FOUR- DI MENSI ONAL FLYABLE AREA DI SPLAY SYSTEM FOR Al RCRAFT Field 5The
present disclosure relates generally to aircraft and, in particular, to

di splaying infornmation used to operate aircraft. Still nore particularly,
the present disclosure relates to a nethod and apparatus for displaying
flyable areas for an aircraft. 10 Background | nf ormati on used

to fly an aiFQIRADIMENS IRNAL HiARLE GREA O EIPLRAY SYSSTIN | FOR RTRERAFAS t .
Thi s display system may be, for exanple, a navigation display or an 15

el ectronic flight bag (EFB) display. An aeronautical chart showing terrain
around the aircraft may be displayed on the navigation display.

Addi tionally, other information also may be Wsplayed on the navigation

di spl ay. Theddi nf or mati on may 20 include, for exanple, without [imtation,

i nformation about ai.r _.traffic, fligh aths of air traffic, and. other
suitag?e informatio‘rPIEe Vidsent gﬁ%CQBEFE?orﬁ%%?%%% tﬁ?@efﬁ?5Ynaﬁan

al ong wi t hiothefti aho meti qrafiriomlothert SodL §psat ongpenabenthe 025 aidLcraft.
For exanp%e, t he operat or n%¥ use fuel usage or estinmates of fuel usage
froma fl 8h99ﬁ§ﬁ3§er?érﬁc%% em aFond WAIF i 7 br heit | dhl abothewdasen tand

traffic showslesutberBavigat icon displiayy té’n&'%S{ang‘éu@h%Eerdi% flfah/ciln%nt
reserve fuel is present to reach a target airport or whether the

f or eseen WbYRPbadadaest 6otranf périsadteept abl e and manageabl e by the flight
crew o f reserve fuel levels are not sufficient, the operator may use the
navi gation display to identify alternative airports that can be reached

W th a deBackgréendl of reserve fuel. Further, the

navi gation display nmay al so, be used by the operator to identify weather
condi tions that nayI?éﬁﬁW?El%ﬁan§§§dtotphefﬂhigh%npléhrﬁé@ftheméWrc&ﬁft.

For exanphespweathesncondit)o0s By oRke,l apding at. g target . display

system may be, for example, a navigation display or an

15 electronic flight bag (EFB) display. An aeronautical chart

showing terrain around the aircraft may be displayed on the
navigation display.

Additionally, other information also may be

displayed on the navigation display. This information may

20 include, for example, without limitation, information about

air traffic, flight paths of air traffic, and other suitable

information.

The operator may use this information along with

other information from other sources to operate the

25 alrcraft. For example, the operator may use fuel usage or

estimates of fuel usage from a flight management system

along with information about weather and traffic shown on

the navigation display to determine whether sufficient

reserve fuel is present to reach a target airport or whether

30  the foreseen workload due to traffic is acceptable and

manageable by the flight crew. If reserve fuel levels are

not sufficient, the operator may use the navigation display

to identify alternative airports that can be reached with a

desired level of reserve fuel.



5 airport in the flight plan unfeasible. As a result, the operator may use
the navigation display along with the weather conditions on the display to
identify an alternate airport for |anding. Further, the navigation display
may al so be used 10 by the operator to identify areas where a reduced
wor kl oad can be estimated for operating the aircraft as desired. For

exanpl e, when one crewtnemberches havpeddetbn t BespeaRi MRy £1 8w peMhgfeneeds
to fly the aircraft to the next airport and may want to avoid flying
t hrough cB¥gest®d Cxerspade. t25 1990 ahot heeadigrpl €OnAhEACBFUI Phdht May t he

aircraft dogs;pet Qperale as desi r@dqthe, 1 gpL crew foclses:t hei r pental

wor kl oad on assessing "and addressing the current situation o the aircraft.
In this casenprihe fudaghtercr eanpayiahso nbesi me kavol aidighgorgess ed aaigespace

ovar i diti h dynani cal | ing the flight of a
i1 or ot THBGE: Lol tFibas e ads [ br UBXARGLEL w t nOGL 4 | PGt Fon che

weat her, bpathter frhdghtugat ksieof nbkathiceonandiophey conghdi apsciW thd hese
changes in conditions occurring during the flight of the aircraft, an 25
oper at or Bf2HRBT aicPEFAft CiSes Lt heN® nflderativort I riode i el navhgatliter nditspl ay
and the fgggpgrgagggeﬂgﬁgiﬁﬁsten1to determ ne whether changes in the
operation of the aircraft should occur. Identifying the changes in the
condi tions and det eFnrnhag, whétcherachamigesn | ditheagperaat | @hsof beheisaidr cr af t

For oxaiml & vt A ZCHY Enatibl hGWALher “E6Adi (I6HE 1 ASREPFFing o 'QBSKT abl &
safe routeatoba &atgebtair pert opByabengorgedififi-cult thancdesised dug to
the need example, when one crew member 1is impaired, the remaining

crew member needs to fly the aircraft to the next airport

and may want to avoid flying through congested airspace.

15 In another example, when equipment in the aircraft
does not operate as desired, the flight crew focuses their
mental workload on assessing and addressing the current
situation of the aircraft. In this case, the flight crew
may also desire avoiding congested airspace.

20 Various conditions change dynamically during the
flight of an aircraft. These conditions include, for
example, without limitation, weather, traffic, flight paths
of traffic, and other conditions. With these changes in
conditions occurring during the flight of the aircraft, an

25 operator of the aircraft uses the information from the
navigation display and the flight management system to
determine whether changes in the operation of the aircraft
should occur. Identifying the changes in the conditions and
determining whether changes in the operation of the aircraft

30 should occur are tasks that require time and attention of
the operator.

For example, with rapidly-changing weather
conditions, identifying a desirable, safe route to a target

alrport may be more difficult than desired due to the need



to process and nmanage various types of information about the environnent
around the aircraft. In other words, the operator nonitors and nmakes
calculations as to whether the target airport can be reached with the
desired reserve fuel 5 |levels, or the operator identifies an alternative
airport if the target airport cannot be reached. Wth dynam cal |l y- changi ng

condi tionsp phbserBy aba managdi Fhircuhls @FplisTercangwrng ithandesi red
Therefore, it would be desirable to have a nethod 10 and apparatus that
takes int GMYCEBURENAt PEaYRdsoRReofather#Sbues diBcusdwy aboviedsas vigld as

possibly obBencbssyRsy: SMARY | Rap0e Lhhushtaliye ebogd) Mhak, 3, mehfiod for

15 displaying information for an aircraft I s present. ormation is
i dentifietlafgett he raorer afan. &N svdmalitvcah char tebs rddspleayed ot

di spl syst An _envel ope is displayed.in the aeronautical chart based on
the | nf or Vel ort: Tho LnvePepeTaet LHE A 45ace Y FySEEe ty Ene 126 H's oriat
that meetsha riHmgst ohieppeet id@sot be reachedN angiher dlustsAtinve
enbodi ment, a navigation system conprises a display systemand a flight

i nfor mat i 6AANEERTI fTRIIL FHAT | §ht si Aty meei oreFdentifffilenlits evnfbiigured to
identify LpferfmLiopnkargyan;atpcraft. The flight 25 information identifier
is further configured to display an aeronautical chart on the display
system The flight Thetoefratepniicdentilfd ére i sedlrdihes conhigur ed ntea i pl ay

an envel ope . in_the aeronautical. chart based on the information. The
enveﬁ%be %?iﬁEEaéagﬁécgﬁ#ﬁya%1%e%yl?ha ACFEMaft Athate®ot neehe &indmser of

obj ectivesssues discussedAs68vEI B {,812N285B6GL; Bf I BenRLEesenRy;dsnvention
there is provided a nethod for displaying information for an aircraft, the

met hod conprising: identifying the information for the aircraft; displaying

an aer onagfigggkychart on a display system and displaying an envel ope in

the aeronautical chart based on the infornmation, wherein the envel ope

defines a space flyabl eoby thelakrerafitret hatbreetsna , nuabemeathebj etid ves.

Q_ati al | iéQfa??r\{gl Opienfigrn?aitsipolr?ye%oirn eia%heragygrg!fgensisons ?:resterglrte.e

di mensi ons. b
Information is identified for the aircraft. An aeronautical
chart 1is displayed on a display system. An envelope is
displayed in the aeronautical chart based on the
information. The envelope defines a space flyable by the

20 aircraft that meets a number of objectives.

In another illustrative embodiment, a navigation
system comprises a display system and a flight information
identifier. The flight information identifier is configured
to identify information for an aircraft. The flight

25 information identifier is further configured to display an
aeronautical chart on the display system. The flight
information identifier is further configured to display an
envelope in the aeronautical chart based on the information.
The envelope defines a space flyable by the aircraft that

30 meets a number of objectives.

According to an aspect of the present invention
there is provided a method for displaying information for an

aircraft, the method comprising: identifying the information

for the aircraft; displaying an aeronautical chart on a



Optionally the nmethod is further conprising the step of displaying an
i ndi cati on of undesirabl e space outside of the envel ope. Preferably the

i ndi cation of 10 undesirabl e space is a graphical indicator that obscures a
portion of the aeronautical chart outside of the envel ope.

Optionally the nmethod is further conprising the step of displaying an

i ndi cati onlicfoldgsi redsspace wiridii ndtibgleqvelopean 15@tvanald y the metdod
further conprises .the step of repeating displaying the envelope in the
aeronautiéfﬁogﬁéﬁfiﬁﬁseﬂhgﬁttHﬁxﬁﬁ%opﬁat?Qﬁli%?ﬂQQﬂ@§ﬁ§éhtowbﬁéeﬂﬁfo¢M®tion
changi ng, omheleigl e enuel g, del | negabhe spacecl lyable &y Lhe acrart

that neets the nunber of objectives. 20 Optionally the aeronautical chart

i s sel ect &dFenract] edsecdrieest. a vertical view and a top view.

Optionally the inforymtion.for .the aircraft is selected fromat |east one
of an %ircraft statggﬁég%%%%%ﬁgﬁ%fﬂVh SHTatir T Fhd E S 1iyH L Prsn. two
250pt i onaldiyenise ostsep roft hirdentdifein’g dnfae | nf ormati on associated with the
aircraft; displaying the aeronautical chart; and displaying the envel ope in
the aeronautical chaPtipaged Yont ke et Grhat f ok usii&tei AOTRE16ARE| opee

defines thecgpace fldch';&,?l%yQXlgt heai rifafds dihat ’If‘fﬁt %ﬁci‘éesir?fé[gieer ot 30

objectives is performed in a conputer systemin e alrcra or a a.%round
| ocati on. cutside of tigptienatlgpdhe nBmbéerablebj ebti visd coapt bsesoat

| east, one i obj ective, an optim zation objective, and a | ega
objeéy?veyggeglEa%&e épa%%t%%nﬁlﬁf%ﬂ@%qg;rﬂﬂﬁ%%é??ﬁtEE?tCGWﬁﬁWﬁQﬁ]%he
steps; geperatbngod faur adirdeasicorall cubetComprisised Of & pldiralidie of
cubes; and marking the plurality of cubes with an indication of a type of
space based on the PRFéPRAELILYN, T wHekdiod ihe Stdgesf dpspraging ttiee

envel ope geaprihLses: displayi he; . | .op j t f our - di.mensi onal cube
W ih the CypE of Sasba™Parred ror Cha aror a1t Ly or Gubds s tngn T
f our - di nreABVehabecube. Accordi ng to another aspect of the present 10

i nventd on there is prgvide a navigatjon system conprising: a display
systeém and a flightPriPBFmati on'S d8Rt PP er UComS gur Y8R 65 F Yehtlrf ysLtep

i nformation fiaspedt aid crafsil a4iisRl aynan aeronsud i gal char t; ant 1‘@%" ay

system and display an envel ope in the aeronautical chart based on the

infornati%ﬁ?rt based on the information in response to the
information changing, wherein the envelope defines the space
flyable by the aircraft that meets the number of objectives.

20 Optionally the aeronautical chart is selected from
at least one of a vertical view and a top view.

Optionally the information for the aircraft is
selected from at least one of an alrcraft state,
environmental information, and a flight plan.

25 Optionally the step of identifying the information
associated with the aircraft; displaying the aeronautical
chart; and displaying the envelope in the aeronautical chart
based on the information, wherein the envelope defines the
space flyable by the aircraft that meets the number of

30 objectives is performed in a computer system in the aircraft
or at a ground location.

Optionally the number of objectives comprises at
least one of a risk objective, an optimization objective,

and a legal objective.



15 wherein the envel ope defines a space flyable by the aircraft that neets
a nunber of objectives. Optionally the envelope is displayed in
one of two di nmensions and three di nensions. Optionally the
flight information identifier is 20 configured to display an indication of
undesirabl e space outside of the envel ope. Preferably the indication of
undesi rabl e space i &paignaphivcathe ndietatcor thatfohser esoRppoEihgn tafe t he

tical _chart tside of the envel ope. Optionally the flight
[ nf or mat i 60 Fdént TTTETT 1S9 % uf CHET CLBRNFAGEd (-7 epEar e §iayPhg 2 he

envel ope pnutrhe iaer @Fauhied); chad tmbaged; opnt hg1 LRLOE pBL ign dd%ersesvpioc;}fe to
30 the information changing, wherein the envel ope defines the space flyable
by the ai PEraf¥diafati fect’s @ héYRameEr wfadshjleet¢vesn the informatQptri,onal |y

the aeyonguti-eah chapt 15§81 et ed;Lpomat | epst ong, of (3. verdigal v ew and
atop Vleggsplaying the envelope using the four-dimensional cube with
the type of space marked for the plurality of cubes in the
four-dimensional cube.

According to another aspect of the present

10 invention there is provided a navigation system comprising:
a display system; and a flight information identifier
configured to identify information for an aircraft; display
an aeronautical chart on the display system; and display an
envelope in the aeronautical chart based on the information,

15 wherein the envelope defines a space flyable by the aircraft
that meets a number of objectives.

Optionally the envelope is displayed in one of two
dimensions and three dimensions.

Optionally the flight information identifier is

20 configured to display an indication of undesirable space
outside of the envelope. Preferably the indication of
undesirable space is a graphical indicator that obscures a
portion of the aeronautical chart outside of the envelope.

Optionally the flight information identifier 1is

25 configured to display an indication of desired space within
the envelope.

Optionally the flight information identifier is
further configured to repeat displaying the envelope in the
aeronautical chart based on the information in response to

30  the information changing, wherein the envelope defines the
space flyable by the aircraft that meets the number of
objectives.

Optionally the aeronautical chart is selected from

at least one of a vertical view and a top view.



Optionally the flight information identifier is further configured to
generate a four-di nensional cube conprised of a plurality of cubes and mark
the plurality of cubes with an indication of a type of space based on the

i nformation, and wherein in being configured to display the envelope in the
aeronautical chart based on the information, the flight information
identifier is confi @uwtednid ldi sphay fheglenvehdperuasiing t heefiouridirmensi onal
cube mﬁthf%g% type of pacednarked for the plurality of cubes in the four-
10 di nensi-Ohar SEup&Cnfroured Tto T gRieratq r és At F SO En paibe

achi eved icodeperdentdry 4 o Mard 0us, espodipest 8naf nbhe RSNt disGlpsyre or
may be conbined in yet other enbodinents in which further details can be
seen Wit hCHEREr ehide! t 8t HE B aftgidrow g adesird pofosrarme drvankagen BRIEF

DESCRI PTI ON¢OF L HE NGS 1 Lo The novel features helieve
characteristic of Fﬁ?ﬁ%ﬁtﬁnr%ﬁ%w% %%b%%%%gn §n§% ugef Fgrfﬁﬁﬁ%ﬁﬁmahe
appended 20vellapss inThéei kleushrattiive lembeditnentssd howeves iraSo meldi@s, a

preferredtgode of yse, further objectives, and advantages thereof w | best

be under st66d by 6t et’® CE't ot the 1FGFICOWIRG det aFPRaldéseri poi ohivtlan

illustrative emhedigpntuding henpr esent (dieelasiy-a Whgh rgadyi %h%fmd%gbct' on
n

with the 25 acconpanyi ng draw ngs, wherein: Figure | 1Is
i |l ustratPén BI2GE blrogkedi abpramtét aplaratiaft dinf ovlati am ehier ohment in

accorgancg;w-tbiansh! | rative embodi ment; Figure 2 is an
iIIustratién o?la Spoggggiagran1of 30 a graphical user interface in
accordance with an rheustfreatiwe enbadiimedtunctions canFi Bdr e a3:hSew@y

iIIustratiog of ﬁn egvelope di spl ayed in an aeronautical chart in a
gr aphi cal *US8PCPfiEBFfdce i™h ad@or@dfice WRRAHAST TS ustafat i Ve entiudh Tasht ;

Figure 4 hssamethee idd ustyabion. QfpaLenyel ope %é@é@ysﬂgbaiﬁ@n.ts in

aeronautical chart in a graphical user interface in accordance W th an
i |1 ustratvVoecknrbouitesit ; deitgdrle 5cés yet ametherith | ustfreatenor of oarttse

cnvelape oLselued L0-B0;RRLa1oUl o0k shark, |0 @ oraphical user Interface
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the

illustrative embodiments are set forth in the appended
20 claims. The illustrative embodiments, however, as well as a

preferred mode of use, further objectives, and advantages

thereof will Dbest be understood by reference to the

following detailed description of an illustrative embodiment

of the present disclosure when read in conjunction with the
25 accompanying drawings, wherein:

Figure 1 is an illustration of a block diagram of
an aircraft information environment in accordance with an
illustrative embodiment;

Figure 2 is an illustration of a block diagram of

30  a graphical user interface in accordance with an
illustrative embodiment;

Figure 3 1is an illustration of an envelope
displayed in an aeronautical chart in a graphical user

interface in accordance with an illustrative embodiment;



Figure 6 is an illustration of a block diagramof a flight information

identifier in accordance with an 10 illustrative embodi nent; .
Figure 7 is an illustration of cubes in a four-dinmensional space in
accordance with an illustrative enbodi nent; Figure 8 is an

illustration of a flowchart of a 15 process for displaying information for
an aircraft in accofd@yee wht Hsameidtiust r atlilve temtvddinment | aki ganesDops an

[ strati f I har t rocess fqgr_ processing information for an
:';1! Irgr af t tgg%pqa&%eg\ﬁicf%ﬁanQ%%€%$%%%c?fl é%c%r&dar}@e @i t AT AR FRUStYSE T ve 20
enbodi nentintandace in accorfiaguree wiGH siran iildststaation o & atia

processi ng systemin _ accordgnce with an illustrative embodi ment. DETAI LED
DESCRI PTI ON 25The i FP# at ixe tfbodf henf8oF886gniizd vaid atadlea i itfo azeount

1T ust 7t vo erbod molt s T couni oo ahd T T Ho SEbbint ' Fatd CUPVERLT y, an
oper ator N&fTneednterifeck at idi fferentdsoaeceswion i ndor matlionst caopes at e
the 30 ai graft, Jhe different illustrative enbodiments recognize and take
into account that additional information nay be displayed on a navi gation
display with the aeFdgauel galichaits1tosprovide an apenalyr ofadhe, abscraft
additionag s%ﬁg%%%on%%f%ﬁgé%q%if-igg%é?g;é?fﬂgnl|;é§§;é§ggg3 with an

10 illustrative embodiment;

Figure 7 1is an illustration of cubes in a four-
dimensional space in accordance with an illustrative
embodiment;

Figure 8 is an illustration of a flowchart of a

15 process for displaying information for an aircraft in
accordance with an illustrative embodiment;

Figure 9 is an illustration of a flowchart of a
process for processing information for an aircraft to
identify an envelope in accordance with an illustrative

20  embodiment; and

Figure 10 is an illustration of a data processing

system in accordance with an illustrative embodiment.

DETAILED DESCRIPTION

25 The 1illustrative embodiments recognize and take
into account one or more different considerations. For
example, the different illustrative embodiments recognize
and take into account that currently, an operator may need
to look at different sources for information to operate the

30 alrcraft. The different illustrative embodiments recognize
and take into account that additional information may be
displayed on a navigation display with the aeronautical
charts to provide an operator of the aircraft additional

situational awareness. The different illustrative



enbodi ments recogni ze and take into account that by displaying nore
information on a navigation display, the operator does not need to | ook at
as many displays, paper charts, or other sources in operating the aircraft.
5The different illustrative enbodi nents recognize and take deci si ons
10 desired. Into account effort and tinme needed regardi ng operation of
For exanplé@badignaditspl ayecogwhi zh despl ayatay nottd or atheuaper attart t obyrake

the alrcr%ﬂfmﬁﬁuﬂyﬁp %grgf ad&$§ﬁ§¥¥%n¢ %%anaﬁ4§%lgatlon display, the
operator does not need to look at as many displays, paper
charts, or other sources in operating the aircraft.

5 The different illustrative embodiments recognize
and take 1into account that the current manner in which
information is displayed on a navigation display may not
reduce the effort and time needed for the operator to make
decisions regarding operation of the aircraft as much as

10 desired. For example, the display of additional information
may increase the clutter on the navigation display. This
increase in clutter may make it more difficult for the
operator to identify needed information for determining
whether changes in the operation of the aircraft should

15  occur. _

Thus, one or more illustrative embodiments provide
a method and apparatus for displaying information for an
aircraft. In one 1illustrative embodiment, information
associated with the aircraft is identified. An aeronautical

20 chart is displayed on a display system. An envelope is
displayed in the aeronautical chart based on the information
identified. The envelope defines a space flyable by the
aircraft that meets a number of objectives. As used herein,
“a number of”, when used with reference to items, means one

25 or more items. For example, a number of objectives is one
or more objectives.

The display of the envelope may be made in a
number of different ways. In one illustrative example,
information in an area outside of the envelope may be grayed

30 or blacked out to indicate that that area is a non-flyable
area or an area that does not meet the number of objectives.
In other words, the areas that do not meet the number of
objectives are not shown. The objectives may be areas that

are unreachable or restricted.



may increase the clutter on the navigation display. This increase in clutter
may make it nore difficult for the operator to identify needed information
for determ ning whet her changes in the operation of the aircraft should
150ccur. Thus, one or nore illustrative enbodi nents provide a

met hod and apparatus for d| splaying information for an aircraft. In one
illustrative enbodi rﬂéhlfnl@%f éOrrat Fon %Isg‘o‘m atled ant hithestaiatcraft dfs a

|dent|f|eq}lﬁka% 20Q_char di splayed an a di spl a stem An
envel ope is displ ay |n t e %ergg?lla} ]‘?ac% fot/ Ased oﬁnvﬁ€oﬁﬁ‘ﬁéltrrat?on
i denti fi edlepihet shvieh opecdeflanes aispaee fllmawtecalmvtét%r@éd&f@ﬁtl hapsmeet s

a nunber oc[e oib(%tee |ves ao#sed herein, "a nunber of", when used with
ref erence i , e 25V TRl kT t RV Ferniexahpl $00 a huabere of

obj ect bves i one: otompre ObEELFVES02 may take V& AiSPEE 8y of th
envel ope may be made in a nunber of different ways. In one | f'dstratrve

exanmpl e, iSO orf i ¥ ar eh0dut BRdle Of ,t hevigrhwelopel eyt biei gt ayedn 30 or
bl acked o i cat hat area is a non-flyable area or an area
e ehé?wgéog 7 obfect TVBS© tﬁlot%e’? PiMtys, ot herAreES t hat

t hat does not neet the nu
do not neetirtherrynber ofiloljecti vase ar emnotoshomn. s Thea9bi ectiyes may be
ar eas that are reachabl e or restricted. Turning now to

Figure 1, stration of a block diagramof an aircraft information

envi rD@rrent Is depl qtrﬁGEHéB@CtCtQMLaﬂ%ecWéhé téSUStfdfé e & rcfg' %ﬁ?%%

depicted, aircraft information environnent | ncl u

Aircraft 100y irakd Odarieoud e orarsl tﬁnrpmm el n & rcaafdn 102 dstfasyr@ee
a, CONMer Ci ai rp Iane

\grt[cgtjte L: g‘pl angq'na ;@I ?It aﬂ/ﬁ}ngt aeosreelolt OJr Sstiﬁ&ttalb‘fee tPEe 0t S ai r%t‘a%ht 101 n
these il ustficatiave cexaipbresi £ £+ gho4i RfGr M8 | @Rplemented in software,
hardware, or a combination of the two. When implemented in
15 software, flight information identifier 104 may be embodied
in program code that is run by a processor unit, such as a
processor unit in computer system 106. Computer system 106
comprises a number of computers. When more than one
computer is present, those computers may be in communication
20 with each other through a communications system, such as a
network.

Display system 108 is in communication with
computer system 106. In these illustrative examples,
display system 108 is hardware that is configured to display

25 information. Display system 108 comprises a number of
display devices.

In these illustrative examples, flight information
identifier 104 may receive information 110 for aircraft 102.
Information 110 may be received in systems 112 in aircraft

30 102. Systems 112 may include, for example, without
limitation, at least one of an inertial measurement system,
a global positioning system receiver, a flight management

system, a sensor system, an electronic centralized aircraft



identifier 104 may be used to provide information to operate aircraft 102.
In these illustrative exanples, flight information identifier 104 may be

i npl enented in software, hardware, or a conbination of the tw. Wen

i npl emented in software, flight information identifier 104 may be enbodied
in programcode that is run by a processor unit, such as a processor unit

i n conput @@@%ﬁ%mmﬁium@rdm@nuwwlm abnoades sof (ADS-

conput ers e th n.qne ut rese t hose conputers may be
in comTunlB(:)at Cﬂoetglc i ostunl b[Eﬁ‘ner gcﬁe d%rﬁﬁﬁﬁeé%% ons system such as
a network. As @es:plkaawéms,t efel GfhdSsd M LOMMAKK €adhONo MW L hygoRPUt er
system 106. In these illustrative exanples, display system 108 i s hardware
that is cdjrﬁngm”eﬁlt?) ditspl &f 25t¢WﬁorlﬁﬁtﬂﬂénlefstIr@yltsym@ﬁm@Blmm@fses a
nunber 5 of MRl A J&YI C8Sthe 1isted it Sgl 1 Ly ve Il es
flight information identi fleer l1%4emal)l/ ?}gge%\gg ;%r?f grslréa |a§’lnd 11 or %l ?f(:r aft

102. | nf oot Gﬁemanmebellrseneﬁaaedad mesy$tens Ad2 éxamprer afdt 30.462.
without |imtation, at |east one of

Systens 1 na I ude far

an inerti a% neéégur(e%rrg‘nt Syﬁtgrrﬂ agpglagﬁal LRI onhy sl§’§t Lamer ecet Veput a
flight mandgenenti systiemm & SENSOfeYAt AW ARl eCt roni G ceMfal d zeds o
aircraft nonitor, an autonmatic dependent surveillance broadcast (ADS-B

system af@YotHsiludn t6bte Pypésewf Beystshsitem C, or items Ryswel herenn,
the pyase "al ieastciane ofamthen used vith.g 1hst ofc)tedg, peans,

di fferent conbinations of 5 one or nore li's tens may “he u%léd and
only one @Rae@cll@,l tvelrnhcmtt hblmlsatmmy b9wne©cfestd§mrAexaﬁpl ef "iderk RSt One
of itemA, cl ude, w thout Ilmtatlon |teonr

item A and” dtelm BéfTﬁ @me a @l %%n%?“ Beldite $2m ACTi tém B Ciandndt em

C, or itemtBeanduiitem0 Cndih0tikels exanpl es, "at |east one of" may be,
for exanple, without limtation, two of item A, one of itemB, and 10 of
item C, four of iterh"B BhESSeven WitialelW e, cxsdirdtetor $uifbapheion 110

nbi nat t , f t 110
conmbipat i gpgs. Af&é%?f@ ﬁbbu%%%g H%%l%é%ngb?sleggtomg? Lgut %J$%¥%ﬁ€1a%2

aircraft 102 may 1 nclude at st one of i1nformation a
i nf or mat i ehothata iafdectts 102, opeﬁa)tmaml@fn aiter akF£d02s an@d odbherasubh abl e
In these illustrative

|nformat|o|r11that rm% sed to operate aircraft 102.
exanmpl es, ‘i nforretion % et ¢ br SeXxhApIE, igforBast oond IEG g2 i ber af t
state 114;senvi lt@””%?"e@'at'enf QrirRtign 1460 f1ight, plan dd7, J[Pﬂgs%él@{v?t

suitable types of information. In these illustrative exa aircra
stat e 114erayPilRel ude fonfrertreri di,0 such s, for exanplle, [wsutea)srt one

ai rspapd, Jkugh UGy GTRELALYLE, LA e g Juel, Usfs, alf]fude,
plan 117, and other suitable types of information. 1In these
illustrative examples, aircraft state 114 may include
information, such as, for example, position, airspeed, fuel
use, temperature, pressure, predicted fuel use, altitude,
25 vertical speed, and other suitable types of information
about aircraft 102.

Environmental information 116 may take a number of
different forms. Environmental information 116 may include,
for example, weather information 115 and traffic information

30 119. Weather information 115 in environmental information
116 may include at least one of temperature, precipitation,
wind, turbulence, weather conditions, visibility, and other
suitable information. Further, weather information 115 also

may include projected information, such as, for example,
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25 vertical speed, and other suitable types of information about aircraft
102. Environnmental information 116 nay take a nunber of
different fornms. Environnmental information 116 nmay include, for exanple,
weat her information 115 and traffic information 30 119. Weat her information
115 in environnmental information 116 may include at | east one of

t enper at ur‘ﬂéltfmlém p| tla;.!tmldwtwrnd t uribul @roe]  weatdwrheondi tipnsjected

visibilit t SU|tabIe i nformation, Furthe ther information
115 al so %#% Proj ectet &I:% mat' OHS sucH X f?ﬁk%&anp?%l table

mﬁthoutlirmdﬁﬁnmxtumnm ect edweat her, proj ected
preci pi tation, project edw nds, andotherSU|tabIe information. Traffic
i nformation 119 may iTidiude LPEaaE1onheld %mMatochit bade of tailleastaf phe,

comer gi alo fai TWaY:S; o,and, et la%r s&ggﬁr@ i nfQ @5@&199 aﬁf%é éSIangaffa?

information 119 al so may i ncl ude exanpl e, projecte I ons
ot her alrémwMﬁHkﬂ Mﬂﬁdﬂm&ﬂﬂonlrnﬁurﬁﬁﬁﬁs|nﬂaﬁfmn|Infwmm@tmbmniben3150n

about air tl%g |n |t current ﬁOSItlon or 10 alon .a fllght path for
aircraft base ﬁﬂ 4 projected PO?P gheSpl ART11FEPREI udes

i nf or mat i e rabeuftt th@rf|dghfe9én@|r@£@$§ 102 fhriem oneck-pgaticen f9yangt her
| ocation. -This information may include, for exanple, a 15 route, segnents

maki ng upHﬂ%?W%%ﬁ%ﬂlmﬂVﬁ%Wnﬁng5@§& k@ in 1its current p031tlon or
fuel use, allidhioe, Aisspged. Aot LSl LAbled Ngs Mol Chhon syl abl &
ega ges t%

information may inclu for exanpl e, restrictions, noti
ai rmen, ailddpace restrlctlons such as no-fly zones, and the like. 20In

t hese iIIustrative kes lfllgﬁ) i nfornmation i entlfler 104 uses
information 110 for |r af P1102 157 i deltidsF env@lrop&atis ™ orPalFerahe 102,

Envel ope ¥18ghs space di2k-tdmt nay2berfhbyabbechby 1aiderafit 102 that:peets
nunber of objectives 122. In other words, envelope 118 is
location. This information may include, for example, a

15 route, segments making up the route, waypoints, predicted
fuel use, altitude, airspeed, and other suitable
information. Other suitable information may include, for
example, legal restrictions, notices to airmen, airspace
restrictions, such as no-fly zones, and the like.

20 In these illustrative examples, flight information
identifier 104 uses information 110 for aircraft 102 to
identify envelope 118 for aircraft 102. Envelope 118 1is
space 120 that may be flyable by aircraft 102 that meets
number of objectives 122. In other words, envelope 118 is

25 where aircraft 102 may fly in a manner that meets number of
objectives 122, Space 120 may be two dimensional or three
dimensional, depending on the particular implementation.

In these illustrative examples, number of
objectives 122 may be various types of objectives, depending

30 on the particular implementation. Number of objectives 122
may include at least one of risk objective 124, optimization
objective 126, legal objective 127, and other types of

objectives.
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25 where aircraft 102 may fly in a manner that neets nunber of objectives
122. Space 120 nmay be two di nensional or three dinensional, depending on
the particular inplenmentation. _

I nt hesei | | ustrativeexanpl es, nunberof objectives 122 nay be various types of
obj ectives, depending 30 on the particular inplenentat!onu Nunber of _
obj ectives 122 may ifhctludebagctéust 1@de rofy rbsk aolyj esijevet ik24, repat mhagat i on

obj ective e jective,K 127 nd ot.her types of objectives.

R Sk obj ectg‘?&ehélz%%r%@@bgg ahy - 5bi BYPRVES dratiiy %eft%feloéj_im%%tab%%?ék

i nvol ved iT02.he Bperatioplef, aiits ajiiddRivdor2exanpl &e rd skegbj estine 124

may be a requirenment, or constraint that aircraft 102 has a required | evel
BHee

of fuel 5°%&d T rieth aliEradt 1% gers .2 Ilfﬁ%lhblﬁ%rlifWﬁs@fafiwé t
i j i i di at _is.greater
cxamml s, sk o peld ve.d otnBy bouol i ng, (il enoe, Lhet gt

than sonme desired |evel of turbulence ( _ _ ano
exanpl e, rI*SKEOlsjectisie ARicanyvbeladording maiyr Spaceyd i nhy chuabel eude of

h i t.. 10 Qur other sets of risk objectives may be used for
PTok oby eqtive 1349 FRTSH N HROTHEF | FISHF At e bxahpl'e a1 oINSt ebeTve
124 may beiavoiaditngl@2 projract edt f binghthcpatdkafip BOOt hek aidisraft: Ry s95e

establ i shed anount of distance. 15 Risk objective 124 also may include
avoi di ng %6t & PP iSome esramacehdd afviut afcldied anteash is present.

timagatioen objestiverd I t.ake, a_nL t,of different forns. For
g?anple, optiﬁ?gat%on%gb%gc?%¥gglgg ﬁg§gbe0?gg?gég Sa Far g8t éfﬁﬁ%rfoﬁnthln
a desiredrdrdumtoictioe il2d. fly with a desired fuel use rate, and other

sui t abl e obj ectives _t hat be optim zatjons for the operation of aircraft
102. Ledal %gfi%tiﬁgof% "mayt belSefebyva g6véeriient agenky,

such as thejEederal Ywiatiagn AdMaRbstrali of. @@o%@c%’é@”pffi?ﬁtl e9dh of
obj ective 127 may be an airspace restriction, a requirenen tolfly over
desi gnat ed"W&YFST nt5TCEAhB- f3y zene, adtalplibehedstanicotritonsf amtsioimes.

obj ecid VeRisk objective 124 also may include avoiding terrain by some
established amount of distance.
Optimization objective 126 may also take a number
of different forms. For example, optimization objective 126
may be to reach a target airport within a desired amount of
20 time, fly with a desired fuel use rate, and other suitable
objectives that may be optimizations for the operation of
aircraft 102.
Legal objective 127 may be set by a government
agency, such as the Federal Aviation Administration. An
25 example of legal objective 127 may be an airspace
restriction, a requirement to fly over designated waypoints,
a no-fly zone, altitude restrictions, and other objectives.
In these illustrative examples, flight information
identifier 104 displays aeronautical chart 128 on display
30 system 108. Aeronautical chart 128 is a map that is used in
navigating aircraft 102. In these 1llustrative examples,
aeronautical chart 128 is information that is displayed on
display system 108 rather than a paper chart. Aeronautical

chart 128 may include information about items, such as, for

12



In these illustrative exanples, flight information identifier 104 displ ays
aeronautical chart 128 on display 30 system 108. Aeronautical chart 128 is
a map that is used in navigating aircraft 102. In these illustrative

exanpl es, aeronautical chart 128 is information that is displayed on

di spl ay system 108 rather than a paper chart. Aeronautical chart 128 may

i ncl ude i nf&MRLT onvabsetti el taticdn as tefror inexalnpte; i a4 hoat rpbeikat i on,

terrain el i i rpo ications_frequencies, navigation aids,
rivers, ciﬁﬁ%ﬁg??%%%rg% JE%%%%%?%?' arﬁ%iv%?%%?ogu?fgﬁr ertHPOF matibhefor use

in navi gatdpraceradtnd®2ie5Thendi sphay ofuiaenonauti eatnshast 428 pay be
based on the |location of aircraft 102. Different aeronautical charts are

di spl ayed oh ‘4 5piay &y st enravgt Wpending on the | ocation and al titude of
aircrabl 102. In somend |dusirajive sxamples;caeronautieah fh9rhe 13808y be
) i

di spl ayed as a 10 "noving map" on display system 1
il lustrati¥e Ekgmplecataernalt i zhtcehdrt 1028 | s Mifsprayed eargnaphiical user

interface 330 i 08. In these ill rative exanpl es
envel ope 118 iﬂsyﬂiﬁiaﬁ/epdf%%%g%n%ﬁgga Thare™ 1 @éasdﬁﬁﬁ ihg spakBe120
15 flyabl edyyataiarcrafd 02i that oeei Srorimber10f . obi ctbMesi 128strative

As a result, operator 132 mmy obtain situational awareness information
about aircraft i iS4 PEitertthatharfowd28i red af toe102litse lmeetd orsexseed

nurber oof “ehjweicld WeH 124 dihg di s Rl Of el ope 118 in aeronautical chart
128 20 may be used to reduce the anmount of I1nformation that is displayed in

aeronautical chart 128 tbisopdariatsdrat3det oexbepl e By deeduciutg dd1e chart

i nfornati j i fication_ of .space 120 flyable by aircraft 102,
oper at or %%28t %ass%n%%gﬁé%ésgiil?/nrrg@phégg i 8fi§*a ertgr?é:eoﬁe?oat}%ndb?péii]fcr af t

102. 23Theyseductliomn i nfrorgraidon NMayshest fo8 exanples, | ayingooui1g i
information not needed by operator 132. For exanple, the information may be
reduced by 'Rt 2REWi My BFroBSEliiicAg amharlealddt sidedefianuel oueckl812Q her

oo T e el RS A ST Nt o
di spl ayed. I n this eXanpl eresult, operator 132 may obtain situational
awareness information about aircraft 102 in a manner that
allows aircraft 102 to meet or exceed number of objectives
122. The display of envelope 118 in aeronautical chart 128
20 may be used to reduce the amount of information that is
displayed in aeronautical chart 128 for operator 132 to
view. By reducing the information to an identification of
space 120 flyable by aircraft 102, operator 132 may more
easily make decisions about the operation of aircraft 102.
25 The reduction information may be, for example,
leaving out information not needed by operator 132. For
example, the information may be reduced by not showing or
obscuring an area outside of envelope 118. Other
information within envelope 118 would remain visible.
30 In other illustrative examples, the areas outside
of envelope 118 may still be displayed. In this example,
envelope 118 is displayed in a manner to draw attention to

the area within envelope 118. As a result, the amount of

information displayed may not be reduced, but an
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envel ope 118 is displayed in a manner to draw attention to the area within
envel ope 118. As a result, the anount of information displayed may not be
reduced, but an identification of informati on needed by operator 132 is
made through the display of envel ope 118. In this manner,
operator 132 may need to performless calculations or analyses to operate
aircraft IoEntastixcateisul tof opefatiort 132 meydde besspéattguet3lands mydbave

nore tine e r.m ot.her, tasks. Additio y, with the identification of
space 120 t}k?oryogbc-{ﬁeotb@e a(%lrscpr]aﬂ Ofgze,nveer Gts cal cul ati ons by operator 132
may be reduced. For Exanple, maRneper Al rdy DE3PPhEY $ideg akpube 18,1he
range that. an aircraft can fly. In one illustrative exanple, an operator

may make Cl Ul RGNS W A 85 ARSI Y IR clat | et it @l rargét W02 porksmay be
just oyt afcduel, range. I gemeyceses. 1Lhe oneraler My, be, ool st about

how nmuch fuel may actual e nee to reach the targe air
still atteénpte t o eashrfident argetr airpokd. | n Addstimsiange, thenhai fgeaft

may be out. of f.uel hefore reaching e _target airport or_ may not have a
desired anl‘oQ(tjeﬁlttl(L;ijalcfa a1t e%ér?/%%c? nlégséatyﬁ %ﬁi P FFHE riddunt @ s pHBHPTS
weat her cadndiddlons.a 2AQMem chanRges dn 138 ofptdon-Jdg-oecur during flight

of aircraft 102, those changes nmay be taken into account by operator 132
more qui ckly than wift ctferent¢y asedrsysttens.man bhi ooEmmertiai skoun t he

oper at ¢ on 9f. aj rcraf 2 al sq. reduced, 25In these i|lustrative
exanpl es, f1i ght énf tcgrh%gti%lh ?ég%la??ercafbﬁi?%co Ut éDPesstJf PP 168" he§ be
| ocat ed i ®xaimpdreaf t ah02omethtoperatpr nk32 beinguaapiilels ok iehheresuitabl e
operat or aof ai r(;cr.aft 02. For exanple, flight information identifier 104

may be | oddedin Y fHight 230 MeifftigeAERPOSYstEH AR olUuEdt ronkc offl | helbag,

or anot herasuicl.abl @ deyh&eck S §OMPHEeEsystem 10! imi st id NaQLRer
illustrative exanples, fl icéhtei nf or mat |pon i den'gnl ?ll é)re 1Oé)4tlnr%lys%le I%kg%\tlgd in

pl at f orm 19%. Pieh f 6pAL13eRY sachualllgcdtd oneedadt et oreacior afte 102rget
Platt95n1%§%p%%% and may still attempt to reach the target airport.

In this instance, the aircraft may be out of fuel before
reaching the target airport or may not have a desired amount
of fuel reserves in case the aircraft encounters poor
weather conditions.

20 When changes in information 110 occur during
flight of aircraft 102, those changes may be taken into
account by operator 132 more quickly than with currently
used systems. In this manner, risk in the operation of
aircraft 102 also may be reduced.

25 In these illustrative examples, flight information
identifier 104 in computer system 106 may be located in
aircraft 102 with operator 132 being a pilot or other
suitable operator of aircraft 102. For example, flight
information identifier 104 may be located in a flight

30 management system, an electronic flight bag, or another
suitable device in computer system 106.

In other illustrative examples, flight information
identifier 104 may be located in platform 134. Platform 134

is in a location remote to aircraft 102. Platform 134 may
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be, for exanple, a building for an airline operations center, a building
for an air traffic control service, or sone other suitable platform 1In

ot her words, conputer system 106 with flight information identifier 104 may
be 5 |l ocated at a ground | ocati on. When flight information
identifier 104 is located in aircraft 102 with operator 132 being a pilot,
flight i nfoRmationh idermiser a0burayioper dtoe dami ngisameeor oakl-a0f ohke

flight of aif ft 1Q2 .t.0,.provide informatjon_to 10 operator 132 for use in
oper ati ng %%r%%gﬁ‘talg%.lllgulﬁ e#?ri AsGiE ¢ §%§%18pé:roé]tt6r0%13°?e]ﬁ‘é%/c%k€r
proj ecti onsoroe chargesstathbightp phansrer ot har pararete) s or Cginpgrtggft 102

to determ ne Wne':n?&r envel ope 118 changes with respect to the ability of
aircraft 10219 md8f ntihbar fof 966j ebhfoE82029n fislenti fiever LAAr dsay oper at or
132 may beladded onuse foght informmtion identifier 104 to perform
"what-if" scenarios. For exanple, operator 132 may change paraneters, such
as a selection of aifegmffliypesihbpraptépaf tidE02.ifThke did4 er ent otypes of

aircraft m iffe t reserve fuel 20 levels required for ,

| andi ng. Ftr?{hgg,%%élgé}er{eﬁ? twylg%]s 8?65?§8Faf]ti‘?al gglﬁlgveadiﬁlfléjrtent fédght

i ndexes. Asifomesuldn opetalOied 300 Maya pesHor a l anpi g, swhkch -y i gel ude
sel ecting type of aircraft for aircraft 102. { ‘

Addi t i onaﬁq‘ﬁ operditr 132mayiiseiTalght 82 nfor natPvhde dehnfreatiod bebor e

flightoof addrg@fd 11432 4 ' i hycraf.t 2. In_yet
other ill uc?t rative examﬁkeg%%mﬁerﬂg%%a%%%% 1%£P?J§£§{ bﬁ?%di nguﬁgg%’ ai't'line
oper at i onFEENtEFSOperareoralld? hadg provindde metaijucttionss tor ackengés to

102. Furt her,,. e | ysi s of i nformati on may be perforned for other
aircraft i%:llltc’ﬂnre)C fl%ggakrysof Air co:ricgﬁr f It HEETTT i n}e)o%lur?h@(:%%%tf | 18At &P
those air crefetrmitee wnat lyst Semy18geUIAB 1o IBKEs chapges s dhe operaLion
of those aircraft as needed based on envel opes devel oped for those aircraft
meet i ng d@glﬁé&yotﬂfe@tﬁ%ft ARR thiomdaty nuthee @ief | vle) eyl use 12 or mat i on

in a psojected enveligpe, ¢ promote ef ficieanc mai nt.ai n_on-time
departures and arrivals. In other wor Jsse aﬁo%i ???néﬁaﬁzayb%sggtlﬁi o use
i nf or mat i ¢A idits| iigHtdynatercout e demtal fricraf t104 the fheetotm reashea; desired
destinati QRN t.i me.
eharios. For example, operator 132 may change parameters,
such as a selection of aircraft types for aircraft 102. The

different types of aircraft may have different reserve fuel

20 levels required for landing. Further, different types of
aircraft also have different cost indexes. As a result,
operator 132 may perform planning, which may include

selecting a type of aircraft for aircraft 102.
Additionally, operator 132 may use flight
25 information identifier 104 before flight of aircraft 102 in
planning a flight plan for aircraft 102. In yet other
illustrative examples, when platform 134 is a building at an
airline operations center, operator 132 may ©provide
instructions to aircraft 102. Further, the analysis of
30  information may be performed for other aircraft in the fleet
of aircraft for the airline during the flight of those
alrcraft. The analysis may be used to make changes in the
operation of those aircraft as needed based on envelopes

developed for those aircraft meeting desired objectives.
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Theil lustrationofaircraftinformati on environment 100 in Figure 1 is not

meant to inply physical or architectural limtations to the manner in which
an illustrative enbodi mrent nmay be inplenmented. & her 10 conponents in
addition to or in place of the ones illustrated may be used. Sone
conponents may be unnecessary. Al so, the blocks are presented to illustrate

some f unctAdshdliaenponents: €Oneliote more Wie theserddocks hmya ber cpabi aed,
di vi ded, or__canbi ned _and di vi ded int%,different 15 bl ocks when i npl enent ed
in an ill @GR efBodifeitote  efficiengy hoigfh pFALPEAM 1340 Nas1Been

descri bed rpaa thuiddidig for-amal 'l ine operatjonss centers angd,@ paw 1 diog for
an air traffic control surface, platform 134 may take other forns. For
exanpl e, plhatsf of if e8@agaynbeta sHilghtd 20rspacéer aft, arr@on ottherthe
sui tabke type of platfqr . Further, canputer system 106 has
been descr%%& ats?ol)r(?:elarlcgjll1 IrrodaetSéLdteldn GTers ttlofbémo?clinhe platform 134. In yet

other illustrative é&tanpl es]llaeopatesvnsystemm 106 imayalse di stkfbuhed: bet ween
aircraft 102 .and platfo 134_in which 25 conputers in conmputer system 106
XS A%

are in commuri’® eacRiglREr 1 147 sk MPROSt F&t i V& ek anpy ekcal

conputer system-h@6comy-he | 0cat edci Bnpl atdorimd34,,whil e idi splhay, system
108 is located in aircraft 102. Turning now to Figure 2, an illustration of

a 30 bl ock ldivggrarhiofe a gmepHiimahtuseraynt drd acérnips edepitetded i n aecoedance

W th illustrative enbodinent. In this depicted _exanpl e,. aeronauti cal
chartf\qwcr%&a{1 Olg%tntt\ﬁo- :Wrren%?%ﬁ% Or&haECtO 200, tjhrPeepgflﬁ%nsiognaltklﬁwar?n%ﬁz, or

some conbiiddtisamatthker eoflay be  used. Furddier, aengpauhiteal ghart 128,
when t aki ng the form of two-dinmensiagnal chart 200, may be displayed as top

vi ew 204, WEFCCEER Wi-ew 20%] of NSore Adifhi Het | BREPREEEST .LoTopl Ve 20a is a
view fromsbhe top efi AlaCrfipadd S FHIWe | Lo 5%%1’%9@@10%/§§tﬂn§9|

view 206 is a viewin the direction that aircraft 102 travels.
particul ake vempiieald,videwi266!, meyr beoned vice Frraom thiedsdr face of f fdeefart h
gfgﬁ[gg.vgﬁ%k%%lw%%%wi%% e t%kﬁqu%M{%H'ug%%ég%&gsg%gggféégg.Situationa

Although platform 134 has been described as a
building for an airline operations center and a building for
an air traffic control surface, platform 134 may take other
forms. For example, platform 134 may be a ship, a

20  spacecraft, or some other suitable type of platform.

Further, computer system 106 has been described as
being located in aircraft 102 or in platform 134. In yet
other illustrative examples, computer system 106 may be
distributed between aircraft 102 and platform 134 in which

25 computers in computer system 106 are in communication with
each other. In some illustrative examples, computer system
106 may be located in platform 134, while display system 108

is located in aircraft 102.
Turning now to Figure 2, an illustration of a
30 block diagram of a graphical user interface is depicted in
accordance with an illustrative embodiment. In this
depicted example, aeronautical chart 128 may be two-
dimensional chart 200, three-dimensional chart 202, or some

combination thereof.
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10In these illustrative exanpl es, envelope 118 is displayed in graphical
user interface 130 in aeronautical chart 128. As depicted, envel ope 118
defines a space in which aircraft 102 is able to neet nunber of objectives
122 in Figure 1. For exanple, if nunber of objectives 122 is a 15 range
based on a desired |level of fuel reserves, envelope 118 illustrates space
in which aircraft 102umayerdf,| yaandhaeetcd hathabjtecds,e. when taking #se
depi cted, envel ope 118 nqéainclude neutral space 208 and desirabl e space

210. Neut r& s pgHcet 908+ 7y°20" space tt HAC aite¥ aPt 02PHaY Sl % ot et
nunmber of vaRjecioyesvi22ical view 206Additionall yorfesiiakle space,210 may
be any space within envel ope 118 that aircraft 102 may fly that nmay exceed
nunber of Tehj eét¢weL 0221 py asomeev hrieshiol dheFdroR50éx aapt @ a Hesili0&bl enspace
210 be.. S er ai |l w nds ar esent . . Fl yi i.n desirable space 210
vvithrr?%i I \%\'/i:L ggrrﬁ[\;,/\hclongcrﬁeeas SFuer ef ?gfé%% {6%4 ngellsgraea‘fleerwt%%niphe

requi red tdreeetioan abjeactiaerdoaffueloefficekency.by sare tpaeshehdar The

t hreshol d may be selected in different ways, 30 depending on the

i npl enent 60r C2Ror VEXAMEPE, The ORr e3hdIE eyt B & Run®tt kate valfuetha

per cent agearahf URGtdon that - calcul ates do¥ahus, 0L-SeXE Uher syitable

form Addi tionally, space outside of envel ope 118 is

undesi r abke vepadeall 2iitmattiese li Idisstleat.i ve exanpl es.  Undesirabl e space
212 is,space in which ajrcraft, 102 shquld avoid during flight. Ln_these
iIIusf?ative exanplggi %%%%?aﬁ%%&%ﬁ% ,ed8§?ngF§’sﬁﬁgﬁi%1 > dndel bpe

118, and dndesirabl eispacepll2al mayebe indentrizlbeedi 30 aer onaubhsat i ehart
128 using c?lgq”t‘ge r1 Zoi; . ar aApshl (cj:glp i Ic*rc]g!j(,: ateonrvse lzo]i)4é NZlI.J:rLTtB)e rdeqffi ngersapgl Csai)la clen dli 1’(1: ators
which aircraft 102 is able to meet number of objectives 122
in Figure 1. For example, if number of objectives 122 is a
15 range based on a desired level of fuel reserves, envelope
118 illustrates space in which aircraft 102 may fly and meet
that objective.

As depicted, envelope 118 may include neutral
space 208 and desirable space 210. Neutral space 208 is any

20 space that aircraft 102 may fly to meet number of objectives
122,

Additionally, desirable space 210 may be any space
within envelope 118 that aircraft 102 may fly that may
exceed number of objectives 122 Dby some threshold. For

25 example, desirable space 210 may be areas where tailwinds
are present. Flying in desirable space 210 with tailwinds
may increase fuel efficiency to a level greater than
required to meet an objective for fuel efficiency by some
threshold. The threshold may be selected in different ways,

30 depending on the implementation. For example, the threshold
may be a numerical value, a percentage, a function that
calculates a value, or some other suitable form.

Additionally, space outside of envelope 118 is

undesirable space 212 in these illustrative examples.
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214 may take various forns. For exanple, without limtation, nunber of
graphical indicators 214 may be at | east one of a line, color, shading,
cross-hatching, 10 graphic, text, animted graphics, and other suitable
types of graphical indicators. For exanpl e, envel ope 118 may
be defined using a line. Neutral space 208 within envel ope 118 may be

defined usimpdinratlectpicR1812desi sabke space 20 dmyeherdefonednd s ysi ng
second col or 2 %1 and undesi rabl e space 212 may be defined using third
col or 220.2V01d during IEgtdyanpl e, first color 216 may be blue, and second

color 218 my be gr aen.xHd & ool 220, Iy dig, sed echad: Lo) obseur e,g, bl ock

out a view of terrain or other 20 information on aeronautic 8
that is ouWtssildalofe empralo@d o1& ndalgrre 118 usindt ivde exanpl €, sphie d2Ldl or

220 may b ck o ray. . n these illustrative exanples,
envelo%e %E§J2§§ c %ﬁ%gylj%aﬁ?c%?F?nﬁgt?ﬁﬁgrﬁE?F n 1280 Y5 gurePar chfinges.
25 As a resulphiceper ahofcdB2rdoesot meethd0 perfenminewical syl ations each
time information 110 changes in operating aircraft 102. Instead, operator

132 may Vi er2Y opéakes dizptayed FfATEEronaut Fesl EHaMPLlE28 tolHppet
qui ckl'y make idegiisions,oRpoperat i pg.aht ft, 10. e hl,l ration_of
gr aphi cal usé} iﬁierfa%e 130 in F?gﬁ?e %5?5:ﬁ%%gﬁggggbtghﬁngﬁ%yp%§%i%gl or
architect dre@lstl | mrteat iohs &o flheepanmerlom whlchiigraphi cabsusiestintesf ace

130 di§%l%% i nformation., For exanple, althqggh neutral, space 208,

desi rabl e %pRce 210 %and GHEBEFFEbI% “EFEEE 2127 hat8Chesit idedtrd bedPas

bei ng di splfayedpisiczg Gelarstther types of graphical indicators may be
used in addition to or in place of color. For exanple, undesirable space
212 may be di spl ayed %siGiFithi¢d eoretopg0 1d8d rerwsiee hdedhinng. B iDasiaabl e

Second color 218 Al ermatee h 208 Goh o sanserre 181 WY HS g

i Il ustrat inpénegxanptes, cehadi 12d éyaydbei tsiete | BpacpardiGuhay el ofefdned

Ind|9ﬁ§e %%E%@'Eé%gﬁéogglor 218, and undesirable space 212 may be
defined using third color 220.

For example, first color 216 may be blue, and
second color 218 may be green. Third color 220 may be
selected to obscure or block out a view of terrain or other

20 information on aeronautical chart 128 that is outside of
envelope 118. In one illustrative example, third color 220
may be black or gray.

In these illustrative examples, envelope 118 may
change dynamically as information 110 in Figure 1 changes.

25 As a result, operator 132 does not need to perform new
calculations each time information 110 changes in operating
aircraft 102. Instead, operator 132 may view envelope 118
displayed in aeronautical chart 128 to more quickly make
decisions on operating aircraft 102.

30 The illustration of graphical user interface 130
in Figure 2 is not meant to imply physical or architectural
limitations to the manner in which graphical user interface

130 may display information. For example, although neutral

space 208, desirable space 210, and undesirable space 212
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10 within a space. For exanple, a lighter shade of first color 216 may be
used to show when the aircraft is in a space close to undesirable space 212
or a particular condition, such as rain, has begun in a section of neutral
space 208. In this illustrative exanple, aircraft 102 may still be able 15
to fly through this section of neutral space 208, but considerations nust
be made fdraihebepangesicmiwealt ey ooyt doaplbpest iddinet hes1d4 usbeati-ve

exanpl es, vel o 118 may_not di stinguish between different types of
space. For %eexa%e)l %fa%kﬁ%/‘éfgpén igahﬁgsoﬁlﬁy ﬁ?&vélsr?éjutlrréla%la%%or?o*fs(?l Arstill

other illustrative examplles.. Oneoor cABLE]desihable rspace ddxaddis op,t0
desirabl e space 210 may be displ ayed. These addi ti onal
desirabl e %%a@ésgprﬁ%y%% OFS 1S f &hérd t gpésrt hdRO0desintlabteospabat2iOnFor
exanpl g, 2% desd I C 1 i ndi esirabl e space jn L ch
tailwinds are prﬂe%gnfpafsdgé;1 ,ﬁérgg e%ef Bigls%g%gjieﬁ glnsclyn.gaﬁ?neocfChrgé;71 %I%js??\gghg
space may e préséntithatsingi caf eseadnackcofloturbug ence fatatidcr eased
confort of jRassengers. When nore than one type of desirable space is
present, thése J54EES may overlap each other. This overlap may be

i ndi cated wi th addi tiironakngr-aphi cab+ adi ¢at ars. 4,01 dndi catethe ?ﬁ‘é%”é‘@- For
exanmpl e, flashing colors, animation, or graphical indicators may be used to
show t he &4 of Dover IPEg tifayl 331 o¢ipde rant ¢ ncimelised: eabickirty ino seet ions
exceedynunhen i¢f -obj j ve . Wth reference_now to Figure
3, an illustration &edggn eleve gepxeamoqlseﬁl ayed $hh %%?%%a%fi‘?ﬂs%hﬁ? °fn a
gr aphi cal 2d$ermant &ef aceed s tdepilotedwhenacaor daneerwirth ian ihl ustggiiyve
enbodi mantc.lol n tthi s illust r%tli ve exanple, graphical user interface 300 is
an exanpl € 6f “an ?nﬁpgﬁéﬁffé il6n Tt Yr APAi ¢l Bis @R LthteYPac ec a3 Bi spl ayed
in di spl apusystem 408 | nhEbg%gu%- iAeronautieah ehart 392 i lsseéaocéj'éeéayw

in graphical user interface 30 In this illustrative exanpl e, aeronautical
chart 302 1fs taifovildgsiggtive example Asidepiatted,02 owe S041T dve amble

o L SR foa steracnl aharts T8 e 0T MEPLYE 1.
aircraft. considerations must be made for the change 1in weather
condition.
In still other illustrative examples, envelope 118
may not distinguish between different types of space. For
20 example, envelope 118 may only have neutral space 208. In
still other illustrative examples, one or more desirable
space in addition to desirable space 210 may be displayed.
These additional desirable spaces may be of
different types than desirable space 210. For example,
25 desirable space 210 may indicate a desirable space 1n which
tailwinds are present for increased fuel efficiency.
Another desirable space may be present that indicates a lack
of turbulence for increased comfort of passengers. When
more than one type of desirable space is present, these
30 Spaces may overlap each other. This overlap may be
indicated with additional graphical indicators to indicate
the overlap. For example, flashing colors, animation, or

graphical indicators may be used to show the area of overlap
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Envel ope 308 is displayed in aeronautical chart 302. In this

t wo- di nensi onal di splay, undesirable space 310 is an area outside of

envel ope 308 and is obscured in this 20 illustrative exanple. In this
illustrative exanple, envel ope 308 is displayed using first color 312 and
second color 314. First color 312 identifies neutral space 316 in envel ope
308. Neut mady spacel ®lGr niremeel ape 3081 tSy atb anest | o 25xvdd € hnanpeipber  of
obj ectives can be net. Second color 314 identifies desirable space 318 in
envel ope 308.°Desi5%ath%? space 318 identified by second color 314 is an area

in which a nunber ofiiahy ectdaes, Camde 1trQfuixceeded P}'lﬁ@@rﬂf?ﬁaéf
flying through desirable space 318. In this 30 illustrative exanple,

desi r abl e 3pace ' FPHs ailpbayéh whichanai lwireds vareagr esgrtrt When the

aircraft fJi t hr.ough desirable space 318 in envel ope 308, the aircraft

nay regachglarlaﬁzlrlge g allgsfeprgr%nﬁr%%aaﬁi cKl y efnjuc%i be ﬁ%lcé?rfj@hlcley i tth gPeat er
fuel effidildneyrative embodimentl.n thirs ithustratiyerexampke, ckadesiyabl e
space 310 isﬁggg |.ayed using third color 320. In this illustrative exanple,
third col & %&y beS§E| ect®d 1 G GbscdP8 i nfor mati orf ¥ RiRlesiafabl @2 space

310 on aer;apAWkictalatd shardr 302 pH Ot h%ewrpkserﬁrtdési:&@béfsﬁp £q31Q may
be bl acked out or obscured fromthe view of the operator. of course, an
oper at or ReEypPréRangy tlivan cbP®r ior Figmaee X he Bekonatibiseé iambartned02dnisn

undesj f abl 1Q, dependin n the particular inplementatjon.
10W t éeféﬁéﬁ@gﬁ%ﬁfoﬂfbur Qﬁéhkﬁ%gr ?F?ﬁgtﬁa FohGE gﬁo§nvelo di 5ptayed

in an aer dnautsitealt igkar ¢xbfpaegr aphi @adutises] | phenfracgops depikctedvifg
accordance with an illustrative enbodinent. In this exanple, desirable
space 318™P&:no | onger displayed within 15 envel ope 308.1n this exanple,

only neutral space %%6ig%ﬁgég@@;.nggtgha@yairk5pe gbsm§@&égﬁ§pve ope
or n

308 may occur in response to a change in infornmation. exanpl e, e
desi r abl edspadey318 dm d<igurait3i cepresent s362pr eSence 36 tiad | oM molbayéd

tailw&ydso%h%ggﬁﬁgbéyé%fukﬁég@g§62pggF%Qtlocation corresponding to a
location of the aircraft.
Envelope 308 is displayed in aeronautical chart
302. In this two-dimensional display, undesirable space 310
is an area outside of envelope 308 and is obscured in this
20 illustrative example. In this illustrative example,
envelope 308 1is displayed using first color 312 and second
color 314. First color 312 identifies neutral space 316 in
envelope 308.
Neutral space 316 in envelope 308 is an area in
25 which a number of objectives can be met. Second color 314
identifies desirable space 318 in envelope 308. Desirable
space 318 identified by second color 314 is an area in which
a number of objectives can be met or exceeded by the
aircraft flying through desirable space 318. In this
30  dillustrative example, desirable space 318 is an area in
which tailwinds are present. When the aircraft flies
through desirable space 318 in envelope 308, the aircraft
may reach a target airport more quickly and may be able to

fly with greater fuel efficiency.
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20 during the operation of the aircraft,
di spl ayed within envel ope 308.

Turning now to Figure 5, yet

another illustration of an envel ope displayed in an aeronautical chart
graphical, user interface is depicted in accordance with an 25 illustra
enbodinment. In this illustrative exanple, Information for the aircraft

changed during the flnghthicf theuatrerakt. dxatpls, paiitdesilal,1exagphect he
change in
Furt her,

i mation results in a change in the shape_of envel ope 30 3
cééﬁ?;g%e §%§%’%¥ al $9'hds 5%éﬁ6edQQ#%%apé29nd | ocht i ofihas

conpared tolhhetidtsdrakiaenief, envelepe.-308 igabi Gues a%]éohe ted to
InnPhis manner, chan%gs iﬁ ?nfornation that affect tﬁg ??lg t g% f%e

aircraft reRtfyre nie

FeRsi¢h iheuddeplagblef spavel 3p@ 808aFuphhet icthe

illustgati el ope,.3 i.n. Fi s 3-5.s not meant to_inpl hys
or arcEité%?ﬁ?glgP?hita?Pog§i¥%?t%%yéghngpdfﬁlr\g@ﬁfa%????uégggf%vg be
enbodi mentb gk oupl enepbedulred hasen Scihé | ustkabirve rexaspd £8: 0 €nvebepe

308 is di

%&!%¥ed as a flight envel ope. In other words, envel ope 308

i |l ustrates Tiabl € sPACE FOrF Y afhere® t thasedl on pburengnd fheachlpgh

plan for tie aeecriafornatiotherni blustrative exanpl e%ao?”voeépoeggdﬁ% i be
di spl ayed as a range envelope. In this exanple,” 10 envel ope "3 na e
di spl ayed & ifvditciatel ar daw fdnyeatiiat bynt he aircraft without regard to a

partigglar route or

Wth_referenc

l.i.ght _plan.
6, an illustration ozuggblégfﬁﬁf%§¥%n16¥m?li&ﬁt iﬁﬂgPﬁﬁtiog'ideﬁPPFPEF

is
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25

30

illustration of an envelope displayed in an aeronautical
chart in a graphical user interface 1is depicted 1in
accordance with an illustrative embodiment. In this
example, desirable space 318 is no longer displayed within
envelope 308. In this example, only neutral space 316 is
present. This change in the display of envelope 308 may
occur in response to a change in information. For example,
when desirable space 318 in Figure 3 represents a presence
of tailwinds, if tailwinds change or are no longer present
during the operation of the aircraft, desirable space 318 is
no longer displayed within envelope 308.

Turning now to Figure 5, yet another illustration
of an envelope displayed in an aeronautical chart in a
graphical user interface is depicted in accordance with an
illustrative embodiment. In this illustrative example,
information for the aircraft has changed during the flight
of the aircraft.

In this particular example, the change in
information results in a change in the shape of envelope
308. Further, desirable space 318 also has changed in shape
and location as compared to the illustration of envelope 308
in Figures 3 and 4.

In this manner, changes in information that affect

the flight of the aircraft result in changes 1in the display

21
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13 depicted in accordance with an illustrative enbodi nent. As depicted,
flight information identifier 104 conprises information retrieval system
600, situation system 602, and situation display 604. In these illustrative
exanpl es, systens 112 in 20 aircraft 102 in Figure 1 conprise autonatic
dependent surveillance broadcast (ADS-B) system 610, weather information
system 611 andvel et r3®8 c centrrakirzedhai ridnafstt monidroro { EGAM 1 644 . 308
cour se, sy.sten?{j112 may i ncl ude ot her systens in addition to or in place of
I

the ones 25 i TtE¢F&%ed3n tHiS pAPEi clitaltexanpl elMPly  physicgly “or

depi ct ed, drmgriticdlcURASUT BRI 8YSHEM 606 Ay gepergLe inkormpiian, spch as
position, speed, altitude, and other information for aircraft state 114 in

Fi gure 1 il liuyfferfdticon eripdimenht mahadetentnsystent 608 maylpr ovhdee 30
flightspl an 14,8 GRSt J a her {table information for.aircraft
state 114 for airracrlg]%ts 102’ %ust’o%g}\?éclogaeepg%u ent® sUrY %Y%Otr[\caes b‘?oéﬁ%%f
syst em 61@nveyl qpreovi den i of bemawbends, seeleaspai r3vaafil tuaffites t raffibte
intent, predicted aircraft traffic, and other suitable infornmation.

Weat her | MESITTation 8)sfem s mdye PidvPle toWtCentO4wathér G nfEitmaPian as
vel | as predi atred Or-dosecast ed 5opeat har Jdf,ormld Oékax@fi&é r 0@%%1?%?

centralized aircraft nonitor 614 may provide information, such as,
exanpl e, 98 émty fafeldiuselapeédiet edrhnek @see lamd .ot Her inforemtnphe,

| nforpgti riev. S em 600 is configured.to obtain informtion 110
from syst %%Evre?tffel n t%e%%g/dglgi cte %“f@/ee%(arr%l érs“.jllcﬁfggr et ﬁéfr%ah?]e?/al?y
syst em 60@hies scionfrizgitr edi tloouet réeyedand pr @eess dunf:ar mahien dd0s11Hnt hese

illustrati \ée exanpl es, information 110 received fromsystens 112 may be
time-tagg&d®'n other words, information 110 may include tinestanps.

I nformation retrieval; t3y$t8m,800 £0/4.£lial &8 fli& 1, ii%"%?%&?%@f‘éﬁdo?” the
allable, I'n

ti mestanps. Further, whenpredi ctedi nformationis una ormation
retrieval asyBteake0biadsonneyf flight information identifier 104 is

15 depicted in accordance with an illustrative embodiment. As
depicted, flight information identifier 104 comprises
information retrieval system 600, situation system 602, and
situation display 604.

In these illustrative examples, systems 112 in

20 aircraft 102 in Figure 1 comprise automatic dependent
surveillance broadcast (ADS-B) system 610, weather
information system 612, and electronic centralized aircraft
monitor (ECAM) 614. Of course, systems 112 may include
other systems in addition to or in place of the ones

25 illustrated in this particular example.

As depicted, inertial measurement system 606 may
generate information, such as position, speed, altitude, and
other information for aircraft state 114 in Figure 1 in
information 110. Flight management system 608 may provide

30 flight plan 117, a cost index, and other suitable
information for aircraft state 114 for aircraft 102.
Automatic dependent surveillance broadcast system 610 may

provide information, such as aircraft traffic, traffic
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provide predictions for various types of information.For exanple, if

el ectronic centralized aircraft nonitor 614 does 20 not provide an
estimted fuel use, information retrieval system 600 may predict fuel use
based on past information about current fuel use. _ Furt her,
information retrieval system 600 places information 110 in a format useable
by situat iiorfesyst em 802 ct25! Foriexanpd e, tiaf or aopt i omd r estheval ssystem: 600
may use aiforrmat with five fields. These fields may be system tineg,

vari abl e, ‘And PFoj€dt'ed error. The systemidentifies a systemin systens

112 from which the imfummt ij0red fnd nf @ nBfdan, léli)z%;fzrﬁﬁgﬂ@g-cifw@nt
represents the time at 30 which the information in information 110 was
recei ved fesrhlte sydtcethaitdent i fisedwFheé vari abredidenatli fpes fheecasted

par aneter . ue; | ue of rameter. Proj,ected error is the
esti ma% ed W-Eréscg;éali‘ orll{l %Eﬁg?%g{j éﬁgdpgoglcForce&(té: I"€,°9 nf%?’ﬁ%f?iﬁ
recei ved fmoomtiareréli4l magapuoenert syst mﬁlk&]my%bﬁ as,f(ﬁﬂlom.@gam?@@i
17:00: 00, ALT, 7500m. and 20mIn this exanple, INS represents inertia
measur eneft’ [y tterhsds PR 055 5 Ghe 1S mestamP Fbro e i o ek o - ALT

represents altitude.Inta00mdisd h@e@ﬁéwﬁes%%@&i 608d.i and, 20m i S.4 he

projected error for the value. of course, other nunbers and typgs.of ?ields
may be usé&®tedépehdt gioni ehe 1p8r t§ et asyEfphendit2it i on thSisteuad¢phncsyst em

602 i sy conkiy %ﬁ%@.tofﬂ¥§yﬂgaﬁon retrieval system 600 is configured to
retrieve and process information 110. 1In these illustrative
examples, information 110 received from systems 112 may be
time-tagged. In other words, information 110 may include
timestamps. Information retrieval system 600 correlates the

15 information based on the timestamps.

Further, when predicted information is
unavailable, information retrieval system 600 also may
provide predictions for various types of information. For

example, 1f electronic centralized aircraft monitor 614 does

20  not provide an estimated fuel use, information retrieval

system 600 may predict fuel use based on past information
about current fuel use.

Further, information retrieval system 600 places

information 110 in a format useable by situation system 602.

25 For example, information retrieval system 600 may use a

format with five fields. These fields may be system, time,

variable, and projected error. The system identifies a

system in systems 112 from which the information in

information 110 was received. Time represents the time at

30 which the information in information 110 was received from

the system identified. The wvariable identifies the

parameter. The wvalue 1s the wvalue of the parameter.

Projected error is the estimated error for the value.
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10 envel ope 118 based on nunber of objectives 122 selected for aircraft 102
in Figure 1. In particular, situation system 602 nay represent the space
around aircraft 102 as four-di nensional space 618. Four-di nensi onal space
618 is a data structure that identifies space 120 in Figure 1 in which 15
aircraft 102 may fly at different points in tinme. In these illustrative
exanpl es, four-di nersionealkkagpaes 618fomyabeot heresshapedf facaubenetpibhi s
exanpl e, four-di nensi onal , spac 18 may take the form of_ a four-di nensional
cube. int e%sseudgﬁmfeuns raUPVe ex%l B8y Pyur 4di n'g?ljsi%‘?’l%l 30'spaté: 848%Hay be
di vi ded i miiar,cube® 0620. aEachzcmbe i nicubes £2Q.mmy ke W@N%edréﬁrésgg@ger
that defines envel ope 118. For exanple, each cube in cubes 620 may be

mar ked t o iditcatle B BTN Y Pacey 6220 §)fe ofl 'sPAcd 0622 nye beiméeramp
exanpl g, f oNne neut 24, . desj rabl e space, 626,
undesi rabI%?I‘sagvj"a(;kfece]I 16{2%19 or aog{'soreréetlgt eepflpegst%f tSﬁ)lael lytbééd%f s%%‘g%m ﬁ/pgh%f
space 622 afldritelsesi G20 nlayedie amdt kedmbased hen pahethereanewhjectbverhd
nunber of 2 jeectiv(yi 122 can be, net b% aircraft 102 flyi B%seWithi n a
particul ar cube i N cub¥s 820. O80Ty pBUBPeEFacs I3y e Hubee 63D B ¥oPamy be
mar ked base@dgn defetREm AR rolRCtmMe: i dy nunber, of,ahj actd,yes 122 can be
exceeded by sonme threshold. Cubes 620 that neet the objective but do not
exceed the objectivelBypesoms t Kveshtl d6@2 e iar ked faguneut r &b spaeet i Cubes
620 that h unber ; of L opj RY the .thre d are marked as
desi r abl e%)sﬁg%gg).pte L1 ﬁg? glrll@g% i ggt %)é eé:gcr%ﬁ]c?ts Ele%rre &i%c%%%g?rof
obj ecti ves1¥22afithel @uben nBygulren lhe nRnkedras cundesi rabliest & They s86m of
neut r al Space. desi rabl e space, and undesirable space may be suited for

when f1i gt < it mafPoR Stdént F15 ePPE6S (3T QdRd i rairedtaf 10202 shyf eper at or
132 in Fi gufenkiohB1t Ricgsaey., Glditefi in 4, uch, tjon e
avoi ded in di gpllgyi ng gﬁvcel ope 118 to oplerzﬁolr 132%15{0% O%i(;%r%%,aﬁ?gher
granul ari EFrHEYUBE prleslent deot iddses ®205e dd@édnding Foguree pariti cwhach

i mpl nt at i or. articular types of obj.ectives that are net or
eggegl(rj%d %%ggtaﬁges}r?g(%%iﬂb}g ?%e(gﬁ!ff?]é%xgopoﬂipﬁerl@nttl&ﬁ'nt T ntheae.
This increéasedtamunt efkaimpflesyaticon Endes iknsuidabie dog whennd | ight
information identifier 104 is used on platform134 in Figure 1. Situation
di spl ay 6§HaP§ @d%f‘?‘g&l*@@'to gBndiatte Yraphieal feser dimesstisoe 1130 ai¢ h

envel ope 18 flbgpkaxediihp agrenauyt i,cal, ghart 128 4 Figye 1. Aeronautical
chart 128 nmay be displayed in two- 20 (lzlll nmensi ons or three-di nensions.

In these illustrative examples, four-dimensional

20 space 618 may be divided into cubes 620. Each cube in cubes
620 may be marked in a manner that defines envelope 118.
For example, each cube in cubes 620 may be marked to
indicate type of space 622. Type of space 622 may be, for
example, selected from one of neutral space 624, desirable

25 space 626, undesirable space 628, or as some other suitable
type of space. Type of space 622 for cubes 620 may be
marked based on whether an objective in number of objectives
122 can be met by aircraft 102 flying within a particular
cube in cubes 620.

30 Type of space 622 for cubes 620 also may be marked
based on whether an objective in number of objectives 122
can be exceeded by some threshold. Cubes 620 that meet the
objective but do not exceed the objective by some threshold

are marked as neutral space. Cubes 620 that exceed the
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Wth reference nowto Figure 7, an illustration of cubes in a

four-di nensi onal space is depicted in accordance with an illustrative
enbodinment. In this illustrative exanple, cubes 700 are shown as a _
pictorial illustration of 25 cubes 620 for four-dinensional space 618 in
Fi gure 6. In this illustrative exanple, axis 702 represents

al titude, raxikeer7040f epolesent sveat i buderhand tawdeshe06 r epresemd ske@nghtude.

Each of cqpes 7qgscontains an indication of whether the space in a
parti cul ar"¢ugé

S &30 Sreutral space, a desirable space, or an undesirable

space. In these i|lustraldyecssamplies, theqadi gati gl s;Rdg,hgr, di fferent
points in time. For exanple, cube 708 may i nclude an indication that “this
space i s &PaRtigessperd aﬁh%n@Ub©im@Yiﬁhﬁhnéwbuﬁﬂﬂgxhnawndnééﬁabhbﬁspace

i n anot heru,poi i ime. As a result, the state of the cube nmay change
over t%ne?ﬂ% e LB e Eourd¥ <G %%ﬁ%?a?$?u§PF§FVvé“éia ?%%,F%%@ﬁ cube
may i ncl udeaner endlet akl e@iit@ﬁormi@ﬂﬂeﬁ?md@ﬂteriegﬂor%dapﬂdﬂ Sidgé‘nﬁ_if‘?er!:or
exanpl e, e.708 may .identify levels of traffic for different points in
time in aggll%t i‘oh 156° Kert G lspte 9% oRtatarr BRZifapfiguee 1. In

undesirablt@is manner, cMitdefeberenge,new 4o f.gune 8 @Eygﬁéugééﬁéi n of

a flowhart of a process for displaying informtion for aircra i's
depi cted it Sccoridariew winttelapd |YLBsttraatdpes asmbodi3gent . The process L0
illustgated in Figure 8 may be used.in aircraft information environment

in Fi ]tg(are 1. In par tOi%cucloéllrr?lset’hé’1 ;s)“rlc%besrs W@ealfw eithted Preffightor

i nf or mat i cmbiederd2d,i efedd4d iy Fbgut Be 1paFhiisupbeCcass e Re 1%, npl gyent ed
in hardware, software, or a conbination of the two. _ The process
begi ns by SFa8RtCryi AGTHAFB it i ©PTDr odn aPieraivegopehati are800R: The
process tbecdent i £ es, anraeropaut i il hart fasedon algcati on. of L he
aircraft 20(operation 802). e process en rdentrfres

envel ope Phantdefinngdma .spdte f liyablea dnd téhe it arafin tdata et snay nwaber

o 001 £ (Lg% LOReTAL) o BO4) 1 41 oberation 804 he envelge ey b
the plurabntyobit cebes vy be nBideseWith ansingi€adi onyiaf,ia .t yBe40f; space
based on the information identified for the aircraft.
configured to generate graphical user interface 130 with
envelope 118 displayed in aeronautical chart 128 in Figure
1. Aeronautical chart 128 may be displayed in two-
20 dimensions or three-dimensions.

With reference now to Figure 7, an illustration of
cubes in a four-dimensional space is depicted in accordance
with an 1llustrative embodiment. In this 1illustrative
example, cubes 700 are shown as a pictorial illustration of

25 cubes 620 for four-dimensional space 618 in Figure 6.

In this illustrative example, axis 702 represents
altitude, axis 704 represents latitude, and axis 706
represents longitude. Each of cubes 700 contains an
indication of whether the space in a particular cube is a

30 neutral space, a desirable space, or an undesirable space.
In these illustrative examples, the indication is made for
different points in time. For example, cube 708 may include
an indication that this space is a neutral space at one

point in time but is an undesirable space in another point
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The aeronautical chart is displayed on a graphical user interface in a

di spl ay system (operation 806). The 30 envel ope is displayed in the
aeronautical chart (operation 808), with the process then returning to
operation 800. In operation 808, the envel ope may be di spl ayed using the
four -di mensi onal cube with the type of space marked for the plurality of
cubes in tihe tiow - diensienall cubge Rdhersr tihe &M@'@@f mmynbe displ ayed
by obscuring or blacking out the areas of the aeronautical chart that are
out si de of-{Tfe envel ope. In this manner, information areas in which the

aircraft shoul d not pergheqare fpt (shown or, Sons! At abian 5y thec,

operator. O course, the operator may opt to see the infornmation
desired. Byleet negi ngntbudpematiconiadd; ldde iprfocess imay fdent df §fehanges to

information .for. the aircraft, and update the en ope as needed. This
procegg Yy %%%rﬁﬂeﬁ%@ﬁéd %1Iafﬁﬁﬁég%ﬁtC%ﬂedﬁﬁkngagbéé%W Yf LEhets
aircraft. dfurthersitherpr ocessrdes My ibe sused byiah aper abahtabna to

platformthat is renote to the aircraft while the aircraft is flying. In
still ot h&hStheFsttbst ispe cexdrplnesit e plasclesd Iifay e wiskas F101b It anni ng

pur poses. pri or o the (bl Lght. 0%, Lhe, | 1oy il though 15, 0f of Rt op ey

change during actual flight, performng scenari1os during
pl anni ng pr oclesschmayt bef usefordodears sebectinglbypers ahfairerdfon fosr use or
for s ecth% rqutes and other .itens. Turnjng now to Figure

e 9, .
i 11 usttatifon GFa 265F 1 FWhart9oflh FECse TS Hhbleseiin }%W%ggﬁE?B% f or

an ai rcr aktnsoalindent.i f ywrnan aueelepe 1is: depided i rane dange, W hyanq
illustrative enbodi nent. This process may be inplenented in f¥|ght
i nformati 6 | #eRET3tler 1nd2ratiiogurendiapanent g&% i éul &igune situation

system 602 _.in.flight 25 .jnf I identifier .104 in Figure 6.
The proce grgégh%gqby ?ﬁ%ﬂtﬁéﬁ?%%ggubggyfoLea ﬁgﬁﬁﬁgﬁggﬁ%yoﬁb s%%%%ht
(oper at i onngo@hatThe fiokntdifiensilodalirsmigmrayl be wel €qbeskéd s ansynper  of
diffﬁggnt.ma s. For exanple, the four-dinensional space may be a 30 space
around a FgﬁﬁngGFeg 11 gRETPYahe of S8A THRLEraftt § nCaRBiREr o st riEke ve
exanpl e, the .four-di nensional space may be a sel ected di stance fromthe
current location of the aircraft. The cubes in the four-dinensional space
may have different Shzepradespendiegiod bheipentidyliang iinplementiain ofior

four o it Saar s fod et oB ) - e e oy HavE S pHEFSF 1 £ of

f our - di nensi onal” space (operation Z2). Ea
entries inewbhehteaeh eshaytcopresporsls t0 aodiffierenbrpoitnt 14 téABee A

determ nati on .
2 (operation 802).

The process then identifies an envelope that
defines a space flyable by the ailrcraft that meets a number
of objectives (operation 804). In operation 804, the
envelope may be identified using a four-dimensional cube.

25 In one illustrative example, the plurality of cubes may be
marked with an indication of a type of space based on the
information identified for the aircraft.

The aeronautical chart is displayed on a graphical
user interface in a display system (operation 806). The

30  envelope is displayed in the aeronautical chart (operation
808), with the process then returning to operation 800. In
operation 808, the envelope may be displayed using the four-

dimensional cube with the type of space marked for the

plurality of cubes in the four-dimensional cube. Further,
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51is made as to whether a route of an aircraft froma flight plan
intersects the selected cube (operation 904). If the route
intersects the selected cube, an entry in the cube that corresponds to the
time that the aircraft intersects the selected cube is identified 10
(operation 906). The process then marks the entry to indicate whether the

space in tie sehectedecrbe e newgalyedesir abkeyr9hqundesiyabl g4 or,that
point in tinme (operation 908). Wth reference again to operation 904, if
the 15 rodt® dbes@hotli hber seepneréisalechedteiibat ard dentsfdecatt onhef the

m ni mum anmyt ti need | pter .cube_when devi at.i omthe
route i s nade l((%{)ee'r a'?iqgn 919%1. ‘[1&%3}12%{ ré%fcfgor etajtol%lpo?% ¥t r}“’guiés}g Hle
i denti fi edifrrraffe sedelbd edocubpetoper atricomc@12hdhe 26r processethenon

roceeds to eration 908 as_descri bed above. Thereafter, a
get er mgnatblyo(r)lce%es Fride @ t o Q/ﬁecfch‘él?sea'dd‘? T ITRE NPT oBRB st cibegear Bhe

present i nrfhefatiromdi nenséonada spage erenatingn (Hdpedd addigo@nal o
unprocessed cubes are present, the process returns to 25 operation 902.
O her wi se PRIFE ST dtes st dstiniat@wnges to informarhdmgfmowche &Figorefdil, an

illustratiQy ijgaat%attqleore&q]ees@ Systemds depicted in accordance with an
ta pr

illustrative enbodi nent. ocessing system 1000 nay be used to
i npl ement one or norhiconpubeessi mapnput eimpyshentdq 106 bm ahfecaktt
[ nfor{l@ti on environnment, 100 in Figure 1. In this illustrative exanple, data

processi ng Systlemtio00 iHtIUded cormititat i ons ¥ i2enot ke 10025 iR ehso

provi des goRMM C@ié@n§yb§hv@%_r%rt%esas@raP?Eét%ggﬁlﬁ +ABRDLY ]P&@otﬁ B9 uni

persistent storage 1008, communications unit 1010, | nput/out.put / uni t

1012, and “diesfligy- 104, Wihi tdi Shexanplcea féommunf tations fimarework d00&r may

take the EQQ%%QEa%iQ%SéQQﬁﬁﬁgs, the process may be used for planning
purposes prior to the flight of the aircraft. Although

15 information may change during actual flight, performing
“what-if” scenarios during a planning process may be useful
for selecting types of aircraft for use or for selecting
routes and other items.

Turning now to Figure 9, an illustration of a

20 flowchart of a process for processing information for an
aircraft to identify an envelope is depicted in accordance
with an illustrative embodiment. This process may be
implemented in flight information identifier 104 in Figure 1
and, in particular, in situation system 602 in flight

25 information identifier 104 in Figure 6.

The process begins by identifying cubes for a
four~dimensional space (operation 200) . The four-
dimensional space may be selected in a number of different
ways. For example, the four-dimensional space may be a

30  space around a route for a flight plan of an aircraft. In
another illustrative example, the four-dimensional space may
be a selected distance from the current location of the

aircraft. The cubes in the four-dimensional space may have

different sizes, depending on the particular implementation.
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Processor unit 1004 serves to execute instructions 5 for software that may
be | oaded into nenory 1006. Processor unit 1004 may be a nunber of
processors, a nulti-processor core, or some other type of processor,
depending on the particular inplenmentation. Menory 1006 and persistent
storage 1008 are 10 exanples of storage devices 1016. A storage device is

any piece of hardmaﬂﬂuihﬁtotés@aﬁébb@t@feﬁioﬁhﬁgotaégéﬁakb%% sMGh age for
exanpl e, w thout tation, data, programcode in functional form and/or

ot her SU|t%H9%§|+ﬁr) t IO TSNS I6Rad + BrRfor ar §PBASESCAN@Og) -a pBRAANent
basis. 10l§ymynal,se 1% Q§VF9%§QQL%§TQ§%E tQ58s QﬂﬂpHB§EhStQ%§QE?QQVICES

in these illustrative exanple hese exanpl es
exanpl e, SigrcEpevdEadabl @ different point in time. A determination

5 is made as to whether a route of an aircraft from a flight
plan intersects the selected cube (operation 904).

If the route intersects the selected cube, an
entry in the cube that corresponds to the time that the
alrcraft intersects the selected cube is identified

10 (operation 906). The process then marks the entry to
indicate whether the space in the selected cube is neutral,
desirable, or undesirable for that point in time (operation
908) .

With reference again to operation 904, if the

15 route does not intersect the selected cube, an
identification of the minimum amount of time needed to
intersect the cube when deviating from the route is made
(operation 910). The entry for that point in time is
identified for the selected cube (operation 812). The

20 process then proceeds to operation 908 as described above.

Thereafter, a determination is made as to whether

additional unprocessed cubes are present in the four-

dimensional space (operation 914) . If additional
unprocessed cubes are present, the process returns to
25 operation 902. Otherwise, the process terminates.

Turning now to Figure 10, an illustration of a
data processing system is depicted in accordance with an
illustrative embodiment. Data processing system 1000 may be
used to implement one or more computers in computer system

30 106 in aircraft information environment 100 in Figure 1. 1In
this illustrative example, data processing system 1000
includes communications framework 1002, which provides
communications between processor unit 1004, memory 1006,

persistent storage 1008, communications unit 1010,
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Menory a random access nenory or any other suitable volatile or
non-vol atil e storage devi ce. Persi stent storage 1008 may take various 20

forms, depending on the particular inplenmentation. For
exanpl e, persistent storage 1008 may contain one or nmore conponents or
devices. For exanple, persistent storage 1008 may be a hard drive, a flash
menory, a tRWRF{aBreubptildd) diskt 401&w i tadl elinmgnet i tOlape, Oh 3I0ME 25

inatio e media used b rsi.stent storage 1008 al so may
ggn?énnvab?ég%o%Qéxgggﬁg?lggFéﬁ%@agfgnﬁﬁF%kgﬁi % MY be? 8 el"Fof °pBr Sifst ent
storage 1088vufospsnemati ons unit 1010, in these |I!ustrat|ve 30 exanples,
provides for comunigcations with other data processing systems or devices.
In these illustrativer 8XarpPesinébmtBAfcERFBAS A EXE0U0C ¢ ng treohbrks

interface cardsort p pt nj 2 Iqmspfor i_nput and
gutput of ggta?%ft%ag?hé?a%eg?%eégt%géaggyyhggc%%ﬁég eéabg data °précéssi ng
syst em 100001 Fot OB4amplve bd nputiwbeputo fumtodddsb ay pr avilde -@ roeBREGH On

for user i t hrough a keyboar 5 a use, and/or sone other suitable
i nput devf%gggﬁugghe??m?nﬁﬁ E%ﬁtgﬁ?euﬁ?EDfﬁffeﬁ§f13en€eﬁﬁﬁﬁaﬂgtdﬂa fhient er .

Di spl ay 1042 tpi ovl dtesim neehanssmi o di splay information to a user.

Memory 1006 and persistent storage 1008 are

10 examples of storage devices 1016. A storage device 1is any
piece of hardware that is capable of storing information,
such as, for example, without limitation, data, program code
in functional form, and/or other suitable information either
on a temporary basis and/or a permanent basis. Storage

15 devices 1016 may also be referred to as computer readable
storage devices in these illustrative examples. Memory
1006, in these examples, may be, for example, a random
access memory or any other suitable volatile or non-volatile
storage device. Persistent storage 1008 may take wvarious

20 forms, depending on the particular implementation.

For example, persistent storage 1008 may contain
one Or more components or devices. For example, persistent
storage 1008 may be a hard drive, a flash memory, a
rewritable optical disk, a rewritable magnetic tape, or some

25 combination of the above. The media used by persistent
storage 1008 also may be removable. FFor example, a

removable hard drive may be used for persistent storage

1008.
Communications wunit 1010, in these illustrative
30 examples, provides for communications with other data
processing systems or devices. In these illustrative

examples, communications unit 1010 is a network interface

card.
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I nstructionsfortheoperati ngsystem 10 applications, and/or prograns may be
| ocated in storage devices 1016, which are in conmunication with processor
unit 1004 through conmuni cations franmework 1002. The processes of the
di fferent enbodi nents may be perfornmed by processor unit 1004 using
conputer-inpl enented instructions, which may 15 be located in a nenory,
such as menory 1006.Input/ocutput ubhesel0IstsUTswOnsoar enpef esngdotiopas
program co usabl e program code, or conputer readabl e program
n

, .conput.er_ us
code t hat Fray“8 aréﬁgjh U-exectfdd By a -t locBeForPs noproeesser tni #ateoa.
The progr gmadssidy thesdid fegemnt 28, enbodh FEAL S; FBY: PS, £500di§6: 0Ro1 2

di fferent physical or conputer readable storage nedia, such as nenory 1006
or persi sttt RBiQFye a008nnection for uspProgmamtcdde w08 4 sképbated,in a

functienal, f n e a le nmedia, 1020 that |s selectively 25
rennvagleézﬁgﬁﬁ%ﬁ ngﬁgg%eéo%%tg%gsrtFgﬁgégﬁﬁe&qﬁﬁaki%Ykﬁ%cengﬁ§¥§§stem
1000 for exgouticrthy processaroimi tmaP04se M ogsarpgoder 4018 apdi geaput er
readabl e quigf%p 0..form conput er pro%ran1product 1022 in these
i|lustrativer UL provhécexanfrelapdspuier Headal el weelita 1020 Fay 30
be conput er yseadabl e storage nedia 1024 or conputer readable signal nedia
1026. In these illustrative exanples, conputer readable
storage nedia 1024 il:sdmphysicced or fiangi bltehst or ageedevieg usedstemstore

progr C - rather than a mediumthat prqopagates or transnmts program
code ?@H8gﬁgﬁﬁgﬁgfﬁvﬁly?SEZSFangﬁagiﬁTénﬁV%% t€%n§F§PF§ﬁit6ndaf59rage
processi nglesyisteemlDa®) usiing computercdnmeadadd £o5i@nal prsias 3026un: ¢
Conmput er ﬁﬁ% abl e signal nedia 1026 nay be, for exanple, a propagated data
si gnal i*ni yF ProYr aAEBREC201 8N s Fdr agieaifi e, 1@@fput dihe eatabtesssgnal

medi a 1026 cmay beg aprel &Gt r ameaski-g S 9nal  nan aptical signal . and/ or any
other suitable type of signal. 10 %&g§e S|gH% sp%§§0%§epra sn?%?%%s%Qﬁr
comuni catinéfs 100k $1s isyc kv cap i arred iegsl o ciatd ansct iaks, wiptdcahafi ber

g glrorlmejl;’l? g g?:élo %!g c%l%%:ge 2 awmre?n’o r%/r: d/s%rc ha gys ?r;[er?neorr yS u1i C;[ OaGb.I e type of
These instructions are referred to as program
code, computer usable program code, or computer readable
program code that may be read and executed by a processor in
processor unit 1004. The program code in the different
20  embodiments may be embodied on different physical or
computer readable storage media, such as memory 1006 or
persistent storage 1008.
Program code 1018 is located in a functional form
on computer readable media 1020 that is selectively
25 removable and may be loaded onto or transferred to data
processing system 1000 for execution by processor unit 1004.
Program code 1018 and computer readable media 1020 form
computer program product 1022 in these illustrative
examples. In one example, computer readable media 1020 may
30 be computer readable storage media 1024 or computer readable
signal media 1026.
In these illustrative examples, computer readable

storage media 1024 is a physical or tangible storage device
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The different conmponents illustrated for data 15 processing system 1000 are
not nmeant to provide architectural limtations to the manner in which

di fferent enbodi nents may be inplenented. The different illustrative

enbodi nents nmay be inplenented in a data processing systemincl uding
conponents in addition to and/or in place of those 20 illustrated for data
processi ngssystem $000e Qrheyraconponentd1s8hawtHay Filgam e althecrmmber Naf i ed
fromthe illustrative eganpl es _shown. The different enbodi nents nay be

i mpl enent &d WSiHg “ahy’th T RS SRd%emPdbabl e of runni ng” program

code 1018. 25Thus, one&amamre1gf, the,diffarent cphLust hahjgve di ngot s
provi de a nethod and apparatus for displaying information for operating an

ai rcraft. YRipdetired ak9 ewé corrheressingstyaticre 2ABOdiusemtss cmypdispl ay

an envel o g utjcal_c on_.a display s m The envel gpe 30
i dentiifi egf%é‘%%é%%easue#?% AT g??%faf £OREY ity R S S et
obj ectived026 may be,These ohj:ectdves nay brebudatelsk RhjLectivesal
per f or mance gj.ecti ves, optim zation oit))r%ecti ves, and other suitable types
of obj ect ic\?élg. WY t HE i oS orlfibBe i1 IERt r AV EvbodFPBAEEST t he

di spl ay ofrebhierarvel; ﬂ“%édfghﬂﬁéérM%ﬁ“ﬁgjJﬁ"ef%h%%@ﬁéﬁﬁgtf% §¥%§£{9raft

to consult nunerous different sources of information to operate
ai rcraft. aPoeréxamgl &1 loperat/orr ey awdial | vokialglatt fopaperschast s, an

el ectyoni ¢, flight. ,.. and ot her sourc t.0 determ ne where the ajrcraft
may f @ tgﬁﬁggtﬂgﬁﬁggf%é??%gbe £ranSml%%edFSWFﬁéﬁ¥MWW%quﬁﬁ§%ﬂs +%ks,
i |'ustrat isuehendsodi nBatss s Cteibheni £40Mmh901AUGR i RfRrimali on hei ngodi spl ayed
al so may be avoided. The use of the envel ope nay 10 allow an operator to
qui ckly i GeAtTRy tFePSPace iilhi cRNar odi reraf Othey fyltahlie wapebeofn
contrast tgphheidisplay afi weather reports, aircraft state information, or
other information on an aeronautical chart on a navigation display. As a
result, an operator Thees dndtfemead t @drimucheartts 151 lanad tyze: ¢dif of st | @t & 0
det erd ne whigreg an aircraft may The description of the

u

di f f erent P PFGSErFAET ve SEib5Hi rreﬁbbghasaﬁﬁen Present®@For pur posesvote
i |lustrat hephandcdeseni ptinonAnthd$ Aot dhrt ended £ 01 he @xhalsy] ¥ Pint

limted to the enbodinments in the formdisclosed. Many
embodiments may be implemented. The different illustrative
empbodiments may be implemented in a data processing system
including components in addition to and/or in place of those

20 illustrated for data processing system 1000. Other
components shown 1in Figure 10 can be varied from the
illustrative examples shown. The different embodiments may
be implemented using any hardware device or system capable
of running program code 1018.

25 Thus, one or more of the different illustrative
embodiments provide a method and apparatus for displaying
information for operating an aircraft. In particular, one
or more illustrative embodiments may display an envelope on
an aeronautical chart on a display system. The envelope

30 identifies a space in which the aircraft may fly that meets
a number of objectives.

These objectives may include risk objectives,
performance objectives, optimization objectives, and other

suitable types of objectives. With the use of one or more
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20 nodifications and variations will be apparent to those of ordinary skill
inthe art. Further, different illustrative enbodi nents may provide
different features as conpared to other illustrative enbodi nents. The
enbodi nent O enbodi nents sel ected are chosen and described in order to 25
best explain the principles of the enbodi nents, the practical application,

and to enabliesetrherisof cabdi naeyt SKi lthe naifiglapt oo undersivandpehenay

di scl osure for various enbodinments with various nodifications as are suited
to the partiftiarthzenesdt &mpl atedorevnheri £iclah nedrrgats to 1capspihod
for displayiRg nfo j 1 anqifrg ,% )+ 4 hg aet had

conpri si ng?ﬁ1 & u%i dggr{?l%%glg%é t eugl%frsor%t i %nf?%r&% }gér tﬁ]e Si r%?%ftt}eiOZ);
10di spl ayieng cam faer ondutd cakamhbet @h28)penaaodi splyayasysd ehopkO8)y and

di spl ayi ng _an enyel ope (118). in the aeronautical chart (128) based on the
' or mt | SRPEEL0) = irer 6 A TerUaIope (18) bt 11108 2 Rpace (1507 FPyabl e
by the ai derafriiGE0hel? that Jeehs @ e oft Objast imesod Il ive. 2. The
met hod of claim1, wherein the envel ope (118) is displayed in one of

t wo- di nensi ons and tthrééedi-mensibhs. 203 Theoret hd@ref cl bl watfakiver
compr | 5i ngivyoq;lisplayi ng an Lndi gatj.on of, undesir abl.s spac {212) putsi de
of the envel ope (GT‘1§)’. 4. ‘%ﬂ% metf%og of claim3, wherein the 1ndication of

displayed also may be avoided. The use of the envelope may

10 allow an operator to quickly identify the space in which an

aircraft may fly. This may be in contrast to the display of

weather reports, aircraft state information, or other

information on an aeronautical <chart on a navigation

display. As a result, an operator does not need to find and

15 analyze information to determine where an aircraft may fly.

The description of the different illustrative

embodiments has been presented for purposes of illustration

and description and 1is not intended to be exhaustive or

limited to the embodiments in the form disclosed. Many

20 modifications and variations will be apparent to those of

ordinary skill in the art. Further, different illustrative

embodiments may provide different features as compared to

other illustrative embodiments. The embodiment or

embodiments selected are chosen and described in order to

25 best explain the ©principles of the embodiments, the

practical application, and to enable others of ordinary

skill in the art to understand the disclosure for various

embodiments with various modifications as are suited to the

particular use contemplated.
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25 undesirabl e space (212) is a graphical indicator that obscures a portion
of the aeronautical chart (128) outside of the envel ope (118). 5. The

met hod of claim 1 further conprising: 30displaying an indication of desired
space (120) within the envel ope (118). 6. The nethod of claim1 further
conpri si ng: repeating displaying the envel ope (118) in the
aeronautical chart (128) based on the information (110) in response to the
i nformation (110) changing, wherein the envel ope (118) defines the space
(120) flyable by the 5 aircraft (102) that neets the nunber of objectives
(122). 7. The method of claim11, wherein the aeronautical chart (128) is
sel ected frqﬁag% Igasf one of a vertical view (206) and a top view (204).
10 8. The frethod o c?%jh§1, wherein the information (110) for the
aircraft (102) is selected fromat |east one of an aircraft state (114),
environmental information (116), and a flight plan (117). 15 9. The

nmet hod of cl&im FetRRer &R iddemtlispilingg R Teftdrarat (10 )( ££10) associ at ed

G spl ayi ng Che omvel ope” (115) T h T e ‘aGFARaU CCal chart (128) based on the
20i nf or mati on (&0}, fwheceithet he fenveltope ((118)) defr rdse theccraft
(102);
10 displaying an aeronautical chart (128) on a display
system (108); and
displaying an envelope (118) in the aeronautical chart
(128) based on the information (110), wherein the envelope

(118) defines a space (120) flyable by the aircraft (102)

15 that meets a number of objectives (122).

2. The method of claim 1, wherein the envelope (118) is

displayed in one of two-dimensions and three-dimensions.

20 3. The method of claim 1 further comprising:
displaying an indication of undesirable space (212)

outside of the envelope (118).

4., The method of claim 3, wherein the indication of
25 undesirable space (212) is a graphical indicator that
obscures a portion of the aeronautical chart (128) outside

of the envelope (118).
5. The method of claim 1 further comprising:
30 displaying an indication of desired space (120) within

the envelope (118).

6. The method of claim 1 further comprising:
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space (120) flyable by the aircraft (102) that neets the nunber of
obj ectives (122) is perforned in a conputer system (106) in the aircraft

(102). 2510.The nethod of claim1l, wherein identifying the information

(110) associated with the aircraft (102); displaying the aeronautical
chart (128)

(128); and displaying the envel ope (118) in the aeronautical

based on the i feydmtian ddlay whereid dihe envel opes ( 148)rglefi nes the 30

space (120) flyable by the aircraft (102) that neets the nunmber of
obj ect i veSIZAGICHerdoried 148 Ja ompliter Systienf¢aos)iar 4l 4o buhd

| ocati on. t. I ai m-l,~wherein. the nunber of objectives
respoﬁ§% §$QJQ?JH%Q> aéﬂéHrQ%&géc angkq%ﬂ)ﬁhereln ??ﬁzation

(122) conprises at |least one of a risk ive

., an opt

chart

obj ecti ve grZB)opeand 188 )| ey irody edtd vwepddR27)126) flPablIheryetiwd of claiml

further caonprising: erating a four-dinmensional cube conprised of a
pl ur al iE’t y a&frccﬂ?ofgcg; (133 ﬁg}alfi %@e?thce PHUrdttiye ot cUubesSwh 14 ahl $Adi cat i on
of a 10type of space (120) based on the information (110), wherein,

step of displaying the envelope (118) conprises: di spl aying the
envel ope (118) sl e tttes! fourcldiimenisi offed rciubet Ivék tde tdreattypea bf clspace ( 120)

mar ked for(the plaralidy 6 of.,puhes 11t hs,d oy - i pens onal , cube

navi gati on system conpri si ng: 1208)

and a top view (204).

10

8. The method of claim 1, wherein the information (110)

for the aircraft (102) is selected from at least one of an
aircraft state (114), environmental information (116), and a
flight plan (117).

15

9. The method of claim 1, wherein identifying the

information (110) associated with the aircraft (102

) ;

displaying the aeronautical chart (128); and displaying the

envelope (118) in the aeronautical chart (128) based on the

20 information (110), wherein the envelope (118) defines the

space (120) flyable by the aircraft (102) that meets the

number of objectives (122) is performed in a computer system

(106) in the aircraft (102).

25 10. The method of claim 1, wherein identifying the

information (110) associated with the aircraft (102

) ;

displaying the aeronautical chart (128); and displaying the

envelope (118) in the aeronautical chart (128) based on the

information (110), wherein the envelope (118) defines the

30 space (120) flyable by the aircraft (102) that meets the

number of objectives (122) is performed in a computer system

(106) at a ground location.
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a display system (108); and a flight information (110) identifier
configured to 20identify information (110) for an aircraft (102); display
an aeronautical chart (128) on the display system (108); and display an
envel ope (118) in the aeronautical chart (128) based on the information
(110), wherein the envelope (118) defines a space (120) flyable by the
aircraft (102).that 2& meats>d dﬁjrﬁjleifinofl,obﬂﬁ@ﬁeil\lfﬁstkgel%mber dc_)ﬁ-4|- Thg _
navi gati on system of claim 13, wherein the envel ope (1 is displayed in
one of twediStEnsins' (HFEE-diSfersi of2st3ePne of 5 rHhk rdvi ¢atd on
system of laim 13, oMenei kg, Tdd-ahte i f oryweg) on(410), dglentifier is
configureJ to)display an indfbatioﬁ&%%]Undeglrgble space ( ) outside of
t he envel &g ctigie (127).16. The navi gati on system of claim 15, wherein the

i ndi cation of undesirable space (212) is a graphical ~indicator that
obscures a portion of the aeronautical. chart 5(128)outside of the envel ope
(118). 12. The method of claim 1 further comprising:

generating a four-dimensional cube comprised of a
plurality of cubes; and

marking the plurality of cubes with an indication of a

10 type of space (120) based on the information (110),

wherein, the step of displaying the envelope (118)
comprises:

displaying the envelope (118) using the four-dimensional
cube with the type of space (120) marked for the plurality

15 of cubes in the four-dimensional cube.

13. A navigation system comprising:
a display system (108); and
a flight information (110) identifier configured to
20 identify information (110) for an aircraft (102); display an

aeronautical chart (128) on the display system (108); and
display an envelope (118) in the aeronautical chart (128)
based on the information (110), wherein the envelope (118)
defines a space (120) flyable by the aircraft (102) that

25 meets a number of objectives (122).

14. The navigation system of claim 13, wherein the
envelope (118) is displayed in one of two-dimensions and
three-dimensions.

30

15. The navigation system of claim 13, wherein the
flight information (110) identifier is configured to display
an indication of undesirable space (212) outside of the

envelope (118).
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17. The navigation systemof claim13, wherein the flight information (110)
identifier is configured to display an indication of desired space (120)
wi thin the envel ope 10(118). 18. The navigation system of claim 13,
wherein the flight information (110) identifier is further configured to
repeat displaying the envel ope (118) in the aeronautical 15 chart (128)
based on the information (110) in response to the |nforgﬁéb§nffllg? v th
i eint envel o 118) defines the, space _ abl e by e
changi ng, where hfhe € ( % gc?r

aircraft (102) 't hat rreet%a‘fﬁge%h%e YRFSBbf Y8 t122yhenpin. Fhe

navi gat i onirsyistemef ¢f aimad3i rabes eipatbe 2 aeropauti gal ghart (128) is
sel ected fromat |east one of a vertical view (206) ahd a top view (204).
20. The navi'YtGorP Syish@dm Jrsehzg n A Powherei oif t Hee 282 Fonght 1 ¢af ochatt on

110) Ekdentidderqdss further ' t erate a four-dinensional cube
gonpzised %fkg|ﬁ%ﬁ%ﬁ#§ﬁﬁgfj%gg%gggkﬁgﬁa?kpgﬂe plurality of cubes with an
i ndi cation of a type of space (120) based on the information (110), and

wh in in being configured to display the envel ope (118) in 30the
ae?gﬁgﬂtical?zhgrt ?@5%Yq%%&%ﬁf%ﬁpt?%g%?ﬁrﬁﬁmﬁ}%ﬁﬁ(%éinwh?¥@9$IF@ﬁt

i nformati o i(gkk0)id dentddicr s eonfdawedido di splay: {he.gnve! 9pe,(118)
Lging t he f;ﬁr-drﬁensionéi cu%e(&ith t he t?pe ofispac%&(I%O) narﬁe% %%r t he
plurality 3f Cubes i et dretizd omal 12Ubevithin the envelope

10 (118) .

18. The navigation system of claim 13, wherein the
flight information (110) identifier is further configured to
repeat displaying the envelope (118) in the aeronautical

15 chart (128) based on the information (110) in response to
the information (110) changing, wherein the envelope (118)
defines the space (120) flyable by the aircraft (102) that

meets the number of objectives (122).

20 19. The navigation system of claim 13, wherein the
aeronautical chart (128) is selected from at least one of a

vertical view (206) and a top view (204).

20. The navigation system of claim 13, wherein the

25 flight information (110) identifier is further configured to
generate a four-dimensional cube comprised of a plurality of
cubes and mark the plurality of cubes with an indication of
a type of space (120) based on the information (110), and
wherein in being configured to display the envelope (118) in

30 the aeronautical chart (128) based on the information (110),
the flight information (110) identifier is configured to
display the envelope (118) using the four-dimensional cube
with the type of space (120) marked for the plurality of

cubes in the four-dimensional cube.
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