
(12) STANDARD PATENT APPLICATION
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2026201414 A1

(54) Title
Determining a runway exit for landing an aircraft

(51) International Patent Classification(s)
G06Q 10/00 (2026.01) B64F 1/00 (2024.01)

(21) Application No: 2026201414 (22) Date of Filing: 2026.02.25

(43) Publication Date: 2026.03.19
(43) Publication Journal Date: 2026.03.19

(62) Divisional of:
2020210221

(71) Applicant(s)
The Boeing Company

(72) Inventor(s)
GAERTNER, Marco;WESTPHAL, Jendrick

(74) Agent / Attorney
FB Rice Pty Ltd, Level 29 126 Phillip Street, Sydney, NSW, 2000, AU

  



 
 

 

MARKED-UP COPY MARKED-UP COPY 

ABSTRACT 

An apparatus (400) is provided.  The apparatus determines (301) a plurality of 

runway exits reachable by the aircraft (110), and applied braking force of the aircraft 

(110) to land at respective ones of the plurality of runway exits and predicts (302) taxi-in 

times of the aircraft (110) to land at respective ones of the plurality of runway exits.  The 

apparatus also predicts (303) maintenance costs of the aircraft (110) to land at respective 

ones of the plurality of runway exits based on the applied braking force and predicts 

(304) overall costs of the aircraft (110) to land at respective ones of the plurality of 

runway exits based on the taxi-in times and the maintenance costs.  The apparatus further 

determines (305) the runway exit among the plurality of runway exits, the runway exit 

having a minimal overall cost among the overall costs and presents (306) a 

recommendation of the runway exit for landing the aircraft (110) to a user.     
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DETERMINING A RUNWAY EXIT FOR LANDING AN AIRCRAFT 
 

INCORPORATION BY REFERENCE 

[0001]       This application is a divisional application of Australian patent application No. 

2020210221 filed on 29 July 2020, which claims the benefit of US patent application No.  5 

16/534,373 filed on 7 August 2019, the disclosures of which are incorporated herein by 

reference in their entirety. 

BACKGROUND  

[0001a] The present disclosure relates generally to landing an aircraft, and in 

particular, to determining a runway exit for landing an aircraft.  During the landing 10 

procedure for an aircraft, the selection of a runway exit for landing has an influence on 

the overall operational cost of an aircraft.  However, this selection is usually not 

optimized to reduce the overall operational cost of the aircraft.  In one solution, during 

the landing procedure for an aircraft, the application of brake on the aircraft is a manual 

action for the pilot.  Depending on the pilot’s experience, the applied braking force may 15 

be adjusted to land at a certain runway exit.  In another solution, fixed braking force 

settings may be applied to land at a certain runway exit.  However, these solutions only 

take the required braking force into account and do not propose an optimal runway exit or 

reduce the overall operational cost of the aircraft based on the selected runway exit. 

[0002] Therefore, it would be desirable to have a system and method that takes into 20 

account at least some of the issues discussed above, as well as other possible issues.  

[0003] Throughout this specification the word "comprise", or variations such as 

"comprises" or "comprising", will be understood to imply the inclusion of a stated 

element, integer or step, or group of elements, integers or steps, but not the exclusion of 

any other element, integer or step, or group of elements, integers or steps. 25 

[0004] Any discussion of documents, acts, materials, devices, articles or the like 

which has been included in the present specification is not to be taken as an admission 

that any or all of these matters form part of the prior art base or were common general 

knowledge in the field relevant to the present disclosure as it existed before the priority 

date of each of the appended claims. 30 
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BRIEF SUMMARY 

[0005] Example implementations of the present disclosure are directed to 

determining a runway exit for landing an aircraft.  Example implementations of the 

present disclosure can determine the best or optimal runway exit based on various factors, 

including at least maintenance costs, operational costs, and fuel costs.  Example 5 

implementations of the present disclosure can provide a recommendation of the optimal 

runway exit to the pilot via either an automatic braking system or manual guidance cues.  

Example implementations of the present disclosure can provide the optimized runway 

exit recommendation based on both dynamic cost factors and overall operational 

efficiency.   10 

[0006] By selecting the optimized runway exit for landing an aircraft, example 

implementations of the present disclosure can reduce the overall operational cost of the 

aircraft.  Comparing to conventional solutions, example implementations of the present 

disclosure can propose the optimal runway exit by considering multiple factors in 

addition to the required braking force and can reduce the overall operational cost of the 15 

aircraft.   

[0007] The present disclosure thus includes, without limitation, the following 

example implementations.   

[0008] Some example implementations provide a method of determining a runway 

exit for landing an aircraft.  The method comprises: determining a plurality of runway 20 

exits reachable by the aircraft based on any one or more of a speed of the aircraft, a 

direction of the aircraft, a fuel condition of the aircraft, and a distance to the plurality of 

runway exits, determining applied braking force of the aircraft to achieve respective ones 

of the plurality of runway exits, wherein the taxi-in time is based on a respective 

estimated time period between the aircraft touching down at landing and when brakes are 25 

engaged at a parking position;  predicting taxi-in times of the aircraft for respective ones 

of the plurality of runway exits; predicting maintenance costs of the aircraft for respective 

ones of the plurality of runway exits based on the applied braking force, predicting 

maintenance costs of the aircraft includes predicting brake wear costs of the aircraft to 

land at the respective ones of the plurality of runway exits; predicting overall costs of the 30 

aircraft based on force applied to brakes of the aircraft when landing to subsequently taxi 
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at respective ones of the plurality of runway exits based on the taxi-in times and the 

maintenance costs; dynamically determining the runway exit among the plurality of 

runway exits, the runway exit having a minimal overall cost among the overall costs; 

presenting a recommendation of the runway exit for landing the aircraft to a user; and 

determining an updated runway exit in response to an instance that the aircraft lands in an 5 

area different from a designated area to land.     

[0009] [blank]. 

[0010] In some example implementations of the method of any preceding example 

implementation, or any combination of preceding example implementations, predicting 

brake wear costs of the aircraft includes predicting the brake wear costs of the aircraft 10 

based on a maintenance schedule of the aircraft. 

[0011] [blank]. 

[0012] In some example implementations of the method of any preceding example 

implementation, or any combination of preceding example implementations, predicting 

overall costs of the aircraft includes: predicting fuel costs and operational costs of the 15 

aircraft for the respective ones of the plurality of runway exits based on the taxi-in times; 

and predicting overall costs of the aircraft based on the fuel costs, the operational costs 

and the maintenance costs. 

[0012a] In some example implementations of the method of any preceding example 

implementation, or any combination of preceding example implementations, predicting 20 

overall costs of the aircraft includes: predicting overall costs of the aircraft based on the 

fuel costs, the operational costs and the maintenance costs.  

[0013] In some example implementations of the method of any preceding example 

implementation, or any combination of preceding example implementations, presenting 

the recommendation of the runway exit includes presenting a quantitative value of the 25 

minimal overall cost to the user.   

[0013a] In some example implementations of the method of any preceding example 

implementation, or any combination of preceding example implementations, presenting 

further includes displaying, transmitting, or receiving information through a 

communications interface. 30 

5

10

based on a maintenance schedule of the aircraft.

and the maintenance costs.

20

25

minimal overall cost to the user.

communications interface.
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[0013b] In some example implementations of the method of any preceding example 

implementation, or any combination of preceding example implementations, presenting 

further includes receiving information from the user through a user input interface, and/or 

displaying to the user through a display.  

[0014] In some example implementations of the method of any preceding example 5 

implementation, or any combination of preceding example implementations, the method 

further comprises determining an updated runway exit in response to an instance that the 

aircraft lands in an area different from a designated area to land. 

[0015] Some example implementations provide an apparatus for determining a 

runway exit for use during a landing procedure of an aircraft.  The apparatus comprises a 10 

processor and a memory storing executable instructions that, in response to execution by 

the processor, cause the apparatus to: determine a plurality of runway exits reachable by 

the aircraft based on any one or more of a speed of the aircraft, a direction of the aircraft, 

a fuel condition of the aircraft, and a distance to the plurality of runway exits,  determine 

applied braking force of the aircraft to achieve respective ones of the plurality of runway 15 

exits; predict taxi-in times of the aircraft for respective ones of the plurality of runway 

exits, wherein the taxi-in time is based on a respective estimated time period between the 

aircraft touching down at landing and when brakes are engaged at a parking position; 

predict maintenance costs of the aircraft for respective ones of the plurality of runway 

exits based on the applied braking force, wherein the apparatus being caused to predict 20 

maintenance costs of the aircraft includes being caused to predict brake wear costs of the 

aircraft based on force applied to brakes of the aircraft when landing to subsequently taxi 

at the respective ones of the plurality of runway exits; predict overall costs of the aircraft 

for respective ones of the plurality of runway exits based on the taxi-in times and the 

maintenance costs; dynamically determine the runway exit among the plurality of runway 25 

exits, the runway exit having a minimal overall cost among the overall costs; present a 

recommendation of the runway exit for landing the aircraft to a user; and determine an 

updated runway exit in response to an instance that the aircraft lands in an area different 

from a designated area to land.  

[0016] [blank] 30 
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[0017] In some example implementations of the apparatus of any preceding example 

implementation, or any combination of preceding example implementations, the 

apparatus being caused to predict brake wear costs of the aircraft includes being caused to 

predict the brake wear costs of the aircraft based on a maintenance schedule of the 

aircraft. 5 

[0018] [blank] 

[0019] In some example implementations of the apparatus of any preceding example 

implementation, or any combination of preceding example implementations, the 

apparatus being caused to predict overall costs of the aircraft includes being caused to: 

predict fuel costs and operational costs of the aircraft for the respective ones of the 10 

plurality of runway exits based on the taxi-in times; and predict overall costs of the 

aircraft based on the fuel costs, the operational costs and the maintenance costs. 

[0020] In some example implementations of the apparatus of any preceding example 

implementation, or any combination of preceding example implementations, the 

apparatus being caused to present the recommendation of the runway exit includes being 15 

caused to present a quantitative value of the minimal overall cost to the user. 

[0020a] In some example implementations of the apparatus of any preceding example 

implementation, or any combination of preceding example implementations, the 

apparatus being caused to predict overall costs of the aircraft includes being caused to: 

predict overall costs of the aircraft based on the fuel costs, the operational costs and the 20 

maintenance costs. 

[0021] [blank]. 

[0022] Some example implementations provide a computer-readable storage medium 

for determining a runway exit for use during a landing procedure of an aircraft.  The 

computer-readable storage medium has computer-readable program code stored therein 25 

that in response to execution by a processor, causes an apparatus to at least perform the 

method of any preceding example implementation, or any combination thereof.  For 

example, the apparatus maybe caused to determine a plurality of runway exits reachable 

by the aircraft based on any one or more of a speed of the aircraft, a direction of the 

aircraft, a fuel condition of the aircraft, and a distance to the plurality of runway exits, 30 

determine applied braking force of the aircraft to achieve respective ones of the plurality 

5 aircraft.
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of runway exits; predict taxi-in times of the aircraft for respective ones of the plurality of 

runway exits, wherein the taxi-in time is based on a respective estimated time period 

between the aircraft touching down at landing and when brakes are engaged at a parking 

position; predict maintenance costs of the aircraft for respective ones of the plurality of 

runway exits based on the applied braking force, wherein the apparatus being caused to 5 

predict maintenance costs of the aircraft includes being caused to predict brake wear 

costs of the aircraft based on force applied to brakes of the aircraft when landing to 

subsequently taxi at the respective ones of the plurality of runway exits; predict overall 

costs of the aircraft for respective ones of the plurality of runway exits based on the taxi-

in times and the maintenance costs; dynamically determine the runway exit among the 10 

plurality of runway exits, the runway exit having a minimal overall cost among the 

overall costs; present a recommendation of the runway exit for landing the aircraft to a 

user; and determine an updated runway exit in response to an instance that the aircraft 

lands in an area different from a designated area to land. In some embodiments, the 

computer-readable storage medium is non-transitory. 15 

[0023] [blank] 

[0024] In some example implementations of the computer-readable storage medium 

of any preceding example implementation, or any combination of preceding example 

implementations, the apparatus being caused to predict brake wear costs of the aircraft 

includes being caused to predict the brake wear costs of the aircraft based on a 20 

maintenance schedule of the aircraft. 

[0025] [blank] 

[0026] In some example implementations of the computer-readable storage medium 

of any preceding example implementation, or any combination of preceding example 

implementations, the apparatus being caused to predict overall costs of the aircraft 25 

includes being caused to: predict fuel costs and operational costs of the aircraft for the 

respective ones of the plurality of runway exits based on the taxi-in times; and predict 

overall costs of the aircraft based on the fuel costs, the operational costs and the 

maintenance costs. 

[0027] In some example implementations of the computer-readable storage medium 30 

of any preceding example implementation, or any combination of preceding example 

5

10

20

maintenance schedule of the aircraft.

25

maintenance costs.
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implementations, the apparatus being caused to present the recommendation of the 

runway exit includes being caused to present a quantitative value of the minimal overall 

cost to the user. 

[0028] [blank] 

[0029] These and other features, aspects, and advantages of the present disclosure 5 

will be apparent from a reading of the following detailed description together with the 

accompanying figures, which are briefly described below.  The present disclosure 

includes any combination of two, three, four or more features or elements set forth in this 

disclosure, regardless of whether such features or elements are expressly combined or 

otherwise recited in a specific example implementation described herein.  This disclosure 10 

is intended to be read holistically such that any separable features or elements of the 

disclosure, in any of its aspects and example implementations, should be viewed as 

combinable unless the context of the disclosure clearly dictates otherwise. 

[0030] It will therefore be appreciated that this Brief Summary is provided merely for 

purposes of summarizing some example implementations so as to provide a basic 15 

understanding of some aspects of the disclosure.  Accordingly, it will be appreciated that 

the above described example implementations are merely examples and should not be 

construed to narrow the scope or spirit of the disclosure in any way.  Other example 

implementations, aspects and advantages will become apparent from the following 

detailed description taken in conjunction with the accompanying figures which illustrate, 20 

by way of example, the principles of some described example implementations. 

 

BRIEF DESCRIPTION OF THE FIGURE(S) 

[0031] Having thus described example implementations of the disclosure in general 

terms, reference will now be made to the accompanying figures, which are not 25 

necessarily drawn to scale, and wherein:  

[0032] FIG. 1 illustrates a system for determining a runway exit for landing an 

aircraft, according to example implementations of the present disclosure; 

[0033] FIG. 2 illustrates a flow diagram illustrating a method for determining a 

runway exit for landing an aircraft, according to example implementations of the present 30 

disclosure; 

cost to the user.
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[0034] FIG. 3 illustrates a flowchart of various operations in a method of determining 

a runway exit for landing an aircraft, according to example implementations of the 

present disclosure; and 

[0035] FIG. 4 illustrates an apparatus according to some example implementations. 

 5 

DETAILED DESCRIPTION  

[0036] Some implementations of the present disclosure will now be described more 

fully hereinafter with reference to the accompanying figures, in which some, but not all 

implementations of the disclosure are shown.  Indeed, various implementations of the 

disclosure may be embodied in many different forms and should not be construed as 10 

limited to the implementations set forth herein; rather, these example implementations are 

provided so that this disclosure will be thorough and complete, and will fully convey the 

scope of the disclosure to those skilled in the art.  For example, unless otherwise 

indicated, reference something as being a first, second or the like should not be construed 

to imply a particular order.  Also, something may be described as being above something 15 

else (unless otherwise indicated) may instead be below, and vice versa; and similarly, 

something described as being to the left of something else may instead be to the right, 

and vice versa.  Like reference numerals refer to like elements throughout. 

[0037] Example implementations of the present disclosure are generally directed to 

landing an aircraft, and in particular, to determining a runway exit for landing an aircraft. 20 

[0038] FIG. 1 illustrates a runway exit determination system 100 for determining a 

runway exit for landing an aircraft 110, according to example implementations of the 

present disclosure.  In some examples, as described in greater detail with reference to 

FIG. 4, the system may be implemented by an apparatus for determining a runway exit 

for landing an aircraft.  In one example, the system may be on-board the aircraft.  In 25 

another example, the system may be remote from but in communication with the aircraft 

over a suitable wireless communication link. 

[0039] The runway exit determination system 100 includes any of a number of 

different subsystems (each an individual system) for performing one or more functions or 

operations.  As shown, in some examples, the system includes one or more of each of a 30 

candidates identifier 101, a costs predictor 102, a runway exit selector 103 and a 

5

10
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graphical user interface (GUI) 104.  The subsystems may be co-located or directly 

coupled to one another, or in some examples, various ones of the subsystems may 

communicate with one another across one or more computer networks.  Further, although 

shown as part of the system, it should be understood that any one or more of the 

candidates identifier, costs predictor, runway exit selector and GUI may function or 5 

operate as a separate system without regard to any of the other subsystems.  It should also 

be understood that the system may include one or more additional or alternative 

subsystems than those shown in FIG. 1.   

[0040] In some examples, the candidates identifier 101 is configured to determine a 

plurality of runway exits reachable by the aircraft 110, and applied braking force of the 10 

aircraft to land at respective ones of the plurality of runway exits.  For example, the 

candidates identifier can determine the plurality of runway exits reachable by the aircraft 

based on the speed, direction and fuel condition of the aircraft, and distances to the 

plurality of runway exits.  The plurality of runway exits may be candidate runway exits 

for landing the aircraft.  In another example, the candidates identifier can determine what 15 

braking force should be applied for the aircraft to land at each of the plurality of runway 

exits.  The applied braking force may be indicated by required brake settings to land at 

each of the plurality of runway exits.  

[0041] The candidates identifier 101 can provide information of the plurality of 

runway exits to the costs predictor 102.  In some examples, the costs predictor is 20 

configured to predict taxi-in times of the aircraft 110 to land at respective ones of the 

plurality of runway exits.  For an aircraft, the taxi-in time may be the time period between 

the actual landing time of the aircraft and the actual in-block time of the aircraft.  The 

actual landing time of the aircraft may be the time that the aircraft touches down, and the 

actual in-block time of the aircraft may be the time when the brakes of the aircraft have 25 

been engaged at the parking position of the gate.  In one example, the costs predictor can 

predict the taxi-in times of the aircraft to land at each of the plurality of runway exit 

based on an estimated actual landing time and assigned taxi routes for the plurality of 

runway exits.  

[0042] In some examples, the costs predictor 102 is configured to predict 30 

maintenance costs of the aircraft 110 to land at respective ones of the plurality of runway 
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exits based on the applied braking force.  In these examples, the costs predictor is 

configured to predict brake wear costs of the aircraft to land at the respective ones of the 

plurality of runway exits.  To predict the brake wear costs of the aircraft, in some 

examples, the costs predictor is configured to predict the brake wear costs of the aircraft 

based on a maintenance schedule of the aircraft.  The maintenance schedule of the aircraft 5 

may indicate the time that brakes of the aircraft are scheduled to be replaced and the 

facility that can replace one or more of the brakes.  In one example, the brake wear costs 

may be lower if the aircraft lands at a runway exit where the facility to replace the brakes 

is nearby.  In other examples, the brake wear costs may be predicted based on other 

factors such as force applied to the brakes of the aircraft when landing, or the capability 10 

to replace one or more of the brakes  at the facility.     

[0043] In some examples, the costs predictor 102 is configured to predict overall 

costs of the aircraft 110 to land at respective ones of the plurality of runway exits based 

on the taxi-in times and the maintenance costs.  In these examples, the costs predictor is 

configured to predict fuel costs and operational costs of the aircraft to land at the 15 

respective ones of the plurality of runway exits based on the taxi-in times.  For example, 

for each of predicted taxi-in times, the costs predictor can predict fuel costs during the 

taxi-in time period.  The costs predictor can also predict operational costs of the aircraft 

such as time costs to arrive and park at the gate.  In some examples, the costs predictor is 

configured to predict overall costs of the aircraft based on the fuel costs, the operational 20 

costs and the maintenance costs.  The overall costs may be a summation of the fuel costs, 

the operational costs and the maintenance costs.  For example, the fuel costs, the 

operational costs and the maintenance costs may be represented by quantities of money, 

and the overall costs may be a summation of the quantities of money.  

[0044] The costs predictor 102 can provide information of the predicted overall costs 25 

to the runway exit selector 103.  In some examples, the runway exit selector is configured 

to determine the runway exit among the plurality of runway exits for landing the aircraft 

110.  The runway exit has a minimal overall cost among the predicted overall costs for 

the aircraft to land at the plurality of runway exits.  The selected runway exit may be the 

optimal runway exit for landing the aircraft.  The selected runway exit may be 30 

dynamically updated, such as with one or more of the above variables on which selected 

5 based on a maintenance schedule of the aircraft. The maintenance schedule of the aircraft

10
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runway exit is determined.  In some examples, the runway exit selector 103 is configured 

to determine an updated runway exit in response to an instance that the aircraft lands in 

an area different from a designated area to land.      

[0045] The runway exit selector 103 can provide information of the selected runway 

exit to the GUI 104.  In some examples, the GUI is configured to present a 5 

recommendation of the runway exit for landing the aircraft 110 to a user such as a pilot of 

the aircraft.  In these examples, the GUI is configured to present a quantitative value of 

the minimal overall cost to the user.   For example, the minimal overall cost can be a 

quantity of money, and the GUI can present the quantity of money to the user.  

[0046] FIG. 2 illustrates a flow diagram 200 illustrating a method for determining a 10 

runway exit for landing the aircraft 110, according to example implementations of the 

present disclosure.  As shown, at block 201, the candidates identifier 101 can determine 

all candidate runway exits for landing and their required brake settings to land at the 

candidate runway exits.  For example, the candidates identifier can determine the 

candidate runway exits reachable by the aircraft based on the speed, direction and fuel 15 

condition of the aircraft, and distances to the candidate runway exits.    

[0047] At block 202, the costs predictor 102 can predict taxi-in times of the aircraft 

110 to land at all the candidate runway exits.  For example, the costs predictor can predict 

the taxi-in times of the aircraft to land at each of the candidate runway exit based on an 

estimated actual landing time and assigned taxi routes for the candidate runway exits. 20 

After the taxi-in times are predicted, at block 203, the costs predictor can predict fuel 

costs for all predicted taxi-in times.  In one example, the costs predictor can predict the 

fuel costs based on fuel flow data 211 stored in a database.  At block 204, the costs 

predictor can also predict operational costs to land at the candidate runway exits.  The 

operational costs may include time costs dependent on arrival of the aircraft at the gate.  25 

The operational costs may be predicted based on operation data 212 stored in a database. 

[0048] At block 205, the costs predictor 102 can predict brake wear costs of the 

aircraft 110 to land at all candidate runway exits.  The costs predictor can predict the 

brake wear costs based on schedule data 213 and maintenance data 214 stored in one or 

more databases.  The schedule data and maintenance data may indicate the time that the 30 

brake wear is scheduled to be replaced and the facility that can replace the brake wear. 
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[0049] After the fuel costs, operational costs and brake wear costs are predicted, the 

costs predictor 102 can predict overall costs of the aircraft 110 to land at the candidate 

runway exits.  For example, the fuel costs, the operational costs and the brake wear costs 

may be represented by quantities of money, and the overall costs may be a summation of 

the quantities of money.   5 

[0050] After the overall costs of the aircraft 110 to land at the candidate runway exits 

are predicted, at block 206, the runway exit selector 103 can identify the cost minimum 

solution.  For example, the cost minimum solution may indicate a selected runway exit 

having a minimal overall cost among the predicted overall costs for the aircraft to land at 

the candidate runway exits.  Also, at block 206, the GUI 104 can identify a cost minimal 10 

solution and present a recommendation of the selected runway exit for landing the 

aircraft to a pilot.  The pilot may operate the aircraft to land at the selected runway exit 

according to the recommendation.  In another example, the runway exit selector 103 can 

provide the recommendation of the selected runway exit to an autopilot system onboard 

the aircraft.  The selected runway exit may be achieved by manual or automatic control of 15 

the braking after the aircraft has touched down (landed) at the runway.  

[0051] FIG. 3 illustrates a flowchart of various operations in a method 300 of 

determining a runway exit for landing the aircraft 110, according to example 

implementations of the present disclosure.  As shown, at block 301, the method includes 

determining a plurality of runway exits reachable by the aircraft, and applied braking 20 

force of the aircraft to land at respective ones of the plurality of runway exits.  At block 

302, the method includes predicting taxi-in times of the aircraft to land at respective ones 

of the plurality of runway exits.  At block 303, the method includes predicting 

maintenance costs of the aircraft to land at respective ones of the plurality of runway 

exits based on the applied braking force.  Block 303 may include a sub-block 303A.  In 25 

sub-block 303A, the method includes predicting brake wear costs based on a maintenance 

schedule.  At block 304, the method includes predicting overall costs of the aircraft to 

land at respective ones of the plurality of runway exits based on the taxi-in times and the 

maintenance costs.  Block 304 may include a sub-block 304A.  In sub-block 304A, the 

method includes predicting the overall costs of the aircraft based on fuel costs, 30 

operational costs, and/or maintenance costs.  At block 305, the method includes 
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determining the runway exit among the plurality of runway exits, the runway exit having 

a minimal overall cost among the overall costs.  At block 306, the method includes 

presenting a recommendation of the runway exit for landing the aircraft to a user.  The 

presented recommendation represents the identified cost minimal solution having a 

quantified value.  Block 306 may include a sub-block 306A.  In sub-block 306A, the 5 

method includes presenting the quantitative value of the minimal overall cost to the user.  

At block 307, the method includes determining an updated runway exit in response to an 

instance that the aircraft lands in an area different from a designated area to land.   

[0052] According to example implementations of the present disclosure, the runway 

exit determination system 100 and its subsystems including the candidates identifier 101, 10 

costs predictor 102, runway exit selector 103 and GUI 104 may be implemented by 

various means.  Means for implementing the system and its subsystems may include 

hardware, alone or under direction of one or more computer programs from a computer-

readable storage medium.  In some examples, one or more apparatuses may be 

configured to function as or otherwise implement the system and its subsystems shown 15 

and described herein.  In examples involving more than one apparatus, the respective 

apparatuses may be connected to or otherwise in communication with one another in a 

number of different manners, such as directly or indirectly via a wired or wireless 

network or the like. 

[0053] FIG. 4 illustrates an apparatus 400 according to some example 20 

implementations.  Generally, an apparatus of exemplary implementations of the present 

disclosure may comprise, include or be embodied in one or more fixed or portable 

electronic devices.  Examples of suitable electronic devices include a smartphone, tablet 

computer, laptop computer, desktop computer, workstation computer, server computer or 

the like.  The apparatus may include one or more of each of a number of components 25 

such as, for example, processor 401 (e.g., processing circuitry) connected to a memory 

402 (e.g., storage device).  In some examples, the apparatus 400 implements the runway 

exit determination system 100.   

[0054] The processor 401 may be composed of one or more processors alone or in 

combination with one or more memories.  The processor is generally any piece of 30 

computer hardware that is capable of processing information such as, for example, data, 

5

10

network or the like.
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computer programs and/or other suitable electronic information.  The processor is 

composed of a collection of electronic circuits some of which may be packaged as an 

integrated circuit or multiple interconnected integrated circuits (an integrated circuit at 

times more commonly referred to as a “chip”).  The processor may be configured to 

execute computer programs, which may be stored onboard the processor or otherwise 5 

stored in the memory 402 (of the same or another apparatus).   

[0055] The processor 401 may be a number of processors, a multi-core processor or 

some other type of processor, depending on the particular implementation.  Further, the 

processor may be implemented using a number of heterogeneous processor systems in 

which a main processor is present with one or more secondary processors on a single 10 

chip.  As another illustrative example, the processor may be a symmetric multi-processor 

system containing multiple processors of the same type.  In yet another example, the 

processor may be embodied as or otherwise include one or more application-specific 

integrated circuits (ASICs), field-programmable gate arrays (FPGAs) or the like.  Thus, 

although the processor may be capable of executing a computer program to perform one 15 

or more functions, the processor of various examples may be capable of performing one 

or more functions without the aid of a computer program.  In either instance, the 

processor may be appropriately programmed to perform functions or operations 

according to example implementations of the present disclosure.          

[0056] The memory 402 is generally any piece of computer hardware that is capable 20 

of storing information such as, for example, data, computer programs (e.g., computer-

readable program code 403) and/or other suitable information either on a temporary basis 

and/or a permanent basis.  The memory may include volatile and/or non-volatile memory, 

and may be fixed or removable.  Examples of suitable memory include random access 

memory (RAM), read-only memory (ROM), a hard drive, a flash memory, a thumb drive, 25 

a removable computer diskette, an optical disk, a magnetic tape or some combination of 

the above.  Optical disks may include compact disk – read only memory (CD-ROM), 

compact disk – read/write (CD-R/W), DVD or the like.  In various instances, the memory 

may be referred to as a computer-readable storage medium.  The computer-readable 

storage medium may be a non-transitory device capable of storing information, and is 30 

distinguishable from computer-readable transmission media such as electronic transitory 
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signals capable of carrying information from one location to another.  Computer-readable 

medium as described herein may generally refer to a computer-readable storage medium 

or computer-readable transmission medium. 

[0057] In addition to the memory 402, the processor 401 may also be connected to 

one or more interfaces for displaying, transmitting and/or receiving information.  The 5 

interfaces may include a communications interface 404 (e.g., communications unit) 

and/or one or more user interfaces.  The communications interface may be configured to 

transmit and/or receive information, such as to and/or from other apparatus(es), 

network(s) or the like.  The communications interface may be configured to transmit 

and/or receive information by physical (wired) and/or wireless communications links.  10 

Examples of suitable communication interfaces include a network interface controller 

(NIC), wireless NIC (WNIC) or the like.  

[0058] The user interfaces may include a display 406 and/or one or more user input 

interfaces 405 (e.g., input/output unit).  The display may be configured to present or 

otherwise display information to a user, suitable examples of which include a liquid 15 

crystal display (LCD), light-emitting diode display (LED), plasma display panel (PDP) or 

the like.  The user input interfaces may be wired or wireless, and may be configured to 

receive information from a user into the apparatus, such as for processing, storage and/or 

display.  Suitable examples of user input interfaces include a microphone, keyboard or 

keypad, joystick, touch-sensitive surface (separate from or integrated into a touchscreen), 20 

biometric sensor or the like.  The user interfaces may further include one or more 

interfaces for communicating with peripherals such as printers, scanners or the like.  In 

some examples, the user interfaces include the GUI 104. 

[0059] As indicated above, program code instructions may be stored in memory, and 

executed by processor that is thereby programmed, to implement functions of the 25 

systems, subsystems, tools and their respective elements described herein.  As will be 

appreciated, any suitable program code instructions may be loaded onto a computer or 

other programmable apparatus from a computer-readable storage medium to produce a 

particular machine, such that the particular machine becomes a means for implementing 

the functions specified herein.  These program code instructions may also be stored in a 30 

computer-readable storage medium that can direct a computer, a processor or other 
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programmable apparatus to function in a particular manner to thereby generate a 

particular machine or particular article of manufacture.  The instructions stored in the 

computer-readable storage medium may produce an article of manufacture, where the 

article of manufacture becomes a means for implementing functions described herein.  

The program code instructions may be retrieved from a computer-readable storage 5 

medium and loaded into a computer, processor or other programmable apparatus to 

configure the computer, processor or other programmable apparatus to execute operations 

to be performed on or by the computer, processor or other programmable apparatus.   

[0060] Retrieval, loading and execution of the program code instructions may be 

performed sequentially such that one instruction is retrieved, loaded and executed at a 10 

time.  In some example implementations, retrieval, loading and/or execution may be 

performed in parallel such that multiple instructions are retrieved, loaded, and/or 

executed together.  Execution of the program code instructions may produce a computer-

implemented process such that the instructions executed by the computer, processor or 

other programmable apparatus provide operations for implementing functions described 15 

herein. 

[0061] Execution of instructions by a processor, or storage of instructions in a 

computer-readable storage medium, supports combinations of operations for performing 

the specified functions.  In this manner, an apparatus 400 may include a processor 401 

and a computer-readable storage medium or memory 402 coupled to the processor, where 20 

the processor is configured to execute computer-readable program code 403 stored in the 

memory.  It will also be understood that one or more functions, and combinations of 

functions, may be implemented by special purpose hardware-based computer systems 

and/or processors which perform the specified functions, or combinations of special 

purpose hardware and program code instructions.    25 

[0062] Many modifications and other implementations of the disclosure set forth 

herein will come to mind to one skilled in the art to which the disclosure pertains having 

the benefit of the teachings presented in the foregoing description and the associated 

figures.  Therefore, it is to be understood that the disclosure is not to be limited to the 

specific implementations disclosed and that modifications and other implementations are 30 

intended to be included within the scope of the appended claims.  Moreover, although the 
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foregoing description and the associated figures describe example implementations in the 

context of certain example combinations of elements and/or functions, it should be 

appreciated that different combinations of elements and/or functions may be provided by 

alternative implementations without departing from the scope of the appended claims.  In 

this regard, for example, different combinations of elements and/or functions than those 5 

explicitly described above are also contemplated as may be set forth in some of the 

appended claims.  Although specific terms are employed herein, they are used in a 

generic and descriptive sense only and not for purposes of limitation. 
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CLAIMS: 

 
1.        An apparatus for determining a runway exit for use during a landing 

procedure of an aircraft, the apparatus comprising a processor and a memory storing 

executable instructions that, in response to execution by the processor, cause the 5 

apparatus to: 

determine a plurality of runway exits reachable by the aircraft based on any one or 

more of a speed of the aircraft, a direction of the aircraft, a fuel condition of the aircraft, 

and a distance to the plurality of runway exits,  

determine applied braking force of the aircraft to achieve respective ones of the 10 

plurality of runway exits;   

predict taxi-in times of the aircraft for respective ones of the plurality of runway 

exits, wherein the taxi-in time is based on a respective estimated time period between the 

aircraft touching down at landing and when brakes are engaged at a parking position; 

predict maintenance costs of the aircraft for respective ones of the plurality of 15 

runway exits based on the applied braking force, wherein the apparatus being caused to 

predict maintenance costs of the aircraft includes being caused to predict brake wear 

costs of the aircraft based on force applied to brakes of the aircraft when landing to 

subsequently taxi at the respective ones of the plurality of runway exits;  

predict overall costs of the aircraft for respective ones of the plurality of runway 20 

exits based on the taxi-in times and the maintenance costs; 

dynamically determine the runway exit among the plurality of runway exits, the 

runway exit having a minimal overall cost among the overall costs;  

present a recommendation of the runway exit for landing the aircraft to a user; and 

determine an updated runway exit in response to an instance that the aircraft lands 25 

in an area different from a designated area to land.     

 
2.        The apparatus of claim 1, wherein the apparatus being caused to predict 

brake wear costs of the aircraft includes being caused to predict the brake wear costs of 

the aircraft based on a maintenance schedule of the aircraft. 30 
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3.        The apparatus of any of the preceding claims, wherein the apparatus being 

caused to predict overall costs of the aircraft includes being caused to:  

predict fuel costs and operational costs of the aircraft for the respective ones of 

the plurality of runway exits based on the taxi-in times; and  5 

predict overall costs of the aircraft based on the fuel costs, the operational costs 

and the maintenance costs. 

 

4.        The apparatus of any of the preceding claims, wherein the apparatus being 

caused to present the recommendation of the runway exit includes being caused to 10 

present a quantitative value of the minimal overall cost to the user.   

 

5. The apparatus of claim 3 or 4, wherein the apparatus being caused to 

predict overall costs of the aircraft includes being caused to: 

predict overall costs of the aircraft based on the fuel costs, the operational costs 15 

and the maintenance costs. 

 
6.        A method of determining a runway exit for use during a landing procedure 

of an aircraft, comprising: 

determining a plurality of runway exits reachable by the aircraft based on any one 20 

or more of a speed of the aircraft, a direction of the aircraft, a fuel condition of the 

aircraft, and a distance to the plurality of runway exits,  

determining applied braking force of the aircraft to achieve respective ones of the 

plurality of runway exits, wherein the taxi-in time is based on a respective estimated time 

period between the aircraft touching down at landing and when brakes are engaged at a 25 

parking position;   

predicting taxi-in times of the aircraft for respective ones of the plurality of 

runway exits; 

predicting maintenance costs of the aircraft for respective ones of the plurality of 

runway exits based on the applied braking force, wherein predicting maintenance costs of 30 

the aircraft includes predicting brake wear costs of the aircraft based on force applied to 

and the maintenance costs.
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and the maintenance costs.
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brakes of the aircraft when landing to subsequently taxi at the respective ones of the 

plurality of runway exits;  

predicting overall costs of the aircraft for respective ones of the plurality of 

runway exits based on the taxi-in times and the maintenance costs; 

determining the runway exit among the plurality of runway exits, the runway exit 5 

having a minimal overall cost among the overall costs;  

presenting a recommendation of the runway exit for use during the landing 

procedure of the aircraft to a user; and 

determining an updated runway exit in response to an instance that the aircraft 

lands in an area different from a designated area to land.     10 

 

7. The method of claim 6, wherein predicting brake wear costs of the aircraft 

includes predicting the brake wear costs of the aircraft based on a maintenance schedule 

of the aircraft. 

 15 

8. The method of any of claims 6 or 7, wherein predicting overall costs of the 

aircraft includes: 

predicting fuel costs and operational costs of the aircraft for the respective ones of 

the plurality of runway exits based on the taxi-in times; and  

predicting overall costs of the aircraft based on the fuel costs, the operational 20 

costs and the maintenance costs. 

 

9. The method of claim 8, wherein predicting overall costs of the aircraft 

includes: 

predicting overall costs of the aircraft based on the fuel costs, the operational 25 

costs and the maintenance costs. 

 

10. The method of any of claims 6 to 9, wherein presenting the 

recommendation of the runway exit includes presenting a quantitative value of the 

minimal overall cost to the user.   30 
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11. The method of any of claims 6 to 10, wherein presenting further includes 

displaying, transmitting, or receiving information through a communications interface. 

 

12. The method of any of claims 6 to 11, wherein presenting further includes 

receiving information from the user through a user input interface, and/or displaying to 5 

the user through a display. 

 

13. A computer-readable storage medium for determining a runway exit for 

use during a landing procedure of an aircraft , the computer-readable storage medium 

having computer-readable program code stored therein that in response to execution by a 10 

processor, causes an apparatus to: 

determine a plurality of runway exits reachable by the aircraft based on any one or 

more of a speed of the aircraft, a direction of the aircraft, a fuel condition of the aircraft, 

and a distance to the plurality of runway exits,  

determine applied braking force of the aircraft to achieve respective ones of the 15 

plurality of runway exits;   

predict taxi-in times of the aircraft for respective ones of the plurality of runway 

exits, wherein the taxi-in time is based on a respective estimated time period between the 

aircraft touching down at landing and when brakes are engaged at a parking position; 

predict maintenance costs of the aircraft for respective ones of the plurality of 20 

runway exits based on the applied braking force, wherein the apparatus being caused to 

predict maintenance costs of the aircraft includes being caused to predict brake wear 

costs of the aircraft based on force applied to brakes of the aircraft when landing to 

subsequently taxi at the respective ones of the plurality of runway exits;  

predict overall costs of the aircraft for respective ones of the plurality of runway 25 

exits based on the taxi-in times and the maintenance costs; 

dynamically determine the runway exit among the plurality of runway exits, the 

runway exit having a minimal overall cost among the overall costs;  

present a recommendation of the runway exit for landing the aircraft to a user; and 

determine an updated runway exit in response to an instance that the aircraft lands 30 

in an area different from a designated area to land.     

11.

12.
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14. The computer-readable storage medium of claim 13, wherein the 

apparatus being caused to predict brake wear costs of the aircraft includes being caused to 

predict the brake wear costs of the aircraft based on a maintenance schedule of the 

aircraft. 5 

 

15. The computer-readable storage medium of any of claims 13 or 14, wherein 

the apparatus being caused to predict overall costs of the aircraft includes being caused 

to: 

predict fuel costs and operational costs of the aircraft for the respective ones of 10 

the plurality of runway exits based on the taxi-in times; and  

predict overall costs of the aircraft based on the fuel costs, the operational costs 

and the maintenance costs. 

 

16. The computer-readable storage medium of any of claims 13 to 15, wherein 15 

the apparatus being caused to present the recommendation of the runway exit includes 

being caused to present a quantitative value of the minimal overall cost to the user.   

 

17. A computer program comprising computer-readable program code that, 

when executed by a processor, causes an apparatus to perform the method of any of 20 

claims 6 to 12. 

14.

5 aircraft.

to:

10

and the maintenance costs.

17.

20

claims 6 to 12.
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