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DISPLAYING PERFORMANCE LIMITATIONS IN AIRCRAFT DISPLAY

LROSS-REFERENCE TO RELATED APPLICATIONS
100011} The present application claims the benefit of United States Provisional

Fatent Application No. 82/343,260 filed on May 31, 2016, the contents of which are

nereby mcorporated by referance.

TECHNICAL FIELD
(0002 The present invention relates generally {0 aircraft displays, and more

particularly 1o g piot support sysiem for addressing non-normal events.

BACKGROUND OF THE ART
(00031 Alrcraft piicts have many {asks {o perform. The workioad varies throughout a

fight, from low 1o nigh, even during a rouline flight. vwhen a non-normal event
arises, such as adverse weather congiions or aircraft maifunctions, piots have a3

particularly high workioad as they need o multi-task effectively.

(0004] Various tools exist {0 help plots manage tasks throughout a flight. For
example, checklisis are sometimes generated and displayed to the pilot. Cross-
checking and read-back procedures are aiso put in place {0 heip piiois eliminate

efrors.

10005] Despite these tools, there s room for improvement to assist pilols and

further mitigate potential proplems.

SUMMARY
(O00B) The present disclosure dgescribes dispiaying on a flight deck graphical

presentations indicative of performance imitations of an aircraft resuiting from an
in-fight aireraft reconfiguration. the graphical preseniations are co-iccated on the
fight deck with the graphical preseniations of the aircraft and/or system

parameters {0 which the performance limilations apply.
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{00071 In accordance with a first aspect, there 1s provided a method comprising
acguinng recontfiguration information of an aircrart upon dgetection of a non-normal
avernt n-tlight, the reconfiguration information comprising at least one performance
imitation of at ieast one aircraft or system parameter as a result of the non-normal
avernt, andg aisplaving a graphical ingicator of the at least one performance

imitation co-locaied with a dispiay of (he at least one aircrafl or sysiem parameier.

100081 In some embodiments, the graphical ingicator corresponds {0 a prescription

of a checkiist generated as a result of the non-normal event.

{00081 In some embodiments, displaying the graphical indicator of the at least one
performance imitation comprises overiaying the indicator on the display of the at

least one aircraft or system parameter.

(0010} In some embodiments, the method further comprises dynamically agapting
display of the graphical indicator of the at least one performance limitation as a

function of at ieast one context-speciic condition.

00111 In some empodiments, ihe metnod further comprises updating dispiay of the
graphical indicator of the at least one performance limitation when the at least one

context-speacific condition changes.

00121 In some embodiments, the context-specific condition is a flight phase in

which the aircraft (s currently operating.

O0131In some embodiments, displaying the graphical indicator comprises
sgiecting a symbol for the graphical indicalor as a function of at least one of the at

ieast one performance limiation and the at least one aireratt or system parameter.

00141 In some empodiments, displaying the graphical indicator of the ieast one
performance limitation comprises displaying an available range of the at least one
aircraft or system parameter in relation 1© a current vaiue of the at least one aircraft

or system parameter.
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{00151 In some embodiments, the method further comprises recaiving a reguest 1o

display the at least one performance limitation parameter.

0016t in some embpodiments, the request s formuiated within a cnhecklist

generated as a resuit of the non-normal event.

{00171 In accordance with a further aspect, inere is provided a system comprising a
processing unit and a memory communicatively coupled o the processing unil and
comprising computer-readabie program instructions.  the mnstructions  are
executable by the processing unit for acquiring reconfiguration information of an
aircraft upon detection of a non-normal event in-flight, the reconfiguration
information comprising at least one performance limiation of at least one aircratt or
system parameter as a resull of the non-normal event, and dispiaying a graphical
indicator of the at least one performance limitation co-iocated with a display of the

at least one aircraft or system parameter.

(0018} In some embodiments, the grapnical indicator corresponds {0 a prescription

of a checklist generated as a result of the non-normal event.

(00191 In some embodiments, displaying the graphical ingicator of the at least one
performance lirmitation comprnses overiaying the graphical ingicator on the display

of the al least one aircratt or system parameter.

100201 In some embodiments, the computer-readable program instructions are
furtner executable for aynamically adgapting aisplay of the graphical ingicator of the
at least one performance limitation as a function of at least one contexi-specific

congition.

00211 In some empodiments, the computer-readable program instructions are
furtner execuiable for updating the graphical mngicator of the at least one

performance imitation when the at least one contexi-specific condition changes.

00221 In some embodiments, the context-specific condition is a flight phase in

which the aircratt s currently operating.
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00231 In some embpodiments, displaying the grapnical mdicalor comprises
seiecting a symbol for the indicator as a function of at ieast one of the at least

performance imitation and the at least one aircratt or system parameter.

(00241 In some embodiments, gisplaying the graphical indicator of the ieast one
performance limitation comprises displaying an avatable range of the al least one
aircrait or system parameter in relation {0 a current value of the al ieast one aircratt

or system parameter.

(00251 In some embodiments, the computer-reagable program instructions are
further executapie for receiving a request {0 dispiay the at ieast one performance

imitation parameiter.

100201 In some embpodiments, the request is formuiated within a checklist

generated as a resuit of the non-normal event.

100271 In accordance with another broad aspedct, there 18 provided a graphical user
interface (GU) of an aircraft. The GUI comprises a graphical display of at least one
aircraft or system parameter, and a graphical ingicator of at least one performance
imitation co-located with a gispiay of the at least one aircraft or sysiem parameter,
the at least one performance limitation resulting from a reconfiguration of the

aircratt upon detection of a non-normal event in-tight.

100281 In some embodiments, the graphical ingicator corresponds {0 a prescription

of a checkiist generated as a result of the non-normal event.

100291 In some embodiments, the graphical indicator 1s overlaid with the graphical

display of the al least one aircraft or system parameter.

O030HIN some embodiments, the graphical ngicator comprises a symbol
associated with at least one of tne al least one performance limitation and the at

ieast one aircraft or system parameter.
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100311 In some empbodiments, the graphical indicator comprises an availaple range
of the at least one aircratt or sysiem parameter in relation 1o a current value of the

at least one aircraft or system parameter.
BRIEF DESCRIFPTION OF THE DRAWINGS

00321 Further fealures and advantages of the present invention will pecome
apparent from the foliowing detalled gescription, taken in combination with the

appended drawings, in wnich:

0033 Figure 1 I8 a schematic diustration of an aircraft ang a thght deck, In

accordance with one empogiment;

0034 Figure 2 18 a8 block diagram of the aicraft, i accordance with one

ambodiment.

0035] Figure 2 18 a8 block diagram of a performance imitation system, in

accordance with one empogiment;

{0036] Figure 4 is flowchart of 2 method performed by the performance limitation

system, in accordance with one embodiment;

100371 Figure 518 an example of a primary flight dispiay wilh overiaid indicators of

performance imitation; and

0038 Figure 6 18 an example of a cockpil gauge with an overiaid indicator of

performance imitation.

{00391 1t will be noted thatl throughout the appended drawings, like feaiures are

identified by like reference numerais.

DETAILED DESURIFPTION
10040} The present disciosure gescribes systems and methods associated with

oroviding plot support in response 1o non-normal events n-thignt. it shouid be

understood that the expression 'non-normal event’ IS used herain 1o refer 1o events
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that may pe classified as "abnormal”, 'non-normal’, and/or "emergencies’. mven
though various aspecis of the present gisciosure are dgescriped in the context of
aircraft, it is undersiood that aspects disciosed herein are egually appilicable {0
systems and methods for other venicies, such as {rains, ships and buses for
exampie. In vanous embodiments, the systems and methods disciosed herein may
pe considered to embed on g fignt deck graphical presentations indicgtive of
performance imitations of the aircrafi resulting from an aircrati reconfiguration, in
orger to compiement traditional instruments and dispiays currently availabie. The
graphical presentations are co-iocated on the flignht deck with the primary graphical

presentations of the parameters 1o which the performance imiatons apply.

{00411 In various embogiments, the systems and methods disciosed herein may in
some sityations reduce or eiiminaie the need for a flight crew {0 consuit one or
more source(s) of information, such as a checklisi, separate from a primary dispiay
of an aircralt. in addition, the sysiems and meihods disciosed herein may reduce
of eliminale the need for a flight crew 1o rely on memory 1o respedt performance
imitation parameters of an aircraft resuiting from an in-thght reconfiguration of the
aircrafl. in particular, when a reconfiguration of an aircraft occurs as a resuil of a
non-normal event, the systems and methods disciosed herein will cause indicators
representative of performance iimitations of the aircrafl to be displayed co-located
with aircraft or system parameters (o which they reiate. In some embodiments, the
indicaiors representative of performance limiations may overlay ihe graphical
presentations of the aircraft or sysiem parameters {0 which the performance
imiations apply. Accordingly, in some empodiments, the systems and methods
discliosed herein may contripute toward enhancing awarensss of the fiight crew
and reducing the flight crew's workicad., Aspecis of various empodiments are

described through reference {0 the drawings.

00421 Figure 1 shows an exemplary partial schematlic representation of a flignt
deck 12 which may be parl of an aircraft 10, Awcraft 10 may be a corporate,

private, commercial or any other type of aircraft. For exampie, aircraft 10 may be a
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fixed-wing aircratl. In some empodiments, aircraft 10 may be a narrow-pody, twin
engine et airliner. FHight deck 12 may comprise additional or fewer elements than
those shown and descrnibed herein. Fhight deck 12 may comprise left portion 12A
intended 10 pe used by a piiot {sometimes referred as “captain’) of aircraft 10 and
Aot portion 128 iniended (0 be used by a co-piiot (somelimes referred 38 "iirst
officer') of awcraft 10, Left portion 124 and rght portion 128 may comprise
functionally dentical components so that at least some operational redundancy
may pe provided dbetween left portion 12A and rignt portion 128 of thght deck 12,
AS used herein, the term *light crew” is intended {0 encompass one or more
individuals responsible for operation of aircraft 10 during flighl. Such individuals
may, for example, include the pilot and/or the co-pilot. Similarly, the term “crew” is
intended {0 encompass one or more individuals responsible for operation of a

vehicle comprising a sysiem as disciosed herein.

0043 Flight deck 12 may comprise one or more dispiay devices 14 proviging
respective display areas 10. in the exempiary configuration of flight deck 12 shown
in figure 1, left portion 12A and rnight portion 128 may each comprise two gisplay
devices 14 and an additional display device 14 may be provided in pedestal region
18 of flight deck 12. Display device 14 provided in pedestal region 18 may be
shared belween {he pilot and the co-piiot dunng normal operation of aircraft 10,
Additional display devices 14 may pe positioned in a location above a windshield in
a heads-up position. Dispiay devices 14 may inciude one or more cathode-ray
tubes (CRTs), liguid crystal displays (LCDs), plasma displays, light-emitting diode
(LizD) based displays or any kKnown or other type of display device that may be
suitable for use in fignt deck 12. Display devices 14 may pe configured 1o
dynamically display operational and status information about vanous systems of
aircraft 10, ntormation related o flight/mission planning, maps and any other
information that may pe useful for the Hight crew gunng operation of aircrait 10,
Display devices 14 may faciitate diglog between the flight crew and various
systems of aircraft 10 via suitable graphical user interfaces. Fight deck 12 may

COMPrise one or more data input devices such as, for exampie, one or more Cursor
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control devices 20, one or more mulfi-function keypads £2 and one or more {e.4.,
standalone or muitifunction) controllers 23 that may permit qata entry by the flight
crew. For exampile, such controlier(s) 23 may be disposed in the glare shield above

One or more display devices 14,

100441 Fart or all of display areas 1o may be dedicated {0 a specific type of aircraft
display, such as a Frimary Flight Display (FPFD), a Crew Alerting System {(CAS), &
Heads Up Display (HUD) an Engine-ingicating and Crew Alerting System (EICAD)
andg/or a Muiti-Function Display (MFD). The FFD displays thght information such as
oiich and rolf characternstics, aircrati onientation wilh respect 1o the horizon, siail
angie, a runway diagram, airspeed, ailitude, vertical speed, and magnelic heading
of the aircraft. Other flight information may aiso be displayed. The EICAS dispiays
information regarding aircraft engines and other systems instrumentation and crew
annunciations. Examples of engine information displayed on the EICAS are
revoiulions per minule, lemperature vaiues, fuel flow and guantly, and ol
pressure. Exampies of other aircratl systems naving paramelers dgispiayed on the
EICAS are hydraulic, pneumatic, electrical, deicing, environmental, and conirol
surface systems. Other aircraft system information may aiso be displayed. The
ViFD displays any adaitional information used {0 compiement the PrD and/for
EICAS. For example, the MED may display a navigation roule, moving map,
weather radar, traffic collision avoidance system (TCAS) information, ground
proximity waming system (GPWS) information, and airport information. Other

complementiary information may also be displayed.

10045 Figure 2 shows a schematic representation of aircraft 10, dlusiratively
comprising input device(s) 30, aircrafl systemi(s) 32, display device(s) 14, and
performance limitation system 24. Inpul devices 30 may include one or more
SEeNsSors, such as sensors for measurnng pressure, posilion, acceieration,
lemperature, or the like. input devices 30 may also comprise one or more of the
data input devices provided on the flight deck 12, as illustrated in figure 1. One or

more sensed parameters and/or one or more data mputs may be provided to
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aircraft systems 32 via input devices 30. Aircraft sysiems 32 are operatively
connected to display devices 14, for populaling the PFD, CAS, HUD, MFD, and
any other display 14 provided on the aircrait 10.

{00461 Al least one of the aireraft systems 32 1s a Hight control system (not shown).
it some embpodiments, the flight control system comprises one orf more Hight
computers that receive conirol inpuls and dgirect movement of tight control
surfaces, such as stabilizers, elevators, rudders, allerons, spollers, and the like.
Different aircraft may be composed of different fhight control surfaces. The fhignt
control sysiem s designed {0 meel aircraft specific performance specificalions
reiated 10 siability augmeniation, aulomalic guidance and navigation, and ihrust
management. In order {0 accounti for faull tolerance, the flight control sysiem is
provided with Taliure ana/or fauit getection and recontiguration. YWwhen a non-normai
avertt OCCUrs, one or more aircrait sysiems, Components andg/or elements may be
Linabie to perform their designed function or meet the performance spacifications
originally setl out, thus ieading to a reconfiguration of the flight conirol system
whereby performance limitations are determined. Performance mitations may be
related {0 a specific flight control surface, such as a rudder ¢or an aileron, or {0 an
operating parameter of the aircraft, such as airspeed, aititude, or acceleration.
separate performance limitations may be assigned for each flight control surface
naving a reduced or modified capability. Separate performance limitations may be
assigned for each operating aircraft or system parameter of the aircrafl having a
reduced or modified capabiiily. Alternatively, a performance limilation may e
applicable 10 more than one aircratt ana/or system parameter, as will be explained

N Mmore getail pelow.

10047] The performance limiiation sysiem 34 is configured (¢ display a graphical
indicator of at ieast one performance limitation on any one of the existing dispiay
devices 14 of the aircraft 10. The graphical indicator of the performance limiiation
18 displayed so as (o pe co-located with the aircraft or system parameter (o which i

relates, on a display of the aircraft for the related aircraft or system parameter. The
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indicator of the performance iimiation may pe displayed in a manner that overlays,
OF IS Supermposed over, a graphnical representation of the aircraft or system
parameter 0 which it relates. For example, it the performance limitation 18 a
maximum airspeed for the aircraft that (s imposed as a result of a reconfiguration of
ine aircrafl upon detection of a non-normatl event in-flight, then a graphical indicator
of e maximum airspeed in accordance with the aclive performance himitation s
displayed co-locaied wilth the actual airspeed on an airspeed gauge of the PrD.
-Or exampie, the graphical indicaior of the maximum airspeed in accerdance with
ine active performance limitation may De overiaid on an airspeed gauge or scale,
SO a8 1o visually indicate o g crew memaoer an airspeed not (0 be exceeded. if ine
performance imitation is a maximum engine temperaiure impoesed as a resull of a
reconfiguration of the aircraft upon detection of a non-normal event in-flight, then a
graphical indicator of the maximum engine femperaiure in accordance with the
active performance limilalion 18 displayed co-iocated with the actual engine
femperature on a lemperature gauge of the CAS. For example, the graphical
indicator of the maximum engine {emperature in accordance with the achive
performance limiiation may pe overiaid on the femperature gauge or scale, sg as (o
visually indicate {0 a crew member an engine temperature not {0 be exceeded. The
graphical indicator of the performance imitation 18 provided in addiion {0 ail of the
information already avaiiable on the aircratl instrument, such as an over-speed bar
On an airspeed {ape or an enging gverneating zone on the engine temperature
gauge. he performance limitation 18 gynamically set upon detection of a non-
normal event as a resuit of a reconfiguration of the aircrafl. fheretore, the graphical
indicator of the performance imitation may only be provided in-sidu and difters from

pre-set Imits for various aircrafl and system paramesters.

100481 FPerformance limilation system 34 may be coupled to input devices 30,
aircrati systems 32, and dispiay devices 14, Allernatively, performance limitation
system 34 18 only coupled ¢ one or more of aircraft systems 32, such as a flight
control system, and graphnical presentations generated by performance limiiation

system 34 are integrated into display information by one or more of the aircraft
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systems 34, Also alternatively, performance limiaton sysiem 34 is integrated into
one of the gircraft systems 32, such as a flight management system (FMS) or fiight

control system.

{00491 Referring to figure 3, performance imitation system 34 may comprise one or
more computers 36. Computer 36 may comprise one of more processors 40 and
one or more computer-readable memornes 38 stonng maching-readable
instructions 42 executable by processor 40 and configured {0 cause processor 40
{0 generaie one or more ouiputs 46, The oulpuls 40 may comprise one or more
signais 1or causing display device 14 of aircraft 10 {0 dispiay one of more indicator
of one orf more performance imiaition. The ouiputs 45 may aise comprise one of
more signails for causing one or more aircraft sysiem({s) 32 o cause display device
14 of aircraft 10 to display one or more indicator(s) of one or more performance

imitation{(s).

(0050 Computer 36 may receive inputs 44 in the form of data or information that
Tay 0e processed by processor 40 pased on instructions 42 in order {0 generate
cutput 46, For exampie, Inpuis 40 may comprise nformation indicative of a non-
normal event. Non-normal event information may take {he form of one of more
OgiC egualions asseried by one or more of the aircraft systems 32, Allernatively,
non-normal event information may take the form of a checklisi, whether manuaily
generated by pHot or Co-phiot inpul or automatically generated by an aircratl system
32. Non-normal event information may correspond (o the generation of the
checkiist or {o actions and/or inputs from the flight crew in response ¢ the
checklist. Non-normal event information may aiso take other forms, such as an
alert signal generaled by anyone of the aircraft systems 32. Performance limitation
system 34 may consider any input 44 or combination of inputs 44 that i has been
configurad {0 recognize as indicaiive of a non-normal event. Delection of non-
normal events by the aircraft 1s undertaken py existing aircraft systems 32 and will

Not e gescribed in detall herain.
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100511 In some embodiments, iNputs 44 may alternatively or in adgition comprise
information ndicative of a reconfiguration of the aircrait 10. Reconfiguration
information comprises at least one performance limitation of at least one aircraft or
sysitem parameter. in some embodiments, reconfiguration informaton also acts as
non-normal event information. Alternatively, reconfiguration information Is received
separately from non-normal event information. Computer 36 may, based on inputs
44, generate ouiput 45 for causing display device 14 to display one or more
iNgicators of one or more performance iimitations co-iocated, and/or overiaid, with
ihe one or more aircrafit or sysiem parametlers © which he one or more

performance Himitations appiy.

100521 Computer 36 may be part of an avionics suite of aircraft 10. For example, in
some embodiments, computer 36 may carry out adgditional functions than those
descrived nerein, ncluding the management of one or more graphic user
interfaces of flight deck 12 and/or other pari(s; of aircraft 10. In various
embodiments, the methods gisciosed herein {or parts thereof) could be performed
N parts using a plurality of computers 36 or processors 40, or, aiternatively, be
performed entirely using a single compuler 36 or processor 40. in some
embodiments, compuler 36 could be physically integrated with (e.g., embedded in)

display device 14.

(0053] Processor 40 may comprise any suilable devicel(s) configured to cause g
series of steps {0 be performed by computer 36 s0 as {0 implement a computer-
implemented process such thatl instructions 42, when executed by compuler 36 or
other programmable apparalus, may cause ihe functions/acts specified in the
methods described herein {0 be execuled. Frocessor 40 may comprise, for
example, any type of general-purpose microprocessor or microcontrolier, a digital
signal processing (DSP) processor, an integraled circuit, a field programmabie

gate array (FPGA)

N
F ¥

a reconfiguraple processor, other suiably programmed or

programmapie 10gIc circuits, or any combination thereot.



CA 03026051 2018-11-29

WO 2017/208179 PCT/IB2017/053215
13

100041 Memory 38 may comprise any suitable known or other machine-readable
storage medium. Memory 38 may comprise non-transiory compuier readapie
siorage medium such as, put not limited to, an electronic, magnetic, optical,
eiectromagnetic, infrared, or semiconguctor system, apparatus, or gevice, or any
syitable combination of fhe foregoing. Memory 38 may inciude a suitabie
combination of any type of compuier memory that is iccated either internally or
externally to computer 36 such as, for exampie, random-access memory {(RAM),
read-only memory (ROM), compact disc read-only memory (CDROM), electro-
optical memory, magnsto-oplical memory, erasaple programmabdie read-only
memory (EFPROM), and electrically-erasable programmable read-only memory
(EEFPROM), Ferroelectric RAM (FRAM) or the like. Memory 38 may comprise any
storage means (e.g. devices) suitable for reilnevably sioring machine-readabie

instructions 42 execuiabie by processor 40,

[0005] Varnious aspects of the present disCiosure may be embodied as systems,
devices, methods and/or computer prograim products. ACCordingly, aspects of the
present disclosure may {ake the form of an entirely hardware embodiment, an
entirely software embodiment (inciuding firmware, resident software, micro-code,
efC.} or an empodiment combining software and hardware aspects. Furthermore,
aspects of the present discigsure may take the form of a computer program
product embodied in one or more non-transitory computer readable medium{ia)
(.¢., memory 38) having compuler readable program code (e.g., instructions 42)
embodied thereon. 1The computer program product may, for example, be execuied
Dy computer 306 (o cause the execution of one or more methods disciosed herein in

antirety or in part.

[0056) Computer program code for carrving out operations for aspects of the
present disclosure in accordance with instructions 42 may be wrillen in any
combpination of one or More proegramming anguages, ncluding an object ornented
programming ianguage such as Java, smalltalk, C++ or the ike and conventional

procedural programming languages, such as the “C7 programming anguage or
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other programming languages. Such program code may be executed entirely or in
part by computer 30 or other processing device(s). It 8 undgerstood that, pased on
the present gisciosure, one skilled in the relevant arts could readily write computer

program code for implementing the methods disclosead herein.

0067 Referring 10 figure 4, there 1s jliusiraled an example empodiment of a
method 48 as performed by the computer 36 of the performance iimitation system
34. As per siep 50, a non-normal event s detecied in-flight. Detection 18 performed
DY processing non-normal event information received as inputs 44 1o system 34, In
some embodiments, the non-normai event information Corresponas o a checkiist,
a checklist aclion #tem, or a Iogic egualion asserted by one oF more aircrait
systems 3Z2. In some embodiments, step 50 s performed by another computer
program, provided in computer 36 or in a different computer or system of the
agircrafl. For exampie, step 50 may form part of a non-normai event detection

system provided in an aircraft.

{00081 AL step 52, reconfiguralion information of the aircrafl 1s acguired. in some
embodiments, the performance himitation system 34 will retrieve the reconfiguration
information upon detecling the non-normal event in siep S0, from memory 38 or
from another memory provided in the aircraft 10. Alternatively, the reconfiguration
information wili be received by the performance imitation system 34, sither as part
of the non-normal event information or separaiely therefrom. The reconfiguration
information comprises at least one performance imitation of at least ¢one aircraft or

system parameter.

{O00YT AL siep 50, g graphical ingicator of the at least one performance imitation is
displaved on a display of the aircraft. The graphical indicalor of the at ieasi one
performance limitation may be displayed co-located and/or overiaid, with the at
least one aircraft or sysiem parameter to which i relates. The graphical indicator
may correspond 1o g prescription of a checklist generaled as a resuit of the non-

normal event.
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10060 HIN some embodiments, an optional step 54 18 provided in method 48 for
adapting a display of the performance bmitation parameter using ong or more
contexi-speacific condition(s). For exampie, a context-speciic condition may nclude
an operating condition of the aircraft, such as altitude for example, or the flight
pnase of the aircrail, such as taxi, takeofl, cruise, descemnt, final approach, ianding,
and ine like. indeed, the performance iimitation sysiem 34 may dynamicaliy modify
ine manner in which the indicater of the performance limilation parameter is
presented as a funcion of the thght phase or operating condition. For exampie,
when the performance iimitation relates © a maximum aititude of the aircrafl, the
graphical display of the performance limitation can be modified dynamically as 3
function of a current altitude of the aircratl. Anoiher exampie of a contexi-specific
condition is an actual performance and/or operating condition of the aircraft. For
example, altitude may be considered when displaving a maximum speed
performance imitation. For example, at allitude A, the performance iimitation might
De {0 operale pelow spead X, and at altitude B, the performance limitation might be
{0 operate beiow a speed Y. The dispiay of the indicalor of the given performance
imitation can pe adjusted automatically and dynamically based on the aciual
operating condition of the aircraft, thereby avoiding pilol memory aboul when the
performance limiiation changes. In other words, the performance limiiation for &
given parameter might be different depending on the operating congitions or flight

phase of (he aircratt.

(0061] The contexi-specific condition may pbe used 1o determine whether the
imiation parameter is cntical and/or appiicatle 10 a current sityation of the aircratt
or 1o a possibie fulure situation of the aircrafl. In the case of a8 current situation, the
ingicator may be made more prominent or visually imposing than for a possiple
future situation. The indicator may also be provided g different color and/or size
depending on the context-specifiic condilion. In some embpodiments, the indicator
may be provided as a dynamic indicator instead of a static indicator, by flashing or
otherwise changing is graphic presentation. Audio may be included with the

indicator, such as a buzzing or rnging sound, when the imitation parameter i1s
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applied {0 a parameter relevant o a current siuation of the airceragft. Other
empodiments may also apply 1o bring the presence of the indicator 1o the attention
of the flight crew in a critical situation. Note that a distinction may be made
petween a critical imiation and an appicable imitation. In the case of a crtical
imitation, the ndicator may be displayed in a very prominent manner, wnereas in
the case of an applicapie situalion thail is not crlical, the naicator may be

displayed in a iess prominent manner.

(0002} The mitation parameter system 34 may be configured 1o retrieve the
contexi-specific condilion from a memory, such as memory 38 of another memory
provided within the aircraft 10, Retrieval may be triggered upon receipt of ihe
reconfiguration information anag/or the non-normal event information. The system
34 may aiso, In some embodgimenis, receive the context-specific condition as part
of the non-normal eventl information and/or the reconfiguration information, or

separately thersirom.

{00031 Also optionaily, the method 48 may further adapt or change the dispiay of
the performance iimiation parameter when the context-speciiic condiion changes,
as ilustrated in figure 4. +or exampie, it the fignt phase or operaling conaiions
change and the aircraft or system parameter o which the hmitation parameter s
applied pecomes reievant {0 operation of the aircraft andsor critical, then display of
the indicaior may change from a iow-Key or moderate-type display 10 an atiention-
drawing or visually imposing display. Similarly, if the speed of the aircraft increases
o within a predetermined threshold of the imitation parameter, the display of the
indicator may be adapted accordingly in order (o further draw the attention of the

flight crew.

100641 Figure & 1S an example of display device 14 displaying part of a PFD. An
airspeed indicator 58 shows current airspeed 60 to pe 260 Knoils. Alrspeed
performance imitation indicator 62 is overiaid on top of the airspeed indicator 58 to
display a limitation parameler relating o airspeed. In this exampie, the indicator 67

informs the piiot that the aircraft speed should not be increased beyond 280 Knots.
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A thresnold 64 may be sel at 270 kKnots. When the aircraft airspeed reaches the
thresnold b4, the indicator 62 may be modified In size, color, format, and/or state
(lL.e. dynamic}, and an audio componeant may be added. vwhen the aircraft speed
decreases suficiently such that it falls below the threshoid o4, the ndicator 62 may

oe further modaified o return {0 the presentation shown in figure 5.

{005} VWhile indicator 62 1s shown 10 gverlay the primary qispiay of the aircraft
speed, L.e. the airspeed indicator, it may aiso be proviged adjacent {0 or in the
vicinity of the aircraft speed, such that the indicator of the limitation parameter ang
e corresponding aircratt or system parameter are co-iccated, and the reiationship
petween the inaicator 62 and the airspeed indicator 58 would be undaerstood by the

LTEeW,

(0006} Also displayed In figure & 1s an aluimeter o0 which shows current aircratt
aiitude 08 10 be 32,500 ft. Altitude performance imitation ndicator 70 (8 overiaid
on the altimeter 66 1o dispiay a imilation reiating 1o altitude. In this exampie, the
indicator 70 informs the piiot that the aircraft aififude shouid nol be INcreased

peyond 3o 800 fL The values used herein are for liusirative purposes only.

00671 The afrspeed performance limitation indicator 62 and altitude performancs
imitation ingicator 70 are tiustrated as pars that span from a iower imil vailue
Upwards on the airspeed indicator 58 andg altimeler 00, respectively. The indicators
02, 70 may aiso be embodied in olher manners, such as using various sympbois
positioned on a graphical dispiay, or grapnhicai differentiators such as color,
shading pailemn, etc. thal differeniigte availabie operaling vaiues from non-
gvaiable operating values. The sympols may pe sitrategically iocated (o correspond
{0 & given value or range on a graphnical display. indicalors may aiso pe provided
as numerical values, such as specific values indicalive of maximum or minimum
Imits ana percentage values indicative of a reduction in capabiiity. indicators may
ais¢ be provided as text, with words hke “lIimit’, "maximum’, or "minimum’
positioned on g graphical display {0 correspond to the iimitalion parameter.

Combinations of symbols, numerical values, graphical differentiators and text may
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ais¢ be used. In some embodiments, an existing graphical dispiay 1S shaded in a
particutar manner 1o indicate a specific range of availabie operating conditions for &

given aircraft or system parameter. Other embodiments may also apply.

(008} In some embodiments, the indicator 62, /0 may be selected from a set of
pOssiple symbols or graphical presentations as a function of the performance
imitation. For exampie, a performance imitation that reduces an original capabihity
py a smaill margin, such as 5% or 10%, may correspond 1o a first set of symbpols. A
performance limiation that reguces an orginal capapiity by a medium margin,
such as 20% or 25%, may correspond {0 a second set of symbois. A performance
imitation that reduces an original capability by a large margin, such as 50% or
miore, may correspond {0 a third set of symupois. ihe threshiolds used 1o classily the
performance imitation andg/or the number of calegories gssociated wilh different
SYIMIDOIS may vary and pbe set by a manufaciurer of the system 34, an operator of
the aircralt 10, and/or the Thght crew. Within each category of performance
imitation, there may be more than one available symbol. Symbols of a same
category may have a common color, a common format, a common size, and the
like.

(00091 In some embodiments, the ingicator 62, 70 may De selected from a set of
DOSSIDIe Symbols or graphical presentations as a ftunclion of the aireraft or system
parameter 1o which the imiation parameter applies. For exampie, there may be a
specific color, size, formal, and the like for classes or groups of aircraft or system
parameters. Classes or groups may be defined as desired. For example engine
parameters may be grouped together in a single group, or using a plurality of sub-
groups. Within each class or group of aircraft or system parameter, there may pe
more than one available symbol. Symbols of a same class or group may have a
common color, a common formal, a conmmon size, and the hke. The
groupings/ciasses may pe defined by a manutacturer of the system 34, an operator

of the aircraft 10, and/or the flight crew.
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{00701 In some embodiments, the indicator corresponds {0 an available range for a
given parameter in accordance with a given performance iimitation, as tiustrated in
the example of figure 6. Gauge 72 presents a compound thrust parameter in
percent based on an engine manufacturer defined maximum thrust, that
corresponds to 100%. A current reading /74 ingicates 97%. Marker /6 ingicates the
maximum thrust, e, 100%. Fointer 78 is a reference bug which may De preset by
ine piict 10 Indicate appropriale thrusl for the current condiions. Herformance
imitation ingicator 80 is used 1o dispiay 1o the piot an avaiiable range of operating
siates Tor the hnigh pressure engine spool as a resuit of an in-flight aircraft
recontfiguration. Note that indicator 80 differs from marker 76 which 18 always
present and identifies onginal or standard operaling imits of the aircratl. indicator
80 also differs from pointer 78 which is movable and may be setl as desired by the
fight crew. In contrast, indicator 80 corresponds o a limilation parameler
generated as a result of an in-flight reconfiguration of the aircraft 10. Indicator 80
1S dispiayed so as o be co-located with an aircraft or system parameter {0 which a
imitation parameter applies, the limitation parameter having been generated as a
resull of the reconfiguration. Indicator 80 thus differs from f{raditional graphic
presentations, such as markers, reference bugs, and the like, provided on gisplay

devices 14 of aircraft 10.

00711 In some embodiments, the indicator of the performance limilation 18 only
displayed upon receipt of a reguest 1o display the performance limilation
parameter. The request may be provided by a member of the Tlight crew via one or
more ¢of the data inpul devices Hustrated in figure 1. The request may aiso be
formulated with a checklist, for example as an item in the checkiist that 18 either
accepted or rejected by the pilot as he or she goes through the checklist. Other

meinods of receiving a display reqguest may also be used.

{00721 The above description 18 meant {0 be exemplary only, and one skilled in the
relevant arts will recognize that changes may be made 1o the embodiments

described withoutl departing from the scope of the invention disclosed. For
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axampile, the blocks and/or operations in the flowcharts and drawings described
nerein are 1or purposes of example only. There may be many variations to these
piocks and/or operations without departing from the teachings of the present
disclosure. For instance, the blocks may be performed in a diffenng order, or
DIOCKS may be added, geieted, or modified. vhiie lliusirated in the biock diagrams
as groups of discrete components communicaling with each other via distinct data
signai connections, it will be undersiood by those skilied in the art that the present
empbodiments are provided by a combination of hardware and software
components, with some components peing impiemenied by a given funclion or
operation of a hargware or software system, and many of the dala paths jliustraied
peing implemented by dala communication within a computer appilication or
operating sysiem. 1The structure ilustrated is thus provided for efiiciency of
teaching the present embodiment. The present disclosure may be embodied in
other specific forms withoul departing from the subject matier of the claims. Also,
one skilled in the relevant aris will appreciate that while the systems, methods and
computer readable mediums disclosed and shown herein may comprise a specific
number of elements/components, the systems, methods and computer readable
mediums may be modified 1o inciude additional or fewer of such
eiements/components. The present disciosure 18 aiso intended o cover and
ambrace all suiable cnanges in technology. Modifications which tall within the
scope of the present invention will be apparent to those skilled in the art, in ight of
a review of this gisciosure, and such moditications are intended {o fall within the

appended claims.
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CLAIMS:

1. A melnod comprising:

aecguinng recontiguration ntormation of an aircraft upon detection of a non-
normat event in-tlight, the reconfiguration information comprising at least one
performance imitation of at least one aircraft or system parameter as a resuit of
the non-normail event, and

dispiaying a graphical ingicator of the at least one performance limiation co-

located with a display of the at least one aircraft or system parameter.

2. 1he method of claim 1, wherain the graphical indicator corresponds (o a

prescription of a checkiist generaied as a resuit of the non-normal event.

3. The method of claims 1 or 2, wherein displaying the graphical inaicator of the at
least one performance imitation comprises overiaying the inagicator on the gisplay

of the at least one aircraft or system parameter.

4. The method of any one of claims 1 1o 3, further comprising dynamically agapting
display of the graphical indicator of the al least one performance Hmitation as 3

function of at ieast one contexi-specific condition.

S. e meihod of ciaim 4, further comprising updating dispiay of the graphical
ingicator of the at ieast one performance imitation when the at ieast one context-

specitic condition changes.

G. The method of claim &, wherein the context-spedific condition is g flight phase In

which the aircrait is currently operating.
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/. The method of any one of claims 1 10 6, wherein displaying the graphical
ingicator comprises seiecting a symbol for the graphical indicator as a function of at
least one of the at least one performance imitation and the at least one aircratt or

system parameter.

8. The method of any one of claims 1 1o 7, wherein displaying the graphical
indicaior of the leasti one performance imitation CoOMprises gispiaying an avaiianie
range of the at ieast one airgraft or system parameler in reiation {© a current vaiue

of the at leasl one aircrafi or system parameter.

9. ihe method of claim 1, further comprising receiving a request {0 display ihe at

ieast one performance imiiation parameiter.

10. The method of claim 9, wherein the request is formuiatied within a checklist

generaied as a resuit of the non-normai event.

1. A sysiem cComprising:
a processing unit, and
a memory communicatively coupied 10 the processing unit and comprising

compuier-readaple program instructions executabie by the processing unit for:

acguinng reconfiguration information of an aircraft upon detection of a non-
normatl event in-flight, the reconfiguration information comprising at ieast one
performance iimitation of at ieast one aircraft or system parameter as a resuit of

the non-normal event, and

dispiaying a graphical ingicator of the at least one performance limitation co-

iocated with a dispiay of the at leasi one aircraft or system parameler.

12. The sysiem of claim 11, wherein the graphical indicator corresponds to 3

prascription of a checklist generaied as a resuit of the non-normal event.
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13. The system of claims 11 or 12, wherein gispiaying the grapnhical indicator of the
at ieast one performance iimitation comprises gvertaying the graphical ingicator on

the display of the at least one aircrafl or system parameter.

14. The sysiem of any one of claims 11 to 13, wherein the computer-readable
program instructions are furiher executabie for dynamically adapting agispiay of the
graphical indicator of the at leasti one performance imitation as a function of at

ieast one context-specific conaition.

15, The system of claim 14, wherein the computer-reggable program instructions
are turther executable for updating the graphical ingicator of the at ieast one

performance limitation when the at ieast one context-speciic condition changes.

10. The system of ciaim 15, wherein the context-speciic condition is a flight phase

N which the aircratl is currently operaiing.

1/, The system of any one of claims 11 0 16, wherein dispiaying the graphical
iNGicator comprises seiecling a sympol for the graphical indicator as a function of at

ieast one of the at legst performance iimilation and the al least one aircralt or

system parameter.

18. The sysiem of any one of claims 11 1o 1/, wherein dispiaving the graphical
indicator of the least one performance limitation comprises displaying an avaiiaple

range of the at least one aircraft or system parameter in relaion 1o a current value

of the atl least one aircraft or system parameter.
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19. The sysiem of claim 11, wherein the computer-readable program instructions
are furiher executaple for receiving a request io display fhe at least one

performance imitation parameter.

20. The system of claim 19, wherain the reguest i1s formulated within a checklist

generated as a resuit of the non-normal event.

21. A graphical user interface of an aircraft comprising:
g graphical dispiay of at ieast one aircratt or system parameter; and

g graphical ingicator of at least one performance limitation co-iccaied with 3
display of the at least one airgratt or sysiem parameter, the atl least one
performance Hmitation resulling from a reconfiguration of the aircrait upon

detection of a non-normal event in-flight.

2Z2. The graphicai user interface of claim 21, wherein the graphical indicator
corresponds 1o a prescription of a checkiist generated as a result of the non-norma

event.

23. The graphicai user interface of claims 21 or 22, wherein the graphical indicator
s overiaid with the grapnical dispiay of the al ieast one aircraft or system

parameter.

4. The graphical user interface of any one of claims 21 to 23, wherein the
grapnical indicator cCoOmprises a8 sympbol associated with at least one of (he at least

one performance limifation and the at ieast one aircraft or system parameter.

25 The graphical user interface of any one of claims 21 10 24, wherein the

graphical indicator comprises an available range of the at least one aircraft or
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system parameter in relation {0 a current vaiue of the at least one aircraft or system

parameter.
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