WO 98/ 38% 6 PCT/ GB98/ 006lcir/GBSAIBPARATUS
FOR | NDI € f’?\’@ﬂ R TRAFFI C AND TERRAI N COLLI SI ON THREAT
TO AN Al RCRAFT This invention relatés-to apparatus for indicating air
traffic and terrain collision threats to an aircraft. Air traffic

advi sory ; rgs+ab P AR WAy 801 1§ ION
R
am—l—g '

systens nonitor the speed h—ot—otter aircraft with respect
to the aircraft in question and provide advisory warni ngs when any
aircraft is redicted to pass within a predetermned distance af fhe.
aircraft in Jlhest i bﬁ‘.’er.‘}::mp‘ TR 3RS ad SBP93§'9§PEWBP?§e %é'gal&lél\ﬁn %ﬁfch
interrogate a terrain database with respect to the aircraft flight path
and pr owreer fidy isat ytemraimgsohhbsithethrestaf tof Rngleinsaaft-s predi cted
to take the aircraft into a hazardous situation. These known systens
operate indepgndepti¥s0f 8a¢hseelsyitbnl) arot kABwA! dHidte diafabTleand
terrain advisory warnings. It iS therefore possible for a terrain -
advi sory systemto produce a rnin r.equirin .Cli er . s
nmanoeuvri¥ Th 2i s VaFA® i aPfy é’fgcgeé}to’%i du(ég% %‘QF ﬁ%hug%\%‘i(/\}neg%esgﬁgg of
air traffic above the aircraft in question. It is also possible vm'tg a
known streubhb@meing apirerad¥-sor fushskaaworsysteRs HBdHQF ath@r SPRE
requiring the aircraft to descend into a hazardous terrain situation.
and flight path of other aircraft with respect to the aircraft

in question and provide advisory warnings when any aircraft is
predicted to pass within a predetermined distance of the
aircraft in question.

Terrain advisory systems are also known which interrogate
a terrain database with respect to the aircraft £light path
and provide advisory warnings when the aircraft flight path is
predicted to take ‘the aircraft into a hazardous situation.
These known systems operate independently of each other and do
not co-ordinate traffic and terrain advisory warnings. It is
therefore possible for a terrain advisory system to.produce a
warning regquiring a climb recover manoeuvre which is
potentially dangerous due to the unknown presence of air
traffic above the aircraft in question. It is also possible
with a known stand alone traffic advisory system for it to
produce a warning requiring the aircraft to descend into a

" hazardous terrain situation.
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2 Such known systens are described in US-A-5111400 whi
di sel ose¥WQ9s/B6t%matic integrated real-tine flight crew i ‘%Hﬁl?a&&”ghl
system which- i-ncl udes airborne conponeny s_for receiving ground '

di ssemnated air traffic data and for storing data concerning terrain and
noving map features. The system also includes a conmputer programfor
detecting potential collisions

h_air traffic.or. r.al f | SSui ng
war ni ngs. TR erS PBLEnf 4129 $OT raafgfefr%:er%%]r}(i %b%r%ggegr Za'b 1 er;':tl’{lsfsi ed
separately frompotential terrain collisions and__not assessed- together for
j ol nt efeasiiomicating Hier ecratfimsand nEeHTRdP. godddSidn FhngHts &P an
apparatus for indicating air traffic and terrain collision threats to an
ai rcr afd; whiLi takes i acotst absblint ebbhn terdradin dnidafdic tmofflic i ons
t oget her. According to a first aspect of the present invention there
IS provi drg{i ﬁpd%raratus for indicating air traffic and terrain collision
t hr eat SIWH Scraft, includi ng traffic advisory neans for nonitoring
the position and behaviour of air traffic in the vicinity of an in-flight
aircraft proWeREALRG t Fo he abbesht ASRARE f Gf g&her a?Fﬁ@eétt YT nal
for air traffic predicted to be on a collision course with the in- flight
ai r cr af ¢ha¥@Viidedpirbrhdéde apprarattuss, fard imdicabing air traffic and

terrain collision threats to an aircraft, including traffic
advisory means for monitoring the position and behaviour 'of
air traffic in the vicinity of an in-flight aircraft provided
with the apparatus and for generating a warning and/or
avoidance signal for air traffic predicted to be on a
collision course with the in-flight aircraft, terrain advisory
means for monitoring the position and behaviour of the
in-flight aircraft relative to terrain in the vicinity of the
aircraft flight path and for generating a warning and/or
avoidance signal for terrain features predicted to provide a
collision threat on the aircraft fiight path, and interactive
means for receiving traffic warning and/or avoidance signals
from the traffic advisory means and terrain warning and/or
avoidance signals from the terrain advisory means, comparing
said signals and generating a combined warning and/or advisory
signal which indicates an action for the aircraft which avoids

both air traffic and terrain collisions.

THIS SHEET HAS BEEN
: REPLAGED

This Sheet Has Been Replaced

I

|

L

”I, ,"l  SUBSTITUTE SHEET (RULE 26)




advi SOry wig for monitoring the position and behavi our ofpcTvdmosioosiil i ght
aircraft prowéed with the apparatus relative to

3 terrain in the vici nity of the air@aft flight path and for
generating a terrain signal for terrain features predicted to provide a
collision threat on the aircraft flight path, characterised by

i ncl udi ng i npepaeliake yTeanse f Ofcia@d@ic/i ngdvieoryr af hieansi gnahciudest he
traffic advisory neanS and the terrain signal fromthe terrain. advisory

means, for ri ng_said als r, C g<Qe g diheg the
traffi ctEP&ﬁng‘% fq% teer %agn q'l ch%i }tg% estgnvg%%l O%?IASf or the
aircraft which avoi ds hoth air trafflc and terrain collision

Pr ef er abhyl/orherekative cPOGdTLIBFY Ofredhs thafdifiedn &£he rHﬁ?ﬁBﬁ&é’r 9%r
receiving position signals relating to the positions of air traffic in the
vi ci ni t ynaf adbechafer afrid aad wraffiad f warsiignal agdfieratavobgeanabl esignal
receive output signals fromthe transponder, to cal cul ate and nonitor the

osition and ai g .tr t [ he gk Cr and
F o] genelggf’? s tra‘#‘?%a%[e Eo arfgd%‘}n%enpgﬁ%gw thgejy%!?%]f%i cfgognna?me

generator is connectable to a flight nmanag nt s stem of t rcraft to
r ecei ve tTANSROMAEIp G WP T BRaPPEA toRe 1'érr"fz‘r $it tionp ﬁ%\%é *the

terrain advisory neans includes a
of air traffic in the vicinity of the aircraft and generate

said traffic warning and/or avoidance signal.

Convenient;ly the traffic warning and/or avoidance signal
generator is connectable to a flight management system of the
aircraft to receive aircraft operating information therefrom.

Advantageously the terrain advisory means includes a
store of representations of terrain and obstacles in and
around the aircraft flight path, a search logic device for
retrieving data from the store within a predetermined
latitudinal and longitudinal envelope defined relative to the
aircraft position and velocity and a terrain warning and/or
avoidance signal generator operable to receive, from a
navigation system of the aircraft, signals representative of
the 1latitude, longitude and altitude of the aircraft,
calculate the predicted aircraft ground flight path and

generate said terrain warning and/or avoidance signal.
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store of representations of terrain and obstacles in and
ai rcraft wopgps6e1pat h, a search logic device for retrievi ngéﬂgggwé'gglm t he

store within a predeternmined |atitudi n_al4 and | ongi tudi nal envel ope defi ned
relative to the -4- aircraft position
and velocity and a terrain sugnal general operable to receive, froma

navi gati on systemof .the_aircraft . si l.s re taf ]\ he, htude,
| ongi t ude an r&I%F’FP%’&g Bl?et %eeréﬁ'q"tpr af’ ? ?%%gﬁgcugégzg?hgawﬁlgdfﬂﬁidgébﬁériaft
ground flight path and generate said terrain signal. . Preferably the
terr ai n gengraitogentnal edes n@ ugeBParaterpdian oFOPBRTABEparheig PEREIFTE ct ed
aircraft ground flight path with the worst case terrain profile so that

t he terrgigera¥tgnground STIedntl @aither wilth prtd cwedsa r caskt &kriradde
falls below a predeterm ned m ni nrum cl earance height at any point along

h di d : Cif . _ 9 _
5 pr ARG L%, o VY i flrrd efhing anibE! B661HARAY E3ghRe ke/raln

an a predeterm
Conveniently the interactive neans interlinks and._for a&&soge&g% a
traffic issyed ideRither e pFRATCEP; ALSFERAF a&@ﬁ&ﬁﬁ?og?
Advant ageously the apparatus includes an auditory warning device and a
vi sual grEditErmidies)h| minitevi celeeraneenypedghgutat any point along the
predicted ground flight path or if intersection with the
terrain is predicted to be less than a2 predetermined time to
impact.

Conveniently the interactive means interlinks and forms
part of the traffic warning and/or avoidance signal generator
and the terrain warning and/or avoidance signal generator.

Advantageously the apparatus includes an auditory warning
device and a visual avoidance display device receiving output
signals from said traffic warning and/or avoidance signal
generator and said terrain warning and/or avoidance signal
generator, which warning device additionally feeds an output
signal to said display device.

For a better understanding of the present invention, and

to show how the same may be carried into effect, reference

will now be made, by way of example, to the accompanying

drawings in which:
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signal s fﬁ%{,@%ﬁ?ﬁg traffic signal generator and said terraipcT/&BMYs11
gener at or war ni ng device additionally feeds an output signal to the

di spl ay devi ce. For a better understgnding of the present invention,
and to show how the sane may be carried into effect, reference

will now be made, by way of exanple, to the acconpanying drawi ngs in
whi ch: Figwre 1 is @ schenatie drawing ef appaimitis asceordimgtoo a
first embodi ment of the present invention for indicating air traffic and

1 utr o FF o ABPRORREaF | 85" *eer pEbdbhe snvendiptie? dafclionk digoram

arn-sig generator formng part of the
apparatus of Figure 1,. gure 3 1is a d| a rammati c vi ew Il lustrating
t he terreraffieecandctencain nc‘abbhiih‘?%st’aE%BF& ﬁ@ £8 pigGrett. Fi gure

4 is a schematic cross sectional view of worse case terrain profile and
aircraft predrggedef i gbt apblbcrsdiggramatiad usstiney iagpatmimsref détgites 1

and 2, and Figure 5 is a schematic diagramillustrating recovery
action tg ken_t n n t. aggiMsngapaeidi Ng
75" Ohe' SFRbf, AUPhing, bERVBE pGBLHAL" Al generedhPatshiin?s

of the apparatus of Figure 1,

Figure 3 is a diagrammatic view illustrating the terrain
area scanned in apparatus according to Figure 1,

Figure 4 is a schematic cross sectional view of worse
case terrain profile and aircraft predicted | flight path as
generated using apparatus of Figures 1 and 2, and

Figure 5 is a schematic diagram illustrating recovery
action taken to avoid a terrain collision threat.

Apparatus according to the present invention for
indicating air traffic and terrain collision threats to an
aircraft wutilises a | terrain and obstacle database for a
predetermined geographical area of interest to provide
advisory warnings of the hazardous proximity of terrain or
other air traffic and advises on the appropriate recovery
action. The apparatus monitors the position, velocity and
attitude of the aircraft in which it is installable and the

position and velocity of air traffic in the vicinity of the
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indicating air traffic and terrain collision threats to an _aircraft
util'i ses ¥QWI41% and obstacl e database for a predeterniH@ancgggéwgbhical

area of “interest to provide advisary warnings of the hazardous
proximty of terrain or other air traffic and advi ses on the appropriate
recovery action. The apparatus nonitors the position, velocity and

atti tud%&%ﬂa&% atd CFQ«ER@EB Ve fkdity | nbRehalball &anenthgodiosidd ogsand
y O

vel oci t alr traffic in the vicinity of the

REPLACENENT SHEET , . R ircraft_tn provide
RV sor FRRAREaEFoRENSE PIE SEELESH WD FASREGT G SR ETHTATST 1 ¢ with
respect to the aircraft. To this end the apparatus includes traffic
advi sory neaffeo thdsercaid-theh@pparpuguircliudes wpaffbei agviserpodransn and
behavi our of air traffic in the vicinity of an in-flight aircraft provided

Wi th t hgeteRanakussish foff genigidld MU fort mahkiteringnathd oposdi tidm akhidc
predicted to be on a collision course with the in-flight aircraft. The

traffic,shanal, S 8¢ VDI Ng- o/ or i?x"ollzﬂé“c 1 SL08) - Jhe QPPELAkY§ RSO
|nclude§’ errarn a5V|sory neans generally shown Tn"Figure 1 and in~nore
detail in Figure 2 of the acconpanying drawings for nonitoring the

posi t | oRiFFAFehaPFeyidss (Wkth n-the gRPPEFALuES t 23RE| E9W e IAETFE N Pai n
in the vicinity of the aircraft flight path and for generating a terrain
si gnal fwairdiery samd feat avedsdpnedi ctigphal for air traffic predicted to

be on a collision course with the in-flight aircraft. The
apparatus also includes terrain advisory means generally shown
in Figure 1 and in more detail in Figure 2 of the accompanying
drawings for monitoring the position and behaviour of the
in-flight aircraft relative to the terrain in the vicinity of
the aircraft flight path and for generating a warning and/or
avoidance signal for terrain features predicted to provide a
collision threat on the aircraft flight path. Additionally
the apparatus of the invention includes interactive means for
receiving traffic warning'and/or avoidance signals from the
traffic advisory means and terrain advisory means, comparing
said signals and generating a combined warning and/or advisory
signal which indicates an action forlthe aircraft which avoids

both air traffic and terrain collisions.
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to provi dgv(a 89%34 sion threat on the aircraft flight path. pé&ecogiseri n
si gnal ?i rning and/or avoidance signal. Additionally the

apparatus of the i nvention i ncl udes 7 imnteracti ve nmeans for receiving
the traffic signal fromthe traffic advisory nmeans and the terrain signal
fromthe terrain advisory nmeans, conparing said signals and cal cul ating

new signal- weheh ikpdifgatesaadisetiyonméanst henalludeaf t awhicehnaponder bat h
air traffic and terrain collisions. ) The traffic advisory

| ud d
fﬁg“;os: ?3%8%5%213 % r%g gga E‘s&r%?n 313 qperableihg reseiue: %ﬂé@i&é ehahv@& to

vicinity-of the aircratf
These signals, which relate to the absol ute and/or, rel at | ve osit
the air redative, REFiBEOPEC AV e @i oA t&AGundnst B onvt g’é gs
or directly fromother air traffic. -Al so form ng part of t he trafflc
advi sory aig@rafits a trafdse sisjgaalsgemeyat be 2redeiveds fpematd e greund
recei ve out put SI gnals from the transponder 1, to calculate and nonitor

the posi tJ.an ;a5 % BpNEQUE Rk idh! drF aa:f.i'éctﬂyt koo G¥hdy Qirt headifiey.aft
and to generaté the Tequired traffic S|gna The generator 2

cal cul at es t he range, al ti e b arin and ent
i ndi vi dualAL§e FFTING, %?i?%c%ﬁt ’Q'QF 2 % Jﬁl'ﬁ ?Jng I anc?{ar%ar ea.

Thus the generator 2 nonitors the
warning and/or avoidance signal generator 2 which is operable

to receive output signals from the transponder 1 calculate and
monitor the position and behaviour of air traffic in the
vicinity of the aircraft and generate the required traffic
warning and/or avoidance signal. The generator 2 calculates
the range,l range rate, altitude, bearing and descent rate of
individual aircraft lin adjacent air traffic within a
surveillance area. Thus the generator 2 monitors the flight
path of the air traffic and issues a warning or advisory
signal if the traffic is predicted to be on a collision course
with the aircraft fitted with the apparatus of the invention.

Figure 1 shows apparatus according to a first embodiment
of the present invention in a block schematic form in which
various analogue and digital implementations may be utilised.
The surveillance area which the transponder 1 operates is
defined relative to the aircraft carrying the apparatus and

the coverage of the surveillance area as a function of the
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flight path of the air traffic and issues a traffic signal if the traffic
i s predi cVP838638e on a collision course with the aircraf FFTGR%ER%th t he

apparatus” of the invention. Fi gure % shows apparatus according to a
first enbodinent of the present inventionh Tn a block schematic formin

whi ch various anal ogue and digital- i npl ementati ons may be utilised. The
surveillance area which the transponder 1 operates is define elative to

the ai r @HFFTREF r JFAYE hEPERPar at USANECPERBTRBY &r gt TPPRFRERRHTeiPl &nce

area as a function of the aircraft dground speed. * The
gener at of1£ght owanmgamdrite tsysternf | iSghtofmakhge nedircrasttemc@rafyimige dhecr af t
carrying the apparatus to receive aircraft operating information

theref r ofnaratus 6 +&EEHrd AMESOFY SFSLins! LdeSriAa €16f ether@srbRst
seen in gure 2, for storing a representation of the terrain and

obstacl es aroynd the_aircraft. in a nenory., The store 4 hplds_an

anal ogue or d%?t%?rf'(?bpe a9 eh 'B?a?ﬂelf’gﬂ'lugieﬁ a‘-ﬁds(%f?ﬁgt aég'l egswbﬁ'ﬁtn a
predeterm ned geographical area of interest which area of interest should
cont ai n seen cénpFigurai Rer £Or SHAGMI patFepPresemtatiposofbitieditparaich

routes. A terrain search logic device is included which uses the
esti mat egnd abbstatlekabicbude am@d |nNigidafle Shgaahmemasrywel | @Bet Béore 4

holds an analogue or digital representation of the terrain and
obstacles within a predetermined geographical area of interest
which area of interest should contain the complete aircraft
flight path including possible diversion routes. A terrain
search 1logic device is included which uses the estimated
aircraft latitude and longitude signals as well as the
aircraft ground speed and ground track signals to retrieve
data from the store 4 representative of the terrain within a
predetermined latitudinal and 1longitudinal envelope defined
relative to the aircraft position and velocity.

Also forming part of the terrain 'advisory means is a
terrain warning and/or avoidance signal generator 5 which is
operable to receive, from a navigational system 6 of the
aircraft, signals representative of the latitude, longitude
and altitude of the aircraft, calculate the predicted aircraft
ground flight path and generate the required terrain warning

and/or avoidance signal. To this end the navigation system 6
_—
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aircraft g‘w,%g Beed and ground track signals to retrieve mayesisiaani he
store 4 répresentative of the terrain within a predeterm ned | atitudinal
and | ongi tudi nal envel ope defined relat+ve to the aircraft position and
vel ocity. Also formng part of the terrain advisory neans is a
terrain signal generator 5 which is operable to receive, from a

navi gat i Gy} be S¥Stefraifi Refferehloe Narigawidn (TBNYnalystemepidsintwiile
of the latitude, longitude and altitude of the aircraft, calculate the

predi ct ed gs&%@f éngéguﬂgaftg Yhcaidh 3@dt91%n%ﬁtc?réf'€ FeUHLIO ey reid

si gnal . s end the navi gatlon system 6 be a Terrain Reference

Na t T t whi, ch d te | t
gt 00, (T Siemanieh L1 e o an Scpucate Locel) 0, i

terrain reference navigation system I's connected to a radar altinmeter 7
and is alsavigetain esysteni lissewginpetead toeeeinmsipy rabtbnéterndviang i b
systens such as satellite navi gation, or an Inertial Reference system 8

to producg Roldale Ofo! NeRNNEeAT t SPERRLEON Febaive® t Erhe (GERSEN
dat abase. n the absence of a terrain reference navi gatlon systemthe

aircraft navi on paranpeters be obt alg g dI:I’e tl. Aoy eXIéItI n
navi gatlo’ha§§7§ #1% SYSTtepg tlsé‘fgfl'i c &F gnar T GEhEFSt of % ceives signals
pr oduced
Inertial Reference system 8 to produce an estimate of the
aircraft position relative to the terrain database. In the
absence of a terrain reference navigation system the aircraft
navigation parameters may be obtained directly from éxisting
navigation systems.

The traffic warning and/or avoidance signal generator 2
receives signals produced by the transponder 1 in addition to
the maximum descent rate signal and terrain left/terrain right
signals produced by the generator 5 of the terrain advisory
means and calculates range, bearing, velocity vector and
relative altitude for each aircraft within the surveillance
area. The maximum descent rate is calculated by using
recovery manoeuvres for various aircraft descent rates and the
proximity of hazardous terrain to the léft or right of the
aircraft is estimated by calculating worse case profiles for

either side of the current carrier aircraft flight path. If

the signals received from the transponder 1 provide the
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by the transponder 1 in addition to the maxi num descent and
terrain |\WOYBBAPai n right signals produced by the genera&’%?"cgaggln(?dr‘h

terrain advisory neans and cal cul ates _range, bearing, velocity vector and
relative altitude for each aircraft within the surveillance area. The
maxi mum descent rate is calcul ated by using recovery manoeuvres for
various aircraft descen ates and th rox t qous- r to
the | ef ebsPLMEEN BT Yﬂ%£5+? chFf‘%ngnes “hat & ¥aR %ﬁ%;tr ng %\nﬁr sgél?:ase
profiles for either side of the current carrrer arrcraft flig ? | f
the si gbel sobeeénedd by oncomprrinansvhd&RTBeh odide Fﬁéf§B§ol E%E t
traffic position then the range and bearing can be obtai ned by conparing
the tag %Pﬁ'dn t£fr | €nai BbsalutRoLidd DNLon t BEt thealsitat®ft posrriydngof

t he ai r carrying the apparat us of_ the
10 invention i t Oft5e t hEnELheOE PahBnetoPaCEne
ai r cr af ttheh ﬁpr?(?rftust :ba fic surverﬁ%ﬁce g?t?a% ﬁr& predicts |n any of the

aircraft are likely to pass within a predeterm ned
ai r cr af tEldatyy | PR hefaSpstatiF Giathel® thEeRion® raf?:r.caﬁggvg&ﬁglap cP

predicted to pass within the m ni nrum spaci ng then the generator
cal cul ata%ed hend egiredddts duvoiampncofadtheonairciaft B@QurlrJétBkWOF‘élaﬁ’éés
action may be a hori zontal or vertical manoeuvre and will take account of
the within a predetermined spacing of the aircraft carrying the
apparatus of the invention. If an aircraft is predicted to
pass within the minimum spacing then the generator 2
calculates the required avoidance action. This required
avoidance action may be a horizontal or vertical manoeuvre and
will <take account of the rate of closure of the threat
'aircraft, the maximum descent rate of the aircraft and the
presence of hazardous terrain to the left or right of the
aircraft.
The terrain warning and/or avoidance signal generator 5
is intended to receive signals from an air data computer 9 and
a navigation system which preferably includes the inertial
reference system 8, the flight management system 3 or the
terrdain reference navigation system 6 +to determine the

aircraft position and advise the pilot of the presence of

potentially hazardous terrain.
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rate. of . clyseiiRedf the threat aircraft, the maxi mum descentpcT/GBY®00811 t he
aircraft and the presence of hazardous terrain to the left or right of
the aircraft. The terrain signal gdderator 5 is intended to receive
signals froman air data conputer 9 and a navigation system which
preferably includes the inertial reference system8, the flight nmanagenent
system 3 or thieetsigadh gehereNOQSnéZviag'aiiﬁ)nar%yépﬁﬁrgopaeﬁié?ﬁ%r fihetRHe
aircraft position and advise the pilot of the presence of potentially

hazar dou@h%]elﬁéﬁitﬂum descenberatdnaligagnes at pass2daFdom ae | gémsermecs ed
so that the maxi mum descent rate signal is passed fromthe generator 5 to

the generator 2 via the-line 10 terrai nal ef i L.gn ' ed
fromt het%er‘f at STBT P60 hfrei gvelnaer%F’gr ](;”E)ef/l Tphe tfrl(énqu%rg%g t% ‘lf-]islépg'sh?gnal S
are passed fromthe generator 2 to the generator 5 via line 12. Thus

i nf or mat$bgnabods (PRASSEs ofFEMt FhEf IRANRFAEAT cPaftP (e hGSRETPYOF # r®¥aft

I S passed REPLACEVENT SHEET
-11- theomihbe 10r afrfd ctwef Nidos Upmel st are 2 phgsele firemr dihe wgenéngtor
generator 5. This information is used to ensure that if there are any

ai 1 craft ) abgve e ebalid s & A1 40802 ANV thl Arftoriddidip d66EE Nenks
I ssued e%lr |erhto allow a | ess severe recovery nmanoeuvre to be

executed by both aircraft. Conventionall \é t he nerat i on. oIs apggls!adup

war ni ng pEQkRgmity of other aircraft to the arrlegealrcra
from the traffic warning generator 2 to the terrain warning
generator 5. This information is used to ensure that if there
are any aircraft above the carrier aircraft then any terrain
pull up warning is issued earlier to allow a less severe
recovery manoeuvre to be executed by Dboth aircraft.
Conventionally the generation of a pull up warning would
require a severe vertical climb by the host aircraft which
would take it towards any aircraft above, requiring these
aircraft to execute similar vertical climbs to maintain the
minimum vertical separation.
The terrain and/or avoidance signal generator 5 includes
a comparator 13, see Figure 2, for comparing the predicted
aircraft ground flight path with the worst case terrain
profile so that the terrain warning and/or avoidance signal is

issued if either the predicted aircraft altitude falls below a

predetermined minimum clearance height at any point along the

-
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require a severe vertical clinb by the host aircraft which_ would take it
t owar ds WP 98B8@Paft above, requiring these aircraft to eXSI{eBOBOPHL ar
vertical clinbs to maintain the mninmmuygrtical separation. The
terrain signal generator 5 includes a co rator 13, see Figure 2, for
conparing the predicted aircraft ground flight path with the worst case

terrain profile so that the_ terrain.,signal i.s issued if_either,the

pr edi ct eﬂr%ﬁ’r%?%fft gTa u%@"‘ﬁ%q s éﬁ‘ow‘% pf%def’ggﬁfﬁgﬁtﬁ?ﬂi M| di®%nce
hei ght at any point along the predicted ground flight path or -if

i nt er sectexwrein t hst preddctidn 1 peedessedthan be predetpapinedprddét dithi ned
time to inpact. Both the generators 2 and 5 are connected to a warning

gener at o{mddec€0 t haledth-r €Rei \Rénertdworts af2f | gnand t areaidoriiatiales gener at ed
by the generators 2 and 5. The generator 14 selects the nost significant

warning _or_advis | | it ev. of | ] rni . ad‘ﬁ'?sory
signal s ‘6%*-,%}—? en@%é?%égggnc&?ren y an tdrfi\%syg%legau i o"{g%ﬁgr?{ Sor

whi ch generates a voi ce signal advising of the nature of the
hazard ap@Vigpries generatedr BKsdheecgenerafansh 2t e parthefIdNr &% pi t
conmuni cati on system The apparatus al so includes a display signal
gener at 014 1delabtshthecamosss signif icamt owaehing genadatiadryy silgmagenior at or

the event of multiple warnings or advisory signals being
generated concurrently and drives an audio generator 15 which
generates a voice signal advising of the nature of.the hazard
and applies it to a transducer 16 which may be part of the
cockpit communication system.

The apparatus also includes a display signal' gene;ator 17
which receives terrain information generated by the generator
5 and information on the presence of +traffic within the
surveillance area from the generator 2 and uses this
information to control a wvisual display to display the
presence of potentially threatening terrain or air traffic.
The visual display make take the form of a plan view 18 of the
terrain and traffic or an isometric view of ;he terrain and
traffic 19. The colour of the terrain displayed and the
&olour and shape of traffic symbols may change to indicate the
threat level. Thus the wvisual display shows the position of

other aircraft relative to the aircraft carrying the apparatus
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5 and i nf-Qy@9gkgsto on the presence of traffic within the surpcaidssmealarea
fromthe generator 2 and uses this information to control a visual display
to display the presence of potentially-thgeatening terrain or air traffic.
The visual display make take the formof a plan view 18 of the terrain and
traffic or an isonetric view of the terrain and traffic 19. The col our

of the teyf aine dispPéRyesnand the codloutr cehdtisdapernéinr abfi eheygeolvel thay
change to indicate the threat level. Thus the visual display shows the

posi tion of Lreraftorelative to,th | g rEyi t tus
of the i i eenté)éo%{m%% [cjgl tc;’tﬁlre o?é%%%xjti e?zrja?rl?gnha&tg#aangg %let %glet %%%?n ty
of the terrain to the atrcraft in the vertical planpe and the display of
terrain mHERE sa8ndi shhAy HisHAYs OfccBRTERR r SI3% hEL1FPi ¢FtShER¥g als
system 3 such as aircraft flight path -or position of airports. The

di spl ay gemmiatert £fddmatbe Eddghdl managemendalsypesu B nducht @s Xixgwhit
heading indicator 21 to indicate the appropriate evasi ve manoeuvre

acti on. f%g[};ﬁ,g epahN 3AHRNASE o BE 4ikporesd byf-lrias aringli%y_ Ynd S @5

avoi dance function to determne if the arrcraft ight planis likely to

o T AREE R o R T e U e P

within the cockpit to
indicator 21 to indicate the appropriate evasive manoeuvre
action. The terrain database store 4 is used by the ground
collision avoidance function to determine if the aircraft
flight plan is likely to lead the aircraft into a hazardous
situation with respect to the ground. Additionally, terrain
ahead of the aircraft can be displayed Qithin the cockpit to
increase the pilot situation awareness.

Figure 2 shows the terrain warning and/or avoidance
signal generator system in more detail in which the terrain
database store 4 is connected to a terrain search logic 22
which also receives signals from the navigation system
relating to the aircraft longitude, latitude and ground track.
Thus position signals enter at 23, velocity signals enter at
24 and terrain signals are outputted from the logic 22 at 25.
Using these signals the terrain search logic 22 calculates the
area of potentially hazardous terrain and retrieves this data

from the terrain database store 4. The area covered by the
N
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I ncrease the pilot situation awareness. Figure 2 shows the terr gn
si gnal’ géné_’ygtggﬁsgglstem in nore detail in which the terrai npﬂf%g@g Wiore
4 is connected to a terrain search logic_ whi ch al so receives signals
from the navigation systemrelating to the aircraft |ongitude, Ilatitude
and ground track. Thus position signals enter at 23, velocity signals
enter at . terral I gRa| re;, out fromthe logic 22 at 25.,

Usi ng thegtéé%%nﬁal séféhgdt%er pgﬁgﬁ'case:éér)che#ggflgguff dcal%%l a?régufﬁe 5?‘5& oftt
potentially hazardous terrain and retrieves this data fromthe terrain

dat abase SRKARPASSEHHAH BaMaSNEEAY Pyhe hpredicted .aircraft flight path

- 14 - terrain search, logic is configured to ensure that it
enconpasseaheads af nthemaifrcdafr edi ched wirrdad t rét+98ve@ably thecagkadcH he
aircraft. The terrain retrieved by the.search logic 22 is passed to the
di splay g 17 canf oy S C { ' |l e,ge ator

The si gnaﬁ%ﬁ?ia%orz%%opera% 93(;(??{% rlf‘“ gaq e&;él)%:% a%? Eﬁ?ghﬁ%epgﬁ]r“
agai nst the terrain.,ahead the ai rcraf%. The worst case

terrain [rOTT | &25ERA3PatRTOTE T s IEMFTARET t 6%est i TBBe TPk PEPRTAKEEd S of
the aircraft. A ground track predictor 27 receives signals fromthe

navi gat i orPRBEALEA r BYat¢empavinge the craftcrpdsi t Fbbghtyr matth against the
terrain ahead of the aircraft. - The worsf case terrain
profile generator 26 is employed to estimate the terrain ahead
of the aircraft.

A ground track predictor 27 receives signals from the
navigation system relating to the aircraft position, ground
speed, ground track and turn rate signals and possibly
acceleration as at 28 and estimates the most likely aircraft
horizontal flight path. The predicted horizontal flight path
allows for the current aircraft turn rate. The aircraft turn
rate may be calculated from the rate of change of the ground

" track or'by using the aircraft acceleration 28 both parallel
and perpendicular to the current aircraft ground track. The
generator 27 may product more fhan one possible ground track
to allow the presence of hazardous terrain to the left or
right of the aircraft to be detected. Alternatively, if
available, an externally generated horizontal flight path from

an existing system on board the aircraft may be used such as
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speed, grquodssgeask and turn rate signals and possibly accatcmeBssmcas at
28 and estimates the nost likely aircraft horizontal flight path. The
predi cted horizontal flight path allows ¥vr-the current aircraft turn
rate. The aircraft turn rate may be calculated fromthe rate of change of
the ground track or by using the aircraft acceleration 28 both parallel
and per fiomh ctihar £1dghlie mapagemendi reystemgBoundrhe a¥Rrse CR&E BRFERHR or
27 may product nore than one possi-ble ground track to allow the presence

of hazarfQis el gahdrdfot heel eldcedved i g preliiptalr Hoxfilzdrxdle £eigsted.
Alternatively, 1f available, an externally generated horizontal flight

AL 1 QR SO G SUSLE M 20cROBLAa IR Y 1 U RS Shgk: 7S
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fromthe flight managenent system 3. The worse case terrain profile

gener at &f Z&he cE@ryain: Arepr dhiche Fhovraberraftt fpghtkedat £ ritfn $H2¥Br ound
track predictor 27 and produces a profile of the terrain over which the

ai rcr af trties hikahymt tebeathooleardneeniieighmt teayabe el cammiciomhedfhtheny
be a function of the aircraft configuration or a function of the proximty

of the AALifid Londfgakhtishlor a sffctienPidll eh80plaKiAAMA 0f | LRB!
path is cal cul at ed
aircraft to an airfield.

As the predicted horizontal flight path is calculated
using the current aircraft parameters consideration must be
given to the possibility of errors in the navigation system
and the predicted flight path. To allow for these errors the
worse case terrain profile generator 26 creates the scan area
ahead of the aircraft which encompasses the terrain over which
the aircraft may be expected to fly. This scan area is shown
in Figure 3. The scan area consists of a tapered beam 29
whpse centre line 30 is rotated from the current aircraft
mground track 31 by the angle theta (0). The angle theta (0)
is a function of the aircraft turn rate and allows the scan
area to encompass the predicted horizontal flight path 32.
The sides of the beam are opened out by the angle 0. The
angle © is also a function of the aircraft turn rate and

allows for a deviation from the predicted horizontal flight

path 32. The width of the base of the beam L, is a function
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usi ng the r aircraft paranmeters consideration nust be ' t he
possi bi I'i t@agﬁggﬁ?ors I n the navigation system and the pred)icgjfeéﬁg%foﬁ’?ldht
path. To allow for these errors the wargg case terrain profile generator

26 creates the scan area ahead of the aircraft which enconpasses the
terrain over which the aircraft may be expected to fly. This scan area is

shown i npfi gHé eudcertali®ySCial 8hE2a82RHa%HS HbsfrisRebedpesdTcdd asthase
centre line 30 is rotated fromthe current aircraft ground track 31 by the

angl e thet.a (Q).. andle theta (0) 1is fupction,of. the aircraft turn
rate and &1 o rtcﬁg}g:caﬁgogp a {:Ba‘(é’ﬁtorrpas % hE%&Fed?EFBEmEBFP?onT%I 39% ght
path 32. The sides of the beam are opened out by the angle O. The angle
0 is al savekkakhe odleecthe Arper &ihe tRevigatioansysdlamvchénmr 15 aeyi &vé on
fromthe predicted horizontal flight path 32. The width of the base of

t he beamddindted asingcthen knowledge of the navigation system -usdd:
of the uncertainty in the aircraft position perpendicular to the aircraft
ground tfrack. f,othis ipformatign s not _ ayailable direct]y from
the navi g'g'ﬁ eagth e?r%tﬁ%"ﬁ #’?aﬂag’ e %s?‘i‘ﬂﬁ%éﬂnugﬁn&\(‘ﬁngrm eﬁzl’@f'ée‘iofo he
navi gati on systemused. The length of the beamL[err] is a function of the
ground spgesd Dfrcrdfre, aircraft. The worse case terrain profile
generator 26 applies the

The worse case terrain profile generator 26 applies the
scan area to the terrain retrieved from the terrain database
store 4 by the search logic 22 to obtain all the terrain 33
and obstacles 34 within the scan area. The terrain and
obstacles within the scan area 33 are used to produce a
terrain profile as shown in Figure 4. The scan terrain
profile 35 is a two-dimensional terrain profile generated by
the worse case terrain profile generator 26. One axis of the
scan area terrain profile 35 represents the range from the
aircraft and the second axis represents the maximum elevation
of the terrain ar;d obstacles within the scan area for the
given range from the aircraft. A worse case terrain profile
36 is generated from +the scan area terrain profile 35 by
spreéding the scan area terrain profile along the range axis
by an amount which is a function of the uncertainty in the
navigation position parallel to the current aircraft ground

track and raising the maximum terrain and obstacle elevation
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scan. areawoddtgid €rrain retrieved fromthe terrain dat abasecratsms@osiiby
the 'search Togi¢ 22 to obtain all the terrain 33 and obstacles 34 within
the scan area. The terrain and obstlatles within the scan area 33 are
used to produce a terrain profile as shown in Figure 4. The scan
terrain profile 35 is a two-dinensional terrain profile generated by the
wor se cady tenr amouprtof whichyerder ad ofupgtiaheofixitheof unpertatanyaridy the
terrain profile 35 represents the range fromthe. aircraft and the second
axi s reprgsentse¢ he tiesddgaim el evation of the terrain and obstacles within
the scan area for the given range fromthe aircraft. A worse case
terrain profil 36 1s. 9 rated 0 n ai i y
spreadi ng the 'Ig'teanw?ﬁg ?%%r reai%ezbir-%%ﬁ égg oﬁ'g tgﬂéeg%%gé{.a?{ésma?y gﬁog‘?r%%nt
which is a function of the uncertainty in the navigation position parallel
to the curemraimi pEPfilegr AMmdadeisdrnaAd 5281 AFeRRe IaxPAtRPL eSS 2hd
obstacl e el evation - 17 - by an
anount Whixd main fodwi | afesfl IBheinnFibuaienty ite tdElowi theafdrexddrideides
The worse case terrain profile generator 26 may produce terrain profiles

wor s ofil . . rof i |
or additional, f6an ALEAS:AT 8 LIRL Pife B LAMITLE BRAN ALGASEY | Fhaure

3 to allowthe presence o hazardous terrain right of the
aircraft to be L , c v
determined. The apparatus also includes aircraft capability

logic 38 as shown in Figure 2 for receiving signals relating
to the current aircraft c;onfiguration such as position of
flaps, landing gear position, engine status and the proximity
of other air traffic and calculates parameters for use by a
flight path generator 39 and the comparator 13. The
configuration information may also include aircfaft mass and
engine status and 'the information produced by the logic 38
includes the maximum aircraft vertical acceleration as shown
by line 40, the maximum aircraft climb rate as shown by line
41 and minimum time to impact.

The verticai flight path generator 39 receives signals
relating to the current aircraft attitude for example by line
42 and vertical acceleration and calculates the predicted
aircraft vertical f£flight path 43. The predicted aircraft
vertical flight path may vary from a simple projection of the

current aircraft velocity vector to a propagation of the
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determ ned. The apparatus also includes aircraft capability | as
shown i-n WDPaBEs12 for receiving signals relating to the c&q{éﬁgészqo?craft
configuration such as position of flaps,g anding gear position, engine

status and the proximty of other air trlgffic and cal cul ates paraneters

for use by a flight path generator 39 and the conparator 13. The
configuration infqQrmation na

) al sp include aircraf engLn at us
and t he GUATANHat PR SERSSuUCE B&c?‘ﬁe e B8 alnr?g I %gfggi% ﬁ%@nﬁ’ﬁ m%!ran :?r?%:r af t
vertical acceleration as showmn by line 40, the maximumaircraft clinb rate
as showidplusien of ae nresponsei mf t shenpickot and FiectRFti & ¥1% ght
path generator 39 receives signals relating to the current aircraft

atti tud?é@éi&%aggl @ QYaminiiey 42 addiwrly Ceighsrel er athen gemeratticcul 39 es
the predicte aircraft vertical flight path 43. The predicted aircraft

ertical flight.path ma ' ' 11011 r
e CPlu SEbaEL R YA Gh8TLRCRLEREE, MR O o e dS o
- 18 - current aircraft vertical velocity and acce]erati to

i ncl usi cenaple hed+ EEQHRRE oleYRESp| P&t HATDANSS afd™% o ctar}égﬁ?’é%e}[g‘? oPea
war ni ng or advi sory signal. The generator 39 may produce nore than one
predi ct egeneratedl f FoghtexpatgledXHe verabtal difffightntpatdy egenerater nBigs
and cautions to be generated. For exanple the vertical flight path
generatq&a§9use different aircraft responses in the calculation of the
predicted vertical flight path. The flight path generator may
use different wvertical £light paths 45,46,47 to determine
maximum descent rates depending on the distances 45a, 46a and
47a from the ground 35 as shown in Figure 5. Path 47
represents a collision flight path with a greater than maximgm
descent rate, whereas paths 45 and 46 shown permissible
descent rates. The aircraft altitude may be based on the
expected pilot reaction to the receipt of a ground collision
avoidance warning.
The comparator 13 compareé the worse case terrain profile
36 with the predicted aircraft vertical £light path 43 and
produces a warning or adviSory signal if the distance 44
between the two falls below a minimum terrain clearance
distance. Additionally a warning or advisory will be given

if intersection with the terrain is predicted to be less than

the minimum time to impact. Thus the comparator 13 issues a
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may :use. dwgﬁr:g@fg aircraft responses in the calcul ation of pbe/crsecsi1ct ed
verti cal .I'gétﬂpath. The flight path generator nay use different vertical
flight paths 45, 46, 47 to determine maxd9m+n descent rates dependi ng on

t he di stances 45a, 46a and 47a fromthe ground 35 as shown in Figure
5. Path 47 represents a collision flight path with a greater than maxi num
descent ¢rdnd Wess Ehbs ot hsavibi damced 6 wiomingerwissi bise déSceahdvaresa The
aircraft altitude may be based on the expected pilot reaction to the

recei pt gl CHBABAL! iZHH oAVQLIRRI% VAUFY Might  adviRBOPA Al ghel3

conpar es e wWorse case terrain profile 36 w he predictéd aircraft

vertical flight path 43-and produces a warning or advisory signal if the
di stance®44  between the two falls below a mininumterrain clearance

di st ance. Additionally a warning or advisory wll be given if

i nt er secti on e htenvaisr edievatdionseditt thiet wobsel aasea hterrahe prafide
time to inpact. Thus the conparator 13 issues a

- 19 - 35 @rindncgRhlsed 0Ods Y OifdRA8 on\abli NBhe Vitthced tdent 5 irdndher a
maxi mum descent rate or terrain left/right advisory via line 46. The

Lerraln SheYShLERS 9h LIS oHOLSG 050 (SN ALYk, Ind&lLs BP0 2
minimum clearance distance 44. The minimum terrain clearance
distance 44 is the minimum altitude above the terrain below
which the aircraft may be assumed to be in a hazardous
situation. The minimum safe altitude for an aircraft will
change during take-off, landing, go-around and on-route SO
that the minimum terrain clearance distance may be a function
of aircraft speed, configuration or proximity to an airfield.

The comparator 13 receives the worse case terrain profile
36 and the aircﬁ:‘aft trajectory profile and compares the
altitude of the aircraft on the recovery trajectory with the
worse case terrain height at all distances ahead of the
aircraft within the scan area. If at any point the aircraft
altitude is less than the worse case terrain height 44 then a
warning or advisory signal is issued. The terrain warﬁing
generator 14 receives warnings and advisory signals from the

traffic warning and/or avoidance signal generator 2 and from

the terrain warning and/or avoidance signal generator 5 and
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navi gation solution altitude and are further increased by the

cl ear ancewissseite 44. The m ninmumterrain cl earance §F§H§gk |s t he
m nimum al ti tude above the terrain belowsznch t he alrcraft may be assuned
to be in a hazardous situation. The mni num safe altitude for an
aircraft will change during take-off, landing, go-around and on-route so
that the mpinmnumterrain cl ara ce dlsta ce my a functi ai af t
speed, CRFPIYR it ?’bﬁuSh' vOt FUPY n'f Tfiel dQ?le auu‘5I]Jhcg BGﬁgg%gt O“Eéy
receives the worse case terraln proflle 36 and'the aircraft trajector
profil e tekecthparferm tef spepchddescnifing reisherothehenatesfePy ¢
trajectory with the worse case terrain height at all distances ahead of

the -airgaghing 6Pi davi€osgadr athé. corkéctlivenyucidion tdéeitaiertt The
altitude is less than the worse case terrain height 44 then a warning or

advi sory_sij S r e Okl ives

war ni ngs ﬁﬁgg d%?é%r? gﬁ é?%ﬂ$fgé§tﬁéiﬂtraf ?gﬂéPg m?ﬁggnéfaﬁépﬁegand from
the terrain signal generator 5 and -
20 - produces visual and audi o outputs. The audi o out puts may take
the formof speech describing either the nature of the warning or advisory
or the corrective action to be taken. The visual output may take the form
of warning |lanps or |ights.
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- 21 - . -woosnser9  REPLACEMENT 1. Apparatus fqicy/essnmbing air
traffic .and terrain collision threats to an aircraft includingtraffic

advi sory neans (2) for nonitoring the-p@3ition and behavi\(i‘ﬂ‘!!(m‘l '

traffic in tgefvici nity of an in nght airclra;t provi ded\' \ ‘““‘\‘l\\“\
apparatus and for generating a tra_'égﬁggna or air tra iedimcted to

be on a collision course with the i ht aircraft provided with the
apparatus, and terrain advisory neans (5) for nonitoring the position

and behavi our, of the in flight aircraft provided with_the ar .
relative to terraPRIFATHS viI}Sf':ni f?db'f’a?faﬂgai ?’c?a}%ra?#%ﬁht&%gt ﬁ"aéaxt\%lf%r
generating a terrain signal for terrain features predicted to provide a
col | i si moltlhrssiann obhrgatsaitxr ant Fingpafpaincluding chapféier iaBHIRTY
i'ncluding interactive neans (13,14,17) - for receiving the traffic signal

from t hgyddrif fédr akbmS€in 31 el6h t 48dt Behaviosirged dimmidefic
terrain advisory neans conparing said signals and for calculating a

(5),
n advisory ‘means (), comp al's and for cal culati
an act| O 1 5Pt AAFsh bE L g0, SAbn Rl Ao Ep, Tt ady e PhER1 5

col Ii si ons. 2. ?paratus according to Caim1, wherein the t,raffic
apparatus and for generating a warning and/or avoidance signa

for air traffic predicted to be on a collision course with the
in flight aircraft,

terrain advisory means for monitoring the position and
behaviour of the in flight aircraft relative to terrain in the
vicinity of the aircraft £flight path and for generating a
warning and/or avoidance signal for terrain features predicted
to provide a collision threat on the aircraft flight path, and

interactive means for receiving traffic warning and/or
avoidance signals from the traffic advisory means and terrain
warning and/or avoidance signals from the terrain advisory
means, comparing said signals and generaiing- a combined
warning and/or advisory signal which indicates an action for
the aircraft which avoids both air traffic and terrain
collisions.

2. Apparatus according to Claim 1, wherein the traffic
advisory means includes a transponder for receiving signals

relating to the absolute and/or relative positions of air
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advi sory neans (2) i t ransponder (1) for receivi n% position
si gnal s rWoH838¢19t o Imm@mlli'”jﬂ ”ﬁi’ air traffic in CT/GRB@OH cinity
of the airtcraft-and a tfe " Chy Wl gengrator (2) operable to receive

out put signals fromthe transponder (1), to calculate and nonitor the

posi tion and behaviour of air trafffic in the vicinity of the aircraft and
to generate._the tr I G Sl : . C LG l;al,m 2,
wherein 1'ﬁ'%fﬁlrcaf"'frll c%t%i gﬁ%#ggg%efgt (Scrh e( %lﬁép%éénﬁ%lg{?agl g?% gkggf hgé'ﬁ‘ﬁ 2
managemnent system_éB) of the aircraft to receive _aircraft operati r%%

i nf or natansty atheREPi@ance signal gORAFATRE SLEFTAHILRy 1D ERGRAYS SUTENE m 3,
wherein the terrain advisory neans includes a store (4) of

repr esergfgnals ofrdrer rehen atrhmdséndées | cadodlateundnihe moaiitoraf tthe
flight path, a search logic device for_retrieving data fromthe store

W thin Zpé’%a‘?@férﬁr%&?ﬁehé?%u@ o &d chaegibudinalhe e@i’éiﬂ?%r gdef ivped
relativ o the aircraft position and velocity and a terraln signal
generator (5) _opergble to receive, fro . havi gat.ion system (6) .of the

O Tt af (ALAPHREY S ando GRAAENS v BoGR (HEREEITL MRS R oTNater SYPdan R e
of the aircraft, calculate the predicted aircraft ground flight path and
gener at esbgnall { errai n si gnal

3. Apparatus according to claim 2, wherein the traffic
warning and/or avoidance signal generator is connectable to a
flight management system of the aircraft to receive aircraft
operating information therefrom.

4. Apparatus according to claim 2 or claim 3, where the
terrain advisory means includes a store of representations of
terrain and obstacles in and around the aircraft'’s flight
path, a search logic device for retrieving data from the store
within a predetermined latitudinal and longitudinal envelope
defined relative to the aircraft position and velocity and a
terrain warning and/or avoidance signal generator operable to
receive, from a navigation system of the aircraft, signals
representative of the latitude, longitude and altitude of the
aircraft, calculate the predicted aircraft ground flight path
and generate said terrain warning and/or avoidance signal.

5. Apparatus according to Claim 4, wherein the terrain

warning and/or avoidance signal generator includes a
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5. Appar. rding to darm4, wherein the terrain si tor
(5)'inc[u3%§§y§§§§pa npari ng the'predictedgg?&gggﬁﬁﬂground
flight path with the”mﬂ[sulllmllumﬂlﬁl ai-nzprafil-e so that the terrain signal
is issued if either * ¢ L W s = - 23- t he

predicted aircraft altitude falls below a predeterm ned m ninum cl earance

hei ght L nt o] : Qe i +8h a dffii
g g%?@élym%f't ﬁ‘% BempA®iRG Q:Ih%tgi&}e&c%ml iitebhrpaighcRind fflight

i nterse e terrain iS predicted to be |ess than a predetermn ned
time to inpact. 6. par at us_according t.q Cl ai m r ai .
wher ei n PAFS FAER: £08 JIPTHAIASS 3P T PRBEAAeKE ahiePortmis pHEr® ¢ e
traffic signal generatort (2) and the terrain signal enerator (5).

Appar at usazming di ard for Canghdenge CSigR®, k| dEFHPT arl AuRIBISE waFMeng
devi ce (15) and a visual avoidance display device (17) for receiving

out put shpadstéd oMnsateakral bileitudgnalfageiner abelow?) aanthredeteemined
signal generator (5), which warning device (15) additionally feeds an

out put %&Qﬂfﬁumt‘éfég}éﬂéﬁﬂ ﬂ%i&ﬁ%icgt(]ggy point along the predicted

ground flight path or if intersection with the terrain is
predicted to be less than a predetermined time to impact.

6. Apparatus according to Claim 4 or Claim 5, whérein
the interactive means interlinks and forms part of the traffic
warning and/or avoidance signal generator and the terrain
warning and/or avoidance signél generator.

7. Apparatus according to Claim 4 or Claim 5, including
an auditory warning device and a visual avoidance display
device receiving output signals from said traffic warning
and/or avoidance signal generator and said terrain warning
and/or avoidance signal generator, which warning device
additionally feeds and output signal to said display device.

8. Apparatus for indicating air traffic and terrain
collision threats to an aircraft substantially as hereinbefore
described and as illustrated in Figures 1 and 2 as modified or
not by any one of Figures 3 to 5 of the accompanying drawings.

-
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