a2 United States Patent
McCusker

US007965223B1

US 7,965,223 B1
Jun. 21, 2011

(10) Patent No.:
(45) Date of Patent:

(54) FORWARD-LOOKING RADAR SYSTEM,
MODULE, AND METHOD FOR GENERATING
AND/OR PRESENTING AIRPORT SURFACE
TRAFFIC INFORMATION

(75) Inventor: Patrick D. McCusker, Walker, IA (US)

(73) Assignee: Rockwell Collins, Inc., Cedar Rapids,

1A (US)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 503 days.

(21) Appl. No.: 12/322,451

(22) Filed: Feb. 3,2009
(51) Imt.ClL
GOIS 13/93 (2006.01)
(52) US.CL ... 342/29; 342/33; 342/36; 340/961,
340/963
(58) Field of Classification Search .............. 342/29-37;

340/945, 951, 961, 963, 980; 701/9
See application file for complete search history.

OTHER PUBLICATIONS

“MK V and MK VII Enhanced Ground Proximity Warning System
(EGPWS) and Runway Awareness Advisory System (RAAS) Pilot
Guide”, Dec. 2003, 060-4241-000, Rev. E, Honeywell International,
Inc.

RAAS (Runway Awareness and Advisory System) Operator Presen-
tation, Mar. 20, 2008, Honeywell.

Cassell et al, “Pathprox—A Runway Incursion Alerting System”,
ATAA 19" Annual Avionics Systems Conference, 2000, IEEE.
Cassell, “Application of Pathprox Runway Incursion Alerting to
General Aviation Operators”, 24" AIAA/IEEE Digital Avionics Sys-
tems Conference, Oct. 30, 2005.

Smith et al, “System-Wide ADS-B Back-Up and Validation”, 2006
Integrated Communications, Navigation & Surveillance Conference,
2006, NASA.

(Continued)

Primary Examiner — John B Sotomayor
(74) Attorney, Agent, or Firm — Matthew J. Evans; Daniel
M. Barbieri

(57) ABSTRACT

A present novel and non-trivial system, module, and method
for generating and/or presenting airport surface traffic infor-
mation presenting using a forward-looking aircraft radar sys-
tem are disclosed. A runway awareness zone is established
and traffic data is acquired by a forward-looking aircraft radar
system. In one embodiment, a runway awareness zone is
own-ship-based. In another embodiment, a runway aware-
ness zone is based upon data received from a navigation
reference data source. An advisory data set is generated using
track alignment correction information and airport surface
traffic located within the runway awareness zone. Navigation
datais used to determine the location of airport surface traffic.
Track alignment correction information may be calculated
using traffic data or navigation data. Advisory data set is
provided to one or more avionics systems including a presen-
tation system and an external communication system. Advi-
sory data set could include visual, aural, and/or tactile infor-
mation.
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FORWARD-LOOKING RADAR SYSTEM,
MODULE, AND METHOD FOR GENERATING
AND/OR PRESENTING AIRPORT SURFACE
TRAFFIC INFORMATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention pertains generally to the field of display
units and/or crew alerting units that provide flight and/or
ground information to the pilot or flight crew of an aircraft.

2. Description of the Related Art

Runway incursions are the most noticeable form of taxi
navigation errors. Increased scrutiny by regulatory authori-
ties has only heightened the awareness of the safety issues
related to runway incursions. Taxi navigation errors cause
many runway incursions and present potential collision haz-
ards.

Systems used for presenting runway incursion and/or basic
surface traffic information to a pilot for avoiding runway
incursions may comprise of two basic components. One com-
ponent could comprise the display of airport, airport surfaces,
and/or and other information on a visual display unit, wherein
such display could show ground and/or air traffic. Another
component could comprise advisories such as caution and/or
warning alerts that could be generated by a processor employ-
ing one or more runway incursion-related algorithms to
known traffic information.

A runway incursion system may comprise of a navigation
reference database for constructing airport surface maps,
GPS-based own-ship positions, GPS-based traffic positions,
automatic transmission of cooperative traffic positions
through systems such as an automatic dependent surveillance
broadcast (“ADS-B”) system, and automatic re-transmission
of uncooperative traffic positions through systems such as a
traffic information service-broadcast (“TIS-B”) system.
Although these systems improve situational awareness, there
are deficiencies. There is a lack of available navigation refer-
ence database for constructing airport surface maps. Also, the
introduction of an ADS-B system may be slow and/or the
mandated use of such system could be delayed for many
years. In addition, transmission latency is inherent to both
ADS-B and TIS-B systems resulting in traffic position uncer-
tainty.

BRIEF SUMMARY OF THE INVENTION

A present novel and non-trivial system, module, and
method for generating and/or presenting airport surface traf-
fic information presenting using a forward-looking aircraft
radar system are disclosed. A forward-looking aircraft radar
system may be used as a sole source for generating traffic data
independently of other traffic data sources such as, but is not
limited to, an ADS-B system and a TIS-B system. As such,
deficiencies inherent to such systems as ADS-B and TIS-B
systems may be effectively traversed.

In one embodiment, a system is disclosed for generating
and/or presenting runway traffic information using a forward-
looking aircraft radar system. Such runway traffic informa-
tion generating and/or presenting system could comprise a
forward-looking aircraft radar system and a processor, where
the processor could be configured to establish a runway
awareness zone, receive traffic data, and generate an advisory
data set based upon track alignment correction information
and traffic located within the runway awareness zone. In one
embodiment, a runway awareness zone could be own-ship-
based, where the runway awareness zone could comprise of
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2

one or more fixed- or variably-measured boundaries and one
or more advisory zones, where each advisory zone could
correspond to a level of threat. In another embodiment, the
track alignment correction information could be determined
using data acquired by the forward-looking aircraft radar
system. In another embodiment, the advisory data set could
be provided to a presentation system for presenting traffic
advisory information to a recipient, where the traffic advisory
information could comprise, visual advisory information in
the form of non-textual and textual information, aural advi-
sory information, and/or tactile information.

In an alternative embodiment, a runway traffic information
generating and/or presenting system could include a source of
navigation data, where such data may be used to determine
track alignment correction information. Also, navigation data
could be used in the generation of the advisory data set, where
the navigation data could be used in determining the latitude/
longitude data associated with the traffic. In another embodi-
ment, navigation reference data could be provided to a pro-
cessor and a runway awareness zone could be established
based on the navigation reference data. The processor could
be configured to establish one or more advisory spacings,
where each spacing could correspond to a level of threat and
the advisory data set is generated to include advisory data
representative of the level of threat corresponding to the traf-
fic. In another embodiment, the advisory data set could be
provided to a presentation system for presenting traffic advi-
sory information to a recipient, where the traffic advisory
information could comprise, visual advisory information in
the form of non-textual and textual information, aural advi-
sory information, and/or tactile information.

In another alternative embodiment, a runway traffic infor-
mation generating and/or presenting system could include a
source of navigation data and an external communication
system such as a datalink system for providing traffic location
data to one or more external users.

In another embodiment, a module is disclosed for generat-
ing and/or presenting runway traffic information using a for-
ward-looking aircraft radar system. Such runway traffic infor-
mation generating and/or presenting module could comprise
aprocessor and an input communications interface for facili-
tating the receiving of data by the processor, where the pro-
cessor could be configured to establish a runway awareness
zone, receive traffic data, and generate an advisory data set
based upon track alignment correction information and the
traffic located within the runway awareness zone. In one
embodiment, a runway awareness zone could be own-ship-
based, where the runway awareness zone could comprise of
one or more fixed- or variably-measured boundaries and one
or more advisory zones, where each advisory zone could
correspond to a level of threat. In another embodiment, the
track alignment correction information could be determined
using data acquired by the forward-looking aircraft radar
system. In another embodiment, the module could an output
communications interface for facilitating the providing of the
advisory data set to a presentation system, where the traffic
advisory information could comprise, visual advisory infor-
mation in the form of non-textual and textual information,
aural advisory information, and/or tactile information.

In an alternative embodiment, a runway traffic information
generating and/or presenting module could the processor
being further configured to receive navigation data, where the
navigation data may be used to determine track alignment
correction information. Also, navigation data could be used in
the generation of the advisory data set, where the navigation
data could be used in determining the latitude/longitude data
associated with the traffic. In another embodiment, the pro-
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cessor could be further configured to receive navigation ref-
erence data, where the navigation reference data could be
used to establish a runway awareness zone. The processor
could be configured to establish one or more advisory spac-
ings, where each spacing could correspond to alevel of threat;
the advisory data set may be generated to include advisory
data representative of the level of threat corresponding to the
traffic. In another embodiment, the module could include an
output communications interface for facilitating the provid-
ing of the advisory data set to a presentation system, where the
traffic advisory information could comprise, visual advisory
information in the form of non-textual and textual informa-
tion, aural advisory information, and/or tactile information.

In another alternative embodiment, a runway traffic infor-
mation generating and/or presenting module could include
the processor being further configured to receive navigation
data and an output communications interface for facilitating
the providing of the advisory data set to an external commu-
nication system such as a datalink system for providing traffic
location data to one or more external users.

In another embodiment, a method is disclosed for generat-
ing and/or presenting runway traffic information using a for-
ward-looking aircraft radar system. Such runway traffic infor-
mation generating and/or presenting method could comprise
establishing of a runway awareness zone, receiving traffic
data acquired from a forward-looking aircraft radar system,
and generating an advisory data set based upon track align-
ment correction information and airport surface traffic
located within the runway awareness zone. In one embodi-
ment, a runway awareness zone could be own-ship-based,
where the runway awareness zone could comprise of one or
more fixed- or variably-measured boundaries and one or more
advisory zones, where each advisory zone could correspond
to a level of threat. In another embodiment, the track align-
ment correction information could be determined using data
acquired by the forward-looking aircraft radar system. In
another embodiment, the method could include the providing
of advisory data set to presentation system for presenting
traffic advisory information to a recipient could be included,
where the traffic advisory information could comprise, visual
advisory information in the form of non-textual and textual
information, aural advisory information, and/or tactile infor-
mation.

In an alternative embodiment, a runway traffic information
generating and/or presenting method could include receiving
navigation data, where the navigation data may be used to
determine track alignment correction information. Also,
navigation data could be used in the generation of the advi-
sory data set, where the navigation data could be used in
determining the latitude/longitude data associated with the
traffic. In another embodiment, the method could include
receiving navigation reference data, where the navigation
reference data could be used in establishing a runway aware-
ness zone. One or more advisory spacings may be estab-
lished, where each spacing could correspond to a level of
threat; the advisory data set may be generated to include
advisory data representative of the level of threat correspond-
ing to the traffic. In another embodiment, the method could
include the providing of advisory data set to a presentation
system, where the traffic advisory information could com-
prise, visual advisory information in the form of non-textual
and textual information, aural advisory information, and/or
tactile information.

In another alternative embodiment, a runway traffic infor-
mation generating and/or presenting method could include
the receiving of navigation data and the providing the advi-
sory data set to an external communications system.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a block diagram of a runway traffic presen-
tation system.

FIG. 2A provides an exemplary depiction of an HDD unit
for presenting tactical information.

FIG. 2B provides an exemplary depiction of a HUD unit for
presenting tactical information.

FIG. 2C provides an exemplary depiction of a strategic
display unit for presenting strategic information.

FIG. 2D provides a depiction of a strategic display unit of
FIG. 2C presenting a visual alert.

The drawings of FIG. 3 depict some of the reference points
and definitions that could be associated with a runway.

The drawings of FIG. 4 provide an example of when traffic
falls outside of a runway awareness zone.

The drawings of FIG. 5 provide an example of when traffic
information could be provided to a presentation system.

The drawings of FIG. 6 provide a second example of when
traffic information may be provided to a presentation system.

FIG. 7 provides an illustration of a runway awareness zone
comprised of one or more advisory zones.

The drawings of FIG. 8 provide illustrations of a runway
awareness zone comprised of one or more advisory zones and
a trailing edge boundary.

The drawings of FIG. 9 illustrate an employment of a data
source-based runway awareness zone.

The drawings of FIG. 10 provide a third example of when
traffic information may be provided to a presentation system.

FIG. 11 depicts a flowchart of a method for generating
airport surface traffic information.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, several specific details are
presented to provide a thorough understanding of embodi-
ments of the invention. One skilled in the relevant art will
recognize, however, that the invention can be practiced with-
out one or more of the specific details, or in combination with
other components, etc. In other instances, well-known imple-
mentations or operations are not shown or described in detail
to avoid obscuring aspects of various embodiments of the
invention.

FIG. 1 depicts a block diagram of a forward-looking radar
runway traffic generation and/or presentation system 100
suitable for implementation of the techniques described
herein. The runway traffic presentation system 100 of an
embodiment of FIG. 1 could include navigation system 110,
a navigation reference data source 130, a forward-looking
radar system 140, a processor 150, a presentation system 160,
and an external communication system 170.

In an embodiment of FIG. 1, a navigation system 110
comprises the system or systems that could provide naviga-
tion data information in an aircraft. It should be noted that
data, as embodied herein for any source or system in an
aircraft, could be comprised of any analog or digital signal,
either discrete or continuous, which could contain informa-
tion. As embodied herein, aircraft could mean any vehicle
which is able to fly through the air or atmosphere including,
but not limited to, lighter than air vehicles and heavier than air
vehicles, wherein the latter may include fixed-wing and
rotary-wing vehicles. A navigation system 110 may include,
but is not limited to, an air/data system, an attitude heading
reference system, an inertial guidance system (or inertial
reference system), a global navigation satellite system (or
satellite navigation system), and a flight management com-
puting system, all of which are known to those skilled in the



US 7,965,223 B1

5

art. For the purposes of the embodiments herein, a radio
altimeter system may be included in the navigation system
110; a radio altimeter system is known to those skilled in the
art for determining the altitude above the surface over which
the aircraft is currently operating. As embodied herein, a
navigation system 110 could provide navigation data includ-
ing, but not limited to, geographic position 112, altitude 114,
attitude 116, speed 118, vertical speed 120, heading 122,
track 124, and radio altitude 126. As embodied herein, track
124 could comprise actual track over the surface of the Earth
or track alignment correction information such as, but not
limited to, a wind correction angle and/or track angle as
discussed in detail below. As embodied herein, aircraft posi-
tion comprises geographic position (e.g., latitude (“lat.”) and
longitude (“long.””) coordinates) and altitude, and direction
may be derived from either geographic position, aircraft posi-
tion, or both. Also, aircraft orientation may include pitch, roll,
and/or yaw information related to the attitude of the aircraft.
As embodied herein, navigation system data may be provided
to a processor 150 for subsequent processing as discussed
herein.

In an embodiment of FIG. 1, a navigation reference data
source 130 could comprise any source of runway data. A
navigation reference data source 130 may include, but is not
limited to, a flight navigation database 132, a taxi navigation
database 134, and other aircraft systems 136.

A flight navigation database 132 may contain records
which provide runway data. A flight navigation database 132
could contain data associated with ground-based navigational
aids, waypoints, holding patterns, airways, airports, heliports,
instrument departure procedures, instrument arrival proce-
dures, instrument approach procedures, runways, precision
approach aids, company routes, airport communications,
localizer and airway markers, restrictive airspace, airport sec-
tor altitudes, enroute airways restrictions, enroute communi-
cations, preferred routes, controlled airspace, geographical
references, arrival and/or departure flight planning, path point
records, GNSS Landing Systems. Such flight navigation
database 132 could be provided by an aircraft system such as,
but not limited to, an FMS, a system known to those skilled in
the art.

It should be noted that data contained in any database
discussed herein including a flight navigation database 132
and taxi navigation database 134 may be stored in a digital
memory storage device or computer-readable media includ-
ing, but not limited to, RAM, ROM, CD, DVD, hard disk
drive, diskette, solid-state memory, PCMCIA or PC Card,
secure digital cards, and compact flash cards. Data contained
in such databases could be loaded while an aircraft is on the
ground or in flight. Data contained in such databases could be
provided manually or automatically through an aircraft sys-
tem capable of receiving and/or providing such manual or
automated data. Data contained in such databases could be
temporary in nature; for example, a temporary runway clo-
sure could be stored in a flight navigation database 132. Any
database used in the embodiments disclosed herein may be a
stand-alone database or a combination of databases.

A taxi navigation database 134, such as one described by
Krenz et al in U.S. patent application Ser. No. 11/820,950,
may be used to store airport data that may be comprised of, in
part, airport surfaces and airport visual aids. Airport surfaces
include, but are not limited to, locations and information
delineating or defining locations of runways, taxiways, and
apron areas, fixed based operators (“FBOs”), terminals, and
other airport facilities. Airport visual aids include, but are not
limited to, airport pavement markings, runway markings,
taxiway markings, holding position markings, airport signs,
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6

mandatory instruction signs, location signs, direction signs,
destination signs, information signs, and runway distance
remaining signs.

Other aircraft systems 136 could comprise a source of
runway data. For example, both a terrain awareness and warn-
ing system (“TAWS”) and an airspace awareness and warning
system (“AAWS”) may utilize airport data which may con-
tain, in part, runway data. As embodied herein, a navigation
reference data source 130 could provide runway data to a
processor 150 for subsequent processing as discussed herein.

A forward-looking radar system 140 is well-known to
those skilled in the art. A common example of a forward-
looking radar system 140 is a weather radar system. A for-
ward-looking radar system 140 may be comprised of, in part,
a transceiver and antenna. A transceiver may transmit micro-
waves within a sweep zone into the atmosphere via an antenna
which, in turn, produces a focused beam. The transceiver may
control the direction of the beam by steering the antenna
horizontally and vertically. When the signal strikes or reflects
off an object such as surface traffic, part of the microwave
energy is reflected back and received by the antenna. The
range 142 of the object may be determined by the transceiver
by measuring the elapsed time between the transmission and
reception of the signal. The azimuth 144 of the object may be
determined as the angle to which the antenna was steered in
the horizontal direction relative to the longitudinal axis of the
aircraft during the transmission/reception of the signal. The
elevation or elevation angle 146 of the object may be deter-
mined as the angle to which the antenna was steered in the
vertical direction relative to the longitudinal axis of the air-
craft during the transmission/reception of the signal. As
embodied herein, a forward-looking radar system 140 could
acquire surface traffic data including, but not limited to, range
142, azimuth 144, and elevation angle 146, and based upon
the acquired signals, could determine the location of surface
traffic. As embodied herein, a forward-looking radar system
140 may calculate aircraft track angle directly from informa-
tion contained within radar return signals. It should be noted
that, although the discussion herein will be drawn to airport
surface traffic, the disclosure herein are not limited to aircraft
surface traffic but could include airborne traffic acquired by a
forward-looking aircraft radar system, where location infor-
mation and/or pilot advisories could be generated and/or pre-
sented to a pilot as discussed in detail below. For example,
traffic approaching own-ship head-on could be acquired by
such radar system. Then, this surface traffic data could be
provided to a processor 150 for subsequent processing as
discussed below.

In an embodiment of FIG. 1, a processor 150 may be any
electronic data processing unit which executes software or
source code stored, permanently or temporarily, in a digital
memory storage device or computer-readable media (not
depicted herein) including, but not limited to, RAM, ROM,
CD, DVD, hard disk drive, diskette, solid-state memory,
PCMCIA or PC Card, secure digital cards, and compact flash
cards. A processor 150 may be driven by the execution of
software or source code containing algorithms developed for
the specific functions embodied herein. Common examples
of electronic data processing units are microprocessors, Digi-
tal Signal Processors (DSPs), Programmable Logic Devices
(PLDs), Programmable Gate Arrays (PGAs), and signal gen-
erators; however, for the embodiments herein, the term pro-
cessor is not limited to such processing units and its meaning
is not intended to be construed narrowly. For instance, a
processor could also consist of more than one electronic data
processing units. As embodied herein, a processor 150 could
be a processor(s) used by or in conjunction with any other
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system of the aircraft including, but not limited to, a
processor(s) associated with a navigation system, a traffic
data source 140, a traffic alert and collision avoidance system
(“TCAS”), a vision system such as, but not limited to, a
synthetic vision system (“SVS”), an enhanced vision system
(“EVS”), acombined SVS-EVS, or any combination thereof;
for example, although depicted separately in FIG. 1, proces-
sor 150 could be included or made part of providing system
160 or any of the other separately enumerated systems.

A processor 150 may be programmed or configured to
receive as input data representative of information obtained
from various systems and/or sources including, but not lim-
ited to, navigation system 110, a navigation reference data
source 130, and a traffic data source 140. As embodied herein,
the terms “programmed” and “configured” are synonymous.
A processor 150 may be electronically coupled to systems
and/or sources to facilitate the receipt of input data; as embod-
ied herein, operatively coupled may be considered as inter-
changeable with electronically coupled. A processor 150 may
be programmed or configured to execute the methods dis-
cussed in detail below. A processor 150 may be programmed
or configured to provide output data to various systems and/or
units including, but not limited to, a presentation system 160.
A processor 150 may be electronically coupled to systems
and/or units to facilitate the providing of output data repre-
sentative of a procedure. It is not necessary that a direct
connection be made; instead, such receipt of input data and
the providing of output data could be provided through a data
bus or through a wireless network.

A presentation system 160 could be comprised of any unit
which may present the pilot with visual, aural, and/or tactile
indications regarding a status or condition of runway traffic
including, but not limited to, visual display units 162, aural
alerting unit 166, and/or tactile alerting unit 168. Visual dis-
play units 162 could be comprised of a tactical display unit(s)
164, and/or a strategic display unit(s) 165. As embodied
herein, visual display units 162 may include a vision system
(not shown) which generates an image data set which repre-
sents the image displayed on a display unit. Vision systems
include, but are not limited to, SVS, EVS, combined SVS-
EVS, or combination thereof.

Atactical display unit 164 could be any unit which presents
tactical information to the crew relative to the instant or
immediate control of the aircraft, whether the aircraft is in
flight or on the ground. A tactical display unit 164 could be a
Head-Down Display (“HDD”) unit and/or a Head-Up Dis-
play (“HUD”) unit. An HDD unit is typically a unit mounted
to an aircraft’s flight instrument panel located in front of a
pilot and below the windshield and the pilot’s field of vision.
A HUD unit is mounted in front of the pilot at windshield
level and is directly in the pilot’s field of vision. The HUD
system is advantageous because the display is transparent
allowing the pilot to keep his or her eyes “outside the cockpit”
while the display unit provides tactical flight information to
the pilot.

A tactical display unit 164 could display the same infor-
mation found on a primary flight display (“PFD”), such as
“basic T” information (i.e., airspeed, attitude, altitude, and
heading). Although it may provide the same information as
that of a PFD, a tactical display unit 164 may also display a
plurality of indications or information including, but not lim-
ited to, selected magnetic heading, actual magnetic track,
selected airspeeds, selected altitudes, altitude barometric cor-
rection setting, vertical speed displays, flight path angle and
drift angles, flight director commands, limiting and opera-
tional speeds, mach number, radio altitude and decision
height, final approach trajectory deviations, and marker indi-
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cations. A tactical display unit 164 is designed to provide
flexible configurations which may be tailored to the desired
configuration specified by a buyer or user of the aircraft.

FIG. 2A provides an exemplary depiction of an HDD unit
for presenting tactical information to the pilot or flight crew
against the background of a three-dimensional image of ter-
rain and sky; an HDD unit could be employed as a display unit
in a synthetic vision system (“SVS”), an enhanced vision
system (“EVS”), or combination of both (“combined SVS-
EVS”). FIG. 2A provides an exemplary depiction of an HDD
unit presenting an image of a runway located within a three-
dimensional display of terrain. It should be noted that the
tactical information depicted on the HDD unit and has been
made minimal for the sake of presentation and is not indica-
tive of the plurality of indications or information with which
it may be configured. Because the indications or information
shown in FIG. 2A are well-known to those skilled in the art,
adiscussion of the specific tactical information shown in FIG.
2A is not provided herein.

FIG. 2B provides an exemplary depiction of a HUD unit for
presenting tactical information to the pilot or flight crew
against the background of a three-dimensional image of ter-
rain and sky; a HUD unit could be employed as a display unit
in a synthetic vision system, an enhanced vision system, or
combination of both. FIG. 2B provides an exemplary depic-
tion of a HUD unit presenting an image of a runway located
within a three-dimensional display of terrain. It should be
noted that the tactical information depicted on the HUD unit
has been made minimal for the sake of presentation and is not
indicative of the plurality of indications or information with
which it may be configured.

Returning to FIG. 1, a strategic display unit 165 could be
any unit which presents strategic information to the crew
relative to the intended future state(s) of the aircraft (e.g.
intended location in space at specified times) along with
information providing contextual information to the crew
(e.g. terrain, navigation aids, geopolitical boundaries, air-
space boundaries, etc.) about such state(s). One example of
such display unit is commonly referred to as a Navigation
Display. In some configurations, the strategic display unit
could be part of an Electronic Flight Information System
(“EFIS”). On these systems, terrain information may be dis-
played separately or simultaneously with information of
other systems. In one embodiment herein, terrain information
may be displayed simultaneously with weather information
with no loss or a negligible loss of displayed information.

FIG. 2C provides an exemplary depiction of a strategic
display unit 165 for presenting strategic information to the
pilot or flight crew. FIG. 2C provides an exemplary depiction
ot how a runway may be presented on a strategic display unit
165. It should be noted that the strategic information depicted
has been made minimal for the sake of presentation and is not
indicative of the plurality of indications or information with
which it may be configured. Because the indications or infor-
mation shown in FIG. 2C are well-known to those skilled in
the art, a discussion of the specific strategic information
shown in FIG. 2C is not provided herein.

Returning to FIG. 1, visual display units 162 could be
capable of presenting advisory information which may be
information that is projected or displayed on a cockpit display
unit to present a condition, situation, or event to the pilot
including other display units in addition to a tactical display
unit 164 and strategic display unit 165. Advisory information
may include alerts and/or non-alert(s). Alerts may be based on
level of threat or conditions requiring immediate crew aware-
ness or attention. Caution alerts may be alerts requiring
immediate crew awareness in which subsequent corrective
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action will normally be necessary. Warning alerts may be
alerts requiring immediate crew action. As embodied herein,
both caution and warning alerts may be presented in combi-
nation with or simultaneous to aural alerts and/or tactile
alerts. Non-alerts may be any other information not requiring
immediate crew attention or awareness. Alerts may be pre-
sented visually by depicting one or more colors may be pre-
sented on a display unit indicating one or more levels of
threat. For the purpose of illustration and not limitation,
amber or yellow may indicate a caution alert, red may indicate
a warning alert, and green or cyan may indicate a non-alert.

In one embodiment, visual alerts could be presented in a
textual form including text messages such as an amber or
yellow “RUNWAY INCURSION” when the conditions for a
caution alert have been met or a red “RUNWAY INCUR-
SION” when the conditions for a warning alert have been met.
In another embodiment, visual alerts could be presented in
non-textual forms including, but not limited to, highlighting
one or more portions of a runway depicted on a display unit
corresponding to one or more partitioned sections of a runway
awareness zone as discussed in detail below. In another
embodiment, non-textual and textual forms could be dis-
played in color to indicate the level of threat, e.g., amber or
yellow may indicate a caution alert and red may indicate a
warning alert. In another embodiment, non-textual and tex-
tual forms could remain steady or flash intermittently, where
such flashing could depend on the distance between a first
aircraft (“own-ship”) and another traffic, where such flashing
could represent a specific range to the other traffic. FIG. 2D
provides a depiction of a strategic display unit 165 of FIG. 2C
presenting a textual form of a visual alert “RUNWAY
INCURSION” where the color could be applicable to a level
of'threat (e.g., red if the alert is a warning, yellow or amber if
the alert is a caution, another color appropriate for a non-alert
advisory). The display of a textual form of a visual alert is not
limited to a strategic display unit 165; as embodied herein, a
textual form of a visual display unit could be presented on any
display unit which provides visual information to a pilot.

It should be noted that the disclosure herein will discuss
visual alerts which present a textual form with the words
“RUNWAY INCURSION” included and aural form with the
words “RUNWAY INCURSION” included. As used herein,
the words should be construed as generic words for advisory
information provided to the pilot and not words which limit
the presentation to the recipient. For the purpose of illustra-
tion and not limitation, a non-exhaustive list of words that
may be used (where such words may depend on the condi-
tions experience by an aircraft either on the ground or in
flight) could include, but are limited to, “CAUTION—
TRAFFIC,” “CAUTION—TRAFFIC ON RUNWAY,”
“CAUTION, TRAFFIC AT 12 O’CLOCK,” “WARNING—
TRAFFIC,” “WARNING—TRAFFIC ON RUWNAY,”
“WARNING—TRAFFIC AT 12 O’CLOCK,” “WARN-
ING—TRAFFIC 4000 FEET AHEAD,” “WARNING—GO
AROUND,” and “WARNING—GO AROUND—TRAFFIC
4000 FEET AHEAD.”

Returning to FIG. 1, an aural alerting unit 166 may be any
unit capable of producing aural alerts. Aural alerts may be
discrete sounds, tones, and/or verbal statements used to
annunciate a condition, situation, or event. In one embodi-
ment, an aural alert could call out “CAUTION—RUNWAY
INCURSION” when the conditions for a caution alert have
been met or “WARNING—RUNWAY INCURSION” when
the conditions for a warning alert have been met, and either or
both could be accompanied with tonal indicators. As embod-
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ied herein, both caution and warning aural alerts could be
presented in combination with or simultaneous to visual
alerts and/or tactile alerts.

In an embodiment of FIG. 1, a tactile alerting unit 168 may
be any unit capable of producing tactile alerts. Tactile alerts
may be any tactile stimulus to present a condition, situation,
or event to the pilot. As embodied herein, tactile alerts could
be presented in combination with or simultaneous to visual
alerts and/or tactile alerts.

In an embodiment of FIG. 1, an external communication
system 170 could include one or more systems that may
transmit and/or receive data from sources external to the
aircraft including, but not limited to, other aircraft, ground
stations, and satellites. In an embodiment of FIG. 1, data
representative of traffic location and/or geographic position
of surface traffic could be transmitted to external sources via
an external communication system 170. As embodied herein
an external communication system 170 could include, but is
not limited to, an aircraft datalink system, an automatic
dependent surveillance-broadcast (“ADS-B”) system, a traf-
fic information service-broadcast (“TIS-B”) system, and an
automatic dependent surveillance-rebroadcast (“ADS-R”)
system, where the latter systems could receive traffic infor-
mation generated by a processor 150 as an alternate or supple-
mental source of traffic data that is transmitted externally.

The drawings of FIG. 3 depict some of the reference points
and definitions that could be associated with a runway 202,
and data representative of these points and definitions may be
stored in one or more navigation reference data sources 130.
As shown in FIG. 3A, a runway Landing Threshold Point
(“LIP”) 204 (which could also be called a runway threshold
point) may be a three dimensional point at an intersection of
the runway centerline 206 and the runway threshold (“RWT”)
208; the direction of a runway centerline 206 from an LTP 204
may be measured in reference to magnetic north using a
magnetic bearing. In one embodiment, an LTP 204 could be
defined using lat., longitude, and elevation derived from gov-
ernment sources. In another embodiment, a geoid height
could be included in definition, where a geoid could be con-
sidered to be an equipotential surface that is everywhere
normal to the direction of gravity and would coincide with the
mean ocean surface of the Earth, if the oceans were in equi-
librium, at rest, and extended through the continents. The
surface of a geoid may be approximated using a mathemati-
cally-defined reference ellipsoid employed in a geodetic sys-
tem. The height of a geoid (“GH”) may be measured relative
to the ellipsoid, and it may be positive if it is above the
reference ellipsoid and negative if it is below.

A glidepath angle (“GPA”) 210 may be the angle of a
specified glidepath 212 (or final approach descent path) to be
flown by an aircraft 214 relative to an Approach Surface Base
Line (not shown) at the RWT 208, where such base line may
be considered as a horizontal line tangent to the Earth. A
Threshold Crossing Height (“TCH”) 216 may be the height of
the GPA 210 above the LTP 204. A Flight Path Control Point
(“FPCP”) 218 may be an imaginary point above the LTP 204
at the TCH 216 from which the glidepath mathematically
emanates. A Ground Point of Intercept (“GPI”") 220 may be a
point in the vertical plane where the final approach descent
path 212 intercepts the ASBL; GPI 220 could located within
a touchdown zone of a runway 202.

FIG. 3B depicts top and profile views of an exemplary
depiction of some of the reference points and definitions of
FIG. 3A along with values to indicate dimensions associated
with runway 202; although these dimensions will provide
basis for the examples of drawings of FIGS. 4 through 6,
inclusive, the embodiments herein are not restricted to these
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dimensions. As depicted, a glidepath 212 is shown to a GPA
210 of 3 degrees and a TCH 216 of 50'. Given these values, a
GPI 220 may be calculated to be 954 feet from LTP 204 or
RWT 208, and a distance to a point 200 feet above a LTP 204
may be calculated as approximately 2,862 feet; it should be
noted that these calculations have been approximated without
accounting for the curvature of the Earth. The width of run-
way 202 is 150 feet, and the distance from runway centerline
206 and to a holdline 222 of taxiway 224 is 250 feet.

The placement of holdlines are provided by the United
States Federal Aviation Administration (“FAA”) and found in
Advisory Circular AC 150/5300-13, an FAA Advisory Cir-
cular entitled “Airport Design” dated Sep. 29, 1989 and incor-
porating subsequent changes 1 through 13, inclusive. At the
time of'this writing, the Advisory Circular may be obtained on
the Internet at http:/www.faa.gov/airports_airtraffic/air-
ports/resources/advisory_circulars/ or http://rgl.faa.gov/
Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/
MainFrame?OpenFrameSet. Although the Advisory Circular
provides specific distances, those skilled in the art will readily
acknowledge that aviation regulatory authorities such as the
FAA may modify standards with subsequent changes,
amendments, or revisions. Although the discussion of hold-
lines will be drawn to the Advisory Circular, the embodiments
are neither limited nor restricted to runways of the United
States or those with governing oversight of the FAA. It is
known to those skilled in the art that aviation governing
authorities throughout the world may have developed stan-
dards unique to their respective jurisdictions which may or
may not employ similar standards. The embodiments dis-
closed herein could include all standards or schemes that
could be developed or employed. The embodiments and dis-
cussion herein with respect to holdlines are illustrations
intended solely to provide examples and are in no way
intended to be limited to those discussed and presented
herein.

At airports with operating control towers, holdlines may
identify the location on a taxiway where a pilot is to stop when
he or she does not have clearance to proceed onto the runway.
At airports without operating control towers, these holdlines
may identify the location where a pilot could assure there is
no adequate separation with other aircraft before proceeding
onto the runway. Holdlines standards stated in the Advisory
Circular are distances measured from a runway centerline to
an intersecting taxiway centerline and based on approach
visibility minimums, airplane design group, and aircraft cat-
egory assigned to the runway. Applicable visibility minimum
criteria depend on whether the runway has lower than three-
quarter (%) mile approach visibility minimums have been
adopted for the runway. Airplane design group criteria is
associated with runway width and may be divided into six (6)
groups wherein each group is determined by tail size or wing-
span of the aircraft for which the runway was designed. Cat-
egory of aircraft criteria may be divided into one of five (5)
categories wherein each category is determined by a stall
speed of a specifically-configured aircraft for which the run-
way was designed.

The advantages and benefits of the embodiments discussed
herein may be illustrated by showing examples of how situ-
ational awareness of a runway environment is enhanced using
traffic information acquired from a forward-looking radar
system 140 and a runway awareness zone established by a
processor programmed or configured by a manufacturer or
end-user. The drawings of FIGS. 4 through 6, inclusive, illus-
trate an employment of an own-ship-based runway awareness
zone as embodied herein. As depicted in FIGS. 4A and 4B, a
runway awareness zone 230 may be comprised of one or more
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advisory zones 232, 234, and 236. Each advisory zone could
correspond to a non-alert and/or one or more alerts, where
such alerts may be based on level of threat or conditions
requiring immediate crew awareness or attention. As used in
the following discussion, advisory zone 232 could corre-
spond to a non-alert zone, advisory zone 234 could corre-
spond to a caution alert zone, and advisory zone 236 could
correspond to a warning alert zone. In the following discus-
sion, non-alert advisory zone 232, caution alert advisory zone
234, and warning alert advisory zone 236 are illustrated with
fills comprising vertical lines, horizontal lines, and diagonal
lines, respectively.

As depicted in FIG. 4A, an aircraft or own-ship 238 is
approaching a runway 240. As embodied herein, own-ship
238 may provide a reference point from where one or more
boundaries of a runway awareness zone 230 could be estab-
lished. A lateral boundary of a runway awareness zone 230
could correspond to a fixed angular measurement originating
from the front of own-ship 238. As depicted in FIG. 4A, angle
242 has been set to 5 degrees measured from the longitudinal
axis of own-ship 238 (which is an axis assumed for the pur-
pose of discussion only to coincide with the zero azimuth
measurement of a radar system 140). The value of 5 degrees
is an approximate angular measurement betweena L'TP and a
holdline that is 250 feet from a runway centerline when an
aircraft is located on an extended runway centerline approxi-
mately 2,862 feet from the LTP. For the purpose of illustra-
tion, the longitude axis of own-ship 238 coincides with an
extended runway centerline.

A longitudinal boundary of a runway awareness zone and/
or an advisory zone could correspond to a fixed measurement
originating from the front of own-ship 238. As depicted in
FIG. 4A, the longitudinal distance between own-ship 238 and
a leading edge of the runway awareness zone 230 (or non-
alert zone 232) is 2,862 feet. Also, the longitudinal distances
between own-ship 238 and leading edges of the advisory
zones 234 and 236 are 2,300 feet and 1,800 feet, respectively.
It should be noted that, although the leading edges of the
zones are depicted as straight lines, one or more leading edges
could comprise curved lines such as, but not limited to, an arc
having a fixed radius when measured from the front of own-
ship 238.

A vertical boundary of a runway awareness zone and/or an
advisory zone could correspond to a fixed measurement origi-
nating from the front of own-ship 238. A vertical boundary of
a runway awareness zone 230 could correspond to a fixed
angular measurement originating from the front of own-ship
238. As depicted in FIG. 4B, angle 244 has been set to 4
degrees measured from the longitudinal axis of own-ship 238
(which is an axis assumed for the purpose of discussion only
to coincide or align with the zero elevation measurement of a
radar system 140). The value of 4 degrees is an approximate
angular measurement between own-ship 238 and a LTP when
an aircraft is located on an extended runway centerline
approximately 2,862 feet from the LTP and a GPA of 3
degrees. For the purpose of illustration, the longitude axis of
own-ship 238 coincides or aligns with an extended runway
centerline.

It is known to those skilled in the art that the values of 200
feet and 3 degrees shown in FIG. 3B could be considered
standard measurements of a decision height (“DH”) and glide
slope, respectively, set by the FAA for establishing a precision
instrument approach procedure. Although the embodiments
herein are not limited to the values used in the examples
provided herein, the discussion of the traffic information and
advisories generated between the DH and the RWT using a
runway awareness zone illustrates the advantages gained by
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using immediate traffic returns of a radar system 140 over an
inherent latency of other traffic surveillance systems in a
critical phase of flight where traffic 246 such as an aircraft on
the surface could stray beyond a holdline as own-ship 238 is
about to land, creating a unsafe condition leading to possible
tragic consequences.

It should be noted that, for the sole purpose of illustration
and not limitation, the longitudinal axis of the own-ships
discussed herein will assume to coincide or align with a track.
Those skilled in the art understand that this may not occur in
flight. For example, the presence of a cross-wind could create
a situation where the longitudinal axis and/or aircraft heading
122 do not coincide or align with the track 124 of own-ship.
Insuch event, track alignment correction information such as,
but not limited to, a wind correction angle may be determined
and could be applied to an own-ship-based runway awareness
zone and/or may be corrected. In one embodiment, the for-
ward-looking radar system may calculate aircraft track angle
directly from information contained within radar return sig-
nals. Alternatively, in another embodiment, aircraft track
angle may be computed by a navigation system.

The drawings of FIG. 4 provide an example of when traffic
falls outside of a runway awareness zone. As shown in FIGS.
4A and 4B, aircraft or traffic 246 has held short of holdline
222 and falls outside of the boundaries of a runway awareness
zone 230 as own-ship 238 approaches the runway. Because
traffic 246 does not fall within the runway awareness zone
230, traffic advisory information does not have to be gener-
ated and/or provided to a pilot through a presentation system.

The drawings of FIG. 5 provide an example of when traffic
information could be provided to a presentation system as
own-ship 238 approaches a runway. As shown in FIG. 5A,
traffic 248 has crossed over holdline 222 and falls within the
boundary of a non-alert advisory zone (shown with vertical
lines); the location of traffic 248 will remain the same for
FIGS. 5B and 5C. Advisory data representative of traffic
advisory information may be generated using azimuth and/or
range data acquired from a forward-looking radar system 140
and provided to a presentation system for presenting a pilot
with visual, non-textual information such as, but not limited
to, symbology depicting the location of traffic on a visual
display unit, where such symbology could be displayed in any
color applicable for a non-alert advisory. Similarly, advisory
data may be generated and provided to a presentation system
for presenting a pilot with visual, textual information on a
visual display unit; for example, an applicably-colored text
message “RUNWAY TRAFFIC—2,800 FEET AHEAD”
could be presented visually to a pilot. As embodied herein,
non-textual and textual forms could remain steady or flash
intermittently, where such flashing could depend on the dis-
tance between own-ship and traffic, where such flashing
could represent a specific distance or range to traffic. In addi-
tion, advisory data may be generated and provided to a pre-
sentation system for presenting a pilot with an aural non-alert
advisory using an aural alert unit 166; for example, a message
“ADVISORY RUNWAY TRAFFIC—2,800 FEET AHEAD”
could be presented aurally to a pilot.

It should be noted that traffic location and/or geographic
position of traffic may be determined by a processor when
radar azimuth and range data of traffic, aircraft position and/
or aircraft location information of own-ship, and/or track
alignment correction information have been provided or
determined. If traffic is located within a runway awareness
zone, advisory data representative of traffic advisory infor-
mation of traffic may be generated such that advisory data
could be provided to one or more avionics systems.

10

15

20

25

30

35

40

45

50

55

60

65

14

In one embodiment, advisory data may be provided to a
presentation system for presenting visual, non-textual infor-
mation such as, but not limited to, highlighting or illuminat-
ing a runway depicted on a visual display unit, where such
highlight or illumination could be displayed in any color
applicable for the advisory. In another embodiment, advisory
data may be provided to a presentation system for presenting
visual, non-textual information such as, but not limited to,
highlighting or illuminating part of a runway depicted on a
visual display unit corresponding to a partitioned runway
awareness zone occupied by traffic, where such highlight or
illumination could be displayed in any color applicable for the
advisory. In another embodiment, advisory data may be trans-
mitted to other aircraft through an aircraft datalink system,
thereby providing a source of traffic data independently of
other traffic data sources such as, but is not limited to, an
ADS-B system, a TIS-B system, an ADS-R system, or any
combination thereof. In another embodiment, advisory data
may be transmitted to other aircraft by providing an ADS-B
system, a TIS-B system, and/or an ADS-R system with such
data as an alternate or supplemental source.

As shown in FIG. 5B, approaching own-ship 238 has
moved closer to the runway, and the location of traffic 248
falls within the boundary of the caution alert advisory zone
(filled with horizontal lines). Advisory data representative of
traffic advisory information may be generated using azimuth
and/or range data acquired from a forward-looking radar
system 140 and provided to a presentation system for present-
ing a pilot with visual, non-textual information such as, but
not limited to, symbology depicting the location of traffic on
a visual display unit, where such symbology could be dis-
played in a color applicable for a caution alert (e.g., amber or
yellow). Similarly, advisory data may be generated and pro-
vided to a presentation system for presenting a pilot with
visual, textual information on a visual display unit; for
example, an amber or yellow text message “RUNWAY
TRAFFIC—2,300 FEET AHEAD” could be presented visu-
ally to a pilot. Inaddition, advisory data may be generated and
provided to a presentation system for presenting a pilot with
an aural alert using an aural alert unit 166; for example, a
message “CAUTION RUNWAY TRAFFIC—2,300 FEET
AHEAD” could be presented aurally to a pilot.

As shown in FIG. 5C, approaching own-ship 238 has
moved closer to the runway, but the location of traffic 248 has
fallen outside of the runway awareness zone 230 of own-ship
238. Because traffic 248 does not fall within the runway
awareness zone 230, traffic advisory information does not
have to be generated and/or provided to a pilot through a
presentation system.

The drawings of FIG. 6 provide another example of when
traffic information may be provided to a presentation system
as own-ship 238 approaches a runway. As shown in FIG. 6A,
traffic 250 has moved further away from the holdline 222 than
shown in the drawings of FIG. 5; the location of traffic 250
will remain the same for FIGS. 6B and 6C. Advisory data
representative of traffic advisory information may be gener-
ated using azimuth and/or range data acquired from a for-
ward-looking radar system 140 and provided to a presentation
system for presenting a pilot with visual, non-textual infor-
mation such as, but not limited to, symbology depicting the
location of traffic on a visual display unit, where such sym-
bology could be displayed in any color applicable for a non-
alert advisory. Similarly, advisory data may be generated and
provided to a presentation system for presenting a pilot with
visual, textual information on a visual display unit; for
example, an applicably-colored text message “RUNWAY
TRAFFIC—2,800 FEET AHEAD” could be presented visu-
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ally to a pilot. In addition, advisory data may be generated and
provided to a presentation system for presenting a pilot with
an aural non-alert advisory using an aural alert unit 166; for
example, a message “ADVISORY RUNWAY TRAFFIC—2,
800 FEET AHEAD” could be presented aurally to a pilot.

As shown in FIG. 6B, approaching own-ship 238 has
moved closer to the runway, and the location of traffic 248
falls within the boundary of the caution alert advisory zone
(filled with horizontal lines). Advisory data representative of
traffic advisory information may be generated using azimuth
and/or range data acquired from a forward-looking radar
system 140 and provided to a presentation system for present-
ing a pilot with visual, non-textual information such as, but
not limited to, symbology depicting the location of traffic on
a visual display unit, where such symbology could be dis-
played in a color applicable for a caution alert (e.g., amber or
yellow). Similarly, advisory data may be generated and pro-
vided to a presentation system for presenting a pilot with
visual, textual information on a visual display unit; for
example, an amber or yellow text message “RUNWAY
TRAFFIC—2,300 FEET AHEAD” could be presented visu-
ally to a pilot. In addition, advisory data may be generated and
provided to a presentation system for presenting a pilot with
an aural alert using an aural alert unit 166; for example, a
message “CAUTION RUNWAY TRAFFIC—2,300 FEET
AHEAD” could be presented aurally to a pilot.

As shown in FIG. 6C, approaching own-ship 238 has
moved closer to the runway, and the location of traffic 250
falls within the boundary of the warning alert advisory zone
(filled with diagonal lines). Advisory data representative of
traffic advisory information may be generated using azimuth
and/or range data acquired from a forward-looking radar
system 140 and provided to a presentation system for present-
ing a pilot with visual, non-textual information such as, but
not limited to, symbology depicting the location of traffic on
a visual display unit, where such symbology could be dis-
played in a color applicable for a warning alert (e.g., red).
Similarly, advisory data may be generated and provided to a
presentation system for presenting a pilot with visual, textual
information on a visual display unit; for example, a red text
message “RUNWAY TRAFFIC—1,800 FEET AHEAD”
could be presented visually to a pilot. In addition, advisory
data may be generated and provided to a presentation system
for presenting a pilot with an aural alert using an aural alert
unit 166; for example, a message “WARNING RUNWAY
TRAFFIC—1,800 FEET AHEAD” could be presented
aurally to a pilot.

It should be noted that, although the boundaries of the
runway awareness zone and/or advisory zones of the draw-
ings of FIGS. 4 through 6 have been drawn as fixed measure-
ments originating from the front of own-ship 238, the
embodiments herein may not limited to and/or include fixed
measurements. As embodied herein, longitudinal boundaries
may be established using variable measurements where such
variables could include, but are not limited to, time and/or
speed. A manufacturer or end-user may configure a leading
edge boundary of a runway awareness zone and/or advisory
zone as a function of time spacing between an own-ship and
a target. For example, spacing of 90 seconds may be selected
by a manufacturer or end-user for the generation and/or pre-
sentation of a first advisory level (e.g., non-alert advisory), 45
seconds for a second alert advisory (e.g., caution), and 15
seconds for a third alert advisory (e.g., warning). For an
own-ship operating at a speed of 120 knots, boundaries cor-
responding to the different levels of advisories would be
equivalent to 3.0 nautical miles (“NM”), 1.5 NM, and 0.5
NM, respectively. For an own-ship operating at a speed of 140
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knots, corresponding boundaries would be equivalent to 3.5
NM, 1.75 NM, and 0.58 NM, respectively. For an own-ship
operating at a speed of 90 knots, corresponding boundaries
would be equivalent to 2.25 NM, 1.13 NM, and 0.42 NM,
respectively. Using the boundary distances of 2,862 feet,
2300 feet, and 1800 feet illustrated in FIGS. 4 through 6, a
manufacturer or end-user may select spacing of 14.13 sec-
onds, 11.36 seconds, and 8.89 seconds for non-alert, caution,
and warning advisory zones, respectively, for an aircraft oper-
ating at a speed of 120 knots.

It should be noted that, although the boundaries of the
runway awareness zone and/or advisory zones of the draw-
ings of FIGS. 4 through 6 have been drawn as a fixed shape
originating from the front of own-ship 238, the embodiments
herein may not limited to and/or include fixed shapes. Instead,
a manufacturer or end-user may configure a runway aware-
ness zone and/or advisory zones to any shape which may be
used for the purposes of establishing a zone from within
which traffic may be determined and advisory information
may be generated and presented to a pilot or flight crew.

The drawings of FIGS. 7 and 8 provide merely two
examples from a plethora of shapes that a manufacturer or
end-user may configure for establishing boundaries an own-
ship-based runway awareness zone and/or runway advisory
zones. These shapes are intended for the purpose of illustra-
tion and not limitation. FIG. 7 provides an illustration of a
runway awareness zone 260 comprised of one or more advi-
sory zones 262,264, and 266. As depicted, runway awareness
zone 260 has a longitudinal boundary originating from the
front of own-ship and extending 2,862 feet from the front of
own-ship 268 and a lateral boundary having both a fixed
angular measurement and fixed linear measurement originat-
ing from the front of own-ship 268. As depicted, the lateral
boundary has a fixed angular measurement until reaching a
point 500 feet in front of own-ship and a fixed linear mea-
surement of 500 feet thereafter for another 2,362 feet until
reaching the leading edge of the runway awareness zone 260
(or non-alert zone 262). Also, the longitudinal distances
between own-ship 262 and leading edges of the advisory
zones 264 and 266 are 2,300 feet and 1,800 feet, respectively.
It should be noted that, although the leading edges of the
zones are depicted as straight lines, one or more leading edges
could comprise curved lines such as, but not limited to, an arc
having a fixed radius when measured from the front of own-
ship 268.

The drawings of FIG. 8 provide illustrations of a runway
awareness zone 270 comprised of one or more advisory zones
272, 274, and 276 and a trailing edge boundary, where the
distance between own-ship 278 and a trailing edge varies. For
the drawings of F1G. 8, the trailing edge of runway awareness
zone 270 has been selected by a manufacturer or end-user as
coinciding with a LTP at the edge of a runway. As embodied
herein, a reference point may be used for determining a loca-
tion of a trailing edge, where a selection of such reference
point may be made from one or more inputs. For example, one
ormore inputs provided by sources such as, but not limited to,
anavigation system 110 and navigation reference data source
130 may used for determining the location of own-ship 278
from the reference point. For example, if a fixed glide path
and height above the LTP are assumed, then the distance to the
trailing edge may be estimated if height above ground is
provided by anavigation system 110. In another embodiment,
if the location of the aircraft and LTP are known, then the
distance to the trailing edge may be actually calculated if the
locations are provided by a navigation reference data source
130.
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As shown in FIG. 8A, own-ship 278 is approaching a
runway, and a non-alert advisory zone 272 has crossed over
the edge of the runway or LTP. As own-ship 278 continues on
its flight path, the distance to trailing edge 280 of a non-alert
advisory zone 272 decreases. Depending on one or more
available inputs, distance to trailing edge 280 of a runway
awareness zone 270 and/or runway non-alert advisory zone
272 may be determined.

As shown in FIG. 8B, own-ship 238 has moved closer to
the runway, and a caution alert advisory zone 274 has crossed
over the edge of the runway or LTP. As own-ship 278 contin-
ues on its flight path, the distance to trailing edge 282 of a
caution alert advisory zone 274 decreases. Depending on one
or more available inputs, distance to trailing edge 282 of a
runway awareness zone 270 and/or runway a caution alert
advisory zone 274 may be determined.

As shown in FIG. 8C, own-ship 238 has moved closer to
the runway, and a warning alert advisory zone 276 has crossed
over the edge of the runway or LTP. As own-ship 278 contin-
ues on its flight path, the distance to trailing edge 284 of a
warning alert advisory zone 276 decreases. Depending on one
or more available inputs, distance to trailing edge 284 of a
runway awareness zone 270 and/or runway a warning alert
advisory zone 276 may be determined.

The advantages and benefits of the embodiments discussed
herein may be illustrated by showing examples of how situ-
ational awareness of a runway environment is enhanced using
traffic information acquired from a forward-looking radar
system 140 and a runway awareness zone established using a
navigation reference data source 130. The drawings of FIG. 9
illustrate an employment of a data source-based runway
awareness zone as embodied herein. For the purpose of dis-
cussion only, Runways 8-26 of Rifle/Garfield County
Regional Airport (“RIL”) in the State of Colorado, United
States has been selected for discussion. As discussed herein,
the runway depiction and runway data information may have
been modified for the sake of illustration and is not suitable
for navigation. For example, the runway is not drawn to scale
and the runway markings have been modified from the actual
markings for the sake of brevity.

A navigation reference data source 130 may be employed
for delineating the boundaries of a runway awareness zone. In
one embodiment, runway information contained in a runway
record from a flight navigation database 132 employing stan-
dards of the ARINC 424 specification could be used to derive
four corners of a runway awareness zone from which the
boundaries could be delineated. For example, fields of the
runway record include data representative of, but not limited
to, an LTP, the elevation of the LTP, runway width, the mag-
netic bearing, and the magnetic variation of the runway. The
data associated with Runways 8-26, rounded off pursuant to
the ARINC specification, is shown in FIG. 9A. The data
indicates that the TP 302 for Runway 8 is located at lat. 39°
31'36.45"N., long. 107° 44'21.58"W and has an elevation of
5,547 mean sea level (“MSL”); the magnetic bearing 304 of
the runway is 80.8°. The data indicates that the LTP 306 for
Runway 26 is located at lat. 39° 31'33.01"N, long. 107°
42'52.39"W and has an elevation of 5,544' MSL; the magnetic
bearing 308 of the runway is 260.8°. The data indicates that
the width 310 of Runways 8-26 is 100", the length 312 is
7,000', and magnetic variation 314 is 12.0° E.

There are a plurality of techniques in which a runway
awareness zone may be determined from which a manufac-
turer or end-user may choose in establishing a runway aware-
ness zone. In one embodiment, four corners of Runways 8-26
may be determined using the data of LTP 302, LTP 306, and
width 310 by applying one or more formulas known to those
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skilled in the art, where LTP 302 and LTP 306 may be used to
determine a runway centerline 316 from which half of the
width 310 may be applied to each side of the centerline. The
determination of the location of the four corners may be used
to delineate the boundaries of a runway awareness zone 318.
As shown in FIG. 6B, the runway awareness zone boundaries
are delineated by latitude/longitude coordinates of the loca-
tions of the four corners. These boundaries could be used for
either Runway 8 or Runway 26. Although not shown, it
should be noted that the application of a great circle formula
renders the length of Runways 8-26 to be 6,997.30°.

In an alternative embodiment, the four corners used to
delineated boundaries of a runway awareness zone for Run-
way 8 may be established with a derivation technique using
LTP 302, magnetic bearing 304, runway width 310, runway
length 312, and magnetic variation 314 by applying one or
more formulas, where a runway centerline 316 may be pro-
jected from the LTP 302 for a distance of runway length 312
in atrue direction determined using magnetic bearing 304 and
magnetic variation 314. Once the runway centerline has been
determined, width 310 may be applied to each side of the
centerline. The application of this technique would render a
different runway awareness zone than in the preceding para-
graph due, in part, to the rounding errors. Similarly, the four
corners used to delineated boundaries of a runway awareness
zone for Runway 26 may be determined using LTP 306,
magnetic bearing 308, runway width 310, runway length 312,
and magnetic variation 314. It should be noted that separate
application of the technique for Runway 8 and Runway 26
discussed in this paragraph may render a different runway
awareness zone for each runway which may, in turn, be dif-
ferent from the runway awareness zone determined in the
preceding paragraph. As such, the manufacturer or end-user
is provided with the flexibility of choosing which
technique(s) to apply.

Although the preceding discussion has drawn from record
fields established in accordance with a specific ARINC speci-
fication, the embodiments herein are not limited to the speci-
fication or those specific record fields discussed. Rather, the
preceding discussion has provided examples ot how a field or
fields of a specific record could be used to establish a runway
awareness zone. Although the ARINC specification provides
detailed record formats, those skilled in the art will readily
acknowledge that aviation standards such as those published
by ARINC may be modified with subsequent changes,
amendments, or revisions. The embodiments and discussion
herein with respect to any ARINC specification are illustra-
tions intended solely to provide examples and are in no way
intended to be limited to those discussed and presented
herein.

It should be noted that, as embodied herein, employing a
derivation technique to establish a runway awareness zone
may not be necessary when data provided by one or more data
sources may already be representative of a runway awareness
zone; for example, the latitude/longitude coordinates used for
delineating the boundaries a runway awareness zone could be
provided by one or more data sources. Also, the employment
of'a derivation technique which establishes a partitioned run-
way awareness zone may not be necessary when data pro-
vided by one or more data sources may already be represen-
tative of partitioned runway awareness zone; for example, the
latitude/longitude coordinates used for delineating the
boundaries a partitioned runway awareness zone could be
provided by one or more data sources. The establishment
and/or use of a partitioned runway awareness zone is
described in a U.S. Patent Application by Rathinam et al filed
concurrently with the instant application, entitled “System,
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Module, and Method for Presenting Runway Traffic Informa-
tion,” and identified by Ser. No. 12/322,442, which is incor-
porated by reference in its entirety. As embodied herein, a
runway awareness zone and/or a partitioned runway aware-
ness zone may be established in the plurality of ways.

In an additional embodiment, a runway awareness zone
may include a buffer zone by, for example, extending a run-
way centerline and/or expanding with width of a runway. As
embodied herein, a manufacturer or end-user may have a
plurality of options from which to choose how a runway
awareness zone may incorporate a buffer zone. For the pur-
pose of illustration and not limitation, examples of how a
runway awareness zone may include a buffer zone will be
discussed.

A buffer zone could extend a runway centerline by includ-
ing a displaced threshold. Known to those skilled in the art, a
value of the distance of a displaced threshold may be included
as a field in a runway record in a database. Also, a buffer zone
could expand the width of the runway to include the distance
of'one or more runway holdlines. FIG. 9C illustrates holdlines
320 of taxiways adjacent to Runways 8-26. The distance
between the runway centerline and holdlines 322 is shown to
be 250'".

In one embodiment, a navigation reference data source 130
may be employed in determining the category of a runway for
the purposes of locating holdlines. In one embodiment, a
navigation reference data source 130 could be any database
from which an assigned distance holdline may be provided;
the latitude/longitude locations of one or more holdlines may
be provided; or approach visibility minimums, airplane
design group, and aircraft category assigned to the runway
may be provided from which a processor may be programmed
to determined the distance.

In an alternative embodiment, a navigation reference data
source 130 could be any database including, but not limited
to, a flight navigation database 132 from which holdline dis-
tances may be estimated or approximated using some of the
records conforming to the ARINC 424 specification. Such
estimation may provide an ascertainable basis for which a
buffer could be determined and included in a runway aware-
ness zone. For instance, approach visibility minimums stated
in the Advisory Circular may correspond to whether or not the
approach is categorized as a precision approach or non-pre-
cision approach, where precision approaches could generally
be considered as allowing visibility conditions that are less
than ¥4-statute mile and non-precision approaches could be
generally considered as requiring visibility conditions not
lower than ¥4-statute mile.

Using ARINC 424 database records, an “IFR Capability”
field of an airport record could be used to determine the
presence of any published instrument approach procedures; if
no instrument approach procedures have been published, then
each runway at the airport could be categorized as a runway
having approach visibility minimums equal to or greater than
¥4-statute mile.

In another example, an “ILS/MLS/GLS Category” field of
a runway record could be used to indicate the presence of a
precision approach runway; if one is present, then the runway
could be assigned as a runway having approach visibility
minimums lower than ¥4-statute mile. In another example, the
“Approach Route Identifier” field of an airport approach
record could be used to identify whether an established
instrument approach procedure of a runway is a precision or
non-precision approach. If the procedure is a precision
approach, then the runway could be assigned as a runway
having approach visibility minimums lower than 34-statute
mile; if the procedure is not a precision approach, then the
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runway could be categorized as a runway having approach
visibility minimums equal to or greater than ¥4-statute mile.

With respect to airplane design group criteria, a runway
width field of a runway record may be used to identify the
airplane design group for which the runway has been
designed; if two or more groups share the same width, then
the manufacturer or end-user may choose or select criteria
from which to determine the airplane design group; for
example, the group corresponding to the largest size of air-
craft may be chosen or selected. With respect to category of
aircraft criteria, the presence or lack of data in fields related to
decision heights or minimum descent altitudes associated
with the categories of an airport approach record (e.g., CAT D
Decision Height, CAT B Minimum Descent Altitude,
etc. . .. ) could be used to identify the category of aircraft for
which the runway has been designed.

As stated above, holdline distances may be estimated or
approximated using some of the records provided under the
ARINC 424 specification. Data contained in a plurality of
records indicating the presence of a precision approach for a
runway (which may correspond to approach visibility mini-
mums), a numerical ranway width (which may correspond to
airplane design group), and categories of aircraft approach
may be employed to determine the applicable distance
between the runway centerline and holdline pursuant to Advi-
sory Circular criteria. The results of such estimation or
approximation may be used for including a buffer in an
expansion of a runway awareness zone.

It should be noted that, as embodied herein, employing a
derivation technique to establish a runway awareness zone
with a buffer may not be necessary when data provided by one
or more data sources may already be representative of a
runway awareness zone which includes a buffer. Also,
employing a derivation technique to establish a partitioned
runway awareness zone with a buffer may not be necessary
when data provided by one or more data sources may already
be representative of partitioned runway awareness zone. As
embodied herein, a runway awareness zone and/or a parti-
tioned runway awareness zone may be established in the
plurality of ways.

The drawings of FIGS. 9C through 9E illustrate a runway
awareness zone which includes a buffer by expanding the
distance from the centerline to include holdlines 320. As
discussed above, holdline distance 322 could be the distance
assigned to Runways 8-26, the value of which (i.e., 250') may
be stored in a database of a navigation reference data source
130. Alternatively, this distance could be an estimated or
approximated distance derived using approach and runway
records of a database of a navigation reference data source
130 as discussed above, and applying the data stored in the
records to the criteria specified in the Advisory Circular.

In one embodiment, if the actual locations (e.g., latitude/
longitude coordinates) of the holdlines are not provided by a
navigation reference data source 130, the lower corners (as
shown in FIG. 9D) of a runway awareness zone of Runways
8-26 which includes a buffer may be determined using the
data of LTP 302, LTP 306, and holdline distance 322 by
applying one or more formulas, where LTP 302 and L'TP 306
may be used to determine a runway centerline from which
half of the holdline distance 322 may be applied to the hold-
line side of the centerline. The latitude/longitude coordinates
of'the corners that are associated with the holdlines are shown
in FIG. 9D. It should be noted that the latitude/longitude
coordinates of the corners associated with the runway (shown
asthe upper corners in FIG. 9D) have not changed because the
technique has been applied to the holdline side of the center-
line only. The determination of the location of the four corners
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may be used to delineate the boundaries of a runway aware-
ness zone 324. These boundaries could be used for either
Runway 8 or Runway 26.

In an alternative embodiment, a manufacturer may apply
the technique of the preceding paragraph to both sides of the
runway centerline equally even though holdlines are present
on one side of the runway centerline only. If so, the corners of
a runway awareness zone which includes a buffer may be
determined using the data of LTP 302, LTP 306, and holdline
distance 322 by applying one or more formulas, where TP
302 and LTP 306 may be used to determine a runway center-
line from which half of the holdline distance 322 may be
applied to each side of the centerline. The latitude/longitude
coordinates of the locations of the four corners of a runway
awareness zone 326 are shown in FIG. 9E. As shown in FIG.
9E, the runway awareness zone boundaries are delineated by
the locations of the four corners. These boundaries could be
used for either Runway 8 or Runway 26.

In an alternative embodiment, the technique discussed
above may be modified for determining runway awareness
zone with a buffer, substituting holdline distance for runway
width. The four corners of a runway awareness zone may be
determined using the LTP, magnetic bearing, runway length,
and magnetic variation by applying one or more formulas,
where a runway centerline may be projected from the LTP for
a distance of runway length in a true direction determined
using magnetic bearing and magnetic variation; instead of
runway width as discussed above, however, the holdline dis-
tance may be applied to one or both sides of the centerline
once the runway centerline has been determined. Then, the
locations of the corners may be determined from which the
boundaries of a runway awareness zone may be defined. As
noted above, the results from the application of this technique
may apply to one runway only.

In an embodiment herein, a runway awareness zone may
include a vertical buffer which includes, for instance, airspace
in which aircraft are taking-oft and/or landing. As embodied
herein, a manufacturer or end-user may have the option of
choosing or selecting the height at which a ceiling could be
established for such airspace including, but not limited to, an
airspace established by an aviation-governing authority for
providing an obstacle-free zone above a runway. For
example, the FAA provides for a runway obstacle-free zone in
the Advisory Circular, where such runway obstacle-free zone
includes airspace above the runway below 150' above the
established airport elevation and centered on the runway cen-
terline.

The drawings of FIG. 10 provide another example of when
traffic information may be provided to a presentation system
as own-ship 330 approaches a runway awareness zone 332
corresponding to a runway and traffic 334. As embodied in the
drawings of FIG. 10, one or more advisory spacings that
could be programmed or configured by a manufacturer or
end-user. Each advisory spacing could correspond to a non-
alert and/or one or more alerts, where such alerts may be
based on level of threat or conditions requiring immediate
crew awareness or attention. As used in the following discus-
sion, first advisory spacing 338 could correspond to a non-
alert zone, second advisory spacing 340 could correspond to
a caution alert zone, and third advisory spacing 342 could
correspond to a warning alert zone.

It should be noted that advisory spacings could be estab-
lished as fixed measurements and/or variable measurements
where such variables could include, but are not limited to,
time and/or speed. A manufacturer or end-user may configure
one or more advisory spacings as a function of time spacing
between an own-ship and a target. For the purpose of illus-
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tration and not limitation, spacing of 90 seconds may be
selected by a manufacturer or end-user for the generation
and/or presentation of a first advisory level (e.g., non-alert
advisory), 45 seconds for a second alert advisory (e.g., cau-
tion), and 15 seconds for athird alert advisory (e.g., warning).
For an own-ship operating at a speed of 120 knots, boundaries
corresponding to the different levels of advisories would be
equivalent to 3.0 nautical miles (“NM”), 1.5 NM, and 0.5
NM, respectively.

As shown in FIG. 10A, own-ship 330 is located a distance
from traffic 334 corresponding to a first advisory spacing 338,
and traffic 334 is located within a runway awareness zone
332. Using radar azimuth and range data of traffic, aircraft
position and/or geographic position of own-ship, and/or track
alignment correction information, traffic location may be
determined by a processor 150. If traffic 334 is located within
arunway awareness zone 332, advisory data representative of
traffic advisory information of traffic 334 may be generated
such that advisory data could be provided to one or more
avionics systems.

In one embodiment, advisory data may be provided to a
presentation system for presenting a pilot with visual, non-
textual information such as, but not limited to, symbology
depicting the location of traffic on a visual display unit, where
such symbology could be displayed in any color applicable
for the advisory. In another embodiment, advisory data may
be provided to a presentation system for presenting visual,
non-textual information such as, but not limited to, highlight-
ing or illuminating a runway depicted on a visual display unit,
where such highlight or illumination could be displayed in
any color applicable for the advisory. In another embodiment,
advisory data may be provided to a presentation system for
presenting visual, non-textual information such as, but not
limited to, highlighting or illuminating part of a runway
depicted on a visual display unit corresponding to a parti-
tioned runway awareness zone occupied by traffic 334, where
such highlight or illumination could be displayed in any color
applicable for the advisory. In another embodiment, such
advisory data which includes traffic location and/or geo-
graphic position of traffic 334 may be transmitted to other
aircraft through an aircraft datalink, thereby providing a
source of traffic data independently of other traffic data
sources such as, but is not limited to, an ADS-B system, a
TIS-B system, and ADS-R, or any combination thereof.

Similarly, advisory data may be generated and provided to
a presentation system for presenting a pilot with visual, tex-
tual information on a visual display unit; for example, an
applicably-colored text message “RUNWAY TRAFFIC—90
SECONDS AHEAD” or “RUNWAY TRAFFIC—3.0 NM
AHEAD” could be presented visually to a pilot. As embodied
herein, non-textual and textual forms could remain steady or
flash intermittently, where such flashing could depend on the
distance between own-ship 330 and traffic 334, where such
flashing could represent a specific spacing or range to traffic
334. In addition, advisory data may be generated and pro-
vided to a presentation system for presenting a pilot with an
aural non-alert advisory using an aural alert unit 166; for
example, a message “RUNWAY TRAFFIC—90 SECONDS
AHEAD” or “RUNWAY TRAFFIC—3.0 NM AHEAD”
could be presented aurally to a pilot.

As shown in FIG. 10B, approaching own-ship 330 has
moved closer to the runway and is located a distance from
traffic 334 corresponding to a second advisory spacing 340. If
traffic 334 is determined to be located within a runway aware-
ness zone 332, advisory data representative of traffic advisory
information of traffic 334 may be generated such that advi-
sory data could be provided to one or more avionics systems
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including, but not limited to, a presentation system and a
datalink system as discussed above for FIG. 10A, where such
advisory data provided to a presentation system could present
visual, non-textual information. Similarly, advisory data may
be generated and provided to a presentation system for pre-
senting a pilot with visual, textual information on a visual
display unit; for example, an applicably-colored text message
“RUNWAY TRAFFIC—45 SECONDS AHEAD” or “RUN-
WAY TRAFFIC—1.5 NM AHEAD” could be presented
visually to a pilot. In addition, advisory data may be generated
and provided to a presentation system for presenting a pilot
with an aural non-alert advisory using an aural alert unit 166;
for example, a message “RUNWAY TRAFFIC—45 SEC-
ONDS AHEAD” or “RUNWAY TRAFFIC—1.5 NM
AHEAD” could be presented aurally to a pilot.

As shown in FIG. 10C, approaching own-ship 330 has
moved closer to the runway and is located a distance from
traffic 334 corresponding to a third advisory spacing 342. If
traffic 334 is determined to be located within a runway aware-
ness zone 332, advisory data representative of traffic advisory
information of traffic 334 may be generated such that advi-
sory data could be provided to one or more avionics systems
including, but not limited to, a presentation system and a
datalink system as discussed above for FIG. 10A, where such
advisory data provided to a presentation system could present
visual, non-textual information. Similarly, advisory data may
be generated and provided to a presentation system for pre-
senting a pilot with visual, textual information on a visual
display unit; for example, an applicably-colored text message
“RUNWAY TRAFFIC—15 SECONDS AHEAD” or “RUN-
WAY TRAFFIC—0.5 NM AHEAD” could be presented
visually to a pilot. In addition, advisory data may be generated
and provided to a presentation system for presenting a pilot
with an aural non-alert advisory using an aural alert unit 166;
for example, a message “RUNWAY TRAFFIC—15 SEC-
ONDS AHEAD” or “RUNWAY TRAFFIC—0.5 NM
AHEAD” could be presented aurally to a pilot.

FIG. 11 depicts a flowchart 400 of an example of a method
for generating airport surface traffic information. The flow-
chart begins with module 402 with the establishing of a run-
way awareness zone of a runway. In one embodiment, a
runway awareness zone may be own-ship-based. A runway
awareness zone may be comprised of one or more advisory
zones with each having one or more fixed- or variably-mea-
sured boundaries as discussed above. Each advisory zone
could correspond to a non-alert and/or one or more alerts,
where such alerts may be based on level of threat or condi-
tions requiring immediate crew awareness or attention. As
discussed above, an advisory zone could correspond to a
non-alert zone, a caution alert zone, and/or a warning alert
zone. Each runway advisory zone may be, one more fixed- or
variably-measured zones

In another embodiment, a runway awareness zone may be
established using a navigation reference data provided by a
navigation reference data source 130. For such runway
awareness zone, one or more fixed- or variably-measured
advisory spacings may be established by a processor 150,
where each advisory spacing could correspond to a non-alert
and/or one or more alerts, where such alerts may be based on
level of threat or conditions requiring immediate crew aware-
ness or attention. As discussed above, an advisory spacing
could correspond to a non-alert spacing, a caution alert spac-
ing, and/or a warning alert spacing.

Navigation reference data may be comprised of data rep-
resentative of runway information including, but not limited
to, at least LTP, the elevation of the LTP, runway width, the
magnetic bearing, and the magnetic variation of the runway,
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which may be received by a processor, either in part or in
whole, to establish a runway awareness zone. Alternatively,
data representative of a runway awareness zone may be
received by a processor, thereby establishing a partitioned
runway awareness zone.

A runway awareness zone established using navigation
reference data could provide a buffer zone by extending and/
or expanding beyond the boundaries of a runway including,
but not limited to, adding displaced threshold information
contained in the navigation reference data and/or adding run-
way holdline information, respectively, where such holdline
information could be contained by navigation reference data
orestimated using navigation reference data. Also, an altitude
above the runway could be established as a ceiling for the
runway awareness zone.

The flowchart continues with module 404 with the receiv-
ing of traffic data from a forward-looking radar system 140.
Such data could include data representative of range, azi-
muth, and/or elevation of each target. An embodied herein, a
forward-looking radar system 140 may calculate aircraft
track angle or track alignment correction information directly
from information contained within radar return signals.

The flowchart continues with an optional module 406 with
the receiving of navigation data. Navigation data could
include heading 122 and track 124. As embodied herein, track
124 could comprise actual track over the surface of the Earth
or track alignment correction information. In another
embodiment, navigation data could include geographic posi-
tion 112 and/or altitude 114. Navigation data 110 could be
used in conjunction with location data of airport surface traf-
fic acquired by a forward-looking radar system 140 to deter-
mine latitude/longitude location and/or altitude of airport
surface traffic.

The flowchart continues with module 408 with the genera-
tion of an advisory data set based upon navigation data asso-
ciated with track alignment correction information and air-
port surface traffic located within the runway awareness zone.
As embodied herein, navigation data may be provided to a
processor 150 as a direct input from a source of navigation
data or navigation data such as, but not limited to, heading 122
and ground track 124 may be determined by processor 150 as
inputs from which a ground track alignment correction infor-
mation can be determined. Track alignment correction infor-
mation may be applied to traffic data, a runway awareness
zone, or both. Then, a processor 150 may generate an advi-
sory data set by determining the traffic data located within the
runway awareness zone after the application of track align-
ment correction information.

An advisory data set may be representative of advisory data
of the traffic located with the runway awareness zone. As
embodied herein, the generation of the advisory data set could
depend on an avionics system being provided with the advi-
sory data set. Such avionics systems could include, but are not
limited to, a presentation system 160 and an external com-
munication system 170.

In one embodiment, if the advisory data set is provided to
one or more visual display units 162 of a presentation system
160, the advisory data set could be generated with advisory
data representative of airport surface traffic location informa-
tion, where such information may be determined by processor
150 and based on azimuth and/or range data acquired from a
forward-looking radar system 140 and track alignment cor-
rection information; if navigation data associated with posi-
tion of own-ship has been provided to a processor 150 and
used in conjunction with location data of acquired by a for-
ward-looking radar system 140 and track alignment correc-
tion information, airport surface traffic location could include
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latitude/longitude location and/or altitude of airport surface
traffic. Advisory data could be presented to one or more visual
display units for presenting a recipient (e.g., a pilot) with
visual, non-textual information such as, but not limited to,
symbology depicting the location of traffic on a visual display
unit, where such symbology could be displayed in any color
applicable for the advisory.

The advisory data set could be generated with advisory
data representative of visual, textual information of airport
surface traffic. Such advisory data could be provided to one or
more visual display units for presenting visual, non-textual
information such as, but not limited to, an applicably-colored
text message to a recipient. As embodied herein, advisory
data set could be generated with advisory data that, when
provided to one or more visual display units, could control the
displayed depiction, e.g., remain steady or flash intermit-
tently.

In another embodiment, if an advisory data set is provided
to an aural alert unit 166 of a presentation system 160, the
advisory data set may be generated with advisory data repre-
sentative of aural information of airport surface traffic. Such
advisory data could be presented to an aural alert unit for
presenting a recipient with an applicable aural alert. In
another embodiment, if an advisory data set is provided to a
tactile alert unit 168 of a presentation system 160, the advi-
sory data set may be generated with advisory data represen-
tative of tactile advisory. Such advisory data could be pre-
sented to a tactile alert unit for presenting a pilot with a tactile
alert such as, but not limited to, a “stick-shaker” presented to
a recipient.

As stated above, advisory data set could be generated with
advisory data representative of airport surface traffic location
information, where such surface traffic location could include
latitude/longitude and/or altitude information. As embodied
herein, such advisory data set could be provided to an external
communication system such as, but not limited to, a datalink
system, where such system transmits the advisory data set to
atleast one external recipient. Then, the flowchart proceeds to
the end.

It should be noted that the method steps described above
may be embodied in computer-readable media as computer
instruction code. It shall be appreciated to those skilled in the
art that not all method steps described must be performed, nor
must they be performed in the order stated.

Asused herein, the term “embodiment” means an embodi-
ment that serves to illustrate by way of example but not
limitation.

It will be appreciated to those skilled in the art that the
preceding examples and embodiments are exemplary and not
limiting to the scope of the present invention. It is intended
that all permutations, enhancements, equivalents, and
improvements thereto that are apparent to those skilled in the
art upon a reading of the specification and a study of the
drawings are included within the true spirit and scope of the
present invention. It is therefore intended that the following
appended claims include all such modifications, permuta-
tions and equivalents as fall within the true spirit and scope of
the present invention.

What is claimed is:
1. A system for generating airport surface traffic informa-
tion, said system comprising:
a forward-looking aircraft radar system; and
a processor, operatively coupled to receive data, where
such processor is configured to
establish a runway awareness zone,
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receive traffic data representative of airport surface traf-
fic from the forward-looking aircraft radar system,
and

generate an advisory data set based upon track align-
ment correction information and airport surface traf-
fic located within the runway awareness zone,
wherein the advisory data set comprises advisory data
representative of at least one of the following: visual
advisory information, aural advisory information,
and tactile advisory information.

2. The system of claim 1, wherein data acquired by the
forward-looking aircraft radar system is used in determining
track alignment correction information.

3. The system of claim 1, further comprising:

a source of navigation data, and

the processor, operatively coupled to receive navigation
data, is further configured to
receive the navigation data, whereby

the navigation data is used in determining track align-
ment correction information, latitude and longitude
of the airport surface traffic, or both.

4. The system of claim 3, further comprising:

an external communication system, operatively coupled to
receive data from the processor, where the external com-
munication system is configured to
receive the advisory data set, where

the processor is further configured to provide the
advisory data set to the external communication
system.

5. The system of claim 1, wherein the advisory data repre-
sentative of visual advisory information includes data repre-
sentative of non-textual information, textual information, or
both.

6. The system of claim 1, wherein

the runway awareness zone comprises of at least one advi-
sory zone having at least one fixed- or variably-mea-
sured boundary, where
each advisory zone corresponds to a level of threat, and
the advisory data set is generated to include advisory

data representative of the level of threat of corre-
sponding airport surface traffic.

7. The system of claim 6, further comprising:

a presentation system, operatively coupled to receive data
from the processor, where such presentation system is
configured to
receive the advisory data set, and
present traffic advisory information represented in the

advisory data set to a recipient, where

the processor is further configured to provide the
advisory data set to the presentation system,
wherein the presentation system comprises at least
one of the following: a visual display unit, an aural
alert unit, and a tactile alert unit.

8. The system of claim 7, further comprising:

a source of navigation data, and

the processor is further configured to
receive the navigation data, whereby

the navigation data is used in determining track align-
ment correction information, latitude and longitude
of the airport surface traffic, or both.

9. The system of claim 1, further comprising:

a source of navigation reference data;

a source of navigation data; and

the processor is further configured to
receive navigation reference data, and
receive the navigation data, whereby
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the navigation reference data is used in establishing
the runway awareness zone, and

the navigation data is used in determining track align-
ment correction information, latitude and longitude
of the airport surface traffic, or both.

10. The system of claim 9, further comprising:

an external communication system, operatively coupled to
receive data from the processor, where the external com-
munication system is configured to
receive the advisory data set, where

the processor is further configured to provide the
advisory data set to the external communication
system.
11. The system of claim 9, wherein the processor is further
configured to
establish at least one fixed- or variably-measured advisory
spacing, where
each advisory spacing corresponds to a level of threat,
and

the advisory data set is generated to include advisory
data representative of the level of threat of corre-
sponding airport surface traffic.
12. The system of claim 11, further comprising:
a presentation system, operatively coupled to receive data
from the processor, where such presentation system is
configured to
receive the advisory data set, and
present traffic advisory information represented in the
advisory data set to a recipient, where
the processor is further configured to provide the
advisory data set to the presentation system,
wherein the presentation system comprises at least
one of the following: a visual display unit, an aural
alert unit, and a tactile alert unit.
13. The system of claim 1, wherein the processor is a
processor of at least one of the following: the forward-looking
aircraft radar system, a source of navigation data, a presenta-
tion system, a source of navigation reference data, and an
external communications system.
14. A module for generating airport surface traffic infor-
mation, said module comprising:
an input communications interface to facilitate the receiv-
ing of data by a processor; and
a processor, operatively coupled to receive data, where
such processor is configured to
establish a runway awareness zone,
receive traffic data representative of airport surface traf-
fic from the forward-looking aircraft radar system,
and

generate an advisory data set based upon track align-
ment correction information and airport surface traf-
fic located within the runway awareness zone,
wherein the advisory data set comprises advisory data
representative of at least one of the following: visual
advisory information, aural advisory information,
and tactile advisory information.

15. The module of claim 14, wherein data acquired by the
forward-looking aircraft radar system is used in determining
track alignment correction information.

16. The module of claim 14, wherein the processor is
further configured to

receive navigation data, whereby
the navigation data is used in determining track align-

ment correction information, latitude and longitude of
the airport surface traffic, or both.
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17. The module of claim 16, further comprising:
an output communications interface to facilitate the pro-
viding of data from the processor, where
the processor is further configured to provide the advi-
sory data set to an external communication system.

18. The module of claim 14, wherein the advisory data
representative of visual advisory information includes data
representative of non-textual information, textual informa-
tion, or both.

19. The module of claim 14, wherein

the runway awareness zone comprises of at least one advi-

sory zone having at least one fixed- or variably-mea-

sured boundary, where

each advisory zone corresponds to a level of threat, and

the advisory data set is generated to include advisory
data representative of the level of threat of corre-
sponding airport surface traffic.

20. The module of claim 19, further comprising:

an output communications interface to facilitate the pro-

viding of data from the processor, where

the processor is further configured to provide the advi-
sory data set to a presentation system, wherein the
presentation system comprises at least one of the fol-
lowing: a visual display unit, an aural alert unit, and a
tactile alert unit.

21. The module of claim 20, wherein the processor is
further configured to

receive navigation data, whereby

the navigation data is used in determining track align-
ment correction information, latitude and longitude of
the airport surface traffic, or both.

22. The module of claim 14, wherein the processor is
further configured to

receive navigation reference data; and

receive navigation data, whereby

the navigation reference data is used in establishing the
runway awareness zone, and

the navigation data is used in determining track align-
ment correction information, latitude and longitude of
the airport surface traffic, or both.

23. The module of claim 22, further comprising:

an output communications interface to facilitate the pro-

viding of data from the processor, where
the processor is further configured to provide the advi-
sory data set to an external communication system.

24. The module of claim 22, wherein the processor is
further configured to

establish at least one fixed- or variably-measured advisory

spacing, where

each advisory spacing corresponds to a level of threat,
and

the advisory data set is generated to include advisory
data representative of the level of threat of corre-
sponding airport surface traffic.

25. The module of claim 24, further comprising:

an output communications interface to facilitate the pro-

viding of data from the processor, where

the processor is further configured to provide the advi-
sory data set to a presentation system, wherein the
presentation system comprises at least one of the fol-
lowing: a visual display unit, an aural alert unit, and a
tactile alert unit.

26. The module of claim 15, wherein the module is a
module of at least one of the following: the forward-looking
aircraft radar system, a source of navigation data, a presenta-
tion system, a source of navigation reference data, and an
external communications system.
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27. A method for generating airport surface traffic infor-
mation, said method comprising:

establishing a runway awareness zone,

receiving traffic data representative of airport surface traf-

fic, and

generating an advisory data set based upon track alignment

correction information and airport surface traffic located
within the runway awareness zone, wherein the advisory
data set comprises advisory data representative of at
least one of the following: visual advisory information,
aural advisory information, and tactile advisory infor-
mation.

28. The method of claim 27, wherein data acquired by a
forward-looking aircraft radar system is used in determining
track alignment correction information.

29. The method of claim 27, further comprising:

receiving navigation data, whereby

the navigation data is used in determining track align-
ment correction information, latitude and longitude of
the airport surface traffic, or both.

30. The method of claim 29, further comprising:

providing the advisory data set to the external communi-

cation system.

31. The method of claim 27, wherein the advisory data
representative of visual advisory information includes data
representative of non-textual information, textual informa-
tion, or both.

32. The method of claim 27, wherein

the runway awareness zone comprises of at least one advi-

sory zone having at least one fixed- or variably-mea-
sured boundary, where
each advisory zone corresponds to a level of threat, and
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the advisory data set is generated to include advisory
data representative of the level of threat of corre-
sponding airport surface traffic.
33. The method of claim 32, further comprising:
providing the advisory data set to a presentation system.
34. The method of claim 33, further comprising:
receiving navigation data, whereby
the navigation data is used in determining track align-
ment correction information, latitude and longitude of
the airport surface traffic, or both.
35. The method of claim 27, further comprising:
receiving navigation reference data, and
receiving navigation data, whereby
the navigation reference data is used in establishing the
runway awareness zone, and
the navigation data is used in determining track align-
ment correction information, latitude and longitude of
the airport surface traffic, or both.
36. The method of claim 35, further comprising:
providing the advisory data set to the external communi-
cation system.
37. The method of claim 35, further comprising:
establishing at least one fixed- or variably-measured advi-
sory spacing, where
each advisory spacing corresponds to a level of threat,
and
the advisory data set is generated to include advisory
data representative of the level of threat of corre-
sponding airport surface traffic.
38. The method of claim 37, further comprising:
providing the advisory data set to a presentation system.
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