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Description
TECHNICAL FIELD

[0001] The following disclosure relates generally to aircraft display systems, and, more particularly, to systems and
methods for an aircraft to identify a number of feasible target traffic for a paired approach for the aircraft.

BACKGROUND

[0002] There are several busy airports around the world that have parallel runways that are closely spaced (less than
2500 feet apart). To land on a closely spaced runway, a pilot may fly using visual flight rules or instrument flight rules,
depending on environmental conditions. In VFR (Visual Flight Rules) conditions, visual approaches are authorized by the
ATC. In visual approaches, the flight crew is primarily responsible for maintaining separation from other aircraft and
maintain adequate wake turbulence separation. In IFR (Instrument Flight Rules) conditions, the ATC is responsible for
maintaining separation between aircraft. Approaches can be simultaneously conducted to parallel runways when the
centerline separation between the runways is atleast 700 feet. As may be appreciated, a technical problem is presented in
that, in IFR and marginal visual conditions, the runway throughput may drop significantly as aircraft maintain large
separations between themselves while landing.

[0003] Anavailable solution is a paired approach procedure, which was created to improve runway throughput in these
IFR and marginal visual conditions. To facilitate a paired approach procedure (also referred to as a paired approach
landing), the ATC detects compatible pairs of aircraft and directs them to the final approach course at a suitable altitude and
lateral separation. The trailing aircraft is then expected to maintain a required separation by suitably adjusting its speed
before reaching the Final Approach Fix (FAF). The determination of suitable aircraft for paired approach landing is handled
by the ATC. Some technical problems remain with the available solution. For example, the aircraft that are descending and
entering the terminal area are not aware of the aircraft ahead that they will be paired with, and late notification by ATC about
the leading aircraft to be paired with can cause the flight crew to be rushed in their approach preparation during this critical
phase of flight. The flight crew has very little time to determine where the spacing goal can be achieved to complete a paired
approach while trailing a leading aircraft.

[0004] Accordingly, there is a need for pilots to have overview of paired approach feasibility with surrounding traffic and
be armed with enough information to optimally negotiate with ATC. Pilots should also be able to do what-if analysis with
respect to spacing achievability, speed selection and location for achieving spacing for any aircraft pair. Furthermore, other
desirable features and characteristics of the present invention will be apparent from the subsequent detailed description
and the appended claims, taken in conjunction with the accompanying drawings and the foregoing technical field and
background.

[0005] Document EP3509052 discloses a Flight Deck Interval Management Paired Approach (FIMPA) system and
methods that provide safe speed guidance to a trail aircraft.

BRIEF SUMMARY

[0006] This summary is provided to describe select concepts in a simplified form that are further described in the
Detailed Description. This summary is not intended to identify key or essential features of the claimed subject matter, noris
it intended to be used as an aid in determining the scope of the claimed subject matter.

[0007] Provided is a processor-implemented method for an aircraft to receive and process weather data and traffic data
to identify a number of feasible target traffic for a paired approach for the aircraft. The method includes: generating a
trajectory of the aircraft as a function of received aircraft state data and weather data; determining that the aircraft is
entering a terminal radar approach control (TRACON) airspace; filtering, by the processor, the received traffic data to
identify a plurality of neighbor traffic that are entering the TRACON airspace or are within the TRACON airspace when the
aircraft is entering the TRACON airspace; estimating, by the processor, concurrently, for each neighbor traffic of the
plurality of neighbor traffic: a trajectory, a traffic arrival time at a location for a respective paired approach with the aircraft, a
spacing interval between the neighbor traffic and the aircraft for the respective paired approach, and a respective target
location for the aircraft to begin the respective paired approach, as a function of the spacing interval; identifying, by the
processor, the number of feasible target traffic as those neighbor traffic for which the aircraft can achieve the respective
target location within a prescribed amount of time, based on a current speed of the aircraft; identifying, when the aircraftis
not permitted a speed change, infeasible target traffic as those neighbor traffic for which the aircraft cannot achieve the
respective target location within the prescribed amount of time, based on the current speed of the aircraft; and presenting
on a display unit, a lateral image having each feasible target and each infeasible target indicated with a respective icon
depicting a location, a heading and distinguishing its feasibility or infeasibility.

[0008] Also provided is a system for an aircraft to receive and process weather data and traffic data to identify a number
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of feasible target traffic for a paired approach for the aircraft, the system comprising: a display unit; and a controller circuit
configured by programming instructions to: generate a trajectory of the aircraft as a function of received aircraft state data;
determine that the aircraft is entering a terminal radar approach control (TRACON) airspace; filter the received traffic data
to identify a plurality of neighbor traffic that are entering the TRACON airspace or are within the TRACON airspace when
the aircraft is entering the TRACON airspace; estimate, concurrently, for each neighbor traffic of the plurality of neighbor
traffic: a trajectory, a traffic arrival time at a location for a respective paired approach with the aircraft, a spacing interval
between the neighbor traffic and the aircraft for the respective paired approach, and a respective target location for the
aircraft to begin the respective paired approach, as a function of the spacing interval; identify the number of feasible target
traffic as those neighbor traffic for which the aircraft can achieve the respective target location within a prescribed amount
oftime, based on a current speed of the aircraft and the respective estimations; identify, when the aircraftis not permitted a
speed change, infeasible target traffic as those neighbor traffic for which the aircraft cannot achieve the respective target
location within the prescribed amount of time, based on the current speed of the aircraft; and present on the display unit, a
lateral image having each feasible target and each infeasible target indicated with a respective icon depicting a location, a
heading and its feasibility.

[0009] Inanother embodiment, a method for an aircraft entering a terminal radar approach control (TRACON) airspace
to identify a number of feasible target traffic for a paired approach for the aircraft is provided. The method includes: at a
controller circuit programmed by programming instructions: receiving weather data; receiving traffic data from a plurality of
traffic; filtering the received traffic data to identify a plurality of neighbor traffic that are entering the TRACON airspace or are
within the TRACON airspace when the aircraft is entering the TRACON airspace; estimating, concurrently, for each
neighbor traffic of the plurality of neighbor traffic that are entering the TRACON airspace or within the TRACON airspace: a
trajectory, a traffic arrival time at a location for a respective paired approach with the aircraft, a spacing interval between the
neighbor traffic and the aircraft for the respective paired approach, and a respective target location for the aircraft to begin
the respective paired approach, as a function of the spacing interval; identifying, based on the estimations, the number of
feasible target traffic as those neighbor traffic for which the aircraft can achieve the respective target location within a
prescribed amount oftime, based on a current speed of the aircraft; and presenting on a display unit, a lateral image having
an icon depicting the aircraft, its location, and its heading and having each feasible target indicated with a respective icon
depicting a location, a heading and its feasibility.

[0010] Furthermore, other desirable features and characteristics of the system and method will become apparent from
the subsequent detailed description and the appended claims, taken in conjunction with the accompanying drawings and
the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] At least one example of the present invention will hereinafter be described in conjunction with the following
figures, wherein like numerals denote like elements, and:

FIG. 1 is a block diagram of a system for an aircraft to receive and process weather data and traffic data to identify a
number of feasible target traffic for a paired approach for the aircraft, as illustrated in accordance with an exemplary
embodiment of the present disclosure;

FIG. 2 is an example showing two neighbor traffic for analysis, as illustrated in accordance with an exemplary
embodiment of the present disclosure;

FIG. 3is anillustration of a lateral display showing neighbor traffic categorized according to feasibility, as illustrated in
accordance with an exemplary embodiment of the present disclosure;

FIGS. 4-5 are illustrations of a graphical user interface that may be displayed, as illustrated in accordance with an
exemplary embodiment of the present disclosure; and

FIGS. 6-7 are a flow chart of a method for an aircraft to receive and process weather data and traffic data to identify a
number of feasible target traffic for a paired approach for the aircraft, as may be implemented by the system of FIG. 1, in
accordance with an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION
[0012] The following Detailed Description is merely exemplary in nature and is not intended to limit the invention or the

application and uses of the invention. The term "exemplary," as appearing throughout this document, is synonymous with
the term "example" and is utilized repeatedly below to emphasize that the description appearing in the following section
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merely provides multiple non-limiting examples of the invention and should not be construed to restrict the scope of the
invention, as set-out in the Claims, in any respect. As further appearing herein, the term "pilot" encompasses all users of
the below-described aircraft system.

[0013] Asmentioned, to facilitate a paired approach procedure (also referred to as a paired approach landing), the ATC
detects compatible pairs of aircraft and directs them to the final approach course at a suitable altitude and lateral
separation. The trailing aircraft is then expected to maintain a required separation by suitably adjusting its speed before
reaching the Final Approach Fix (FAF). The determination of suitable aircraft for paired approach landing is handled by the
ATC. Technical limitations of available solutions resultin reduced runway throughputin IFR and marginal visual conditions.
[0014] The present disclosure provides a technical solution to the limitations of available solutions, in the form of
systems and methods for an aircraft to identify a number of feasible target traffic for a paired approach for the aircraft. The
presentdisclosure provides a pilot with an overview of paired approach feasibility with surrounding traffic and arms the pilot
with enough information to optimally negotiate with air traffic control (ATC). Using the information provided by the present
disclosure, pilots are able to do what-if analysis with respect to spacing achievability, speed selection and location for
achieving spacing for pairing with any potential lead aircraft. The provided systems and methods automate the processes
of receiving and processing weather data and traffic data to identify a number of feasible target traffic for a paired approach
for the aircraft and presenting this information on a display system. The display system may be onboard the aircraft of part
of an electronic flight bag (EFB) or other portable electronic device.

[0015] FIG. 1is a block diagram of a system 102 for an aircraft to receive and process weather data and traffic data to
identify a number of feasible target traffic for a paired approach for the aircraft (shortened hereinafter to "system 102"), as
illustrated in accordance with an exemplary and non-limiting embodiment of the present disclosure. The system 102 may
be utilized onboard a mobile platform 100 to provide feasible target traffic for a paired approach for the aircraft, as
described herein. In various embodiments, the mobile platform is an aircraft 100, which carries or is equipped with the
system 102. As schematically depicted in FIG. 1, system 102 may include the following components or subsystems, each
of which may assume the form of a single device, system on chip (SOC), or multiple interconnected devices: a controller
circuit 104 operationally coupled to: at least one display unit 110; a user input device 108; and ownship systems/data
sources 106. In various embodiments, the system 102 may be separate from or integrated within: a FMS computer and/or a
flight control system (FCS). The system 102 may also contain a communications circuit 140 with an antenna, configured to
wirelessly transmit data to and receive real-time data and signals from various external sources. In various embodiments,
the external sources include traffic 114 for providing traffic data, air traffic control (ATC 116), and a weather forecasting
source that provides weather data 128. These functional blocks are described in more detail below.

[0016] Although schematically illustrated in FIG. 1 as a single unit, the individual elements and components of the
system 102 can be implemented in a distributed manner utilizing any practical number of physically distinct and operatively
interconnected pieces of hardware or equipment. When the system 102 is utilized as described herein, the various
components of the system 102 will typically all be located onboard the Aircraft 100.

[0017] The term "controller circuit," as appearing herein, broadly encompasses those components utilized to carry-out
orotherwise perform the processes and/or support the processing functionalities of the system 102. Accordingly, controller
circuit 104 can encompass or may be associated with a programmable logic array, and an application specific integrated
circuit or other similar firmware, as well as any number of individual processors, flight control computers, navigational
equipment pieces, computer-readable memories (including or in addition to memory 132), power supplies, storage
devices, interface cards, and other standardized components. In various embodiments, as shown in FIG. 1, the controller
circuit 104 may embody one or more processors operationally coupled to data storage having stored therein at least one
firmware or software program (generally, a program product or program of computer-readable instructions that embody an
algorithm) for carrying-out the various process tasks, calculations, and control/display functions described herein. During
operation, the controller circuit 104 may execute an algorithm for receiving and processing weather data 128 and traffic
data to identify a number of feasible target traffic for a paired approach for the aircraft 100, and thereby perform the various
process steps, tasks, calculations, and control/display functions described herein. In various embodiments, the algorithm
is embodied as at least one firmware or software program (e.g., program 134).

[0018] Communications circuit 140 is configured to provide a real-time bidirectional wired and/or wireless data
exchange for the processor 130 with the ownship data sources 106, the user input device 108, the display unit 110,
and the external sources to support operation of the system 102 in embodiments. In various embodiments, the
communications circuit 140 may include a public or private network implemented in accordance with Transmission
Control Protocol/Internet Protocol architectures and/or other conventional protocol standards. Encryption and mutual
authentication techniques may be applied, as appropriate, to ensure data security. In some embodiments, the commu-
nications circuit 140 is integrated within the controller circuit 104 as shown in FIG. 1, and in other embodiments, the
communications circuit 140 is external to the controller circuit 104.

[0019] A variety of ownship data sources 106 and systems may be operationally coupled to the controller circuit 104. In
various embodiments, the ownship data sources 106 includes an autopilot system (AP 120), a flight management
controller FMC 122, on-board sensors 124, and an autopilot 120. In various embodiments, the ownship systems/data
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sources 106 additionally includes a traffic controller 118. In various embodiments, aflight plan (FP 126) may be provided by
a flight management system (FMS). On-board sensors 124 include flight parameter sensors and geospatial sensors and
supply various types of aircraft state data or measurements to controller circuit 104 during aircraft operation. In various
embodiments, the aircraft state data (supplied by the on-board sensors 124) include, without limitation, one or more of:
inertial reference system measurements providing a location, Flight Path Angle (FPA) measurements, airspeed data,
groundspeed data (including groundspeed direction), vertical speed data, vertical acceleration data, altitude data, attitude
data including pitch data and roll measurements, yaw data, heading information, sensed atmospheric conditions data
(including wind speed and direction data), flight path data, flight track data, radar altitude data, and geometric altitude data.
In various embodiments, the aircraft state data (supplied by the on-board sensors 124) additionally includes on-board
sensed weather data associated with the immediate surroundings of the aircraft 100.

[0020] External sources include one or more other aircraft (also referred to as neighbor traffic, or simply, traffic 114), air
traffic control (ATC) 116, and a source of weather data 128. With respect to the present invention, weather data 128
includes meteorological weather information and may be provided by any one or more weather data sources, such as,
uplink weather (XM/SXM, GDC/GoDirect Weather), NOTAM/D-NOTAM, TAF, and D-ATIS.

[0021] Each traffic 114 of a plurality of traffic 114 encodes and transmits its own state parameters and other identifying
information to the aircraft 100 using a traffic communication protocol, such as automatic dependent surveillance broadcast
(ADS-B). In various embodiments, a traffic controller 118 receives the data from the plurality of traffic 114 and decodes it
using the same communication protocol to thereby associate each neighbor traffic 114 with its respective state para-
meters. In an embodiment, the controller circuit 104 receives traffic data comprising, for a neighbor traffic, its respective
traffic state parameters. Inan embodiment, the traffic 114 is one of a plurality of traffic, and the controller circuit 104 receives
neighbor traffic data comprising, for each neighbor traffic 114 of the plurality of neighbor traffic 114, their respective traffic
state parameters.

[0022] On-board the aircraft 100, a flight management controller (FMC 122) may generate commands, such as speed
commands, for the autopilot 120. In various embodiments, the controller circuit 104 generates commands for the FMC 122.
As will be described in more detail below, the controller circuit 104 may generate commands for the FMC 122 to command
the autopilot 120 to increase or decrease speed.

[0023] A display unit 110 can include any number and type of image generating devices on which one or more avionic
displays 112 may be produced. When the system 102 is utilized for a manned Aircraft, display unit 110 may be affixed to the
static structure of the Aircraft cockpit as, for example, a Head Down Display (HDD) or Head Up Display (HUD) unit.
Alternatively, display unit 110 may assume the form of a movable display device (e.g., a pilot-worn display device) or a
portable display device, such as an Electronic Flight Bag (EFB), a laptop, or a tablet computer carried into the Aircraft
cockpit by a pilot.

[0024] At least one avionic display 112 is generated on display unit 110 during operation of the system 102; the term
"avionic display" defined as synonymous with the term "aircraft-related display" and "cockpit display" and encompasses
displays generated in textual, graphical, cartographical, and other formats. The system 102 can generate various types of
lateral and vertical avionic displays on which map views and symbology, text annunciations, and other graphics pertaining
toflight planning are presented for a pilot to view. In various embodiments, the display unit 110 is configured to continuously
render at least a lateral display showing the Aircraft 100 at its current location within the map data. Specifically,
embodiments of avionic displays 112 include one or more two dimensional (2D) avionic displays, such as a horizontal
(i.e., lateral) navigation display or vertical navigation display; and/or on one or more three dimensional (3D) avionic
displays, such as a Primary Flight Display (PFD) or an exocentric 3D avionic display.

[0025] Invarious embodiments, the avionic display 112 generated and controlled by the system 102 can include a user
input interface, including graphical user interface (GUI) objects and alphanumeric displays of the type commonly
presented on the screens of MCDUs, as well as Control Display Units (CDUs) generally.

[0026] Invarious embodiments, a human-machine interface is implemented as an integration of a user input device 108
and adisplay unit 110. In various embodiments, the display unit 110 is a touch screen display. In various embodiments, the
human-machine interface also includes a separate user input device 108 (such as a keyboard, cursor control device, voice
input device, or the like), generally operationally coupled to the display unit 110. Via various display and graphics systems
processes, the controller circuit 104 may command and control a touch screen display unit 110 to generate a variety of
graphical user interface (GUI) objects or elements described herein, including, for example, buttons, sliders, and the like,
which are used to prompt a user to interact with the human-machine interface to provide user input; and for the controller
circuit 104 to activate respective functions and provide user feedback, responsive to received user input at the GUI
element.

[0027] With continued reference to FIG. 1, in various embodiments, the controller circuit 104 may take the form of an
enhanced computer processer and include a processor 130 and a memory 132. Memory 132 is a data storage that can
encompass any number and type of storage media suitable for storing computer-readable code orinstructions, such as the
aforementioned software program 134, as well as other data generally supporting the operation of the system 102.
Memory 132 may also store one or more preprogrammed variables 136 and thresholds, for use by an algorithm embodied
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in the software program 134. Examples of preprogrammed variables 136 include preprogrammed or prescribed amounts
of time and distances described below.

[0028] Invarious embodiments, the system 102 may employ one or more database(s) 138; they may be integrated with
memory 132 or separate fromt. In various embodiments, two- or three-dimensional map data may be stored in a database
138, including airport features data, geographical (terrain), buildings, bridges, and other structures, street maps, and
navigational databases, which may be updated on a periodic or iterative basis to ensure data timeliness. This map data
may be uploaded into the database 138 at an initialization step and then periodically updated, as directed by either a
program 134 update or by an externally triggered update.

[0029] In various embodiments, aircraft-specific parameters and information for aircraft 100 may be stored in the
database 138 and referenced by the program 134. Non-limiting examples of aircraft-specific information includes an
aircraft weight and dimensions, performance capabilities, configuration options, and the like. In an embodiment, minimum
radar separation requirements for various aircraft may be stored in the database 138 and referenced by the program 134.
Table 1, which is referenced further below, provides an example of minimum radar separation requirements for various
aircraft.

[0030] We turn now to FIG. 2 to describe the operation of the system 102. The controller circuit 104 is configured by
programming instructions to perform the functions and tasks attributed to the system 102. The controller circuit 104
determines a feasible traffic for pairing based on a current speed of the aircraft 100. The controller circuit 104 identifies the
number of feasible target traffic as those neighbor traffic for which the aircraft 100 can achieve the respective targetlocation
within a prescribed amount of time, based on a current speed of the aircraft 100. The controller circuit 104 identifies
infeasible target traffic as those neighbor traffic for which the aircraft 100 cannot achieve the respective target location
within the prescribed amount of time, based on the current speed of the aircraft 100 and when the aircraft 100 is not
permitted a speed change.

[0031] FIG.2isasimplifiedillustration forthe purpose of describing operations of the system 102. In FIG. 2, two neighbor
aircraft are identified as feasible target traffic; in practice, there may be many more trafficand many more identified feasible
target traffic. In various embodiments, a first neighbor aircraft (L1) is shown inside the terminal radar approach control
(TRACON)airspace 202 and having a flight path 204 to a runway 28R. A second neighbor aircraft (L2) is shown outside the
TRACON airspace 202, but heading toward it, and having a flight path 206 to a runway 28L. Each of the neighbor aircraft L1
and L2 are referred to as leading aircraft, because they are ahead of the aircraft 100. In an embodiment, an icon depicting
the aircraft 100, its location and heading, is shown entering a terminal radar approach control (TRACON) airspace 202.
[0032] Inorderto perform the analysis, the controller circuit 104 generates a trajectory of the aircraft 100 as a function of
available data from onboard ownship data sources 106, such as the aircraft state data, the FP 126, and weather data 128.
Comparing a current position of the aircraft to available map data, the controller circuit 104 can determine that the aircraftis
enteringthe TRACON airspace. The controller circuit 104 receives traffic data and filters the received traffic data, using the
traffic state parameters, to identify a plurality of neighbor traffic that are entering the TRACON airspace or are within the
TRACON airspace when the aircraft 100 is entering the TRACON airspace (in this example, the plurality of neighbor traffic
is illustrated with L1 and L2).

[0033] The system 102 employs a spacing requirement (the spacing requirement may include a spacing interval and a
location) in the evaluation of the neighbor traffic for feasibility of pairing. The spacing interval may be referred to as an
amount of time or as a distance. The system 102 can receive the spacing requirements from ATC commands or from a
user, such as the pilot, such as, after hearing or reading an ATC command. The ATC spacing requirement can reflect traffic
density, weight class of participating aircraft, expected turbulence, etc. If no entry is made for a spacing requirement, the
system 102 will default to the final approach fix (FAF) as the location where spacing needs to be achieved.

[0034] In operation, the controller circuit 104 processes available data and estimates, concurrently, for each neighbor
traffic of the plurality of neighbor traffic: a trajectory, a traffic arrival time at an ideal location for a respective paired approach
with the aircraft, a spacing interval between the neighbor traffic and the aircraft for the respective paired approach, and a
respective target location for the aircraft to begin the respective paired approach, as a function of the spacing interval
(collectively referred to as the estimated information). With respect to FIG. 2, the elements of the estimated information are
defined as follows.

[0035] The estimated trajectory of L1 is 204 and the estimated trajectory of L2 is 206. For the aircraft 100 to perform a
paired approach landing (of the type target straight approach) with L1, that means L1 lands on runway 28R and the aircraft
100 lands on runway 28L, utilizing a first desired spacing interval 222, indicated in distance from L1 at location 210. In this
example, location 210 is, for L1, an ideal location for a respective paired approach with the aircraft 100. In the figure, the
aircraft 100, using trajectory 201, is shown following L1 with the first desired spacing interval by the time aircraft 100 arrives
at location 218, which is prior to location 214, which is a latest possible location for this paired approach. In this example,
location 218 is a target location for the aircraft to begin the respective paired approach with L1. The target location 218 is a
function of the spacing interval 222 and an estimated traffic arrival time of L1 at location 210.

[0036] For the aircraft 100 to perform a paired approach (of the type SOIA, simultaneous offset instrument approach)
with L2, this means L2 lands on runway 28L and the aircraft 100 lands on runway 28R, utilizing a second desired spacing
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interval 220, indicated in distance from L2 at location 216. In this example, location 216 is, for L2, an ideal location for a
respective paired approach with the aircraft 100. In the figure, the aircraft 100, using trajectory 203, is shown following L2
with the second desired spacing interval by the time aircraft 100 arrives atlocation 212, which is prior to location 208, which
is a latest possible location for this paired approach. In this example, location 212 is a target location for the aircraft to begin
the respective paired approach with L2. The target location 212 is a function of the spacing interval 220 and an estimated
traffic arrival time of L2 at location 216.

[0037] Turning now to FIG. 3, the controller circuit 104 presents, on the display unit 110, a lateral image 300. In an
embodiment, the controller circuit 104 presents, on the display unit 110, a lateral image 300 having each feasible target
(302, 304, 306, 308) with a respective icon depicting a location, a heading and distinguishing its feasibility. In an
embodiment, the controller circuit 104 presents, on the display unit 110, a lateral image 300 having each feasible target
(302, 304, 306, 308) and each infeasible target (310, 312, 314, 316) indicated with a respective icon depicting a location, a
heading and distinguishing its feasibility or infeasibility. The system 102 employs a visualization technique that makes
these three categories visually and intuitively distinguishable from each other. In the example of FIG. 3, the neighbor traffic
are each represented with triangles with their narrow point in the direction of their heading. The feasible traffic are each
outlined with a solid line, and the infeasible traffic each have an X. Marginally feasible traffic (described below) are outlined
with a dashed line. In other embodiments, other visualization techniques make be used, for example, using colors to
indicate feasibility (for example, green for feasible, yellow for marginally feasible, and red for infeasible).

[0038] Insome embodiments, the aircraft 100 may be permitted a speed change. When the aircraft 100 cannot achieve
the respective target location within the prescribed amount of time, based on the current speed of the aircraft 100, the
controller circuit 104 may determine an interval error between the respective target location and an actual location of the
aircraft at an expiration of the prescribed amount of time. The controller circuit 104 may then use the interval error to
compute a speed change required for the aircraft 100 to achieve the respective target location within the prescribed
amount of time; hence, the speed change required is a function of the interval error.

[0039] The controller circuit 104 determines whether the speed change is permissible. Factors considered in the
determination of permissible speed change include aircraft-specific capabilities of aircraft 100, traffic congestion in the
area, weather, and the like. The controller circuit 104 may identify a given neighbor traffic as marginally feasible target
traffic when the speed change is permissible. As shown in FIG. 3, the controller circuit 104 may present, on the display unit
110, each of the marginally feasible target traffic (e.g., 308), indicated with a respective icon depicting its location, heading
and that it is a marginally feasible target traffic.

[0040] In various embodiments, the controller circuit 104 further determines, for each feasible target traffic, an overall
feasibility rank based onits weight class and its speed, with a ranking of 1 being the most suitable, and displays in the lateral
image 300 a number alongside each icon for feasible target traffic, the number reflecting a rank in overall feasibility. In FIG.
3, feasible target 302 is ranked 1, feasible target 304 is ranked 2, and feasible target 306 is ranked 3. In various
determinations, such as overallrank, and the previously described spacing intervals, aweight class of the lead aircraft (e.g.
neighbor aircraft herein) and ownship aircraft 100 may be processed with other data. A table such as Table 1, below, may
be referenced to determine feasibility/infeasibility and for separation requirements. In various embodiments, the informa-
tion of Table 1 may be stored in the memory 132, potentially as preprogrammed variables 136. As may be appreciated, the
minimum radar separation may be converted between distance and time, using current speeds.

Table 1
Preceding aircraft (Lead or target) weight class Following aircraft weight class Minimum Radar Separation
Super Super 4 NM (Nautical Miles)
Heavy 6 NM
Large 7 NM
Small 8 NM
Heavy or a Boeing 757 Heavy 4 NM
Large 5NM
Small 6 NM
Large (Excluding the Boeing 757) Small 4 NM

[0041] In various embodiments, the controller circuit 104 further determines, for the infeasible traffic, a reason for
infeasiblity from among a plurality of reasons. For example, the infeasible traffic may be traveling too fast, traveling too
slow, or be in too heavy of a weight class. The controller circuit 104 may indicate the infeasibility determinations on the
lateralimage 300 with a label thatindicates the reason. In FIG. 3, infeasible target 310 and infeasible target 316 are labeled
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H for too heavy, infeasible target 312 is labeled F for too fast and infeasible target 314 is labeled S for too slow.
[0042] Invarious embodiments, in addition to the lateralimage described above, the system 102 generates and displays
a graphical user interface (GUI) that provides alphanumeric information related to the above described determinations.
The GUI may be rendered in a dedicated area on the lateral image, or on a separate display unit. The displaying of the GUI
may be responsive to detecting a user selection of a neighbor traffic on the lateral image 300, and then the system 102
responds to the user selection by displaying information including the estimated information for the selected neighbor
traffic. Using the information provided by the GUI, pilots are able to do what-if analysis with respect to spacing achievability,
speed selection and location for achieving spacing for pairing with any potential lead aircraft.

[0043] Turning nowto FIGS. 4 and 5, GUI400 and GUI 500 are described. Neighbor traffic UAL2345 has been selected.
GUI 400 and GUI 500 display the identification of the selected traffic in the traffic identification text box 402 and a spacing
interval of 25 seconds is displayed in the spacing interval box. A desired location of termination point plus 20 nautical miles
is depicted in text box 406. In text box 408, the system 102 has determined that the spacing interval (text box 404) for this
trafficid (textbox 402) at this desired location (text box 406) are feasible, and the word "feasible" is displayed. The achieved
atlocation (text box 410) is the same as the desired location. An active speed plan in text box 412 can be aligned with the
distance remaining entries in text box 414 to view a ramp down in speed from 280 KTS with a distance remaining of 10 NM
down to 140 KTS at a distance remaining of 4 NM.

[0044] Ina contrasting example for the same traffic identification 402, in FIG. 5, the system 102 has determined that the
interval status 502 is "not feasible," as shown. An amended speed plan is calculated by the system 102 and displayed in
text box 506. The amended speed plan indicates speed changes, determined by the processor, required to reach a
required speed at a minimum distance remaining. In the example, the required speed at a minimum distance remaining is
140 KTS at4 NM. A comparison of the entries in text box 506 to those in text box 412 for the distance remaining points in box
414, shows the increase in speed required. Speed would have to be increased to 290 KTS at the distance remaining of 10
NM and to 260 KTS at the distance remaining of 5 NM; after that, the amended speed plan matches the active speed plan.
However, the pairing could not occur at the desired location shown in box 406, instead it would not occur until the
termination point plus 15 NM. In the example of FIG. 5, the increased speed was not determined permissible and therefore
the traffic is identified as not feasible for pairing.

[0045] Turning now to FIGS. 6-7, the system 102 described above may be implemented by a processor-executable
method 600. For illustrative purposes, the following description of method 600 may refer to elements and modules
mentioned above in connection with FIGS. 1-5. In practice, portions of method 600 may be performed by different
components of the described system. It should be appreciated that method 600 may include any number of additional or
alternative tasks, the tasks shown in FIG. 6 need not be performed in the illustrated order, and method 600 may be
incorporated into a more comprehensive procedure or method having additional functionality not described in detail
herein. Moreover, one or more of the tasks shown in FIG. 6 could be omitted from an embodiment of the method 600 as long
as the intended overall functionality remains intact.

[0046] At 602, the system 102 has already been initialized. Initialization may include loading instructions and program
134 into a processor within the controller circuit 104, as well as loading preprogrammed variables 136, map data, weight
class specifications, and aircraft-specific features into one or more database(s) 138.

[0047] At602 the system 102 gathers or receives from external sources traffic data as well as weather data, and a flight
plan. The system 102 may use ADS-B for traffic data transmissions. In some embodiments, at 602 the system 102 also
receives ATC commands.

[0048] At 604, the system 102 estimates and generates lateral and vertical trajectories for the neighbor traffic based on
data collected at 602. At 606, after filtering the received traffic data to identify a plurality of neighbor traffic that are entering
the TRACON airspace or within the TRACON airspace when the aircraftis entering the TRACON airspace, the system 102
computes arrival information for the traffic at the respective locations where the spacing interval needs to begin. At 608, the
system 102 computes the spacing interval based on the traffic arrival information and ownship capabilities. As one may
appreciate, the spacing interval may be converted back and forth between a time and a distance, depending on how it is
used. At610, the system 102 determines whether the spacing interval can be achieved atthe desired location. If yes at 610,
the system 102 performs periodic assessments and refinements to the commands from the flight management controller
122 to the AP 120. If no at 610, the system 102 begins speed adjustment 700.

[0049] Speed adjustment 700 includes computing a spacing interval error at the desired location at 702 and updating
ownship speed plan by converting the spacing interval errorinto a delta speed change parameter (i.e., the increased speed
that is needed) at 704. At 706, the ownship trajectory is regenerated with the updated speed plan. The Amended speed
plan 416 of FIG. 5 is an example of an updated speed plan. At 708, the spacing interval error at the desired location is re-
computed. At 710, the system 102 determines whether the re-computed spacing interval is within an acceptable tolerance.
If yes at 710, the system 102 switches back to periodic refinement 612. If no at 710, the system 102 may re-initiate speed
adjustments by returning to 700, or end.

[0050] Thus, enhanced systems and methods for an aircraft to identify a number of feasible target traffic for a paired
approach for the aircraft are provided. By processing traffic data with the aircraft-specific ownship data (from ownship data
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sources 106), the system 102 is able to not only identify a number of feasible target traffic for a paired approach for the
aircraft, but also provide useful information such as a feasibility rank for feasible traffic, and reasons forinfeasibility for other
traffic, on an easy to comprehend visual display, providing an objectively improved human-machine interface.

[0051] Although an exemplary embodiment of the present disclosure has been described above in the context of a fully-
functioning computer system (e.g., system 102 described above in conjunction with FIG. 1), those skilled in the art will
recognize that the mechanisms of the present disclosure are capable of being distributed as a program product (e.g., an
Internet-disseminated program or software application that includes program 134) and, further, that the present teachings
apply to the program product regardless of the particular type of computer-readable media (e.g., hard drive, memory card,
optical disc, etc.) employed to carry-out its distribution.

[0052] Terms such as "comprise," "include," "have," and variations thereof are utilized herein to denote non-exclusive
inclusions. Such terms may thus be utilized in describing processes, articles, apparatuses, and the like that include one or
more named steps or elements but may further include additional unnamed steps or elements. While at least one
exemplary embodiment has been presented in the foregoing Detailed Description, it should be appreciated that a vast
number of variations exist. It should also be appreciated that the exemplary embodiment or exemplary embodiments are
only examples, and are notintended to limit the scope, applicability, or configuration of the invention in any way. Rather, the
foregoing Detailed Description will provide those skilled in the art with a convenient road map for implementing an
exemplary embodiment of the invention. Various changes may be made in the function and arrangement of elements
described in an exemplary embodiment without departing from the scope of the invention as set-forth in the appended
Claims.

Claims

1. Aprocessor-implemented method for an aircraft (100) to receive and process weather data and traffic data to identify a
number of feasible target traffic for a paired approach for the aircraft, the method comprising:

generating a trajectory of the aircraft as a function of received aircraft state data and weather data;
determining that the aircraft is entering a terminal radar approach control, TRACON, airspace;

filtering, by a processor (130) of the aircraft, the received traffic data to identify a plurality of neighbor traffic that are
entering the TRACON airspace or are within the TRACON airspace when the aircraft is entering the TRACON
airspace;

estimating, by the processor, concurrently, for each neighbor traffic of the plurality of neighbor traffic:

a trajectory, a traffic arrival time at a location for a respective paired approach with the aircraft, a spacing interval
between the neighbor traffic and the aircraft for the respective paired approach, and a respective target location
for the aircraft to begin the respective paired approach, as a function of the spacing interval;

identifying, by the processor, the number of feasible target traffic as those neighbor traffic for which the aircraft can
achieve the respective target location within a prescribed amount of time, based on a current speed of the aircraft;
identifying, when the aircraft is not permitted a speed change, infeasible target traffic as those neighbor traffic for
which the aircraft cannot achieve the respective target location within the prescribed amount of time, based on the
current speed of the aircraft; and

presenting on a display unit (110), a lateral image for viewing by a pilot of the aircraft, the lateralimage having each
feasible target (302, 304, 306, 308) and each infeasible target (310, 312, 314, 316) indicated with a respective
icon depicting a location, a heading and distinguishing its feasibility or infeasibility.

2. The method of claim 1, further comprising:

when the aircraft is permitted a speed change, and for each of those neighbor traffic for which the aircraft cannot
achieve the respective target location within the prescribed amount of time, based on the current speed of the
aircraft,

determining, by the processor, an interval error between the respective target location and an actual location of
the aircraft at an expiration of the prescribed amount of time;

computing a speed change required for the aircraft to achieve the respective target location within the prescribed
amount of time, the speed change required being a function of the interval error;

determining whether the speed change required is permissible;

identifying the neighbor traffic as marginally feasible target traffic when the speed change is permissible; and
presenting on the display unit, each of the marginally feasible target traffic, indicated with a respective icon
depicting its location, heading and distinguishing that it is a marginally feasible target.
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The method of claim 1, further comprising, presenting on the display unit an icon depicting the aircraft, its location, and
its heading.

The method of claim 1, wherein each icon has a triangular shape and a color, and wherein a point in the triangle
indicates the heading, and the color indicates the feasibility.

The method of claim 1, further comprising determining, by the processor, for each feasible target traffic, an overall
feasibility based on its weight and its speed.

The method of claim 5, further comprising: displaying in the image a number alongside each icon for feasible target
traffic, the number reflecting a rank in overall feasibility.

The method of claim 1, wherein each infeasible target trafficis labeled to indicate whether the infeasible target traffic is
too heavy, too fast or too slow.

The method of claim 1, further comprising:

detecting a user input selecting a traffic on the lateral image; and

displaying a graphical user interface, GUI, with estimated information about the selected traffic responsive to the
selection; and

wherein the GUlincludes a text box indicating the feasibility or infeasibility of the selected traffic and a text box with
an active speed plan.

The method of claim 9, further comprising, when the selected traffic is infeasible or marginally feasible, displaying on
the GUI a text box with an amended speed plan that indicates speed changes, determined by the processor, required
to reach a required speed at a minimum distance remaining.

Asystem (102) for an aircraft (100) to receive and process weather data and traffic data to identify a number of feasible
target traffic for a paired approach for the aircraft, the system comprising:

a display unit (110); and
a controller circuit (104) of the aircraft, the controller circuit configured by programming instructions to:

generate a trajectory of the aircraft as a function of received aircraft state data;

determine that the aircraft is entering a terminal radar approach control, TRACON, airspace;

filter the received traffic data to identify a plurality of neighbor traffic that are entering the TRACON airspace or
are within the TRACON airspace when the aircraft is entering the TRACON airspace;

estimate, concurrently, for each neighbor traffic of the plurality of neighbor traffic:

atrajectory, a traffic arrival time at a location for a respective paired approach with the aircraft, a spacing
interval between the neighbor traffic and the aircraft for the respective paired approach, and a respective
target location for the aircraft to begin the respective paired approach, as a function of the spacing
interval;

identify the number of feasible target traffic as those neighbor traffic for which the aircraft can achieve the
respective targetlocation within a prescribed amount of time, based on a current speed of the aircraftand
the respective estimations;

identify, when the aircraft is not permitted a speed change, infeasible target traffic as those neighbor
traffic for which the aircraft cannot achieve the respective target location within the prescribed amount of
time, based on the current speed of the aircraft; and

present on the display unit, a lateral image for viewing by a pilot of the aircraft, the lateral image having
each feasible target (302, 304, 306, 308) and each infeasible target (310, 312, 314, 316) indicated with a
respective icon depicting a location, a heading and its feasibility.

The system of claim 10, wherein the controller circuit is further configured to:
when the aircraft is permitted a speed change, and for each of those neighbor traffic for which the aircraft cannot

achieve the respective target location within the prescribed amount of time, based on the current speed of the
aircraft,
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determine an interval error between the respective target location and an actual location of the aircraft at an
expiration of the prescribed amount of time;

compute a speed change required for the aircraft to achieve the respective target location within the prescribed
amount of time, the speed change required being a function of the interval error;

determine whether the speed change required is permissible;

identify the neighbor traffic as marginally feasible target traffic when the speed change is permissible; and
present on the lateral image, each of the marginally feasible target traffic, indicated with a respective icon
depicting its location, heading and that it is a marginally feasible target traffic.

12. The system of claim 10, wherein the controller circuit is further configured to present on the display unit an icon
depicting the aircraft, its location, and its heading.

13. The system of claim 12, wherein each icon has a triangular shape and a color, and wherein a point in the triangle
indicates the heading, and the color indicates the feasibility.

14. The system of claim 11, wherein the controller circuit is further configured to: determine, for each feasible target traffic,
an overall feasibility based on its weight and its speed.

15. The system of claim 14, wherein the controller circuit is further configured to:

display, on the lateral image, a number alongside each icon for feasible target traffic, the number reflecting a rank
in overall feasibility; and

label, on the lateralimage, each infeasible target traffic to indicate whether the infeasible target traffic is too heavy,
too fast or too slow.

Patentanspriiche

1. Prozessorimplementiertes Verfahren fiir ein Flugzeug (100), zum Empfangen und Verarbeiten von Wetterdaten und
Verkehrsteilnehmerdaten, um eine Zahl von fir einen gemeinsamen Landeanflug realisierbaren Zielverkehrsteilneh-
mern fiir das Flugzeug zu identifizieren, das Verfahren umfassend:

Erzeugen einer Flugroute des Flugzeugs als eine Funktion von empfangenen Flugzeugstatusdaten und Wetter-
daten;

Bestimmen, dass das Flugzeug in einen Flugverkehrskontroll- (Terminal Radar Approach Control), TRACON-,
Luftraum eintritt;

Filtern, durch einen Prozessor (130) des Flugzeugs, der empfangenen Verkehrsteiinehmerdaten, um eine
Vielzahl von benachbarten Verkehrsteilnehmern zu identifizieren, die in den TRACON-Luftraum eintreten oder
sich innerhalb des TRACON-Luftraums befinden, wenn das Flugzeug in den TRACON-Luftraum eintritt;
Schéatzen, durch den Prozessor, des Folgenden gleichzeitig fur jeden benachbarten Verkehrsteilnehmer aus der
Vielzahl von benachbarten Verkehrsteilnehmern:

einer Flugroute, einer Verkehrsteilnehmerankunftszeit an einem Ort fiir einen jeweiligen gemeinsamen
Landeanflug mit dem Flugzeug, eines Abstandsintervalls zwischen dem benachbarten Verkehrsteilnehmer
und dem Flugzeug fir den jeweiligen gemeinsamen Landeanflug und eines jeweiligen Zielorts fur das
Flugzeug, um den jeweiligen gemeinsamen Landeanflug zu beginnen, als eine Funktion des Abstandsin-
tervalls;

Identifizieren, durch den Prozessor, der Zahl von realisierbaren Zielverkehrsteilnehmern als diejenigen
benachbarten Verkehrsteilnehmer, fiir die das Flugzeug den jeweiligen Zielort innerhalb einer vorgeschrie-
benen Zeitspanne auf Basis einer aktuellen Geschwindigkeit des Flugzeugs erreichen kann;
Identifizieren, wenn fir das Flugzeug keine Geschwindigkeitsdnderung zugelassen ist, von unrealisierbaren
Zielverkehrsteilnehmern als diejenigen benachbarten Verkehrsteilnehmer, fiir die das Flugzeug den jewei-
ligen Zielort innerhalb der vorgeschriebenen Zeitspanne auf Basis einer aktuellen Geschwindigkeit des
Flugzeugs nicht erreichen kann; und

Darstellen auf einer Anzeigeeinheit (110) eines Seitenbildes zur Ansicht durch einen Piloten des Flugzeugs,
wobei das Seitenbild jedes realisierbare Ziel (302, 304, 306, 308) und jedes unrealisierbare Ziel (310, 312,
314, 316) mit einem jeweiligen Icon angibt, das einen Ort und eine Richtung veranschaulicht und seine
Realisierbarkeit oder Unrealisierbarkeit hervorhebt.
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Verfahren nach Anspruch 1, ferner umfassend:

wenn fir das Flugzeug eine Geschwindigkeitsdnderung zugelassen ist, und fiir jeden derjenigen benachbarten
Verkehrsteilnehmer, fir die das Flugzeug den jeweiligen Zielort innerhalb der vorgeschriebenen Zeitspanne auf
Basis einer aktuellen Geschwindigkeit des Flugzeugs nicht erreichen kann,

Bestimmen, durch den Prozessor, eines Intervallfehlers zwischen dem jeweiligen Zielort und einem tatsach-
lichen Ort des Flugzeugs bei Ablauf der vorgeschriebenen Zeitspanne;

Berechnen einer fir das Flugzeug erforderlichen Geschwindigkeitsanderung, um den jeweiligen Zielort inner-
halb der vorgeschriebenen Zeitspanne zu erreichen, wobei die erforderliche Geschwindigkeitsdnderung eine
Funktion des Intervallfehlers ist;

Bestimmen, ob die erforderliche Geschwindigkeitsanderung zulassig ist;

Identifizieren der benachbarten Verkehrsteilnehmer als knapp realisierbare Zielverkehrsteilnehmer, wenn die
Geschwindigkeitsanderung zulassig ist; und

Darstellen, auf der Anzeigeeinheit, jedes der knapp realisierbaren Zielverkehrsteilnehmer, angegeben mit einem
jeweiligen Icon, das dessen Ort und Richtung veranschaulicht und das hervorhebt, dass er ein knapp reali-
sierbares Ziel ist.

Verfahren nach Anspruch 1, ferner umfassend das Darstellen, auf der Anzeigeeinheit, eines Icons, das das Flugzeug,
dessen Ort und dessen Richtung veranschaulicht.

Verfahren nach Anspruch 1, wobei jedes Icon eine dreieckige Form und eine Farbe aufweist, und wobei ein Punktin
dem Dreieck die Richtung angibt und die Farbe die Realisierbarkeit angibt.

Verfahren nach Anspruch 1, ferner umfassend Bestimmen, durch den Prozessor, fir jeden realisierbaren Zielver-
kehrsteilnehmer einer Gesamtrealisierbarkeit auf Basis seines Gewichts und seiner Geschwindigkeit.

Verfahren nach Anspruch 5, ferner umfassend: Anzeigen, in dem Bild, einer Zahl neben jedem Icon fir realisierbare
Zielverkehrsteilnehmer, wobei die Zahl eine Rangstufe in der Gesamtrealisierbarkeit wiedergibt.

Verfahren nach Anspruch 1, wobei jeder unrealisierbare Zielverkehrsteilnehmer markiert ist, um anzugeben, ob der
unrealisierbare Zielverkehrsteilnehmer zu schwer, zu schnell oder zu langsam ist.

Verfahren nach Anspruch 1, ferner umfassend:

Erkennen einer Benutzereingabe, die einen Verkehrsteilnehmer auf dem Seitenbild auswahlt; und

Anzeigen einer graphischen Benutzerschnittstelle, GUI, mit geschatzten Informationen tGber den ausgewahlten
Verkehrsteilnehmer als Antwort auf die Auswahl; und

wobei die GUI eine Textbox, die die Realisierbarkeit oder Unrealisierbarkeit des ausgewahlten Verkehrsteilneh-
mers angibt, und eine Textbox mit einem aktiven Geschwindigkeitsplan beinhaltet.

Verfahren nach Anspruch 9, ferner umfassend, wenn der ausgewahlte Verkehrsteilnehmer unrealisierbar oder knapp
realisierbar ist, Anzeigen auf der GUI einer Textbox mit einem berichtigten Geschwindigkeitsplan, der von dem
Prozessor bestimmte Geschwindigkeitsanderungen angibt, die erforderlich sind, um eine erforderliche Geschwin-
digkeit auf einer verbleibenden minimalen Strecke zu erzielen.

System (102) fiir ein Flugzeug (100) zum Empfangen und Verarbeiten von Wetterdaten und Verkehrsteilnehmer-
daten, um eine Anzahl von fiir einen gemeinsamen Landeanflug realisierbaren Zielverkehrsteilnehmern fir das
Flugzeug zu identifizieren, das System umfassend:

eine Anzeigeeinheit (110); und
eine Steuerschaltung (104) des Flugzeugs, wobei die Steuerschaltung durch Programmieren von Anweisungen
dazu konfiguriert ist:

eine Flugroute des Flugzeugs als eine Funktion von empfangenen Flugzeugstatusdaten zu erzeugen;

zu bestimmen, dass das Flugzeug in einen Flugverkehrskontroll- (Terminal Radar Approach Control),
TRACON-, Luftraum eintritt;

die empfangenen Verkehrsteilnehmerdaten zu filtern, um eine Vielzahl von benachbarten Verkehrsteilneh-
mern zu identifizieren, die in den TRACON-Luftraum eintreten oder sich innerhalb des TRACON-Luftraums
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befinden, wenn das Flugzeug in den TRACON-Luftraum eintritt;
gleichzeitig fir jeden benachbarten Verkehrsteilnehmer aus der Vielzahl von benachbarten Verkehrs-
teilnehmern Folgendes zu schéatzen:

eine Flugroute, eine Verkehrsteilnehmerankunftszeit an einem Ort fUr einen jeweiligen gemeinsamen
Landeanflug mit dem Flugzeug, ein Abstandsintervall zwischen dem benachbarten Verkehrsteilnehmer
und dem Flugzeug fur den jeweiligen gemeinsamen Landeanflug und einen jeweiligen Zielort fir das
Flugzeug, um den jeweiligen gemeinsamen Landeanflug zu beginnen, als eine Funktion des Abstand-
sintervalls;

die Zahl von realisierbaren Zielverkehrsteilnehmern als diejenigen benachbarten Verkehrsteilnehmer
zu identifizieren, fur die das Flugzeug den jeweiligen Zielort innerhalb einer vorgeschriebenen Zeit-
spanne auf Basis einer aktuellen Geschwindigkeit des Flugzeugs und den jeweiligen Schatzungen
erreichen kann;

wenn flr das Flugzeug keine Geschwindigkeitsanderung zugelassen ist, unrealisierbare Zielverkehrs-
teilnehmer als diejenigen benachbarten Verkehrsteilnehmer zu identifizieren, fiir die das Flugzeug den
jeweiligen Zielortinnerhalb der vorgeschriebenen Zeitspanne auf Basis einer aktuellen Geschwindigkeit
des Flugzeugs nicht erreichen kann; und

aufder Anzeigeeinheit ein Seitenbild zur Ansicht durch einen Piloten des Flugzeugs darzustellen, wobei
das Seitenbild jedes realisierbare Ziel (302, 304, 306, 308) und jedes unrealisierbare Ziel (310, 312, 314,
316) mit einem jeweiligen Icon angibt, das einen Ort, eine Richtung und seine Realisierbarkeit veran-
schaulicht.

System nach Anspruch 10, wobei die Steuerschaltung ferner dazu konfiguriert ist:

wenn flr das Flugzeug eine Geschwindigkeitsdnderung zugelassen ist, und fiir jeden derjenigen benachbarten
Verkehrsteilnehmer, fir die das Flugzeug den jeweiligen Zielort innerhalb der vorgeschriebenen Zeitspanne auf
Basis einer aktuellen Geschwindigkeit des Flugzeugs nicht erreichen kann,

einen Intervallfehler zwischen dem jeweiligen Zielort und einem tatsachlichen Ort des Flugzeugs bei Ablauf der
vorgeschriebenen Zeitspanne zu bestimmen;

eine fur das Flugzeug erforderliche Geschwindigkeitsdnderung zu berechnen, um den jeweiligen Zielort inner-
halb der vorgeschriebenen Zeitspanne zu erreichen, wobei die erforderliche Geschwindigkeitsdnderung eine
Funktion des Intervallfehlers ist;

zu bestimmen, ob die erforderliche Geschwindigkeitsanderung zulassig ist;

die benachbarten Verkehrsteilnehmer als knapp realisierbare Zielverkehrsteilnehmer zu identifizieren, wenn die
Geschwindigkeitsénderung zulassig ist; und

auf dem Seitenbild jeden der knapp realisierbaren Zielverkehrsteilnehmer darzustellen, angegeben mit einem
jeweiligen Icon, das dessen Ort und Richtung veranschaulicht und hervorhebt, dass er ein knapp realisierbarer
Zielverkehrsteilnehmer ist.

System nach Anspruch 10, wobei die Steuerschaltung ferner dazu konfiguriert ist, auf der Anzeigeeinheit, ein Icon
darzustellen, das das Flugzeug, dessen Ort und dessen Richtung veranschaulicht.

System nach Anspruch 12, wobei jedes Icon eine dreieckige Form und eine Farbe aufweist, und wobei ein Punkt in
dem Dreieck die Richtung angibt und die Farbe die Realisierbarkeit angibt.

System nach Anspruch 11, wobei die Steuerschaltung ferner dazu konfiguriert ist: fir jeden realisierbaren Zielver-
kehrsteilnehmer eine Gesamtrealisierbarkeit auf Basis seines Gewichts und seiner Geschwindigkeit zu bestimmen.

System nach Anspruch 14, wobei die Steuerschaltung ferner dazu konfiguriert ist:
auf dem Seitenbild eine Zahl neben jedem Icon fiir realisierbare Zielverkehrsteilnehmer anzuzeigen, wobei die
Zahl eine Rangstufe in der Gesamtrealisierbarkeit wiedergibt; und

auf dem Seitenbild jeden unrealisierbaren Zielverkehrsteilnehmer zu markieren, um anzugeben, ob der un-
realisierbare Zielverkehrsteilnehmer zu schwer, zu schnell oder zu langsam ist.
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Revendications

1. Procédé mis en ceuvre par processeur pour qu’un aéronef (100) recoive et traite des données météorologiques etdes
données de trafic afin d’identifier un nombre de trafics cibles réalisables pour une approche jumelée pour I'aéronef, le
procédé comprenant :

la génération d’une trajectoire de I'aéronef en fonction des données d’état de I'aéronef regues et des données
météorologiques ;

la détermination que I'aéronef entre dans un espace aérien de contréle radar d’approche terminale, TRACON ;
le filtrage, par un processeur (130) de I'aéronef, des données de trafic regues afin d’identifier une pluralité de
trafics voisins entrant dans I'espace aérien TRACON ou étant dans I'espace aérien TRACON lorsque 'aéronef
entre dans I'espace aérien TRACON ;

I'estimation, par le processeur, simultanément, pour chaque trafic voisin de la pluralité de trafics voisins :

une trajectoire, une heure d’arrivée du trafic a un emplacement pour une approche jumelée respective avec
I'aéronef, un intervalle d’espacement entre le trafic voisin et 'aéronef pour I'approche jumelée respective, et
un emplacement cible respectif pour que I'aéronef commence I'approche jumelée respective, en fonction de
lintervalle d’espacement ;

l'identification, parle processeur, du nombre de trafics cibles réalisables comme étant ces trafics voisins pour
lesquels I'aéronef peut atteindre I'emplacement cible respectif dans un délai prescrit, surla base de la vitesse
actuelle de I'aéronef ;

l'identification, lorsque I'aéronef n’est pas autorisé a changer de vitesse, des trafics cibles irréalisables
comme étant ces trafics voisins pour lesquels I'aéronef ne peut pas atteindre 'emplacement cible respectif
dans le délai prescrit, sur la base de la vitesse actuelle de I'aéronef ; et

la présentation sur une unité d’affichage (110), d’'une image latérale destinée a étre vue par un pilote de
I'aéronef, I'image latérale ayant chaque cible réalisable (302, 304, 306, 308) et chaque cible irréalisable (310,
312, 314, 316) indiquée par une icone respective représentant un emplacement, un cap et distinguant sa
réalisabilité ou irréalisabilité.

2. Procédé de la revendication 1, comprenant en outre :

lorsque I'aéronef est autorisé a changer de vitesse, et pour chaque trafic voisin pour lequel I'aéronef ne peut pas
atteindre 'emplacement cible respectif dans le délai prescrit, sur la base de la vitesse actuelle de I'aéronef,
la détermination, par le processeur, d’une erreur d’intervalle entre 'emplacement cible respectif et un empla-
cement réel de I'aéronef a I'expiration du délai prescrit ;

le calcul d’'un changement de vitesse requis pour que I'aéronef atteigne 'emplacement cible respectif dans le
délai prescrit, le changement de vitesse requis étant fonction de I'erreur d’intervalle;

la détermination si le changement de vitesse requis est admissible ;

l'identification du trafic voisin en tant que trafic cible a peine réalisable lorsque le changement de vitesse est
admissible ; et

la présentation sur l'unité d’affichage, de chacun des trafics cibles a peine réalisables, indiquée par une icone
respective représentant son emplacement, son cap et distinguant qu’il s’agit d’une cible a peine réalisable.

3. Procédé de larevendication 1, comprenant en outre, la présentation sur I'unité d’affichage d’'une icone représentant
'aéronef, son emplacement, et son cap.

4. Procédé de la revendication 1, dans lequel chaque icone a une forme triangulaire et une couleur, et dans lequel un
point dans le triangle indique le cap, et la couleur indique la réalisabilité.

5. Procédé de la revendication 1, comprenant en outre la détermination, par le processeur, pour chaque trafic cible
réalisable, d’'une réalisabilité globale sur la base de son poids et de sa vitesse.

6. Procédé de la revendication 5, comprenant en outre : I'affichage dans I'image d’'un nombre a cbété de chaque icéne
pour un trafic cible réalisable, le nombre reflétant un rang dans la réalisabilité globale.

7. Procédé de la revendication 1, dans lequel chaque trafic cible irréalisable est étiqueté pour indiquer si le trafic cible
irréalisable est trop lourd, trop rapide ou trop lent.
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Procédé de la revendication 1, comprenant en outre :

la détection d’'une entrée de I'utilisateur sélectionnant un trafic sur 'image latérale ; et

I'affichage d’une interface utilisateur graphique, GUI, avec des informations estimées concernant le trafic
sélectionné en réponse a la sélection ; et

dans lequel le GUI comporte une zone de texte indiquant la réalisabilité ou l'irréalisabilité du trafic sélectionné et
une zone de texte avec un plan de vitesse actif.

Procédé delarevendication 9, comprenanten outre, lorsque le trafic sélectionné estirréalisable ou a peine réalisable,
I'affichage sur le GUI d’une zone de texte avec un plan de vitesse modifié indiquant les changements de vitesse,
déterminés par le processeur, requis pour atteindre une vitesse requise a une distance minimale restante.

Systeme (102) pour un aéronef (100) afin de recevoir et traiter des données météorologiques et des données de trafic
afin d’identifier un nombre de trafics cibles réalisables pour une approche jumelée pour I'aéronef, le systeme
comprenant :

une unité d’affichage (110) ; et
un circuit de commande (104) de 'aéronef, le circuit de commande étant configuré par des instructions de
programmation pour :

générer une trajectoire de I'aéronef en fonction des données d’état de I'aéronef regues ;

déterminer que I'aéronef entre dans un espace aérien de contrdle radar d’approche terminale, TRACON ;
filtrer les données de trafic regues afin d’identifier une pluralité de trafics voisins entrant dans I'espace aérien
TRACON ou étant dans I'espace aérien TRACON lorsque I'aéronef entre dans I'espace aérien TRACON ;
estimer, simultanément, pour chaque trafic voisin de la pluralité de trafics voisins :

une trajectoire, une heure d’arrivée du trafic a un emplacement pour une approche jumelée respective
avec 'aéronef, un intervalle d’espacement entre le trafic voisin et I'aéronef pour I'approche jumelée
respective, et un emplacement cible respectif pour que I'aéronef commence 'approche jumelée
respective, en fonction de l'intervalle d’espacement ;

identifier le nombre de trafics cibles réalisables comme étant ces trafics voisins pour lesquels I'aéronef
peut atteindre 'emplacement cible respectif dans un délai prescrit, sur la base d’une vitesse actuelle de
I'aéronef et des estimations respectives ;

identifier, lorsque I'aéronef n’est pas autorisé a changer de vitesse, les trafics cibles irréalisables comme
étant ces trafics voisins pour lesquels I'aéronef ne peut pas atteindre I'emplacement cible respectif dans
le délai prescrit, sur la base de la vitesse actuelle de I'aéronef ; et

présenter surl'unité d’affichage, une image latérale destinée a étre vue par un pilote de I'aéronef, I'image
latérale ayant chaque cible réalisable (302, 304, 306, 308) et chaque cible irréalisable (310, 312, 314,
316) indiquée par une icdne respective représentant un emplacement, un cap et sa réalisabilité.

11. Systéme de la revendication 10, dans lequel le circuit de commande est en outre configuré pour :

lorsque I'aéronef est autorisé a changer de vitesse, et pour chaque trafic voisin pour lequel I'aéronef ne peut pas
atteindre I'emplacement cible respectif dans le délai prescrit, sur la base de la vitesse actuelle de I'aéronef,
déterminer une erreur d’intervalle entre 'emplacement cible respectif et un emplacement réel de I'aéronef a
I'expiration du délai prescrit ;

calculer un changement de vitesse requis pour que I'aéronef atteigne I'emplacement cible respectif dans le délai
prescrit, le changement de vitesse requis étant fonction de I'erreur d’intervalle ;

déterminer si le changement de vitesse requis est admissible ;

identifier le trafic voisin en tant que trafic cible a peine réalisable lorsque le changement de vitesse est admissible ;
et

présenter sur I'image latérale, chacun des trafics cibles a peine réalisables, indiquée par une icéne respective
représentant son emplacement, son cap et le fait qu'il s’agit d’un trafic cible a peine réalisable.

12. Systeme de larevendication 10, dans lequel le circuit de commande est en outre configuré pour présenter sur l'unité

d’affichage une icone représentant I'aéronef, son emplacement et son cap.

13. Systéme de la revendication 12, dans lequel chaque icéne a une forme triangulaire et une couleur, et dans lequel un
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point dans le triangle indique le cap, et la couleur indique la réalisabilité.

14. Systéme de la revendication 11, dans lequel le circuit de commande est en outre configuré pour : déterminer, pour
chaque trafic cible réalisable, une réalisabilité globale sur la base de son poids et de sa vitesse.

15. Systéme de la revendication 14, dans lequel le circuit de commande est en outre configuré pour :
afficher, surl'image latérale, un nombre a c6té de chaque icone pour un trafic cible réalisable, le nombre reflétant
un rang dans la réalisabilité globale ; et

étiqueter, sur 'image latérale, chaque trafic cible irréalisable pour indiquer si le trafic cible irréalisable est trop
lourd, trop rapide ou trop lent.

16



EP 3 965 087 B1

Ae|dsi s 9JIAS(
“ induj J1esn __
" iun Aejdsi “
CLERTEE N T <80} |
~-0G1
SIOSUSS
TR pJeog-uQ
~9€1 suolesdIuNWWo) Szl
Sa[qele/ vl
pewweliboidalid
WweBoig 10SS99014 5 INA
-
N 0€l \-zzl
Aows\ aseqeleq
-
cel 8¢l Jolid-0Iny
}IN2JID) 13]|0J3U0D)
101 -0zl
NOT\A
siojoweled Jo|j05u0)D
ueld ojels oell
16114 olfell -8l
ozL —" 001
eeq | —A—— 1
SRR o1V ouel|
-
ozl —" 9Ll vil

~
$92Jn0g/swalsAg diysumQ

©
(@]
—

17



EP 3 965 087 B1

¢ Old

Ajgeasiyoy Bupeds jo uojeso au)
pue Buuied 1o} yelolly ajepipue’) auiwialeq

001

18



EP 3 965 087 B1

WN(OE WN/OC

€ 'Old

("010 Bullled 10} MO|S 00} Jelolly - S
/1Se4 00| SI Jeldlly - 4
/BuLiieq 1o} AneaH 00} ye.olny - H] Aljiqisesju) 1oy uoseay

(1sog Buieg | ym gz’ | -yuey
$81B2IpU| JAquINN pajaII) sniels Buuey

8|qIsea Bullied YoIym yym yesolly
ojqises Ajjeulbie}y Bulied yolym Yyum yesoly

9]qIseo- Jou BuLiled YoIum UM Jesoly

<10 ©

<

19



EP 3 965 087 B1

¥ 'Old

S1M 0¥l AN ¥
S1M 091 NN 9
S1M 08l AN 8
S1M 052 NN S
S.1) 082 NN 01
NV1d a33dS JAILOV ONINIVINTY JONVLSIA NV1d d33dS daaNany
2L N -9lp
WNOZ + LNIOd NOILYNIWYIL INNOZ + LNIOd NOILYNINY3IL
1V 3IAIIHOV NOILYDO01 a3disad
\-0LP \-90¥
SANOD3S 52
TYAYILNI ONIOVAS
0¥
J3149ISv3d Svez VN
SNLVLS TVAYILNI al D144vdl
- Q0¥ \-20¥

*~ 00V

20



EP 3 965 087 B1

G 'Old

SIM OVl
S1M 091
S1M 081
S1M 06¢
S 08¢
NV1d d33d4S IAILOV

AN ¥
AN 9
AN 8
AN G
INN O

ONINIVINTS JONVLSId

Nzl

P05~

INNOZ + INIOd NOILVNIWES L
1V A3A3IIHOV

379ISv34 10N
SNLVLS TVAH3ILNI

\-zZ0S

N

SIM OVl
SIM 091
SIM 08l
S1M 09¢
S1M 062

NV1d d33dS aaaNany
\-905

INNOC + LNIOd NOILVYNING3 L
NOILYOOT d3dIs3d

\-90¥

SANOD3S 6¢
TVAHILNI ONIOVAS

0¥

Gvec IvN
dl O144vdl

\-20¥

*~ 009

21



EP 3 965 087 B1

°00 \‘ C Start )

602~ '

» Gather Traffic Information from ADS-B or External Source

604~ '

Estimate and Generate Trajectory (Lateral + Vertical) based
on the Collected Traffic Information and Estimated Weather

606~ \

Compute Arrival Information at Location where Spacing
Interval Needs to Begin

608~ \

Compute Spacing Interval based on the Traffic Arrival
Information and Ownship Arrival Information

610

Can
Interval
Achieved at
Desired

Location
?

Perform Periodic Refinement Initiate Speed Adjustment

FIG. 6

22



EP 3 965 087 B1

700 N Speed Adjustment

( stat )

Compute Spacing Interval Error at Desired Location

704 ~N v

Update Ownship Speed Plan by Converting Spacing Interval
Error into Delta Speed Change Parameter

Regenerate Ownship Trajectory with Updated Speed Plan

708'\  J
Re-compute Spacing Interval Error at Desired Location

710

Is
Spacing
Interval Error
within Acceptable

Tolerance
?

Re-initiate Speed Adjustment Switch Over to Periodic Refinement

FIG. 7

23



EP 3 965 087 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 EP 3509052 A [0005]

24



	bibliography
	description
	claims
	drawings
	cited references

