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landing site proximate to a tlight path and generates a spanning tree between the landing
site and the tlight path. According to some embodiments, the landing sites are determined
in real-time during flight. Additionally, the landing sites may be determined at the aircraft

or at a remote system or device in communication with the aircraft. In some embodiments,
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the routing tool generates one or more spanning trees before flight. The spanning trees
may be based upon a tlight plan, and may be stored in a data storage device. Methods and
computer readable media are also disclosed.
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DETERMINING LANDING SiTES FOR AIRCRART

BAGRGROUND
{0061] The present disciosure relales generailly {0 avialion of aircraft and, more

particuiarnty, 1o systems and methods for determining landing sies for aiwreralt.

0621 In-thight emergencies that result in off-airport landings can resuit in the ioss of life
and property. The probiem of selecting a suitable emergency landing site 18 a compiex
problem that has been exacerbaled by ihe conlinued development of previously
undeveioped, underdeveloped, andf/or unoccupied areas. During  an  in-fhght
amergency, piols have been imied (o using their planning, experience, vision, andg
familianty wilh a given ares (o select an emergency landing sie.

FO003] Dunng an emergency condition, a pilol may have iittle time 1o delerming that an
smergency landing needs (0 be executed, o find or select a suifable landing site, {0

axecule other aircraft emergency procedures, 1o prepare passengers, ang {o then piot

{he aircraft o the selecied landing site. Thus, managemeni of an in-thght emergency
reguires timely and accurate decision making processes to prolect not only lives
onboard the aircrall, but aiso o protect fives and properly on the ground and o prevent
a complete loss of the aircrafi.

OG04 i1 s wilh respect (o these and other considerations that the disciosure made

herein s presenied.

SUMMARY

HOO0S] It shoula be appreciated thatl nis Summary i1s providsd 1o infroquce a seiection

of concepts 1 a simplified form hal are further described pelow In the Detailed

Llescription. This Summary s not intended 10 be used {o limit the scope of the claimead
subiect matter.

[0006] According to an embodiment of the preseni disclosure, a method for defermining
a ianding site for an aicraft includes recewving fight dala comresponding o a fhgnt path.
the method furlher can mnciude dentifying at ieast one {anging site proximate o the

fight path, generaling a spanning tree between the at least one landing site and the

fight path, and storing the spanning tree in a data siorage device. According o some

embodiments, the landing sites are determined in real-ime. Additionally, the landing
sifes may De determined at the aircraft or at a remole syslem or device in

communication with the aircratt.
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[0007] According to another embodiment, a routing tool for determining a landing site
for an aircraft includes a database configured to store flight data corresponding to a flight
path for the aircraft, ana a routing module. The routing moduie is configured to receive
the flight data, identify at least one landing site proximate to the flight path, generate a
spanning tree between the at least one landing site and the flight path, and store the
spanning tree in a data storage device.

[0008] According to another embodiment, a computer readable storage medium is
disclosed. The computer readable medium has computer executable instructions stored
thereon, the execution of which by a processor make a routing tool operative to receive
flight data corresponding to a flight path, identify at least one landing site proximate to the
flight path, generate a spanning tree between the at least one landing site and the flight
path, store the spanning tree in a data storage device, detect an emergency at the aircraft
during a flight of the aircraft, and in response to detecting the emergency, display the
spanning tree for selection of a landing site.

[0008a] According to another embodiment, a method comprises: receiving, by a routing
tool, flight data corresponding to a flight path; identifying, by the routing tool, a plurality of
landing sites proximate to the flight path; generating, by the routing tool, a plurality of
spanning trees, each spanning tree between a landing site of the plurality of landing sites
and the flight path; storing each spanning tree in a data storage device; displaying at least
one spanning tree of the plurality of spanning trees and a landing site associated with the
displayed spanning tree; and displaying a countdown timer with the spanning tree, the
countdown timer indicating an amount of time by which the displayed landing site may be
selected.

[0008b] According to another embodiment, a routing tool comprises a database
configured to store flight data corresponding to a flight path for an aircraft, and a routing
module configured to: receive the flight data; identify a plurality of landing sites proximate

to the flight path; generate a plurality of spanning trees, each spanning tree between a
landing site of the plurality of landing sites and the flight path; store each spanning tree in
a data storage device; display at least one spanning tree of the plurality of spanning trees
and a landing site associated with the displayed spanning tree; and display a countdown
timer with the spanning tree, the countdown timer indicating an amount of time by which

the displayed landing site may be selected.

CA 2796923 2018-03-26
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[0008¢c] According to another embodiment, a computer readable storage medium has
computer executable instructions stored thereon, the execution of which by at least one
processor, cause a routing tool to: receive flight data corresponding to a flight path;
identify a plurality of landing sites proximate to the flight path; generate a plurality of
spanning trees, each spanning tree between a landing site of the plurality of landing sites
and the flight path; store each spanning tree in a data storage device; detect an
emergency at the aircraft during a flight of the aircraft; in response to detecting the
emergency, display at least one spanning tree of the plurality of spanning trees and a
landing site of the plurality of landing sites associated with the displayed spanning tree;
and display a countdown timer indicating an amount of time by which the displayed
landing site may be selected.

[0008d] According to another embodiment, a computer-implemented method for
generating safe ingress flight paths to an identified landing site for an aircraft, comprises:
generating, by at least one processor, a spanning tree for the identified landing site by:
producing a plurality of possible approach paths by starting at a touchdown point on the
identified landing site and building each of the plurality of possible approach paths from
the touchdown point outward while minimizing altitude changes while moving away from
the touchdown point, identifying obstructions proximate the identified landing site, and
eliminating any obstructed possible approach paths of the plurality of possible approach
paths that conflict with the obstructions to produce a plurality of allowed approach paths
to the touchdown point; storing, in a data storage device, the spanning tree including the
allowed approach paths; providing information from the spanning tree in the data storage
device to an in-flight display for use by aircraft personnel; and providing a countdown
timer with each of the plurality of allowed approach paths indicating a time by which each

allowed approach path remains available as an option for the identified landing site.

2a
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[0008e] According to another embodiment, a routing tool for generating safe Ingress
flight paths to an identified landing site for an aircraft, comprises a database configured to
store flight data corresponding to a flight path for the aircraft, and a routing module
configured to: generate a spanning tree for the identitied landing site by: producing a
plurality of possible approach paths by starting at a touchdown point on the identified
landing site and building each of the plurality of possible approach paths from the
touchdown point outward while minimizing altitude changes wnile moving away from the
touchdown point, identifying obstructions proximate the identified landing site, and
eliminating any obstructed possible approach paths of the plurality of possible approach
paths that conflict with the obstructions to produce a plurality of allowed approach paths
to the touchdown point; store, in a data storage device, the spanning tree including the
allowed approach paths; provide information from the spanning tree in the data storage
device to an in-flight display for use by aircraft personnel;, and provide a countdown timer
with each of the plurality of allowed approach paths indicating a time by which the allowed
approach path remains available as an option for the identified landing site.

[0008f] According to another embodiment, a non-transitory computer readable storage
medium having computer executable instructions stored thereon, the execution of which
by at least one processor, cause a routing tool to: generate a spanning tree for an
identified landing site by: producing a plurality of possible approach flight paths by starting
at a touchdown point on the identified landing site and building each of the plurality of
possible approach paths from the touchdown point outward while minimizing altitude
changes while moving away from the touchdown point, identifying obstructions proximate
the identified landing site, and eliminating any obstructed possible approach paths of the
plurality of possible approach paths that conflict with the obstructions to produce a
plurality of allowed approach paths to the touchdown point; store, In a data storage
device, the spanning tree including the allowed approach paths; provide information from
the spanning tree in the data storage device to an in-flight display for use by aircraft
personnel, display a vertical profile view of a glide path for approach to the identified at
least one landing site that includes current aircraft position; and provide a countdown
timer with each of the plurality of allowed approach paths indicating a time by which the

allowed approach path remains available as an option for the identified landing site.

2b

CA 2796923 2018-03-26



10

15

20

[0009] The features, functions, and advantages discussed herein can be achieved
independently in various embodiments of the present invention or may be combined in
yet other embodiments, further details of which can be seen with reference to the

following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIGURE 1 schematically illustrates a block diagram of a routing tool, according
to an exemplary embodiment.
[0011] FIGURE 2A illustrates an exemplary landing site display, according to an
exemplary embodiment.
[0012] FIGURE 2B illustrates an exemplary glide profile view display, according to an
exemplary embodiment.
[0013] FIGURE 3A illustrates a screen display for an exemplary embodiment of the
moving map display.
[0014] FIGURE 3B illustrates an exemplary glide profile view display, according to an
exemplary embodiment.
[0015] FIGURE 4 illustrates a map display generated by the routing tool, according to

an exemplary embodiment.

2¢C

CA 2796923 2018-03-26
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0816 FIGURES 3A-58 illustrate landing sile maps, according o exemplary

embodiments.
1006171 FIGURES 8A-GE schematically itlustrate flight path planning methods, according

{0 exemplary embodiments.

[018] FIGURES TA-7B iHustrate aadilional details of the routing {ool, according (o
exempiary embodiments.

10019 FIGURE 8 ilustrates the application of turn consirainis in an update phase of the

path planning algonthm, according to an sxemplary empodiment.

H0026] HGURE 9 shows a routing for determining landing sifes for aircrati, according {o
an exemplary embodiment.

10021) FIGURES 10A-108 lllusirate screen displays provided by a graphical user
interface (GUI for the routing tool, according (o exemplary embodiments.

10022] FIGURE 11 shows an idlustralive computer architecture of a routing {00,

according o an exemplary embodiment.

LBETAILED DESCORIFTION

100231 The folliowing delailed description s directed (o systems, methods, and compulsy

reéadable media for determining anding sites for aircraft.  Utllizing the concepis and

{echnologies described herein, rouling methodologies and s routing tool may be
implemented for identifying altainable anding stles within a dead stick or ghde footprint
for the aircraft. The deniified attainable ianding sites may inciude airport landing siies
and off-airport landing sites.

0824] Accoraing o empodiments described hergin, the allainable landing siles are
evaiuaied o allow weniification and/or seleclion of 8 recommended or preferred landing
siie. in particuiar, the evaluation of the landing siles may begin with g data coliection
operalion, wherein landing stie data relating (o the atiainable landing sites andior
aircratt daia relating to aircraft position and performance are coliected. The landing site
data may include, but is not limited {o, obstacie data, terrain data, weather data, traffic
data, population dala, and other data, all of which may be used {0 delerming a safe
ingress flight path for each dentified landing site. The aircraft data may include, but s
not imited {0, giobal positioning systern (GRS} data, allitude, onentation, and airspeed

daia, giide profie datla, aircrall performance data, and otherinformation.

(e
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{0828] In some empodiments, a fight path spanning tree is genserated for sale ingress
fiight paths to {he delermmined atfainabie landing sites. The flight path spanning free is
generated trom the ianding site and 8 backed into the flight psth.  In some
ambodiments, the spanning trees are generated before or during flighl, and can {ake
into account a planned or curent flight path, a known or anticipaied ghide foolprint for
fhe aircrail, banking opportunities, ang detagied fhght-time information.  In sgme

embodiments, the spanning frees can be accompaniad by an oplional countagown timer

for each displaved branch of the spanning tree, Le., each fignt path o a {anding sile,

the counidown iimer being configured {o provide a user with an indication as o how

iong the associated fthight path remains available as a sate ingress option for the

Candt

assoclated landing site.

0026] According o varnous embodiments, collecting data, analyzing the dals,
identiiying possible landing sites, generating spanning trees for each identified ianding
site, and selecling a landing site may be performed during a Hight planning process, in-
fiight, and/or i real-ime aboard the aircraft or off-poard. Thus, I some embodiments
aircratt personnel are able {0 mvolve Alr Traffic Control {ATC), Arborne Operations

Centers  {ADCs), andior Ay Houte Traffic Conbrol Centers (ARTCUs) 11 ihe

identification, analysis, and/or selection of suitable langing sites. The ATC, AOCS,

andfor ARTCUs may be configured o monitor and/or control an aireraft involved in an

emergency situation, if desired.  These and ofher advantages and features will become

apparant from the description of the vanous embodiments below,

06271 Throughoul this disclosure, embodiments are described with respect (o mannsd
aircraft and ground-based landing sites. While manned aircrail and ground-based
landing siles provide uselwl exampies or embodiments described herein, thess
axampies should not be construed as bemng imiing In any way. Rather, it shouid be
understood that some concepts and technologies presented hersin also may be
empioyed by unmanned aicraft as well as other vehicles including spacecraft,
helicopters, gliders, boats, and olher vehicles. Furthermore, the concepts and
technologies presenied herein may be used to identify non-ground-based landing sies

such as, for exampie, a landing deck of an aircralt camer.

[0028] in the following detailed descriplion, refergnces are made 10 the accompanving

drawings that form a part hereot and that show, by way of lllustration, spedific
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embodiments or exampies. In refemring (o the drawings, like numerals represent bke

cliements throughout the several figures.

[0029] FIGURE 1 schematically iliustrates a block diagram of a rouling tool 108,

according to an exempiary embodiment.  The routing (ool 188 can be embodied in a

compuier system such as an electronic flight bag (EFBY), a personal computer (PU); a

portable compuling gevice such as a notepad, netbook or {ablet computing device;
and/or across one or more compuling devices, for example, one or more servers and/or
web-Dased systems. As mentioned above, some, none, or ail of the funclionality and/or
components of the routing fool 100 can be provided by onboard systems of the aircraft
or by systems located ofi-board.

100361 The routing iool 100 includes a routing module 182 configured to provide the
funclionality descrnibed herein including, but not imited {o, dentifving, analyzing, and
selecting a safe landing site. 1 should be undersiood that the funclionality of the routing
module 102 may be provided by other hardware and/or software insiead of, or in
addiion o, the rouling moduie 182, Thus, while the funclionably described herein
primaridy is described as being provided by the rouling module 102 |, i should be
understood that some or all of the funclionalily descnbed herein may e performed by
one or more devices other than, or in addition {o, the routing moduie 102.

H0831] The routing tool 180 further includes one or more databases 104, White the

databases 104 are illustrated as a unilary elemeni, it should be understood that the

b

Jatabases. Similarly, the databases 184 can

routing tool 188 can include a number of

include a memeory or other storage device associated with or in communication with {he
routing tool 108, and can be configured 1o siore a vanely of data used by the routing
tool 108,  In the illustrated embodiment, the databases 104 slore lerrain data 188,
airspace data 148, weather data 110, vegetation data 114, transporiation infrasiructure
data 114, populated arcas data 1186, obstruclions data 118, uliities data 148, andfor
other data (nol illustrated).

{0032] The terrain dala 186 represents terrain at a landing site, as well as along a thght
path to the landing site. As will be explained herein in more detai, the terrain dafa 106

can pe used (o enlily a sale mgress path o a landing site, aking into account temamn,

e.g., mountaing, hlls, canvons, nivers, and the like. The airspace data 188 can indicate

airspace that is available for generating one of more flight paths o the ianding sites.
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the airspace data 108 could indicale, for example, a8 milary instaliation or other
sensilive area over which the sircraft cannot legally fiy.

00633] The weather data 110 can include data mngdicating weather information,

particuiarty nistorical weather information, trends, and the tike at the landing sile, as well

as atong a fhight path o the landing sile. The vegetation dalg 112 can include data
indicating the iocation, height, densily, and other aspects of vegetation at he landing

sife, as well as asiong a flight path {¢ the landing site, and can relaie o vanous natural

agbstructions inciuding, but not imited 1o, trees, bushes, vings, and the like, as well as

the absence thersof. For exampie, 3 iarge fieid may appear 1o be a safe landing siie,

but the vegetation dala 114 may indicate that the field 18 an orchard, which may
preciude usage of the field for a safe landing.

0034] The transportation infrastructure data 114 indicates  ocations of roads,
waterways, rails, airports, and other transportation and transportation infrastruciure
informaition. 1he transportation infrastructure daia 114 can be used (o ideniily a nearest
airport, for exampie. This example s tusiralive, ang should not be construed as peing
hmiling i any way. The populaled areas dala 1186 indicates popuistion information
associated wilh various locations, for exampie, a landing site and/or areas siong a fight
path {0 the landing sile. The populated areas data 116 may be important when
considenng a landing site as bves on the ground can be taken into account during the
decision process.

06351 The obstructions data 118 can ndicate obstructions at or around the landing site,
as well as obstruchtions agiong a fhght paih o the landing site. In some embodiments, the
obstructions data inciude data indicating manmade obstructions such as power lines,
cellular telephone towers, television transmitler towers, radio owers, powsr plants,
stadiums, buildings, and olher structures that could obstruct a Hight path o the landing
site. The utilities data 120 can include data indicating any ulilities at the anding site, as
well as along a flight path {o the landing site. The ulilities data 120 can indicale, for
example, the locations, size, and height of gas pipelines, power lines, high-tension
wires, power stations, and the like.

0636] 1he other dala can include data relaling (o pedestnian, vehicle, and aircrall raffic

at the landing siles and along a fight path o the landing sites; ground access (o and

from the landing sites; distance from medical resources; combinations thereof, and the

ke, Furthermore, in some embodiments, the other gata stores fhgnt plans submitted by
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a piot or other aircraft personnel. i should be understood that the flight plans may be
submitied to other entilies, and therefore may be stored at other locations instead of, or
in addibon 1o, the databases 104.

06371 The rouling toot 108 also can include one or more real-time data sources 122,
the real-ime data sources 122 can include dala generated in real-lime or nearreal-
fime by various sensors and systems of or in communication with the aircraft, in the
ustrated embodiment, the real-time data sources nclude reai-time weather data 124,
GPS datg 120, ownship data 148, and other data 130.

HO038] The resi-lime weather dala 144 includes realime or near-reai-lime daia

indicating weather condilions at the awrcerail, at one or more landing sies, and along

fiight paths ferminating at the one or more landing sites. The GPS data 126 provides

raal-lime or near-real-time posdioning information for the aircratt, as s generally known.

The ownship data 128 inciudes real-time navigational data such as heading, speed,
altitude, trajectory, pitch, vaw, roll, and the likke. The ownship data 128 may be updated
aimost constantly such that in the event of an engine or other system fature, the routing
module 102 can determine and/or analyze the ancrafl trajectory. The ownship dala 148
further can include real-time or near-reai-ime dala coliecied rom varnous Sensors
and/or sysiems of the awcraft and can indicate airspesd, ailitude, attitude, flaps and
gear indications, fuel level and fiow, heading, system status, warmings and ndicators,
and the like, some, all, or none of which may be relevant (o ideniifving, analyzing,
and/or selecting a ianding site as described herain. The other data 130 can inciude, for
exgmpie, data indicating awcraft traffic at or near a landing sile, as well as aiong a flight
path io {the landing site, real-time airport trafiic information, and the like.

0391 The routing tool 100 also can mnclude a performance leaming system 132 {(PL&).
the PLY 132 also may include a processaor (nol diusirated) for executing software {o
provide the funclionaBty of the PLS 132, In gperalion, the processor uses aweraft-
performance ailgoriihms {o generate an aircrail performance mode! 134 from flight
manauvers. In some embodiments, the PLS 132 s conhigurad {0 execule a model
generation cycle during which the performance model 134 s delermined and stored.
The model generalion cycle can begin with execulion of one or more maneuvers, dunng
which data from one or more sensors on or i communication with the aircrgfl can be

racorded. The recorded data may be evaluaied 1o generais the aircraft performance

model 134, which can hen represent, for example, glide paths of the aircrait undey
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particular circumstances, fuel consumplion durnng mansuvers, change i speed or
aititude guring manseuvers, other performance characteristics, combinations thersof, and
the like. In some empodiments, the performance model 134 s continually or
periodically updated. As will be explained in more delall below, the performance moded
134 may be used {0 aliow 8 more accurate evalualion of landing sites as the evaluation
can be based upon actual aircraft performance data, as opposed (o assumplions based

Lpon current operating parameters and the like.

H0044] During operation of the aircraft, data retneved from the databases 104, daia

refrieved from the real-ime data sources 122, and/or the aircrafl performance model

134 can be used by the routing tool 100 {o provide mutliple {ayers of data on an in-thght

display 136 of the aircraft. The in-light display 136 may include any suitable display of
the aircraft such as, for example, a display of the £FB, an NAV, a primary fhght display

(FF1), a heads up display (HUD), or a multifunction dispiay unit (MDU), an in-flight
display 136 for use by aircraft personnel. Additionally, or alternatively, the data can be
passed {o the rouling module 102 and/or to off-board personnel and systems, (o identify
saie landing sites, 1o analyze the safe landing sies, and {0 select a landing sile and &
mght paln o the sate landing sites.  In some empodiments, the landing sile and flight

path information can be passed {o the in-flight display 136 or another display. As will be

dascriced below, the in-thight display 1386 or another display can provide a moving map

display for mapping the landing sites and flight paths therelo, displaying glide profile

views, weather, obstructions, time remaining o follow a gesired Hlight path, and/or other

iy

data to aslow determinations {0 be made by airgrall personnel.  Additionally, as
mentionad above, the daia can be transmitied o off-board personnel and/or systems.

0411 Turning now 1o FIGURE 2A, additional details of the rouling tool 100 are
provided, according o an exemplary embodiment. HGURE 24 illustrales an exemplary
landing stie display 200¢, which can be generaled by the routing tool 108, The landing
site dispiay 200 includes a landing site 202, and an ares surrounding the landing site
202. The size of the landing site display 280 can be adjusted based upon data inclugded
in the display 200 andior preferences. The landing site 202 can include an airport

runway, a field, a highway, and/or another suitable awpord or off-airport sie. in the

Hustrated embodimnent, the landing sile 202 1s ilustraled within a landing zone grid 204,
which graphically represenis the distance needed on the ground {o salely land ithe

aireratt.



3

1

30

CA 02796923 2012-10-19
WO 2011/152917 PCT/US2011/028793

00421 The illustrated lanoing site 202 18 borgerad on at least three sides wilh
obstructions {hat prevent a safe ingress by the aircrafl. In particular, an area of i

vagetation 2086, ¢.¢., treas, borders the landing sile 202 on the south and east sides,

preventing the aircrafl from approaching the langing sile 282 from the souih or east.

Additionally, bulidings 208 and power lines 210 border the landing site 204 along the

weast side ang northwest sides. These manmade and naturally occurring fealures limit
the possible approach paths for the aircraft. As illusiraied, a spanning tree showing
allowed ingress flight paths £1£248-Q are shown. in the Hlustrated embodiment, the
aircraft can fand at the landing sile 202 only by approaching via flighi paths 212A-G,
white flight paths 212H-{3 are obstructed. The generaticn and use of spanning trees
such as the spanning tree illusirated in FIGURE 2A will be described in more detal
helow.

10043] FIGURE 2B illustrates an exemplary glide profile view display 220, according fo
an exempiary embodiment. In some embodiments, the glide profiie view display 220 is
gengrated by the routing tool 188 ang displayed with the landing site display £88 o
indicale a ghide profile 222 reguired {0 be mel or exceeded by an ajrcrafl i order {o
syccesstully and safely land at the landing sile 284, The glide path 224 18 piolled as an
aitifude versus hornizontal dislance traveled along the path. the glide profile view
display 240 includes an indication 244 of the current awrerafl position. As #iustrated in
FIGURE 28, the aircraft currently has more than sufficient gititude 1o reach the fanding
sife 20<4. in fact, in the illustrated embodiment, the aircraft s Hliustrated as being about
nine hundred feel above the minimum alliiude gitlde profile. Thus, the piol of the aircraft
will need 1o descend relalively guickly 1o successiully execule ihe landing. 1his
exampie I8 Hliusirative, and s provided for purposes of iusirating the concepts disciozed
herein.

[0044] Tuming now o FIGURES 3A-38, axemplary screen displays are slustraled
according o exemplary embodiments. in particular, FIGURE 3A illustrates 3 screen
display 3080 {or an exemplary embodiment of the moving meap display. The screen
display 300 can be displayed on the m-flight display 136, a computer display of an
onpoard computer system, a display of an oft-board computer system, or another
display. The screen display 300 dlustrales a current position 302 of an aircraft thatl s
apout o make an unpianned landing, e.g., an emergency {anding. he rouling ool 140
identifies (wo candidate landing siles 3044, 3048, Additionally, the rouling ool 180
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delermines, dased upon any of ihe dala descnbed above, ingress paths 3084, 3868 for
the landing sites 304A-8. In the illustrated embodiment, the ingress paih 306A s a
preferred ngress path as d leads (o the preferred landing site 3044, and he ihgress pat
206 is g secondary mngress path as i teads (o the secondary ianding site 34048, This

ambodiment s exemplary.

(3345] The mmgress paths 300A-B lake into account any of the dala descnbed herain
including, but not imited to, the dala stored atl {he database 104, Additionally, the
routing tool 1840 is configured 10 access the real-ime data sources 122, and can display
ime indicalions 3G8A, 3488, which indicate a lime remaining by which the aircraft must
comimit 1o the respective ingress path 3064, 30068 in order o safely follow the proposed

route. In FIGURE 34, the time indications 388A, 3088 are displayed as numbers aver

respective fanding sites.  In the #lustrated embodiment, the numbers corraspond o
numbers of secondas remaining for the aircraft {o commit {o the associaled landing sites
3044, 3048 and ingress paiths 3UBA, 3068 and stili make a saife landing. thus, the
numbers represent a number of seconds iell before the ngress paths 306A-B ars

invalid, assuming the awrcratl remains on a course substantially eguivalent {o s current

course.  In FIGURE 348, the recommended route 30648 remains avalable for 845
seconds, while the second route 3068 remains avallable for 62 seconds, ie., 23
seconds less than the recommended route 3064,

13046] Additionally displayed on the screen display 300 are weather indications 3104,
3108, corresponding to weather at the landing sites 3044, 3048, respectively. The

weather ndications 310A-B correspond 1o overcast skies at the landing site 3844, and
clear skies al the landing site 3448. These indications are exempiary, and shouid not
be construed as being #mitling In any way. {he weather al prospective landing siles

304A-B may be important information, as good visibility is often viial in an emeargency

landing stiuabion. Similarty, ceriain weather condilions such as high winds, urbulence,

thunderstorms, hail, and the like can pul addilional siress on the aicrafl and/or the piiot,
thereby complicating landing of what may be an already crippled aireratt.

130471 Turmning now (o FIGURE 3B, a glide profile view display 320 is illustrated,
accorging o an exemplary empodiment. As explained above with reference {0 FIGURE
28, the rouling ool 180 can be configured {0 provide the gide profile view display 340

with the moving map dispiay 380 {o provide aircraft or other personnel with a petler

understanding of the available oplions. The giide profile view display 320 includes &

{3
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current aircraft position mdicator 322, Also illustrated on the glide protile view display
320 are representalions 3244, 3248 of glide paths needed 1o successfully ingress {0
the landing sites 3044, 3048 of FIGURE 3A. The represenialions 3444, 3448 ("gide

paths”) correspond, respeactively, (o the ingress paths 3064, 3068 of FIGURE 3A, and

show the altitude necded (o arrive safely at the landing sites 3044, 3048, respectively.
As shown in FIGURE 38, the aircrafl currently has sufficient aititude to approach both
landing sites 3044A-8.

H0048] The gide profile view display 328 allows the piol 1o instantaneously visualize
where the aircrafl s with respect to the available ianding sites 3044-B and/or ingress
paths 308A-B n the vertical (altitude) plane.  Thus, the routing moduie 102 aliows the
piiot fo more quickly evaluate the potential landing sites 306A-B by continuously

dispiaying the awrcratt's vertical position above or below the approach path o each site.

This aliows at-a-glance analysis of landing site feasibility and relative merit.

[0049] The glide profile view display 320 can be an aclive or dynamic display. For
example, the giide profiie view display 320 can be freguently updated, for example,
avery second, 5 seconds, 10 seconds, 1 minuie, & minutes, or the ke, Poleniial
ianding siies 304A-8 thal are avaiiable given the aircralt’'s position and alitiude can be
added to and/or removed from the glide profile view display 320 as the aircraft procesds
aiong is Hight path. thus, i an emergency situation or other need to and anses, he
pilot can evaiuate nearby landing sites 306A-B and choose from the currently available
giide pailhs 3£4A-83, which are continuously calcuialed and updated. in some
ambodiments, the descent glide 3244A-1 are updated and/or calculaled from a dalabase
loaded during a flight planning exercise.

{0581 The aircratl’s current fiighi path can be connecied (0 the best available Ingress
path 3408A-8 by propagaling the aircratt to align in position and heading 0 the best
ingress path 3064 or 3868, In the illustrated embodiment, the secondary or altemate
route 3068 requires more energy than the energy reguired for the preferred roule 306A
in the case of an aircratt that 1s ghding dead stick, the alternate route 3068 requires that
the aircrafl must siart at a higher altitude than the aitifude required for aircraft to giide
along the preferred roule 308A.

0651 Turning now o FIGURE 4, addilional detalls of the rouling ool are Hiusirated,

according to an exempiary embodiment. FGURE 4 shows map display 400 generated

by the rouling ool 1848, accorging 1o an exemplary empodiment. The map display 440

b1
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includes three possible landing siles 4024, 4028, 402¢ that may pe chosen during an
emergency situalion, such as, for exampie, an in-flight fire, an engine faillure, a crilical
systems faiure, a medical emergency, a hijjacking, or any other situation n which an

axpeaeditious landing is warranted.

{08521 The map display 480 graphically #lustrates obstructions and features that may be

important when considernng an emergency anding at a potential lancing site 484A-{
The tllusirated map dispiay 400 shows qolf courses 4044, 4048, bodies of waler 408A,
20868, lields 48084, 4088, and other obsltructions 410 such as power ines, pridges, femry

routes, bulidings, fowers, popuiation cenlers, and the like. n the illustrateg

embodiment, the potential landing sites 482A-0L are airporis. As 18 generally Known, a

landing zone for an airport has constraints on how and where touchdown can occur. In
particuiar, if an arcraft needs a distance O after touchdown to come {0 a compilate stop,
fhe aircrait needs o touchdown at a point on the runway, and heading in a direction
along the runway, such that there is at least the distance D between the fouchdown
point and the end of the runway or another obsiruction. Therefore, a piot or olher
aircratt personnel may need this information {0 amve at the landing site 4024-C in &
configuration that makes a safe landing possible. Typically, however, the piol or other
aircraft personnel do nol have time during an emergency situation to determine this
information. Adaiionally, the level of detatll needed 10 delermine this formatlion may
not be available from a typical aviation map.

00331 FIGURES BA-58 iHiustrate this problem. FIGURE SA dlustrates a landing sile
map S804, according (o an exemplary embodiment. The landing site map 500A
includes a touchdown point 58£. tThe fouchdown point 5082 is surrocunded by a circle
sU4 with & radius £, The ragius § corresponds to the distance neadsad from {ouchdown
{0 bring the aircraft to a complete siop, and therefore represents a distance needed
form the touchdown point 882 to a stopping point o safely land the aircraft. Thus, the
circle 584 iliusirates the possible points at which the aircrafl could stop if the aircraft
lands at the ouchdown point 582, As can be seen in FIGURE 534, only a small number
headings 506 are safe {0 execule a landing at the touchdown point 502,

F0634] Turmning now o FIGURE 5B, ancther landing sde map 30808 s iustrated,
according to an exemplary embodiment. FIGURE 58 illustrales two subarcs 5064,
5068, corresponding to headings 588 aiong the circis 504 af which the aircraft can land

safely at the fliustrated ouchdown point 58<. The Hustrated subarcs 508A-8 and circle
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504 are exempiary. In accordance wilh concepts and technologies described herein,
the orieniation of the subarcs 586A-B are determined and stored at the routing tool 104,

for exampie, guring tight planning or during ingress © the landing site during an

agmargency condition.
[0858] The routing module 102 is configured to determineg the subarcs S5U8A-B by
beginning at the touchdown point 302 andé working backwards {oward the current

location. Based upon a kKnowledge of consirainis on the landing area, e.g., {errain,

abstacies, power fines, buldings, vegetation, and the ke, the routing moduie 102 limits

the louchdown points (o the subarcs S86A-B. The routing module 182 defermines
these subarcs JU0A-B based upon the known aircraft performance model 134 and/or
kKnowledge of paramelers relating to aircrafl performance in engine-out conditions.  In
particuiar, the routing module 132 executes a tfunclion based upon the zero-it drag
coetticient and the induced drag coefiicient. Wilh knowledge of these coeflicients, ihe
weight of the aircrafl, and the present ailifude, the routing module 182 can determine a
spesd al which the aircratt should be flown during mgress o the ilanging site andfor the
touchdown point 502.

[0856] Additionaily, the routing moduie 102 determines now the awcrait needs o tum o
arrive at the landing site with the correct heading for a safe landing. The rouling modtie
104 is configured {0 use standard rate tumns of three-degrees per second to determineg
how 1o turn the aircrafl and (o verity thal the aircrall can arrive safely at the landing sile
with the correct heading, speed, and within a ime constraint. i should be understcod
(hat any turn rate including varniabie rates ¢can be used, and that the performance mods
134 can be used {o {alor these calculations o Known values for the airorait. The routing
moduie 102 oulputs bank angle, which s dispiayved i the cockpit, to instruct the pHot as
{0 how {0 execuie tums o arrive at the landing sile safely. in practice, the aircrafl llies
along the ingress path at the maximum it over drag (L/D) ratio. Meanwhile, the routing
module 1082 supplies the pilot with the bank angle required o approach the landing site
along the correct heading for the known subarcs 306A-B. TThe bank angles are
displayed in the cockpit so ihe piiot can accurately fly {o the landing site without
gvershocling or undersnooting the weal fight path.

06571 Turning now to FIGURES §A-68, the logic empioyed by he rouling module 102
will be described in more deiatl. Some routing algorithims build spanning treses rogised at

(ne origin of the path. Localions in space are added © the spanning tree when the

13
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aigonthm knows the minimal cost route {6 that point in space. Most applications of the

aigorithm siop when a destination is added 1o the spanning free. The routing moduis
102 of the rouling toot 184, on the other hand, 18 configured 0 buld spanning trees that
are rooted at one or more touchdown points 382, The spanning trees grow from the
fouchdown points 502 cutward., An exampie of such a spanning tree is ilustraled above
N FIGURE 24, in bullding the spanning rees, the routing module 1072 minimizes
aititude changes while moving away from the touchdown points 502.

HO0S8] Unce the spanning tree s buill, the routing toot 188 or the routing module 102
can guery the spanning tree from any localion and Know whal minimum aitiiude 18
needed to reach the associated teuchdown point 302 from that location. Additionally, by
following a branch of the spanning free, the routing module 182 instanily ascertains the
route that will minimize altitude loss during ngress to the landing site.

10059] In some embodimenis of the routing tool 1080 and/or the routing module 102
disciosed herein, the spanning irees for each landing site along a flight path may be
gengraled in real-ime, and can be pre-cailcuiated dunng a flighl planning stage and/or
compuied in reai-time or near-reashtime during an emergency situation.  With the
spanning tree, the rouiing module 184 can delermine the minimal cost path 1o the ongin,
whersin cost may be a function of time, energy, and/or fusl.

0060] FIGURES 8A&-88 schamatically llustrate fight path planning methods, according

{o exemplary embodiments. Keferring first fo FIGURKE 64, a map 600A schematically
piustrates a first method for planning a fhight path. On the map 8804, an ownship
indicator 8024 shows the current position and heading of an arcraft. The map SG0A
aiso indicates femrain 804 that is oo high for the aircraft to fiy over in the illustraied
empogiment. For purposes of lustration, it 1s assumed heremn thal the aircraft needs 1o
fum into the canyon 806, the beginning of which is represented by the indication 808

Using a standard path planning algonihm, a tlight path 8108 s generated from the

current position and heading 602A. The algorithim essentially searches for the minimal
cost route (0 the entrance point indicated by the indicalion 688, The algorithm will seek
{0 extend ithe route for the aircraft from that location. Unfortunately, from the enirance
pomnt ndicated by the ndication 888, the awcrafl will not be able o complele the fum
without hitting the terrain 884,

061 Tumning now o FIGURE 68, a2 map 8008 schemsalically tustraies a secona

method for planning a Hight path. More particuiarly, the map 6088 schemalically

14
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flustrates a method used by the routing module 182, according (o an exemplary

embodiment. The algorithim used in FIGURE 68 begins al the entrance point indicated
by the indication 688, and works back to the current posiion and heading ndicated by
(he ownship ingicator 8028, Thus, the aigonihm determines that in order {0 enter the
canyon 8%, the aircratl must fly along the fiight path &1488. in particular, the aircraft
must first mceur cost making a left um 812, and then make a fong costiy right turn 814 {0
ine up with the canyon 686, [t should be undersiood that the scenarios dlusirated in
FlIGURES 8A-8E are exemplary.

H062] Tuming now to HIGURE 7A, additional delaills of ihe routing ool 100 are

daescribed in more detall.  in FIGURE TA, an awcraft 780 is flyving south and is

attempling to land on an east-west landing zone 702. The proximity of the aircraft 700

o the landing zone 702 makes a sale ngress by way of a girect 90° turn al point A

unsafe and/or impossible.  In accordance with the concepis and technologies disclosed
herein, the routing module 102 begins at the landing zone 782 and works back {o the
aircraft 788, In so doing, the routing module could delermine in the lustrated
ambodiment, that the aircraft 700 must make a 270° tum beginning at point 4 and
continuwing along the fignt path 784 (o amive al the landing zone 702 in the correct
orientation.  Thus, the aircraft 700 could cross point & fwice durning the approach,
fnougn this s exemplary. As s generally known, standarc path planning aigorthms are
designed {0 accommodate only one path, and a path that raverses any pariicuiar point
in space only once. Thus, the flight path 784 would not be generated using a stangard
path planning algonthm,

{0863 According 1o exemplary embodiments, the rouling module 102 includes path
pianning funclionality that adds an angular dimension 1o the space. Theretore, instead
of searching over a8 two-dimensional space, the algonthm works in three dimensions,
wherein the third dimension s aircraft heading. For the thght path 704 ilustrated in

FGURE 74, [he flight paths 704 can cross over ihemselves as long as the muitiple

routes over a point are al difterent heacdings. The funclionality of the three dimensional
approach is filustrated generally in FIGURE 78.

0664} Turmning now to FIGURE 8, additional details ¢f the rouling tool 108 are described
in delail. FIGURE 8 generally dlustrales the application of {um consirainis i an update
phase of the path planning algorithim. When a point in space is added {0 the spanning

freg, the aigoritnm atlempis {0 exiend the path 1© neighboring points in the space. For
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furn constramed situalions, the reachable neighbors are consirained as shown in

FIGURE 8. A current position and heading 8080 of an aircraft at 3 point 842 that was just
added t0 the spanning tree is illusttaled in FIGURE 8. The points 888 repressant
neighbonng points that the algonthm will attempt 10 reach when extending the path.

[0065] The twm constraints are not imited 0 any particuiar turn radius. the tum radius
SU8A can be different than the turn radius 8888, The algonthm can ry different tum

radii in an attempt (o minimize altitude {oss. For exampile, if the aircralt is ryving (o reach

a point behind #s current posilion. H could use a controlied turn that has less aitituds

l0ss per degree of turn. It could aisc make a tighter twm with more aititude 10ss per

degree of um. the longer distance of the controlied turn could result i more total
altitude loss than the shorter tighter tum. If the tighter turn produces less {otal allifude
loss, the aigornthm will use the tighter tum.

[0066] While relatively computationatly expensive, generation of the spanning trees can
be performed pre-depariure. A dalabase of spanning trees rooted ai various landing
localions and under varous conditions can be icaded mto the awcrall for use durnng
fight, Al any point dunng the flight the curreni aircrall position and heading can be
compared wilh spanmnng rees rooted i the local area. Because the allitude for poinis
aiong the spanning tree are pre-caiculated in the spanning tree, the routing tool 100 can
nstantty know at what aitifude the aireratl needs {0 pe in order 1o make it (o the given
landing locatlion. il also will insiantly Know the path to take Tfor minimal ailitude ioss.
08671 1T the awcralt s higher than the maximum allitude of the spanning treg, the on-
poard computer neads o connect up the arcrafl’'s current iocation and heading wiih the
spanning tree. Starling with the point on the spanning tree that is nearest the aircraft
posiion, the rouling module 102 searches the poinds i the spanning tree 1o ing the first

point that is still feasible after considerning the allitude losses incurred fiving o that point

and an associatied heading. Computationally, this only involves a simple spatial sort

Cont

and a two tum calculation.

{0068] Turmning now o FIGURE 8§ additional details will be provided regarding
embodiments presented herein for determining landing sites for aircraft. i should be
appreciated thal the logical operations descnbed herein are implemenied {1) as &
sgguence of computer impiemented acls or program modules running on a8 compubing
system and/or {2) as intsrconnected machine logic circuiis or circuit modules within the

computing system.  The implemeniation is a matter of choice dependent on ihe
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performance and other operating parameters of the compuling system. Accordingly, the

logical operalions described herein are referred to variously as gperations, sfructural

devices, acts, or moduies. These opseralions, structural devices, acts, and moduies

may be implemented i software, i fiymware, hardware, i1 special purpose digitat iogic,

and any combination thereof. H should aiso be appreciated thal more or fewer

operations may be performead than shown in the figures and dascribed herein.,  These
operations may aiso pe performed in paraliel, or in a different order than those
descrnbed hersin.

0069 FIGURE 8 shows g rouline 880 for determining landing siles for an aircraft,

according o an exemplary embodiment. in one embodiment, the routine 880 (s

performed by the routing module 102 described above with reference to FIGURE 1. It

shiouid be understond that this embodiment s exemplary, and that the routing 900 may
be periormed by another module or component of an avionics system of the aircraft; by
an of-board sysiem, moduie, and/or component, and/or by combinations of onboarg
and off-Doard modules, systems, and components. The rouline 808 peging at
operation 802, wherein flight dats s received. the flight dala can include fight plans
ndicating a path for a planned flighl, The flight path can be analyzed by the rouling
moduie 182 to identify landing siles such as aiports, and alternative ianding siles such
as figlds, golf courses, roadways, and the like. The routing module 102 can access one

or more of the databases 104 {0 search for, recognize, and identify possible alternative

b

landing sites ior the anticipateo #light paih.

06781 1 he routineg 380 proceeds from operation 882 (o operalion 804, wherein spanning
frees can be generated tor each identified langding sile and/or alternative ianding site,
AS explained above, the spanning trees can be generated form the landing sies, back

into the airspace along which the flight path traveis. in some embodiments, a spanning

ree s generated for each landing sie along the flight path or within a specified range of

fhe flight path. The specified range may be determined based upon intended cruising
altitude and/or speed, and therglore the anticipated glide profile that the awcrafl may
have in the esvent of an emergency condition. i should be undersiood that this
ambodiment is exempilary, and that olther tactors may be used 0 delermine the landing
sites for which spanning trees should be generated.

071] Tne routine 808 proceeds from operation 804 to operation 8088, wherein the

generaled spanning trees are ioaded into a dala slorage localion. the data storage
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location can be onboard the aircrafl, or at the ATC, ARTOC, ADC, or another locabion.
Af some point in time, the aireraft pegins the flight.  The rouline 800 proceeds from
gpearation 88% o operation 888, wherein in response 1o an emergency condition, the
spanning dalabases are retneved from the data storage device., The routine 800

proceeds from operation 888 {o operation 918, whersin the spanning trees are analyzed

{0 dentify one or more attainable anding sites, and o prompt retrieval of landing sile

information such as distance from a curreni position, weather al the landing sites, a time

in which the route {o the landing sile may be seieclted, ang the like. the routineg SG0

proceeds form operation 318 to operation 8912, wherein the information indicating the

landing sites and information relating to the landing sites such as distance from a

ot

current location, weather at the landing sifes, a ime in which the route 1o the fanding

site must be selected, and the like, are displayed for aircraft personnel.  In addition o
displaying a moving map display wilh the attainable ianding siles and mformation
relating to those landing sites, the routing tool 188 can obtain additional reail-lime daia
such as, for example, wealher data vetween the current position and the fanding siles,
{raffic data al or near the landing sties, and the like, and can display these dala {0 the
aircraft personnet.

10872] The routine 880 proceeds from operation 810 (o operation 912, wherein a landing
sife s selected, and the aircratt begins fiving 1o the seiecied landing sife. In selecting

the fanging site, the weather condilions at the landing sife, near the landing site, oron a

path to the landing sile may De considered as visibility can be a vital component of a
syccassiul and safe ingress o 2 landing site.  The routing 8080 proceeds o operation
914, whereat the routine 3840 ends.

0731 Referring now 0 FIGURES 10A-108, screen displays 10004, 18848 provided by
a graphical user interface {GuUl) for the rouling tool 100 are illustrated, according 1o
axempiary embodiments. The screen displays 1080A-8 can be displayed on the pilol's
primary fight display (PHD), if the aircraft is so equipped, or upon other displays and/or
display devices, if desired. FIGURE 10A& ilustrates a three-dimensional screen display
13004 provided by the routing {ool 108, according (0 an exemplary embodiment. the
ine 1002 represents a fight path required 1o safely ingress into the landing stle, and {o
fouchdown al the touchdown poini 1004, The view of FIGURE 184 is shown from {he
parspective of the cockpil. From the illustrated perspective, it s evident that the aircraft

currently s above the minimum altitude required for a safe landing, as mdicaled by the

13
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ine 10402, Therefore, the awcrall has sufficient energy 10 reach the touchdown point
1004

0074 FIGURE 1088 illusitales  another three-dimensional screen display 10408
provided by the routing tool 1008, according to another sxemplary embodiment.  In
particuiar, FIGURE 108 tlustrates g flight paih 1010 for ingress {0 a landing site. the
fHghl path inciudes targeis 1014, Dunng an approacn, the pHol atlempts o pass the
aircrafl through the fargeis 1012, Upon passing nrough ail of the targets 1012, the
aircratt 18 in position o land at the landing site.  Thus, the GUI provided by the rouling

fool 100 can be configured o provide guidance Tor a piot o navigaie an aircraft 1o a

landing site in an emergency. these embodiments are exemplary, and shouid not be

Gt

construed as being himiting N any way.

F0875] According to various embodiments, the routing tool 180 interfaces with an AT,
ARTCC, or AUC o exchange information on potential landing sites as ihe flight
progresses, or for allowing the ATC or AQC 1o monitor or control an aircralt in distress,
or 1o potentially reroute other atrerall in the area {0 enhance ingress safely. Accordging
{0 other embodiments, the routing ool 100 is configured {o report awrcrait status
accordging o a predetermined schedule or upon occurrence of frigger events such as,
for exampie, sudden changes in altitude, disengaging an autopiot funclionality, amving
within 100 miles or anoiher distance of an infended langing siie, or other svents.
According to vel other embodiments, the rouling tool 108 determines, in realtime,
potential ianding sites with the assistance of an oif-poard computer sysiem such as, for
axgmpie, a system associated with an AT, ARTCU, or AOQU.  The routing module can
fransmit or receive he information over the current fight operations bulletin (FOB)
messaging sysiem, or another system.

1076] The ATO, ARTOC, and/or AOCU have the capabiity to uplink information on
potential emergency landing sites as the aircraft progresses on s fight path.  For
exampie, the ATC, ARTLC, andior AOC can use daia in the dalabases 104 and data

from the real-time data sources 122 o determine a landing site for the aicrafl.

informalion relaling o the landing sites may be uplinked by any number of uplnk means
o the awcrall. The ATC, ARTCLO, andfor AGC bDroadceast the mformalion at regular
ntervals, when an emergency s reporled, and/or when g request rom authonzeag

aircraft personneal is onginated.
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00771 in another empodiment the aircraft broadceasts potential landing sties o the ATC,

ARTOCC, or ADC as the aircraft progresses on lis fight.,  Allemnatively, the aircraft

proadeasts only when there is an semargency or wnen a reguest for information 8 made
from the ATC, ARTCC, or AOC. Thus, the ATC, ARTCC, or AQC can identify, in real-

ime or near-reai-time, the chosen ianding site of an arcrafl posting an emergency. i

appropriaie, other trafhic may be re-routed 10 ensure a safe ingress {o the ¢hosen
landing site. it should be understood that the aircraft and the ATC, ARTCO, or ADU can

nave continuous, autonomous, and nstantaneous mformation on the choices of landing

sifes, thereby adding an exira layer of safely 1o the routing {ool 100,

[0878] FIGURE 11 shows an illustrative computer architecture 1188 of a routing toot 160
capable of execuling the software components described herain for determining landing
sites for aircratt, as presented herein. As explained above, the rouling tool 188 may be
embodied in a single compuling device or in a combination of one or More processing
units, storage uniis, and/or other compuiling devices implemented in the avionics
sysiems of the aircratt andi/or a compuling system of an AT, AUC, or other ¢lf-board
compuling system. The compuler architeciure 1100 includes one or more csniral
processing units 1102 ("CPUs"), a sysiem memory 1108, including a random access
memory 1114 ("RAM™) and a read-only memory 1116 ("ROM”), and a system bus 1144
inat couples the memory {0 the CPUs 1102.

(08791 The CPUs 1102 may be slandard programmable processors that perform
arithmelic and logical operations necessary for the operaticn of the computier
archifecture 1108, The CPUs 1182 may perform he necessary operalions by
fransitioning from one discrete, physical state o the next through the manipulation of

swilching elements that differentiale belween and change these states. Swilching

clements may generally include electronic circuits that mainfain one of fwo binary

Cowrt

states, such as flip-flops, and electronic circuits that provide an output state based on
fhe logical combination of the siates of one or more other switching elements, such as
logic gates. These basic swilching elements may be combined 1o create more complex
logic circuits, including reqisters, adders-subltractors, anthmelic logic units, floating-point
units, and the lke.

0086 T he computer architecture 1180 aiso includes a mass storage device 1118, the
mass storage device 1110 may be connecied 1o the CPUs 1102 through a mass

storage conlrolier (not shown) further connected (o the bus 1184, The mass siorags
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device 1118 and its associated compuler-readable media provide non-volalile storage
for the compuier archilecture 1100. The mass storage device 1110 may siore various

AVionics systems and control systems, as well as specific appiication modules or other

program modules, such as the rouling module 104 and the dalabases 184 described

above with reference o HGURE 1. The mass siorage device 1118 aiso may siore dala
cotlected or ulilized by the various systems and moduies.

00811 The computer architeciure 11080 may siore programs and data on the mass
storage device 1118 by transtorming the physical state of the mass storage device 1o
reflect the information being stored. The specific transformation of physical state may
depend on vanous factors, in different implementations of this disclosure. Examples of
such factors may inciude, bul are not imited to, the technology used to impiement the

mass storage device 1110, whether the mass slorage device 18 characterized as

primary  or secondary storage, and the like. For exampile, the computer
architecture 1100 may slore information to the mass storage device 1110 by issuing
instructions through the siorage controlier (o aller the magnetic characienslics of a
particutar {ocalion within a magnelic disk drive device, the reflective or relfractive
characiernstics of a particylar ocation i an oplical storage device, or the siectncal
characieristics of a particular capacitor, transistor, or ofher discrele component in a
solid-siate storage device, Other transformations of physical media are possibie without
departing from the scope and spirit of the present description, with {he foregoing
exampies provided oniy to faciiiate this descnption. The compuler architecture 11460
may further read informatlion from the mass siorage device 1110 by delecting the
physical stales or charactenstics of one or more particuiar iocations within the mass
storage device,

100K2] Although the description of computer-readable media contained hersin refers o
a mass storage device, such as a hard disk or CR-ROM drive, it should be appreciated
Dy those skilled in the art that computer-readable media can be any available computer
siorage media that can be accessed by the computer architecture 1180, By way of
example, and not imitation, compuier-readable media may include volatile and non-
votalile, removable and non-removable media mplemenied 1 any melhod o
fechnology for siorage of mformation such as computer-readable mnshuctions, dala
struciures, program moduiles, or olher data. For example, computer-readable media
ncludes, but is not imiled to, RAM, ROM, EPROM, REPROM, flash memory or other
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soiid state memory technology, CO-ROM, digital versatile disks (DVDT), HD-DVD, BLU-

HAY, or other oplical siorage, magnelic casseltes, magnelic {ape, magnelic disk

sforage or other magnelic siorage devices, or any other medium which can be used {o

sfore the desired information andg which can be accessed by the computer
architeciure 1100.
R3] According to various embodiments, the computer architecture 1108 may operale

in a nefworked environment using logical connections o other avionics in the aircraft

and/or 10 systems off-board the aircraft, which may be accessed through a network

1120, The computer architecture 1100 may connect {o the network 1124 through a

network nterface unit 1106 connecled o the bus 1184, it should be appreciated that

the network interface unit 1186 may aiso be ulilized 1o connect {0 other types of

networks and remote computer systems.  The compuler architecture 1108 also may
include an input-ouiput controlier 1122 for receiving input and providing output {o aircraft
ferminals and displays, such as the in-flight display 136 described above with reference
to FIGURE 1. The mpul-outpul controller 1122 may receive input from other devices as
well, including a PFD, an BEFB, a NAV, an HUD, MDU, a DSP, a keyboard, mouse,
agisctromc shylus, of louch screen associated with the n-tght display 136, Simidarty, the
inpui-output controlier 1122 may provide ouiput 1o other displays, a printer, or other {ype
of oulput device.

00841 Based on the foregoing, i should be appreciated that ischnologies for

defermining landing sites for aircraft are provided herein, Although the subject matler
presented hersinn has peen described In language speciiic o compuler structural
features, meinhodological acts, and computer-readable media, it is 10 be understood that
the mvention defined in the appended claims s not necessanty imited 10 the speciiic
features, acts, or media described herein. Rather, the specific features, acls, and
mediums are disclosed as exampile forms of implemeanting the claims.

H0085] The subject matier described above is provided by way of Hustralion only and
should not be construad as iimiting. Varnous modifications and changes may be made
{o the subject matier described herein without foliowing the example embodimenis and
applications #lustraled and descnibed, and without departing from the frue spint and

seope of the present invention, which s seat forth i the following claims.

Peod
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What is claimed is:

1. A method comprising:

receiving, by a routing tool, flight data corresponding to a flight path;

identifying, by the routing tool, a plurality of landing sites proximate to the flight
path;

generating, by the routing tool, a plurality of spanning trees, each spanning tree
between a |landing site of the plurality of landing sites and the flight path;

storing each spanning tree in a data storage device;

displaying at least one spanning tree of the plurality of spanning trees and a
landing site associated with the displayed spanning tree; and

displaying a countdown timer with the spanning tree, the countdown timer

indicating an amount of time by which the displayed landing site may be selected.
2. The method of claim 1, wherein the routing tool is associated with an aircraft.

3. The method of claim 1, wherein the routing tool is an off-board routing tool

associated with an air traffic control system.

4. The method of any one of claims 1 to 3, wherein recei\)ing, by the routing tool, the

flight data comprises receiving the flight data during planning of a flight.

. The method of any one of claims 1 to 3, wherein receiving, by the routing tool, the

flight data comprises receiving the flight data during a flight.

6. The method of any one of claims 1 to 3, wherein receiving, by the routing tool, the

flight data comprises receiving the flight data before a flight is commenced.

7. The method of ¢claim 1, further comprising:
detecting, by the routing tool, an emergency condition during a flight of an aircraft:

and
In response to detecting the emergency condition, transmitting data to an air traffic

control system indicating occurrence of the emergency condition.

8. The method of claim 1, further comprising detecting an emergency condition

during a flight of an aircraft.

23

CA 2796923 2019-02-28



9. The method of claim 7, further comprising:
in response to detecting the emergency condition, displaying the at least one

spanning tree and the countdown timer on a display system of the aircraft.

10. The method of any one of claims 1 to 9, further comprising:

receiving a selection of the displayed landing site.

11. The method of claim 10, further comprising:
obtaining real-time weather data for the displayed landing site, wherein the reali-

time weather data is evaluated before selecting the displayed landing site.

12. The method of claim 10 or 11, further comprising displaying a vertical profile view

of a glide path for ingress to the selected landing site.

13. The method of any one of claims 1 to 11, wherein each spanning tree comprises a

plurality of ingress flight paths to the respective landing site.

14. The method of claim 13, wherein each spanning tree identifies which flight paths

are blocked by obstruction.

15. The method of any one of claims 1 to 11, further comprising:
displaying a plurality of landing sites and respective ingress flights paths

associated with each of the plurality of landing sites.

16. A routing tool comprising a database configured to store flight data corresponding
to a flight path for an aircraft, and a routing module configured to:

receive the flight data;

identify a plurality of landing sites proximate to the flight path;

generate a plurality of spanning trees, each spanning tree between a landing site
of the plurality of landing sites and the flight path;

store each spanning tree in a data storage device;

dispiay at least one spanning tree of the plurality of spanning trees and a landing
site associated with the displayed spanning tree; and

display a countdown timer with the spanning tree, the countdown timer indicating

an amount of time by which the displayed landing s‘ite may be selected.
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17. The routing tool of claim 16, wherein the routing tool comprises a component of

the aircraft.

18. The routing tool of claim 16, wherein the routing tool comprises a component of an
air traffic control system.

19. The routing tool of any one of claims 16 to 18, wherein the routing tool is arranged

to generate the plurality of spanning trees before a flight is commenced.

20. The routing tool of any one of claims 16 to 18, wherein the routing tool is arranged
to generate the plurality of spanning trees in real-time, in response {o detecting an

emergency during a flight of the aircraft.

21. The routing tool of any one ¢f claims 16 to 18, further comprising a performance
learning system for generating an aircraft performance model, wherein the aircraft

performance model is used to generate the plurality of spanning trees.

22. The routing tool of any one of claims 16 to 21, wherein the routing tool is arranged

to receive a selection of the displayed landing site.

23. The routing tool of any one of claims 16 to 22, wherein each spanning tree
comprises a plurality of ingress flight paths to the respective landing site and identifies

which flight paths are blocked by obstructions.

24, The routing tool of any one of claims 16 to 23, wherein the routing tool is arranged
to display a plurality of landing sites and respective ingress flights paths associated with

each of the plurality of landing sites.

25. A computer readable storage medium having computer executable instructions
stored thereon, the execution of which by at least one processor, cause a routing tool to:

receive flight data corresponding to a flight path;
identify a plurality of landing sites proximate to the flight path;

generate a plurality of spanning trees, each spanning tree between a landing site
of the plurality of landing sites and the flight path;

store each spanning tree in a data storage device;

detect an emergency at the aircraft during 3 thgnt of the aircraf;
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in response to detecting the emergency, display at least one spanning tree of the
plurality of spanning trees and a landing site of the plurality of landing sites associated
with the displayed spanning tree; and

dispilay a countdown timer indicating an amount of time by which the displayed

landing site may be selected.

20. The computer readable storage medium of claim 25, further comprising computer
executable instructions, the execution of which by the at least one processor, cause the
routing tool further to:

transmit data indicating the emergency on board the aircraft, the data being
transmitted to an air traffic control system; and

receive instructions for selecting the displayed landing site from the air traffic

control system.

27.  The computer readable storage medium of claim 25 or 26, further comprising
computer executable instructions, the execution of which by the at least one processor,

cause the routing tool turther to:

recelve a selection of the displayed landing site.

28.  The computer readable storage medium of any one of claims 25 to 27, wherein

each spanning tree comprises a plurality of ingress flight paths to the respective landing

site.

29. The computer readable storage medium of claim 28, wherein each spanning free
identifies which flight paths are blocked by obstructions.

30. The computer readable storage medium of any one of claims 25 to 29, further
comprising computer executable instructions, the execution of which by the at least one
processor, cause the routing tool further to:

display a plurality of landing sites and respective ingress flights paths associated
with each of the plurality of landing sites.
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31. A computer-implemented method for generating safe ingress flight paths to an
identified landing site for an aircraft, the method comprising:
generating, by at least one processor, a spanning tree for the identified landing
site by:
nroducing a plurality of possible approach paths by starting at a touchdown
point on the identified landing site and building each of the plurality of possible approach
paths from the touchdown point outward while minimizing altitude changes while moving
away from the touchdown point,
identifying obstructions proximate the identified landing site, and
eliminating any obstructed possible approach paths of the plurality of
possible approach paths that conflict with the obstructions to produce a plurality of
allowed approach paths to the touchdown point;
storing, in a data storage device, the spanning tree including the allowed
approach paths;
providing information from the spanning tree in the data storage device to an in-
flight display for use by aircraft personnel; and
providing a countdown timer with each of the plurality of allowed approach paths
indicating a time by which each allowed approach path remains available as an option for

the identified landing site.

32. The method of claim 31, further comprising:

receiving, by the at least one processcr, flight data corresponding to a flight path

of the aircraft.

33. The method of claim 32, wherein receiving, by the at least one processor, the

flight data comprises receiving the fiight data by a routing tool associated with the aircraft.

34, The method of claim 32, wherein receiving, by the at least one processor, the
flight data comprises receiving the flight data by an off-board routing tool associated with

an air traffic control system.

35.  The method of any one of claims 32 to 34, wherein receiving, by the at least one

processor, the flight data comprises receiving the flight data during planning of a flight.

36. The method of any one of claims 32 to 34, wherein receiving, by the at least one
processor, the flight data comprises receiving the flight data during a flight.
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37. The method of any one of claims 32 to 34, wherein receiving, by the at least one

processor, the flight data comprises receiving the ﬂight data before a flight is commenced.

38. The method of claim 31, further comprising:

detecting, by the at least one processor, an emergency condition during a flight of
the aircraft; and

in response to detecting the emergency condition, transmitting data to an air traffic

control system indicating occurrence of the emergency condition.

39. The method of any one of claims 31 to 37, further comprising detecting an

emergency condition during a flight of the aircraft.

40. The method of claim 39, further comprising:
in response to detecting the emergency condition, displaying the spanning tree

and the countdown timer associated with each allowed approach path.

41. The method of any one of claims 31 to 40, further comprising:
displaying a vertical profile view of a glide path for approach to the identified at
least one landing site, the glide path corresponding to one of the plurality of allowed

approach paths.

42. The method of any one of claims 31 to 41, further comprising:

querying the spanning tree with respect to a given location;

determining, by the at least one processor, a minimum altitude needed to reach
the touchdown point from the given location; and ‘

following, by the at least one processor, one of the allowed approach paths to the
touchdown point of the spanning tree that minimizes altitude loss during ingress to the

touchdown point on the identified landing site.
43. The method of any one of claims 31 to 42, wherein at least one of the plurality of

possible approach paths crosses over itself at a point such that a heading associated with

a first route over the point Is difterent than a heading associated with a second route over

the point.
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44. A routing tool for generating safe ingress flight paths to an identified landing site
for an aircraft, the routing tool comprising a database configured to store flight data
corresponding to a flight path for the aircraft, and a routing module configured to:
generate a spanning tree for the identified landing site by:
producing a plurality of possible approach paths by starting at a touchdown
point on the identified landing site and building each of the plurality of possible approach
paths from the touchdown point outward while minimizing altitude changes while moving
away from the touchdown point,
identifying obstructions proximate the identified landing site, and
eliminating any obstructed possible approach paths of the plurality of
possible approach paths that conflict with the obstructions to produce a plurality of
allowed approach paths to the touchdown point;
store, in a data storage device, the spanning tree including the allowed approach
paths;
provide information from the spanning tree in the data storage device to an in-
flight display for use by aircraft personnel; and
provide a countdown timer with each of the plurality of allowed approach paths

iIndicating a time by which the allowed approach path remains available as an option for
the identified landing site.

45. The routing tool of claim 44, wherein the routing tool comprises a component of an

air traffic control system.

40. The routing tool of claim 44 or 45, wherein the spanning tree is generated before a

flight is commenced.

47. The routing tool of claim 44 or 45, wherein the spanning tree is generated in real-

time, in response to detecting an emergency during a flight of the aircraft.

48. The routing tool of claim 44 or 45, further comprising a performance learning

system for generating an aircraft performance model, wherein the aircraft performance .

model is used to generate the spanning tree.
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49, The routing tool of any one of claims 44 to 48, further comprising:

storing, in a data storage device, the spanning tree including the allowed
approach paths; .

querying the spanning tree with respect to a given location;

determining a minimum altitude needed to reach the touchdown paint from the
given location; and

following one of the allowed approach paths to the touchdown point of the
spanning tree that minimizes altitude loss during ingress to the touchdown point on the

identified landing site.

50. A non-transitory computer readable storage medium having computer executable
instructions stored thereon, the execution of which by at least one processor, cause a
routing tool to:
generate a spanning tree for an identified landing site by:
producing a plurality of possible approach flight paths by starting at a
touchdown point on the identified landing site and building each of the plurality of possible
approach paths from the touchdown point outward while minimizing altitude changes
while moving away from the touchdown point,
identifying obstructions proximate the identified landing site, and
eliminating any obstructed possible approach paths of the plurality of
nossible approach paths that conflict with the obstructions to produce a plurality of
allowed approach paths to the touchdown point;
store, in a data storage device, the spanning tree including the aliowed approach
paths;
provide information from the spanning tree in the data storage device to an in-
flight display for use by aircraft personnel,
display a vertical profile view of a glide path for approach to the identified at least
one landing site that includes current aircraft position; and
provide a countdown timer with each of the plurality of allowed approach paths

iIndicating a time by which the allowed approach path remains available as an option for
the identified landing site.
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o1. The computer readable storage medium of claim 50, having computer executable

instructions stored thereon, the execution of which by at least one processor, further
cause the routing tool to:

detect an emergency at the aircraft during a flight of the aircraft, ana

in response to detecting the emergency, display the spanning tree including the

allowed approach paths and the countdown timer associated with each allowed approach
path for selection of the identified landing site.
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