacity, or shape of
the obstacles displayed in the synthetic vision images to
visually distinguish the synthetic vision images of the ob-
stacles from the synthetic vision images of the terrain or
from obstacles that are already readily visible in the SVS
image or EVS image, i.e., the processor is configured to
change at least one visual characteristic of the synthetic
vision images of the terrain and/or obstacles to visually
distinguish the synthetic vision images of the obstacles
from the synthetic vision images of the terrain data there-
in. For example, the opacity of the synthetic vision images
of the obstacles may be increased relative to the opacity
of the synthetic vision images of the terrain in the SVS
image. In this regard, the display of obstacles (more spe-
cifically, obstacle images) has been enhanced in the SVS
image. The enhanced display of the obstacles makes it
easier for a pilot to detect and avoid the obstacles whose
image is graphically rendered as part of the SVS image
34.
[0021] In other embodiments, SVS 16 may not include
a dedicated processor, microprocessor, circuitry, or other
processing component. In such embodiments, second
signal 30 would contain the unprocessed sensor infor-
mation and location data which could then be utilized by
processor 24 to render the three dimensional image of
the topographical environment, including the synthetic
vision images of the obstacles and the synthetic vision
images of the terrain. In either event, SVS 16 is config-
ured to provide second signal 30 to processor 24.
[0022] Display unit is configured to provide the en-
hanced images to the operator. In accordance with an
exemplary embodiment, the display may be implement-
ed using any one of numerous known displays suitable
for rendering textual, graphic, and/or iconic information
in a format viewable by the operator. Non-limiting exam-
ples of such displays include various cathode ray tube
(CRT) displays, and various flat panel displays such as
various types of LCD (liquid crystal display) and TFT
(Thin Film Transistor) displays. The display unit may ad-
ditionally be implemented as a panel mounted display, a
HUD (Head-Up Display) Projection, or any one of numer-
ous known technologies. It is additionally noted that the
display unit may be configured as any one of numerous
types of aircraft flight deck displays. For example, it may
be configured as a multi-function display, a horizontal
situation indicator, or a vertical situation indicator. In the
depicted embodiment, however, the display unit is con-
figured as a primary flight display (PFD) for an aircraft.
[0023] Additionally, display unit 20 includes a display
screen 22 that is operatively connected to display unit
20. Display screen 22 is configured to be controlled by
display unit 20 and may be used to display any type of

image including, but not limited to, textual, graphics, and
iconic information. In some embodiments, display unit 20
may include multiple display screens 22 and system 10
may include multiple display units 20.
[0024] Processor 24 may be any type of computer,
computer system, microprocessor, collection of logic de-
vices, or any other analog or digital circuitry that is con-
figured to calculate, and/or to perform algorithms, and/or
to execute software applications, and/or to execute sub-
routines, and/or to be loaded with and to execute any
type of computer program. Processor 24 may comprise
a single processor or a plurality of processors acting in
concert. In some embodiments, processor 24 may be
dedicated for use exclusively with system 10 while in oth-
er embodiments processor 24 may be shared with other
systems on board the aircraft. In still other embodiments,
processor 24 may be integrated into any of the other com-
ponents of system 10. For example, in some embodi-
ments, processor 24 may be a component of EVS 12,
SVS 16, or both.
[0025] Processor 24 is communicatively coupled to
EVS 12, GPS/avionics 14, SVS 16 and is operatively
coupled to display unit 20. Such communicative and op-
erative connections may be effected through the use of
any suitable means of transmission including both wired
and wireless connections. For example, each component
may be physically connected to processor 24 via a co-
axial cable or via any other type of wire connection ef-
fective to convey electronic signals. In other embodi-
ments, each component may be communicatively con-
nected to processor 24 across a bus or other similar com-
munication corridor. Examples of suitable wireless con-
nections include, but are not limited to, a Bluetooth con-
nection, a Wi-Fi connection, an infrared connection or
the like.
[0026] Being communicatively and/or operatively cou-
pled with EVS 12, GPS/avionics sensors 14, SVS 16,
and display unit 20, provides processor 24 with a pathway
for the receipt and transmission of signals, commands,
instructions, and interrogations to and from and each of
the other components. Processor 24 is configured (i.e.
being loaded with and being capable of executing suita-
ble computer code, software and/or applications) to in-
teract with and to coordinate with each of the other com-
ponents of system 10 for the purpose of overlaying im-
ages corresponding to first signal 26, second signal 30,
and third signal 28. For example, in the illustrated em-
bodiment, processor 24 is configured to receive second
signal 30 from SVS 16 and to send a command to display
unit 20 instructing display unit 20 to display correspond-
ing SVS images on the display screen 22. Processor may
also be configured to receive a third signal from the air-
craft’s GPS/Avionics system 14 for displaying data in an
iconic format.
[0027] Processor 24 is also configured to receive first
signal 26 from EVS 12 and to send a command to display
unit 20 instructing display unit 20 to display the EVS im-
age on display screen 22. Processor 24 is further con-
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figured to command display unit 20 to overlay the EVS
image on top of a portion of the SVS image. Furthermore,
because the EVS image is reflective of what is actually
present along the aircraft’s flight path, processor 24
(more specifically, image decisioner 18 thereof) may give
precedence to the EVS image and may command display
unit 20 to obscure the portion of the SVS image lying
beneath the EVS image. The EVS and SVS images may
be indexed at the time of camera installation, e.g., by
aligning an EVS image sensor to ensure that the sensor
and the SVS view are indexed. Such an indexing process
may be periodically repeated during normal course of
maintenance to assure proper alignment. When a known
obstacle having a verified position is present, the SVS
and EVS images thereof may be aligned during a rela-
tively static phase of operations or on the ground.
[0028] As known in the art, processor may also be con-
figured to visually partition the EVS image such that a
first portion of the EVS image that is below a particular
attitude reference (e.g., the zero pitch attitude for the air-
craft) is visually distinguishable from a second portion of
the EVS image that is above the attitude reference. For
example, the lower portion of the EVS image may be
displayed in a manner that provides a seamless transition
to/from the underlying synthetic terrain. This may be done
by displaying the lower portion of the EVS image in a
color corresponding to the terrain that is adjacent to or
otherwise proximate the lower portion and with a rela-
tively high level of opacity. In contrast, the upper portion
is displayed with a relatively high level of transparency
or in a different color than the lower portion of the EVS
image allowing the underlying synthetic terrain to be per-
ceived.
[0029] In accordance with exemplary embodiments,
processor 24 is also configured to selectively overlay syn-
thetic vision images of one or more obstacles over the
EVS images. In some embodiments, all the obstacles
will be overlaid while in other embodiments, only synthet-
ic vision images of selected obstacles overlying the EVS
image will be overlaid. The processor is configured to
select which obstacles are to be overlaid. The synthetic
vision images of the obstacles are overlaid over the EVS
images in a manner that enhances the pilot’s ability to
discern obstacles along the flight path. As noted previ-
ously, given typical limitations of EVS imaging systems
in image quality, resolution, and weather-induced deg-
radation, it may not be possible to detect obstacles
ahead. For example, even under good weather condi-
tions, thin radio towers or high voltage wires may not
appear in the EVS image for various reasons, such as
lack of temperature differentials or insufficient EVS image
resolution. These obstacles are of great concern for low
altitude flying operations. Therefore, synthetic vision im-
ages of such obstacles may be advantageously and se-
lectively overlaid over the EVS images. On the other
hand, for example, a large obstacle such as a building
may be readily apparent in the EVS image due to its size,
and therefore the synthetic vision image of the building

need not be overlaid on top of the EVS image. The image
decisioner 18 of processor 24 or the vehicle operator
(such as, for example, an aircraft pilot) may select the
synthetic vision images of the one or more obstacles to
be overlaid in front of the EVS images. The selection may
be based on different lateral dimensions of the obstacles
(i.e., obstacle size), obstacle type, or both. Other consid-
erations may bear on the decision to selectively overlay
the synthetic vision images of the one or more obstacles
over the EVS images. Such decisions or selections can
also be done by typical EVS detection range considera-
tions, i.e., if the weather condition is marginal and affect-
ing the EVS detection range, the vehicle operator may
choose to overlay and display synthetic vision images of
one or more obstacles that are farther out than those in
the standard EVS detection range.
[0030] Processor is also configured to selectively vis-
ually highlight the synthetic vision images of the one or
more obstacles overlying the EVS image in the combined
vision display. As used herein, the term "visually high-
lighted" or "visual highlighting" means that the obstacles
are visually prominent against the underlying EVS image.
In some embodiments, all the overlaid obstacles (more
specifically, synthetic vision images of the obstacles) on
display screen 22 will be visually highlighted while in other
embodiments, only synthetic vision images of selected
obstacles overlying the EVS image will be visually high-
lighted. The processor is configured to select which syn-
thetic vision images of obstacles are to be visually high-
lighted. Some of the synthetic vision images of the ob-
stacles may be semi-transparent, while others may be
opaque. Visual highlighting may include blanking out por-
tions of the SVS image, rendering portions of the EVS
image at least partially transparent, diminishing the in-
tensity of the EVS image, increasing the intensity of the
SVS image of the one or more obstacles, or using any
other technique that would enhance the pilot’s ability to
discern obstacles in the EVS image. It should be under-
stood that the enhancements described above are ex-
emplary and do not comprise an exhaustive list of tech-
niques that may be employed by processor 24 to enhance
the discernibility or visibility of obstacles in the topograph-
ical environment through which the aircraft is flying. The
visual highlighting of the synthetic images of obstacles
helps ensure heightened obstacle awareness. The ob-
stacle type can be determined and the obstacle height,
location, and distance can be estimated by using the cur-
rent aircraft position, orientation, attitude information, etc.
to determine the approximate location of the obstacle
relative to the aircraft or other vehicle.
[0031] Processor 24 is also configured to send a com-
mand to display unit 20 instructing display unit 20 to dis-
play the visually highlighted synthetic vision images of
the selected obstacles overlying the EVS images on dis-
play screen 22. Furthermore, as the obstacle data is re-
flective of what is actually present along and at least prox-
imate the aircraft’s flight path, processor 24 (more spe-
cifically, image decisioner 18 thereof) may give prece-
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dence to the visually highlighted synthetic vision images
of the obstacles and may command display unit 20 to
obscure the portion of the SVS image lying beneath the
synthetic vision images of the obstacles overlying the
EVS image. Processor is in operable communication with
the image decisioner. Image decisioner may be a suitably
configured and programmed computing device or in
equivalent embodiments may be a software module ex-
ecuting on the processor. In other embodiments, the im-
age decisioner may comprise firmware or may be man-
ifested as a combination of hardware, firmware, and soft-
ware. In still other embodiments, the image decisioner
and the processor may work in tandem selecting the syn-
thetic vision images of the obstacles to be overlaid and
visually highlighted.
[0032] FIG. 2 is an exemplary picture of display screen
22 with an enhanced display of obstacles in the illustrated
combined vision display comprising the SVS image 34
and the EVS image 36. FIG. 2 illustrates images that are
presented to a pilot by system 10. The images displayed
on display screen 22 include a synthetic vision image of
obstacles 38 (more specifically, power lines) overlaid
over the EVS image 36, the synthetic vision image of
obstacles overlaid over the EVS image itself overlying a
portion of an underlying synthetic vision image 34, and
various iconic data 40. It should be appreciated that the
display screen as depicted in FIG. 2 represents the state
of a dynamic display frozen at one particular time, and
that the display screen may be continuously refreshed
during operation of the aircraft to reflect changes in the
altitude and/or position of the aircraft.
[0033] The EVS image 36 obscures a portion of the
underlying SVS image 34, including synthetic vision im-
ages of obstacles that would otherwise be displayed (i.e.,
visible) in the SVS image. The synthetic vision image of
obstacles 38 is rendered in the SVS image and continued
into the EVS image 36 portion of the display. The syn-
thetic vision images of the obstacles 38 (here, power
lines) in the overlaid EVS image are visually highlighted.
The illustrated overlaid and visually highlighted power
lines are clearly visible against the EVS image 36 in the
combined vision display. While power lines are displayed
as the exemplary obstacle, the synthetic vision images
of other obstacles may be similarly overlaid and visually
highlighted to be clearly visible in the combined vision
display. The synthetic vision images of the power lines
are visually highlighted by rendering the images with in-
creased intensity relative to the EVS image. For example,
the synthetic vision images of the illustrated power lines
have a greater opacity than does the EVS image 36 itself
making the obstacles easier to visualize. The obstacles
within the EVS image window may be displayed with
brighter color, intensity, or opacity different from the ob-
stacles outside the window in the SVS only display area.
[0034] As noted previously, obstacles can be visually
highlighted in the SVS image as the SVS image can be
readily generated to allow, for example, darker or more
opaque obstacle images to be rendered with minimum

display clutter. In FIG. 2, the synthetic vision images of
obstacles overlaid over the EVS image and rendered as
part of the SVS image are visually highlighted. For ex-
ample, the synthetic vision images of obstacles 38 within
the EVS image window and rendered as part of the SVS
image are displayed with brighter intensity different from
the remaining portions of the EVS image. As a result of
selectively overlaying and visually highlighting the syn-
thetic vision image of obstacles over the EVS image, the
combined vision image of FIG. 2 clearly illustrates the
power lines in the topographical environment through
which the aircraft is flying.
[0035] As illustrated, the obstacles that are displayed
outside of EVS image 36 and in the SVS image only
portion are unaffected by the obstacle overlay image,
i.e., the obstacles that are located in the SVS image only
portion have the same level of clarity and intensity as
they had before the overlaying of the synthetic vision im-
ages of the obstacles over the EVS image. As noted pre-
viously, the obstacles graphically rendered in the SVS
image only portion can be generally darker or have great-
er opacity than the terrain in the SVS image as the SVS
image can be readily generated to allow a visually high-
lighted obstacle image to be rendered in the SVS image
with minimum display clutter so as to visually distinguish
between terrain and obstacles. While the format, includ-
ing the intensity (brightness) for example, of the EVS
image is predetermined, the format of the SVS features
may be modified to improve the clarity of the image and
recognition by the pilot. For example, the intensity of the
SVS features (e.g., the selected obstacles) may be in-
creased or decreased depending on the intensity of the
EVS features being augmented. Additionally, the SVS
features in EVS image regions may be a first color with
the SVS features being a second color in the SVS only
display region. Transparency and shape are further ex-
amples of the SVS feature format that may be modified
to visually highlight the obstacles, thereby improving ob-
stacle detection and avoidance. It should be understood
that the enhancements described above are exemplary
and do not comprise an exhaustive list of visual highlight-
ing techniques that may be employed to enhance the
discernibility or visibility of obstacles in the topographical
environment through which the aircraft is flying.
[0036] FIG. 5 is a flow diagram of a method 100 for
enhanced display of obstacles in a combined vision dis-
play in accordance with exemplary embodiments. In an
exemplary embodiment, the method begins by generat-
ing enhanced vision system (EVS) images (step 120).
The generation of an EVS image comprises, for example,
the generation of infrared images or millimeter-wave im-
ages.
[0037] Method 100 for enhanced display of obstacles
in a combined vision display continues by generating syn-
thetic vision system (SVS) images of obstacles (step
140). Steps 120 and 140 are performed in the same time-
frame. The data storage device 25 containing the data-
base contains information (data) regarding terrain and
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obstacles for a travel path of the vehicle. The database
is accessed and SVS images, each including a plurality
of synthetic features, are generated based on the infor-
mation accessed from the database, and travel condi-
tions provided by the GPS/avionics 14. Travel conditions
provided by the GPS/avionics 14 may include information
such as aircraft position, heading, attitude, flight plan in-
formation of the vehicle, and flight information such as
present altitude, speed, pitch, roll, and position. A portion
of the SVS features may be selected. The processor then
aligns the EVS features with the portion of the selected
SVS features for display by the display unit 20 on the
display screen 22.
[0038] Method 100 continues by overlaying the syn-
thetic vision images of one or more selected obstacles
over the EVS images (step 150). The process of selecting
SVS features (e.g., which obstacles to be overlaid, vis-
ually highlighted, and/or displayed) may be accom-
plished by the pilot of the aircraft, determined by consid-
ering the operational status of the aircraft, or be prede-
termined by the system 10/processor.
[0039] Method 100 continues by selectively visually
highlighting the synthetic vision images of the one or
more obstacles overlying the EVS images (step 160). As
noted previously, the synthetic vision images of the one
or more obstacles may be selectively visually highlighted
relative to other obstacles, the underlying EVS image(s),
terrain images, or combinations thereof.
[0040] Method 100 continues by displaying, on a dis-
play screen, the visually highlighted synthetic vision im-
ages of the obstacles overlying the EVS images (step
170).
[0041] Method 100 continues by generating and dis-
playing a three-dimensional image of a topographical en-
vironment around the vehicle (steps 180 and 190, re-
spectively). The visually highlighted synthetic vision im-
ages of the obstacles overlying the EVS images may be
overlaid over a portion of the three-dimensional image
of the topographical environment (step 200).
[0042] It is to be appreciated that systems and methods
for enhanced display of obstacles in a combined vision
display have been provided. The vehicle operator gains
heightened obstacle awareness by selectively bringing
the obstacles (more specifically, the synthetic vision im-
ages of one or more obstacles) to the front of the com-
bined vision display (by overlaying the synthetic vision
images of the one or more obstacles over the EVS im-
ages) and selectively visually highlighting the synthetic
vision images of the one or more obstacles, thereby in-
creasing the potential of obstacle detection and avoid-
ance regardless of obstacle size, and other conditions.
[0043] Those of skill in the art will appreciate that the
various illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the embod-
iments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of
both. Some of the embodiments and implementations
are described above in terms of functional and/or logical

block components (or modules) and various processing
steps. However, it should be appreciated that such block
components (or modules) may be realized by any
number of hardware, software, and/or firmware compo-
nents configured to perform the specified functions. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, mod-
ules, circuits, and steps have been described above gen-
erally in terms of their functionality. Whether such func-
tionality is implemented as hardware or software de-
pends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans
may implement the described functionality in varying
ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a
departure from the scope of the present invention. For
example, an embodiment of a system or a component
may employ various integrated circuit components, e.g.,
memory elements, digital signal processing elements,
logic elements, look-up tables, or the like, which may
carry out a variety of functions under the control of one
or more microprocessors or other control devices. In ad-
dition, those skilled in the art will appreciate that embod-
iments described herein are merely exemplary imple-
mentations.
[0044] The various illustrative logical blocks, modules,
and circuits described in connection with the embodi-
ments disclosed herein may be implemented or per-
formed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated cir-
cuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or tran-
sistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions de-
scribed herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may
be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
The word "exemplary" is used exclusively herein to mean
"serving as an example, instance, or illustration." Any
embodiment described herein as "exemplary" is not nec-
essarily to be construed as preferred or advantageous
over other embodiments. Any of the above devices are
exemplary, non-limiting examples of a computer reada-
ble storage medium.
[0045] The steps of a method or algorithm described
in connection with the embodiments disclosed herein
may be embodied directly in hardware, in a software mod-
ule executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM
memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the
art. An exemplary storage medium is coupled to the proc-
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essor such the processor can read information from, and
write information to, the storage medium. In the alterna-
tive, the storage medium may be integral to the proces-
sor. The processor and the storage medium may reside
in an ASIC. The ASIC may reside in a user terminal. In
the alternative, the processor and the storage medium
may reside as discrete components in a user terminal.
Any of the above devices are exemplary, non-limiting ex-
amples of a computer readable storage medium.
[0046] In this document, relational terms such as first
and second, and the like may be used solely to distinguish
one entity or action from another entity or action without
necessarily requiring or implying any actual such rela-
tionship or order between such entities or actions. Nu-
merical ordinals such as "first," "second," "third," etc. sim-
ply denote different singles of a plurality and do not imply
any order or sequence unless specifically defined by the
claim language. The sequence of the text in any of the
claims does not imply that process steps must be per-
formed in a temporal or logical order according to such
sequence unless it is specifically defined by the language
of the claim. The process steps may be interchanged in
any order without departing from the scope of the inven-
tion as long as such an interchange does not contradict
the claim language and is not logically nonsensical.
[0047] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
a direct physical connection must be made between
these elements. For example, two elements may be con-
nected to each other physically, electronically, logically,
or in any other manner, through one or more additional
elements.
[0048] While at least one exemplary embodiment has
been presented in the foregoing detailed description of
the invention, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the
exemplary embodiment or exemplary embodiments are
only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way.
Rather, the foregoing detailed description will provide
those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the inven-
tion. It being understood that various changes may be
made in the function and arrangement of elements de-
scribed in an exemplary embodiment without departing
from the scope of the invention as set forth in the ap-
pended claims.

Claims

1. A system for enhanced display of obstacles in a com-
bined vision display, the system comprising:

a display unit;
an enhanced vision system configured to gen-
erate first signals representative of enhanced vi-

sion images;
a data storage device containing obstacle data
representative of obstacles;
a synthetic vision system configured to selec-
tively retrieve obstacle data from the data stor-
age device and generate second signals repre-
sentative of synthetic vision images of one or
more obstacles;
a processor in operable communication with the
display unit and coupled to receive the first and
second signals and configured, in response
thereto, to:

selectively overlay the synthetic vision im-
ages of the one or more obstacles over the
enhanced vision images; and
command the display unit to display the syn-
thetic vision images of the one or more ob-
stacles overlaid over the enhanced vision
images.

2. The system of Claim 1, wherein the synthetic vision
images of the one or more obstacles are selectively
overlaid over the enhanced vision images based on
one or both of obstacle size and obstacle type.

3. The system of Claim 1, wherein the synthetic vision
images of the one or more obstacles are selectively
overlaid over the enhanced vision images based on
a detection range of the enhanced vision system.

4. The system of Claim 1, wherein the display unit is in
a vehicle and the synthetic vision images of the one
or more obstacles are selected to be overlaid over
the enhanced vision images by an operator of the
vehicle, the processor, or both.

5. The system of Claim 1, wherein the processor is fur-
ther configured to selectively visually highlight the
synthetic vision images of the one or more obstacles
and to command the display unit to display the vis-
ually highlighted synthetic vision images of the one
or more obstacles overlaid over the enhanced vision
images.

6. The system of Claim 1, wherein the processor is fur-
ther configured to select the synthetic vision images
of the one or more obstacles to be visually highlight-
ed.

7. The system of Claim 5, wherein:

the data storage device further contains terrain
data relating to terrain proximate the vehicle;
the synthetic vision system is further configured
to selectively retrieve the terrain data from the
data storage device and generate synthetic per-
spective images of topography, the synthetic
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perspective images of topography comprising
synthetic vision images of one or more obstacles
and of terrain; and
the display unit is further configured to display
the visually highlighted synthetic vision images
of the one or more obstacles overlaid over the
enhanced vision images overlying a portion of
the synthetic perspective images of the topog-
raphy.

8. The system of Claim 7, wherein the synthetic vision
images of the one or more obstacles overlaying the
enhanced vision images are visually enhanced by
increased intensity, color, shape, or combination
thereof.

9. The system of Claim 7, wherein the processor is fur-
ther configured to change at least one visual char-
acteristic of the synthetic perspective images of the
topography to visually distinguish the synthetic vi-
sion images of the one or more obstacles from the
synthetic vision images of the terrain data therein.

10. The system of Claim 9, wherein a color, an opacity,
a shape, or a combination thereof of the synthetic
vision images of the terrain, the one or more obsta-
cles, or both are changed to visually distinguish the
synthetic vision images of the one or more obstacles
from the synthetic vision images of the terrain data.
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