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(54)
AWARENESS

(57) The presentdisclosure relates to aircraft display
systems and methods for providing ground traffic colli-
sion threatawareness. Traffic data is received, optionally
from an automatic dependent surveillance broadcast,
ADSB, system, including location data for other vehicles.
Threat level data is determined representing an urgency
of a threat of a surface collision with another vehicle

DISPLAY SYSTEMS AND METHODS FORPROVIDING GROUND TRAFFIC COLLISON THREAT

based on the traffic data. The threat level data and the
location data for the another vehicle is encoded into
graphical symbology for a primary flight display device
and into graphical symbology for a navigation display de-
vice. The graphical symbology is displayed on the prima-
ry flight display device and on the navigation display de-
vice.
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Indian Provi-
sional Patent Application No. 202011002338, filed Jan-
uary 20, 2020, the entire content of which is incorporated
by reference herein.

TECHNICAL FIELD

[0002] The presentdisclosure generally relates to dis-
play systems in the flight deck of an aircraft, and also to
methods for providing displays. More particularly, the dis-
plays and methods of the present disclosure are config-
ured to provide ground traffic collision threat awareness.

BACKGROUND

[0003] Automatic Dependent Surveillance-Broadcast
(ADSB) provides positioning and velocity information for
ground andair vehicles. As ground and air trafficincreas-
es, although highly unlikely, there is a resultant increase
in the risk of ground collisions during taxiing, landing or
takeoff.

[0004] Accordingly, there is a needin the art for a more
intelligent surface alertinformation display formatto high-
light and help flight crews to visualize a ground collision
threat condition to assist the crew to initiate correct and
timely responsive actions. Furthermore, other desirable
features and characteristics of the disclosure will become
apparent from the subsequent detailed description and
the appended claims, taken in conjunction with the ac-
companying drawings and this background of the disclo-
sure.

BRIEF SUMMARY

[0005] The presentdisclosurerelatestoaircraftdisplay
systems and methods for providing ground traffic colli-
sion threat awareness. Traffic data is received from an
automatic dependent surveillance broadcast, ADSB,
system including location data for other vehicles. Threat
level data is determined representing an urgency of a
threat of a surface collision with another vehicle based
on the traffic data. The threat level data and the location
data for the another vehicle is encoded into graphical
symbology for a primary flight display device and into
graphical symbology for a navigation display device. The
graphical symbology is displayed on the primary flight
display device and on the navigation display device.
[0006] In embodiments, systems and methods de-
scribed herein provide consistent target and threat rep-
resentation with respect to surface alert information dis-
play across flight deck. In embodiments, threat level data
is determined representing an urgency of a threat of a
surface collision with another vehicle based on the traffic
data and ownship position, heading and speed.
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[0007] This summary is provided to describe select
concepts in a simplified form that are further described
in the Detailed Description. This summary is notintended
toidentify key or essential features of the claimed subject
matter, nor is it intended to be used as an aid in deter-
mining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure 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 illustrating an aircraft
display system for providing ground traffic collision
threat awareness, in accordance with an embodi-
ment of the present disclosure;

FIG. 2 is a flowchart of a method for providing a dis-
play for providing ground traffic collision threat
awareness, in accordance with an embodiment of
the present disclosure.

FIGS. 3 to 6 illustrate exemplary primary flight and
navigation displays, in accordance with various em-
bodiments of the present disclosure.

DETAILED DESCRIPTION

[0009] The following detailed description is merely ex-
emplary in nature andis notintended to limit the invention
orthe application anduses 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.

[0010] Embodiments of the present disclosure provide
surface alert graphics (graphical symbology) displaying
a localized geographic area of potential traffic incursion
or collision rather than highlighting an entire runway. The
localized geographic area is centered at the predicted
location of conflicts or at the location of the target vehicle
providing a source of potential traffic incursion or colli-
sion. This localized geographic area can be displayed in
2D and/or 3D view formats. A 2D display format is pro-
vided, in some embodiments, as part of a navigation dis-
play (e.g. a multifunctional navigation display) and a 3D
display formatis provided, in some embodiments, as part
of a primary flight display (e.g. a perspective view of a
primary flight display). In embodiments, the displayed lo-
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calized area is of different shape and color to indicate
different types of surface alerts event. For example, a
yellow color area with a circular shape may be used to
indicate caution type of surface alert event. Other level
(e.g. urgency of threat) of events such as warning or ad-
visory may use different shaped graphic elements and
color (such as a cyan diamond shape for advisory events
and a red square for warning events). The threat level of
events is determined, in some embodiments, based on
calculated time to potential collision. In accordance with
embodiments of the present disclosure, coordinated
graphical symbology is used for multifunctional and pri-
mary flight displays in terms of color and shape.

[0011] In embodiments described herein, a potential
threat area location is predicted based on ownship and
potential conflict target vehicle coordinates and speed of
travel, altitude and path, thereby allowing time to any
potential collisions to be determined. The position, atti-
tude and speed data for other vehicle(s) (on ground or
in air vehicles) is obtained from an ADSB system or other
trafficinformation system . The location of other vehicles,
where there is a potential for a collision, is made available
to a display computer to place the location of the other
vehicle or vehicles in lateral, map or navigation displays.
Further, the time to potential collision is encoded into the
above described graphical symbology representing dif-
ferent threat levels and included in the vertical and pri-
mary flight displays.

[0012] In some embodiments, when a surface alert is
determined, the navigation display is automatically
ranged to position both the potential collision point and
threat target vehicle on a multi-functional display to allow
clear visualization of the location of the target vehicle and
predicted location of the potential collision. In some em-
bodiments, a time scale is provided for flight crew to un-
derstand time ahead for the predicted potential collision
event. The time scale to the conflicts are determined
based on a measured distance at current ground speed
or the predicted time to the conflict point. In some em-
bodiments, information not immediately relevant to the
alert events and conditions are selectively deempha-
sized or removed in order to highlight alert location and
nature in the navigation display. That is, display features
are decluttered for flight crews to visualize the threat
clearly.

[0013] FIG. 1 provides a schematic diagram of an air-
craft 12 and associated aircraft display system 10, in ac-
cordance with various embodiments. The aircraft display
system 10 may be located onboard ownship aircraft 12
in some embodiments, but a remote location of some
sub-systems shown in FIG. 1 is not excluded. The
present embodiment of aircraft display system 10 in-
cludes, without limitation, a navigation display device 18,
a primary flight display device 20, a display computer 14,
a navigation computer 26, an ADSB system 16, a navi-
gation database 22, a terrain database 24, an audio out-
put device 28, a GPS system 30, and a sensor system
32. It should be understood that FIG. 1 is a simplified
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representation of an aircraft display system 10 for pur-
poses of explanation and ease of description, and FIG.
1 is not intended to limit the application or scope of the
subject matter in any way. In practice, the display system
10 and/or aircraft 12 will include numerous other devices
and components for providing additional functions and
features, as will be appreciated in the art.

[0014] In an exemplary embodiment, the navigation
and primary flight display devices 18, 20 are coupled to
the display computer 14 to display, render, or otherwise
output one or more graphical representations or images
associated with operation of the aircraft 12, as described
in greater detail below. In an exemplary embodiment, the
navigation and primary flight display device 18, 20 are
realized as electronic displays configured to graphically
display flight information or other data associated with
operation of the aircraft 12 under control of the display
computer 14, as will be understood. In an exemplary em-
bodiment, the navigation and primary flight display de-
vices 18, 20 are located within a flight deck / cockpit of
the aircraft 12. It will be appreciated thatadditional display
devices may be present onboard the aircraft 12. It should
also be appreciated that the aircraft display system 10
under consideration is generally a cockpit display system
10. However, such an aircraft display system 10 may
also provide encoded threat level data concerning po-
tential ground collisions on mobile or other non-cockpit
display systems. In embodiments described herein, the
navigation display device 18 and display computer 14
are configured to provide a graphical view as though from
a vertical position above the ownship aircraft 12. In em-
bodiments described herein, the primary flight display
device 20 and display computer 14 are configured to pro-
vide a graphical perspective, out-of-window, view of sur-
roundings of the ownship aircraft 12. The navigation dis-
play device 20 thus provides a horizontal sectional view
or a top down view whereas the primary flight display
device 20 provides a perspective view allowing visuali-
zation of vertical dimensions. In accordance with various
embodiments, the primary flight display device 20 and
display computer 14 are configured to provide a 3D dis-
play, whereas the navigation display device 18 and dis-
play computer 14 are configured to provide a 2D display.
[0015] In an exemplary embodiment, the navigation
computer 26 is configured to obtain one or more naviga-
tional parameters associated with operation of the aircraft
12. Navigation computer 26 is in communication with
ADSB system 16 and with GPS system 30 in order to
determine location of ownship aircraft 12 as well as lo-
cation of other vehicles including aircraft and ground air-
port vehicles. Other parameters of relevance include
speed and altitude of ownship aircraft 12 and that of the
other vehicles. Speed and altitude of ownship aircraft 12
is available from one or more corresponding sensors in
sensor system 32 and location of ownship aircraft 12 is
available from GPS system 30. Further, speed, altitude
and location of other vehicles (e.g. traffic data) is avail-
able via ADSB system 16, which is described in further
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detail below.

[0016] The navigation computer 26 is configured to
process the input location, altitude and speed data vec-
tors for the ownship aircraft 12 and other vehicles and to
issue surface alerts when one or more potential ground-
based collisions are predicted. In embodiments, the nav-
igation computer 26 is configured to project a path of
travel of each vehicle (based on vehicle heading and cur-
rent location) and to determine a time to any interception
ofthose paths (based on vehicle speeds). The navigation
computer 26 is configured to output a different type of
alert depending on different threat level of potential col-
lision, e.g. different times to potential collision. For ex-
ample, when the potential collision is 15 seconds or less
away, a warning surface alert is issued. When the poten-
tial collision is 30 seconds or less (and greater than 15
seconds) away, a cautionary alert is issued. When the
potential collision is 60 seconds or less away (and greater
than 30 seconds), an advisory alert is issued.

[0017] Inaccordance with embodiments of the present
disclosure, aircraftdisplay system 10 includes ADSB sys-
tem 16, by which the position of the ownship aircraft 12
is determined via satellite navigation (e.g. GPS system
30) and periodically broadcast so that other vehicles and
air traffic control are able to track position of traffic. ADSB
system 16 is one example of a suitable traffic information
system. ADSB system 16 makes an aircraft visible, in
realtime, to air traffic control (ATC) and to other appro-
priately equipped ADSB aircraft with position and velocity
data transmitted every second. ADSB system 16 in-
cludes an ADSB Out module (not shown) and an ADSB
In module (not shown). The ADSB out module allows
each suitably equipped aircraft to periodically broadcast
information about itself, such as identification, current po-
sition, altitude and velocity, through an onboard trans-
mitter. The ADSB Out module provides air traffic control-
lers and other vehicles with real-time position, velocity
and altitude information. The ADSB In module allows re-
ception of other ADSB data (in addition to the reception
by aircraft of flight and traffic information service data -
FIS-B and TIS-B data) such as direct communication
from nearby aircraft and other vehicles (whether on
ground or in air). ADSB system 16 includes a high-integ-
rity satellite navigation source (e.g. GPS system 30 or
other certified GNSS receiver) and a datalink. There are
several types of certified ADSB data links, but the most
common ones operate at 1090 MHz or at 978 MHz.
[0018] Inaccordance with various embodiments of the
present disclosure, aircraft display system 10 includes
the above-mentioned navigation database 22 and terrain
database 24. These databases 22, 24 are shown sepa-
rately for description purposes, though they could be in-
tegrated. Navigation database 22 can be part of a Flight
Managements System (FMS - not shown) of aircraft 12.
The navigation database 22 contains data elements from
which a flight plan is constructed. The navigation data-
base 22 may contain data required for building a flight
plan including waypoints/intersection, airways, radio
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navigation aids including distance measuring equipment
(DME), VHF omnidirectional range (VOR), non-direction-
al beacons (NDBs) and instrument landing systems (IL-
Ss), airports, runways, standard instrument departure
(SID), standard terminal arrival (STAR), holding patterns
(only as part of IAPs-although can be entered by com-
mand of ATC or at pilot’s discretion), instrument ap-
proach procedure (IAP), etc. Of particular relevance to
the present disclosure is airport and runway data includ-
ed in navigation database 22, which allows a map of the
airport including runways, taxiways, roadways and build-
ings to be constructed by display computer 14 for display
on navigation display device 18 and primary flight display
device 20 in association with location of other vehicles
basedon data from ADSB system 16, via navigation com-
puter 26. Terrain database 24 includes data elements
describing ground terrain and some buildings. Thus,
slopes, hills, mountains, buildings and even trees can be
described in terrain database 24. Terrain database 24
allows terrain features to be included in displays gener-
ated by display computer 14, particularly three-dimen-
sional perspective displays provided by primary flight dis-
play device 20.

[0019] Display computer 14 is, in embodiments, re-
sponsive to the surface alerts issued by the navigation
computer 26 by encoding the different type of surface
alerts into graphical symbology for display on primary
flight display device 20 and the navigation display device
18. In embodiments, display computer 14 is configured
to encode time to potential collision (urgency data) into
one of a plurality (e.g. three or more) of types of graphical
symbology, which may differ from each other in shape
and/or color to allow flight crew to easily grasp the ur-
gency of the alert. Further, the location of the potential
collision and/or the location of the target vehicle is indi-
cated by the location of the graphical symbology in image
space. That is, world coordinates for the location of the
potential collision and/or the location of the target vehicle
are received from navigation computer 26 and trans-
formed into image space and correspondingly located in
the primary flight and navigation displays. In some em-
bodiments, altitude of the target vehicle is indicated by
the graphical symbology. Further details of the graphical
symbology are described below with reference to FIGS.
3 to 6.

[0020] In embodiments, navigation display device 18
and display computer 14 are configured to display the
graphical symbology representing the type of surface
alertandlocation of the surface alertin a two-dimensional
view that may include airport features including at least
runways and taxiways obtained from navigation data-
base 22 and potentially also terrain features including
building and trees obtained from terrain database 24.
Further, primary flight display device 20 and display com-
puter 14 are configured to display a three-dimensional
perspective view including airport features including at
leastrunways andtaxiways and terrain features including
ground terrain, buildings, trees, etc. In the primary flight



7 EP 3 852 085 A1 8

display, the graphical symbology showing the type and
location of the surface alert can also have a three-dimen-
sional aspect (e.g. be slightly raised in appearance from
the ground).

[0021] In embodiments, display computer 14 is config-
ured to autorange the navigation display by adjusting a
scale thereof to show any potential surface collision, spe-
cifically the encoded graphical symbology therefor, in full.
Thatis, when a surface alertand associated location data
from navigation computer 26 indicates a location of the
target aircraft (and/or potential collision point) that is out-
side of the current range of the navigation display, the
scale of the navigation display is increased (a zoom out
function) to show the location of the target vehicle and
the associated graphical symbology, graphical symbol-
ogy for the ownship vehicle 12 and a location of the po-
tential surface collision. The primary flight display, by
contrast, is, in embodiments, fixed in scale in that a target
vehicle outside of the current viewingrange of the primary
flight display is represented by only partially displaying
the graphical symbology on an edge of the primary flight
display. Accordingly, the navigation display autoranges,
under control of the display computer 14 and based on
location and alert type provided by navigation computer
26, so as tozoom in as a target vehicle and ownship get
closer together (which will correspond to a shorter time
to potential collision) and conversely to zoom out when
the target vehicle is out of range of a current view. Cor-
responding zoom functions are not effected in the primary
flight display under control of the display computer 14.
[0022] In embodiments, the navigation computer 26 is
configured to issue a description of the type of alert in
addition to location of target vehicles and time to potential
collision (e.g. urgency type) such as "Traffic on taxiway",
"Trafficonrunway" and "Trafficon final". Such descriptive
text is configured to be output as part of primary flight
display device 20 by display computer 14 and also to be
output as an auditory alertby audio output device 28 (e.g.
by one or more speakers in combination with a text to
speech engine).

[0023] Insomeembodiments, the primary flightdisplay
device 20 and the display computer 14 are configured
as, ortoinclude, a synthetic vision system (SVS). As may
be recognized in the art, many aircraft are equipped with
one or more vision enhancing systems. Such vision en-
hancing systems are designed and configured to assist
a pilot when flying in conditions that diminish the view
from the cockpit. One example of a vision enhancing sys-
tem is known as a synthetic vision system (hereinafter,
"SVS"). A "synthetic vision system" refers to a system
that provides computer-generated images of the external
scene topography from the perspective of the flight deck,
derived from aircraft attitude, high-precision navigation
solution, and terrain database 24 describing ground ter-
rain, obstacles, andrelevant cultural features. A synthetic
vision system is an electronic means to display a syn-
thetic vision depiction of the external scene topography
to the flight crew. Synthetic vision creates an image rel-
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ative to terrain and airport within the limits of the naviga-
tion source capabilities (position, altitude, heading, track,
and the database limitations). The SVS includes or ac-
cesses the terrain database 24 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
flightpath. The SVS is configuredto utilize position, head-
ing, altitude, and orientation information and the topo-
graphical information contained in the terrain database
24, and generate a three-dimensional 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-dimensionalimage (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 includes features that are graphi-
cally rendered including, without limitation, a synthetic
perspective view of terrain and obstacles located proxi-
mate 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-dimensional topographical
environment through which the aircraft 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. Further, the
graphical symbology representing different types of sur-
face alerts are included in the SVS display on the primary
flight display device 20.

[0024] Navigation computer 26 and display computer
14 include at least one processor 40, 42 and a computer
readable storage device or media 44, 46. The at least
one processor can be any custom made or commercially
available processor, a central processing unit (CPU), a
graphics processing unit (GPU), an auxiliary processor
among several processors associated with the aircraft
display system 10, a semiconductor based microproces-
sor (in the form of a microchip or chip set), a macroproc-
essor, any combination thereof, or generally any device
for executing instructions. The computer readable stor-
age device or media may include volatile and nonvolatile
storage in read-only memory (ROM), random-access
memory (RAM), and keep-alive memory (KAM), for ex-
ample. The computer-readable storage device or media
may be implemented using any of a number of known
memory devices such as PROMs (programmable read-
only memory), EPROMs (electrically PROM), EEPROMs
(electrically erasable PROM), flash memory, or any other
electric, magnetic, optical, or combination memory de-
vices capable of storing data, some of which represent
executable instructions, used by the controller aircraft
display system 10 in controlling generation and display
of surface alerts as described herein.

[0025] The instructions may include one or more sep-
arate programs, each of which comprises an ordered list-
ing of executable instructions for implementing logical
functions. The instructions, when executed by the atleast
one processor, receive and process input signals, per-
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form logic, calculations, methods and/or algorithms for
generating and display surface alerts as detailed further
herein.

[0026] In furtherance of the foregoing disclosure, FIG.
2 is a flowchart illustrating an exemplary method 100 of
displaying, in the aircraftdisplay system 10, ground traffic
threat awareness, in accordance with some embodi-
ments of the present disclosure. In embodiments, meth-
od 100 is a computer executed method carried out by at
least one processor (described further above) included
as part of navigation computer 26 and/or display compu-
ter 14 and/or other avionics computers includedin aircraft
12. The at least one processor executes method 100
through computer readable instructions stored on mem-
ory (described further above).

[0027] Method 100 includes a step 110 of receiving
traffic data concerning other vehicles (in air and on
ground vehicles) representing location, velocity and alti-
tude. In accordance with the present disclosure, the traf-
ficdatais received through ADSB system 16, specifically
through ADSB In module thereof.

[0028] In the exemplary method of FIG. 2, step 120
includes determining surface collision alerts based on
the traffic data received in step 110. In embodiments, the
navigation computer 26 tracks location, altitude and ve-
locity of each outside vehicle and also tracks the path of
the ownship aircraft 12 in order to project future paths of
each vehicle and the ownship aircraft 12. Path projec-
tions allow the navigation computer 26 to determine any
path interceptions (representing potential collisions),
within a predetermined tolerance, and times to the inter-
ceptions (based on speeds of the intercepting vehicles
following the projected paths). Navigation computer 26
outputs different types of surface alerts depending on
time to collision (e.g. warning, caution and advisory in
descending order of urgency) and associated data in-
cluding location and altitude of the target vehicle that is
the subject of the surface alert.

[0029] In accordance with various embodiments,
method includes step 130 of generating, by the display
computer 14, different graphical symbology for different
types of alerts issued in step 120. That is, in embodi-
ments, different shape and/or color graphical symbology
is generated representing a coding of different times to
potential collisions as calculated by navigation computer
26. Different shapes include rectangular, circular, dia-
mond, etc. and different colors include red, yellow, cyan,
etc. Further, the graphical symbology is located in image
space based on location of the target vehicle or projected
collision location derived from corresponding data from
the navigation computer 26 generated in step 120. In
accordance with various embodiments, step 130 in-
cludes autoranging, via the display computer 14 and
based on data from the navigation computer 26, a scale
of a navigation display so as to fit with locations of vehi-
cles associated with any surface collision alerts gener-
ated in step 120. Autoranging can include zooming-in
when the target vehicle is relatively close to the ownship
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aircraft 12 and zooming-out when the target vehicle is off
the screen in image space of the navigation display. Fur-
ther, locations of graphical symbology for any vehicle as-
sociated with a surface collision alert that is outside of a
visible range of a primary flight display is presented par-
tially on-screen at an edge of the display. In some em-
bodiments, the navigation display is decluttered when a
surface collision alert is active as compared to the navi-
gation display before the surface alert is determined in
step 120 by removing certain data elements. For exam-
ple, taxiway identifiers, building identifiers, etc. are re-
moved whereas these identifiers are included in the nav-
igation display in the absence of a surface collision alert.
Otherremovable information includes tower frequencies,
etc. and/or any taxi instruction entry fields, etc.

[0030] In accordance with various embodiments,
method 100 includes step 140 of displaying graphical
symbology representing one or more surface alerts as
generated in step 130. The display of graphical symbol-
ogy is performed through navigation display device 18
and primary flight display device 20. In embodiments, the
graphical symbology is coordinated in shape and/or color
between the navigation display and the primary flight dis-
play. In accordance with various embodiments, the nav-
igation display displayed by the navigation display device
18 includes two-dimensional graphical symbology rep-
resenting location and threat type (surface alert type) of
the other vehicle (or vehicles), a graphic representing the
ownship aircraft 12 and its location, graphics represent-
ing airport features (e.g. runways, taxiways, buildings,
etc.) and optionally graphics representing terrain fea-
tures (e.g. natural or man-made obstacles such as trees,
buildings and changing ground profile such as hills and
slopes) obtained from databases 22, 24. Primary flight
display presents, in some embodiments, similar graphi-
cal features (airport features, terrain features, surface
alerts) but with a three-dimensional perspective. In some
embodiments, the entire primary flight display is present-
ed as computer generated graphics in the form of a SVS,
as described above.

[0031] Inembodiments, method furtherincludes a step
150 of outputting audio alerts based on a textual descrip-
tion included in the surface alert data output from the
navigation computer 26 in step 120. This audio alert can
be generated based on text to speech processing. Fur-
ther, the textual description, or a derivative thereof, can
be included as a text label of the type of surface collision
alert presented through primary flight display device 18.
[0032] Display method 100 and aircraft display system
10 are operable to produce navigation and primary flight
displays including display features as shown in FIGS. 3
to 6, which offer exemplary embodiments of the present
disclosure.

[0033] FIG.3illustrates a primary flight display 200 that
is displayed through primary flight display device 18 and
a navigation display 202 that is displayed through navi-
gation display device 18. In the exemplary embodiment
of FIG. 3, the ownship aircraft 12, and its location as
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derived from GPS system 30, is graphically shown by an
airplane shaped symbol 208, 210 in both the primary and
navigation displays. Further, navigation computer 26 has
calculated a time to a potential collision with a ground
based target vehicle within a first time range (e.g. less
than 15 seconds) associated with a first type of surface
collision alert. Firsttime range is shorter than second and
third time ranges (e.g. less than 30 and 60 seconds, re-
spectively) associated with second and third types of sur-
face collision alert. The time to potential collision is cal-
culated based on current speed of ownship aircraft 12
and target vehicle and their projected paths.

[0034] The navigation computer 26 has selected a sur-
face alerttype correspondingto the firsttime range, which
in this case is a warning surface alert type. In response
thereto, display computer 14 generates a corresponding
type of graphical symbology 204, 206, which in this case
is a square or rectangle underlying (e.g. in the style of a
carpet) a symbol for the target vehicle 222 (e.g. an ar-
rowhead shape) that is colored red. The graphical sym-
bology 204, 206 corresponding to a warning alert of the
same type, in terms of shape, style and/or color, is shown
in both the primary flight display 200 and the navigation
display 202. However, the graphical symbology 204 in
the primary flight display 200 has a raised or three-di-
mensional aspect whereas the graphical symbology 206
for the navigation display appears two-dimensional.
[0035] Further, in exemplary embodiments, primary
flight display 200 includes a text label 220 (in this exem-
plary case "TRAFFIC ON RUNWAY") derived from de-
scriptive metadata associated with surface collision alert
provided by navigation computer 26. The text label 220
is provided with a background color to match the color
of the square or rectangle of the graphical symbology
(e.g.red) toindicate the type (e.g. urgency) of the surface
collision alert. This textual data is output as speech audio
from audio output device 28.

[0036] Invarious embodiments, navigation display 202
includes distance or timescales including a ring or part
ring 216 around the ownship aircraft symbol 210 repre-
senting an equidistant or equal time scale. The distance
or timescale further includes a time or distance scale val-
ue (e.g. 3000 feet in this example) so that the crew can
readily grasp a distance or time to the potential collision
with target vehicle. In embodiments, the range or scale
of the navigation display 202 is auto adjusted depending
on distance or time to potential collision. In some embod-
iments, the navigation and primary flight displays further
include airport features such as runways 212, 214 based
on data from navigation database 22. Further, terrain fea-
tures are included in primary flight display 200 based on
data from terrain database 24.

[0037] FIG. 4 illustrates another exemplary embodi-
ment of a primary flight display 230 and a navigation dis-
play 232. In the present embodiment, navigation compu-
ter 26 has calculated a time to a potential collision with
a target vehicle that is within a second time range (e.g.
less than 30 seconds but more than 15 seconds). The
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time to potential collision is calculated based on respec-
tive speeds and projected paths of the ownship aircraft
12 and the target vehicle. Navigation computer 26 has
issued a type of surface collision alert corresponding to
the second time range, specifically a warning alert. Dis-
play computer 14 is responsive to the surface collision
alert by generating a corresponding type of graphical
symbology in terms of shape (in the present example,
the shape is circular) and color (in the present example,
the color is yellow). The graphical symbology 238, 240
is located in image space at a position corresponding to
the location of the target vehicle in world coordinates.
The shaped area (circular in this exemplary case) under-
lies a symbol for the target vehicle. A graphic 234, 236
representing the ownship aircraft 12, and its location, is
provided in primary flight display 230 and in navigation
display 232. Further, a text label 244 is displayed in pri-
mary flight display 230, which is derived from a descrip-
tion included in metadata associated with the surface col-
lision alertfromthe navigation computer 26. The textlabel
244 has a background color (yellow in this exemplary
case) thatis the same as the shaped area of the graphical
symbology 238, 240. Navigation display 232 includes a
scale indicator that includes a timescale 242, which is
basedon distance scale of autoranged navigation display
232 and speed of ownship aircraft 12.

[0038] FIG.5illustrates a primary flight display 250 and
a navigation display 252 in accordance with an exempla-
ry embodiment. In the present embodiment, the naviga-
tion computer 26 has calculated time until a potential col-
lision that falls within a third time range (less than 60
second and greater than 30 seconds) and has output a
corresponding type (or urgency type) of surface collision
alert, specifically an advisory alert in the present exam-
ple. Display computer 14 is responsive to the alert type
to generate a type of graphical symbology 258, 260 in
terms of shape and color that corresponds to the alert
type. In the present example, the advisory alert is pre-
sented by graphical symbology 260, 258 including a dia-
mond shaped area that is colored cyan underlying a
graphic (e.g. an arrowhead) to indicate the target vehicle.
Further, the graphical indicator is positioned in image
space in a way that corresponds to the global position of
the target vehicle. In the present example, the ownship
aircraft 12 is located on the ground (as indicated by air-
craft graphics 254, 256) and the target vehicle is in the
air, whereas in the examples of FIGS. 3 and 4, the own-
ship aircraft 12 is in the air and the target vehicle is on
the ground.

[0039] Inthe exemplary embodimentof FIG. 5, the dis-
play computer 14 has autoranged the navigation display
252 to a greater distance scale (e.g. from the inner part
ring 226 distance scale indicator representing 3000 feet
in FIGS. 3 and 4 to the inner part ring 226 representing
4000feetin FIG. 5) in order to make fully visible the graph-
ical symbology 258 for the target vehicle. In the primary
flight display 250, the location of the target vehicle in im-
age space is outside the view range of the primary flight
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display 250. Instead of autoranging, the primary flight
display 250 illustrates only part of the graphical symbol-
ogy 260 at an edge of the primary flight display, where
the edge corresponds to a location of the target vehicle.
In the exemplary embodiment of FIG. 5, the graphical
symbology additionally indicates an altitude of the target
vehicle (e.g. in the form of an altitude value displayed
above the shaped area of the graphical symbology 258)
and whether the target vehicle is ascending or descend-
ing (e.g. in the form of an up arrow or a down arrow) by
additional indicator 262. Altitude and ascending or de-
scending status of the target vehicle is determinable by
the navigation computer 26 based on data provided
through ADSB system 16. In the present example, the
primary flight display 250 includes a text label 268 (e.g.
"TRAFFIC ON FINAL") that has a background color (e.g.
cyan) that is the same as that of the color of the shaped
area of the graphical symbology 260, 258.

[0040] FIG. 6 illustrates another exemplary embodi-
ment of a primary flight display 280 and a navigation dis-
play 282. This embodiment is similar to that of FIG. 2 in
that navigation computer 26 has determined a warning
alert based on a target vehicle having a projected move-
ment that coincides with a projected movement of the
ownshipaircraft 12 onthe runway. The exemplary display
of FIG. 6 differs from that of FIG. 3 in that the shaped
area 274, 276 (e.g. square/rectangular for warning, cir-
cular for caution, diamond for advisory) is centered on a
projected position of potential collision rather than cen-
trally underlying the graphic270, 272 indicating the target
vehicle.

[0041] Inall of the embodiments of FIGS. 3 to 6, terrain
features can be included in one or both of the primary
flight display and the navigation display as can airport
features, as described further herein.

[0042] Theuse casesandthe depictions providedhere
are only exemplary in nature. It should be possible to use
different symbology and semantics to accomplish the
same concepts described herein.

[0043] In this document, relational terms such as first
andsecond, andthe 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 itis 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.
[0044] Furthermore, depending on the context, words
such as "connect" or "coupled to" used in describing a
relationship between different elements do not imply that
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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.

[0045] 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. Various changes may be made in the function and
arrangement of elements described in an exemplary em-
bodiment without departing from the scope of the inven-
tion as set forth in the appended claims.

Claims

1. Anaircraftdisplay system for providing ground traffic
collision threat awareness, comprising:

a primary flight display device;

a navigation display device;

at least one processor in operable communica-
tion with the primary flight display device and
the navigation display device, the at least one
processor configured to:

receive traffic data thatincludes location da-
ta for other vehicles;

determine threat level data representing an
urgency of a threat of a surface collision with
another vehicle based on the traffic data;
encode the threatlevel data andthe location
data for the another vehicle into graphical
symbology for the primary flight display de-
vice and into graphical symbology for the
navigation display device;

display the graphical symbology on the pri-
mary flight display device; and

display the graphical symbology on the nav-
igation display device.

2. The aircraft display system of claim 1, wherein the
traffic data includes location data and speed data of
the other vehicles and wherein the atleast one proc-
essor is configured to determine the threatlevel data
by including the steps:

calculating interception data by projecting paths
of ownship and the other vehicles based at least
on location data and speed data of ownship and
location data and speed data of the other vehi-
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cles included in the traffic data and determining
path projections that intercept;

determining the threat level data based on the
interception data.

The aircraft display system of claim 2, wherein the
interception data includes time to interception data
of the ownship and the another vehicle, wherein the
threat level data is encoded into different graphical
symbology depending on the time to interception da-
ta.

The aircraft display system of claim 1, wherein the
at least one processor is configured to encode the
threat level data for the another vehicle into different
shape and/or different color graphical symbology de-
pending upon the urgency of the threat of the surface
collision with the another vehicle.

The aircraft display system of claim 1, wherein the
at least one processor is configured to encode the
location data for the another vehicle by transforming
the location data from world space to image space
and correspondingly positioning the graphical sym-
bology.

The aircraft display system of claim 1, wherein the
atleastone processor is configured to autorange the
navigation display based on the location data of the
another vehicle so as to present the graphical sym-
bology in full.

The aircraft display system of claim 6, wherein the
at least one processor is configured to present only
part of the graphical symbology at a border of the
primary flight display based on the location data of
the another vehicle being off-screen in image space.

The aircraft display system of claim 1, wherein the
graphical symbology includes a graphical represen-
tation of the another vehicle and a graphical shaped
carpet underneath the graphical representation of
the another vehicle, wherein the threatlevel data and
the location data is encoded in the shape, position
and color of the graphical shaped carpet.

The aircraft display system of claim 1, wherein the
at least one processor is configured to:

determine first threat level data when a first time
to surface collision with the another vehicle is
calculated based on the traffic data;

determine second threat level data when a sec-
ond time to surface collision with the another
vehicle is calculated based on the traffic data;
determine third threat level data when a third
time to surface collision with the another vehicle
is calculation based on the traffic data;
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wherein the first, second and third times are dif-
ferent; and

wherein the first, second and third threat level
data is encoded into graphical symbology using
different colors and different shapes.

10. A method for providing ground traffic collision threat

awareness in an aircraft display system comprising
a primary flight display device and a navigation dis-
play device, the method comprising:

receiving, via at least one processor, traffic data
including location data for other vehicles;
determining, via at least one processor, threat
level data representing a time to a surface col-
lision with another vehicle based on the traffic
data;

encoding, via at least one processor, the threat
level data and the location data for the another
vehicle into graphical symbology for the primary
flight display device and into graphical symbol-
ogy for the navigation display device;
displaying the graphical symbology on the pri-
mary flight display device; and

displaying the graphical symbology on the nav-
igation display device.

Amended claims in accordance with Rule 137(2) EPC.

An aircraft display system (10) for providing ground
traffic collision threat awareness, comprising:

a primary flight display device (20);

a navigation display device (18);

at least one processor (40, 42) in operable com-
munication with the primary flight display device
and the navigation display device, the at least
one processor configured to:

receive traffic data, from an automatic de-
pendent surveillance broadcast, ADSB,
system, that includes location data and
speed data for other vehicles;

determine threat level data representing an
urgency of a threat of a surface collision with
another vehicle based on the traffic data;
encode the threatlevel data andthe location
data for the another vehicle into graphical
symbology for the primary flight display de-
vice and into graphical symbology for the
navigation display device;

display the graphical symbology (204) on
the primary flight display device; and
display the graphical symbology (206) on
the navigation display device

wherein the at least one processor is configured
to determine the threat level data by including
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the steps:

calculating interception data by projecting
paths of ownship and the other vehicles
based at least on location data and speed
data of ownship and location data and
speed data of the other vehicles included in
the traffic data and determining path projec-
tions that intercept; and

determining the threat level data based on
the interception data;

wherein the interception data includes time
to interception data of the ownship and the
another vehicle, wherein the threat level da-
ta is encoded into different graphical sym-
bology depending on the time to intercep-
tion data.

The aircraft display system of claim 1, wherein the
traffic data includes location data and speed data of
the other vehicles and wherein the at least one proc-
essor is configured to determine the threat level data
by including the steps:

calculating interception data by projecting paths
of ownship and the other vehicles based at least
on location data and speed data of ownship and
location data and speed data of the other vehi-
cles included in the traffic data and determining
path projections that intercept;

determining the threat level data based on the
interception data.

The aircraft display system of claim 2, wherein the
interception data includes time to interception data
of the ownship and the another vehicle, wherein the
threat level data is encoded into different graphical
symbology depending on the time to interception da-
ta.

The aircraft display system of claim 1, wherein the
at least one processor is configured to encode the
threat level data for the another vehicle into different
shape and/or different color graphical symbology de-
pending upon the urgency of the threat of the surface
collision with the another vehicle.

The aircraft display system of claim 1, wherein the
at least one processor is configured to encode the
location data for the another vehicle by transforming
the location data from world space to image space
and correspondingly positioning the graphical sym-
bology.

The aircraft display system of claim 1, wherein the
atleastone processor is configured to autorange the
navigation display based on the location data of the
another vehicle so as to present the graphical sym-
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bology in full.

The aircraft display system of claim 6, wherein the
at least one processor is configured to present only
part of the graphical symbology at a border of the
primary flight display based on the location data of
the another vehicle being off-screen in image space.

The aircraft display system of claim 1, wherein the
graphical symbology includes a graphical represen-
tation of the another vehicle and a graphical shaped
carpet underneath the graphical representation of
the another vehicle, wherein the threat level data and
the location data is encoded in the shape, position
and color of the graphical shaped carpet.

The aircraft display system of claim 1, wherein the
at least one processor is configured to:

determine first threat level data when a first time
to surface collision with the another vehicle is
calculated based on the traffic data;

determine second threat level data when a sec-
ond time to surface collision with the another
vehicle is calculated based on the traffic data;
determine third threat level data when a third
time to surface collision with the another vehicle
is calculation based on the traffic data;
wherein the first, second and third times are dif-
ferent; and

wherein the first, second and third threat level
data is encoded into graphical symbology using
different colors and different shapes.

10. A method for providing ground traffic collision threat

awareness in an aircraft display system (10) com-
prising a primary flight display device (20) and a nav-
igation display device (18), the method comprising:

receiving, via at least one processor (40, 42),
traffic data including location data and speed da-
ta for other vehicles from an automatic depend-
ent surveillance broadcast, ADSB, system;
determining, via at least one processor, threat
level data representing a time to a surface col-
lision with another vehicle based on the traffic
data;

encoding, via at least one processor, the threat
level data and the location data for the another
vehicle into graphical symbology for the primary
flight display device and into graphical symbol-
ogy for the navigation display device;
displaying the graphical symbology (204) on the
primary flight display device; and

displaying the graphical symbology (206) on the
navigation display device;

wherein the threat level data is determined by
including the steps:
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calculating interception data by projecting
paths of ownship and the other vehicles
based at least on location data and speed
data of ownship and location data and
speed data of the other vehicles included in
the traffic data and determining path projec-
tions that intercept; and

determining the threat level data based on
the interception data;

wherein the interception data includes time to
interception data of the ownship and the another
vehicle, wherein the threat level data is encoded
into different graphical symbology depending on
the time to interception data.
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