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WO 2009/ 075648PCT/ SG2007/ 000425 1 An Aircraft G ound
Col l'i sion Warning System FI ELD OF | NVENTI ON 5
Enbodi nents of the present invention relate to a

d nethod for collision avoi dance b
alréﬁg% Igand surroundi ng objects. 10 BACK o Thooazs
G ound maneuvering aircraft, whether taxiing or on
tow, are constantly exposed to the risk of colliding
wi-th other aircraft and/ or 1ot her obstructions.- A
coIIision betmeen an aircraft and any external object

can resu ndou ts 1 bat h t.angi bl e and
non-t an BI ,rc ﬁE@aﬂh‘i@Wﬁ'%Mm’Em PR8N one
air operators aircraft and another operator's
aircraft wll |ead to damages in both parties’
aircraft, necessitating costly insurance claims and

HEL ﬂﬂﬁﬂ@f&@ repair processes before the aircraft
e returned to service. In addition, after any

coII|S|on, the air operator's aircraft fllght
S Chathtblirhénts ik ehey pfé%ebﬁ:n&éﬁtbﬁtr@[étéim atdyetei Bn@ Onethod for

er at or ave to an_al Len atlve schedul e

oy StoBit el o° pRy P aif e buPrbE PRt ere

passengers. As a result, the loss in revenue due to

t he opportunity cost associated with the collision

can be |large even for a relatively small anount of
BRGHEBHOUNMR this nay be sufficient to incapacitate the

aircraft. Flight delays, repalr costs, aircraft

i nsurance_c

gg%r‘gu%tmeyef%&wngxatm Sth%ﬂer 93)?"%Io%%ne?ovg;’lgrtep%{s?anﬂy
exposaxhia die dsinsbgalidiog withf othet eird:rraﬁlatmdlor lothes orhstruetions., A
ggﬂrbeltv\ré’&ﬁar‘@i)’cr Qﬁh Qﬁy SREANNET can result in ﬂ:&hér’m%hg BSsts
n due to a awar eness or he. m S% grrent

(beﬂ'l Fﬁi@'b&)cﬁ{'ﬂl ﬂora:ta@wb'%nger PREPE. ] c&"'ﬁ'@%db typen, one air
op‘éy&b:@natr&a& ARS BRcthére op@aiopt tairavwilinichl ato Aaneagest inoboth
oo 3B pSQishleth Lol [ 3andl UHIAL GG Hhld S8Ry ABair
prmﬂsbes beforg ithep pireraft ogyslteermurnaveo treafired e Ve pagten. fafier any

cofiRioh! §le%kr ERAEANSiforat AIGhECABRLIE is AKRF 18 HRI ffe8@BRNd the air
net wor K conmmuni cat | ons E ystens such as*the Al r

OPSIAIPAEEY NEgYE P PTOVIE At five pEhRdHlgeti may even RV 1o pay
oﬁtﬂ’eﬁ@étldnaﬁbcmeaﬁmdmi st)eshenes(ﬂADﬁe Bdss ishievhnwmdue to the

opt%ﬁrgumgiecogi assog’ a%d%m@ thd! gg’lﬁsrérpcérh?e B‘*d O@n fé@"ﬁ%ﬁl(lely small

amount of damage as thls may be sufficient to incapacitate the aircraft. Flight
delays, repair costs, aircraft downtime, insurance claims and unsatisfied customers
are but a few examples from a long list of potential consequences of a collision. In

some cases, human lives may even be endangered.

Collisions happen due to a lack of awareness or the misjudgment of the
cockpit crew. Hence, there is a need for a system that warns the cockpit crew in the
event of a possible collision so that avoidance actions can be taken to prevent a

coslly accident.
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5 unable to accurately provide preenptive warnings to
the aircrew of a ground maneuvering aircraft.
Furthernnre t he use of network communi cation

§¥ such as the ADS-B, is only effective_in

¥ é‘i?%’m ¥49 a col | ision between two or rore diqI¢IEp7/000425
if-the aircraft are equipped with the system
10Simlarly, US Patent Publication Pub. No.

(2006/ 0007021 Al'), System gnd Method for Collision

Avoi dance, discloses a systemto provide aural and

vi sUAINUREENPTRIST 88 SyPEUEMAvE SFER SpvsipPsd foreralision avoidance.

Fof Bldnihafiterdiaf Ecthé naﬂﬂarlgémﬂdmbﬂi&ﬁﬁ syfdriig €€ch as the Airport
er, sganni

t t
S R e R e e )
wahich dankmrb\yde eirigdrewartresp to ampitofs. wHolearo thege syplpost are
w]réol QY Bl ??ég\ﬁ}eéeg deﬁ'rkHtﬁe Wa?ﬁlﬁﬁg BShd idifcte@d of a ground

pro ection cov I's not deSigned to warn the
maEneeieEng Gircafty Fipnerente. dn 1P |°6ﬁeW°f"h°%{H6‘HH‘é?“°" systems,

s@d & RetADEB! fshﬁﬂﬁ@ﬁ@iw@&ﬁﬁ&v@)ﬁﬁ@&&ﬁﬂtbn detviegin o more
collisio s the wing tips and the

of |
a‘g?r?fgﬁiggg"llc%ﬂl ar%?ﬁ‘é%?‘{/]wméﬁs Sﬁ% M ncluded in the

-protection coverage of this system 20 us
Pat e\ﬂFmI PQEJ’IQ‘BUAI%UOFAP[&QI‘% t(ZQWOEPW ?%féﬂem and
Avoi danc stem discloses a systemthat enplo

Methed fpa@&}hs'an Aupidaeee.cAiREPIES FnsuteBdlooprode aaw%r%ﬂdt V'§ua'
w’éhi}ﬁ]sttda Brevé_ﬁt%&ﬂisndﬁ‘ib@ﬁ\ideﬂ% ﬁﬂidnﬁ@&nr&d‘a& =) lyrcﬁlpﬂduaubd bervice
re indicatars t.o earcra era
SRRy THRPYRT <BBrFE<t o B8t sl Broaaoly REJR) 3 e
fusaldga mbtidratiorsb frat taré dikelp datcore e moxmm\/m!elground support
n o, t I S t
ecﬁ{g#ﬂé,gugign%%f tﬁgvgm ﬁhsd hﬁnt&i p%t@étit:m coVeRigel bRd G&Mot

and egrade the aerodynan1cs of
designed; foumamm g (AT ©f Ay mﬁ@nﬁgc“e%zﬂny rqregper aircraft
Fw{yﬁhaﬁl bfeab féapés&ledoae?anganék&ﬂqi@mntlaufmnas@uckum Sy theawing
I S CO | C ran I I
R PR P B 8 Ao B A T PP iR it of wis

systgar nmounted on the wing tip is designed only to 30

' scan forward, abeam and aft of the w ng tlp, Ieadlng

to a blind sector between the

el
{§ b US Batspt RGPt d T Biitl, Ml oRard ioTRayonante Sster,
dx@cl&éb& ADktenf\that bewys ov-ceit redat and Ridep ceserasanadntéchen an
d sector 2 be n t S 1 he
alrcr?] N IEP fIBB Illg'nege rc}ees u([% n #E% CﬁgI %l% a&ﬁlé%)géo\?@’? a&l‘lg or more
ingicatpisdtsdwhin theeaircsafboperates ovhienLan igmingti ollison %@tween the

aifteAle At afdthdreibleciRYaklud R s@8H! Hodvé\:e?&ﬂb@zhﬁb Q&%ﬁﬁﬁyices on
interference with otherﬁ?EaV|on|cs

th@fé‘%:% w4 5 528 i e AT BeeP psiede PF aeRerypaiss of
thefairBafti N sddittinethemacesdany Biting ouwmirgdp thehfes¢lagenamd ¢dopiit for
o A0 S RBRR Y oy iR S 1 JARGE o ety
load\ed wﬂuﬁlﬁi dusthermag.dhe ratias maHeted Bem@a@ﬁg finds %ﬁ%\eaptﬂv to

sc%HC#oMaed ARahiUidl S vify fiplN8adine@th bihdBsdcls btwedh the
the anount of tine given for the aircrew to react

f”?“c'JW%@“’sﬂ‘?‘L’?’éﬂgﬂt{?n 10 O her sensors currently
~available for collision avoi dance systens are al so

unsug; é@r@ 5 Ihjs(ﬁxategsaetoha re@p%fea 5tticH &f-an %ﬂﬁmﬂxéég?g;irﬁted generally

ul t r'asoni ¢ Sensors een use he coll1 si on
asa(RiEraaeR: BUrRGiat 488 wswsw'%wéwaﬁ GeEnd Srplfisiogs Aveidance
these ultrasonic Sensors is short. Additionally,
engi ne noi se or other external sounds can degrade 15
the performance of these sensors. Hence, they are not
suitable for use in a collision avoi dance syst em of
an aircraft. Another type of sensor often enployed in
collision avoidance systens is the infrared sensor.
However, they are not -suitable for use in strong.
sunl i ght and hence, cannot be used on an aircraft,
whi ch nust operate under variable Iighting
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To date, there is no systemthat can operate
i ndependently with mninum RF interference and
wi t hout nodifications to the aircraft airfrane, and
et at the sane tine, provide reliable and accura
#99%/9R4%ni ng to the cockpit operators in or%(e'?S(%"‘BOm""‘m
avoi d ground collision. Accordingly, there is a
significant need for an inproved early 25 warning
system that can overconme ong or nore of the problens
di scussed above. SUMVARY A first aspect of the
Spstemeatcording te iUsh Pateot Nyedben &G40 Asrshown ipsfigyesd the

pRYGhEAGIGRe BRid\RERr 302 Bétﬁveéﬂtﬂe ﬁ@da@fmrmdh@mr@hmeﬂms a
n the ground, the s gstemlnc udeé?{ contr

2 d b I SEensor, 8 i a as the
resHE & g dmiteg BPYR'29S PYPVIEPd PSP TERHSTS ol AP P9
sérivihgabletieal mapatboelesdt ini BRadib Freprenec (RF0 interfeteece with other

a\ﬁc%]g orlalv%ubﬁ”s%t&g eand%%@:bgr aitflef BhibrAbrt! yl; ‘i?tlie lRsrst RF

ea, such that
lntﬁﬁéé%ftt?ﬁoﬁ fa*rb%éow%l thei "!7@1591“&5(/81’: Bewearegfsthegradar must be

atRGuLRRe Menet t@@h(ﬂng’l th@fdetéﬂﬁan adiklaBdy. I cﬁfuid W&ult in an
aircraft: audio a

gyt alpos Rewarh Bt ot e g BorRERg aRD A lead
to\d idattiondn memgnaimma’snnbaegnw for thet aiicent foyeand mtbe sibhtivo.
the controller interface; and at | east one video
camera nounted on the aircraft and electrically
conrfelbeegensyrs Reredintavailabie forroliisioncavoidapes Sﬁﬁ%ms RFfeAlse

ur?s%ité#ol@?or' R334 a Bfcrith. s eﬁéﬁ%[@ ult:&s@ﬁ& mb&dwavs &edw Esed in

deo canera provides g m\;\lﬁ sai d E ?ﬂ_‘ % Lsonic
th&aﬁ"&l'S{ﬂ”sw' ARET T FHE LA FES- 8\“’81"?1 Shas ity M
sensbeyr ik abhertr ecigitivadlyaesgiom abisé oo wiher Emmat sounds ¢n dagrade

thk%%ﬁfﬁnéﬁ% i el b QAL G NGedBemBy %&e:‘{ﬁigu.fa‘bl&er@éy'iﬁ%tconision

ection area and activates at |east. one
avpfdange swgmf\ﬁamlrﬁ@ﬁn@m@eaﬁ@eﬁﬁansa oftanempigyrd ipjcgligion
avoidapce s§§eﬁ§@§ﬁ1e%ﬁréi’&ﬁ§é¥k6f Rbwé e, tﬁésf greaiot sﬁnfaab for use in

collisjqn i 0ssi bl e
SR eI aa yBRG ERUP! PR URerhen 20 BERERTTa) Mg icParate under
vagiableligbtingacanditigngiener at or, and a rel ay board. The _
plurality of |aser sensors may further include at
| east one | aser sensor mounted on a fusel age

_of the
ai r chosdatefisprgds Bo systen that gam gpeaﬁénﬁpe@%%wg giith rpgimum RF
mteﬁé?en?é%daﬁlfﬂmﬁﬂ BodifcABAs Yo tﬂ@Salr&t'aftaalﬁﬂﬁ‘let aod yé&ti gites same
_t han n S
i R iioae A absydleany wahind Bl BB ot BRGRiER Rler o
avoichgriolind) celligen. ofccortinghn therdis 4 significanh degghiar an trovedirarly
%ﬂ‘g MISy BlerPtnBOShtdveRofe WM or HB'?@ ot e broblentd WscibtaSaboRé.

asSt “one laser sensor nounted on a fusel age of the
aircraft behind a trailing edge of each of the
sUmiMamand and right hand horizontal stabilizers at a
position higher than that of the horizontal

st at}i l#rgtegepe%p%f %e'pf}ééént qﬂ@entien provides a system for collision
avoidance between an aircraft and surrounding objects on the ground, the system
includes a controlier interface; a plurality of laser sensors mounted on the aircraft
and electrically connected to the controller interface, each of the plurality of laser
sensors having a detection area, such that said detection areas cumulatively cover

at least a periphery of both a left and a right wing of the aircraft; audio and visuel
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20 | aser sensor nounted on a fuselage of the aircraft

at the aircraft tail. The | aser sensors

nount ed forward of and behind the wi ngs, and the

| aser sensors nounted behind the horizont al

Q2P nay be mounted symmetrical |y wi tHCREEAEA0042S
to each other. The plurality of |aser sensors may be
adjusted to provide 25 at |least a three second
warning-to the operator. 4 The at | east one

vi deo camera nounted on the aircraft may furthe
WA meaS fqcaisd 17 AlECkBH e ASEARCRR T Ong Gt gpd visual

' wEthO&ebﬁEbahg @reafrkaltyfwnnec&ea: apmblenbbilep irayiabengnd at least

vi dep cover ag ht side. of the alrcr
ol el SEOR T1HBE s M E5° SUoBRAR TP op e
chrtmilef inteHacaisody tibt whérasaid st leagi @b oidep cgm@m |§|a|qgvated said
vMééj%ngl%V fodidEs aﬂrsmtagg otggfith cetifferP o 5B \AdU=F %ng rr@ans

I deo recei vi % i mges f
g

o
wagreln the gﬁeromerf@r:%ié%?ee'&ﬁe? gignalnory; A Jeast QxR ¢f Wﬁy‘ase’

'sédébmﬁﬂlcét‘}g tHE BreR@BRceOdf dbibdt @athih ae détegtionyared aAd activates

ss IIL Electronic Fli udi o,and v
aﬁﬁ?ﬁ%."ﬁ‘a Oﬁg‘é’ r%_]d}?av |:r|b g tni)]eeq%s aﬁg I Ig a-{-heasfel ne vufleo camérg lféaalert
aanparator af the sircraft that alveilisips tsqrossible. further include a

war ni ng i ndicator that is powered on by the
controller interface when a faulty | aser sensor

det etheeepriipliey intlaee IMayr fUBBTr 'BC'P‘PP @h@)rﬁfah%frmaf%ran audible
whitirRy déefator, and rekBCHEMI. a%@ﬁ!ur@iﬁty‘:dﬂ%@f eerdtirs may further

s AL e P TR R AR 2 B, B RRR oo

ledibd) edgé ntéacti afghe lef-hetd pad dahthaod |wﬂrng$gataa rasition digher than

th'aPBP{hte?? ?]s,%{]‘?é/dsg LAY l%ep Lkl 'n{dﬁn% S8 FischQYeS tﬁe aircraft
nounted on t

) K e alrcraft and electrically connected to.
behipd adrilingl 9dge qfragh P the leBideRd and right-{ifng Wings at G position
hlbﬁ&%ar‘ﬁﬁaﬁ@‘&ﬁe hﬁigb% I@sd&ﬁ@ﬁkér&ﬁn@dreﬁ)ur&mdm 4 hﬁblagabﬂthe

det I
oA BHURG SR R RIS BR i gl g roveoma
stabiliz=rafit 2 ppsition bighey thardihet ofrthe hpmtal wwz«ﬁg angh ghlgast one

lab@SRhES nhdurfeLOE S RisklagE of e aﬁfbr%ﬁ hedhb airle@haipf the
audi o and vi sual warning neans being electrically
connected to the controller interface; providing at
I easrtheqagervs'edg@s TadRRaR! Rouart @f and behied aihe oirgh! amhthe laser
Seg'lllﬁ%%t r%lﬁ C )()gﬁlgg qrﬁé: tl'n%ﬁzqn?al stﬂa%ll&gln tnq%)e 1652 addﬂ‘e%‘r gﬁﬁrﬁetrlcally
witlcteispent é@leacsmtuerv |Td1=e @lttf@lﬂne@fala?mr §enPEsMaY be ﬁ‘ﬂg‘é‘eéft" provide
atiédstla RGEL RB&INY vbaqmﬁetcdmu Io?&aqu.war ning means; and
activating at | east one sai d audi o warni ng neans
and said at | east one video canera when the _
contThel dt efast bikevitlas eameaahmasechorsthgradicrafr roay ftrtheeiasitide a
one  of |t f brovidi
s ol Bl o yelcal FEYing BRI ol ap 38 ofproviding
videp eqyerageder the rightisifefithe aiforaft pad a2 geeend Yidgaspmesa mounted
orp%s\}e%cgl fin of the iR rBhEO0E capabié Bf pldeidingnadesieovarsgeddr the
deternining a predeterm ned detection di stance
[eﬁépeéﬁgﬁiﬁF“@%ld plurality of |aser sensors prior to
said activating step. The determ ning step may

further, e ?rgngg %e%ase LN %@iegteerf?(gﬁtae bmuﬁecg)nsstmg of a |

detection di's on at least one of

buzgeperkall. andl arteaet THA visiakwaning rﬁ?a'ﬁtmasacwafkﬁw least one
di stance of the aircraft, a taxi speed of the
aircraft, and a m ni mum cl earance di stance between
the aircraft and a detected object. 6 capable of
provi ding video coverage for the right side of the
aircraft; and providing a second video canera nounted
on the vertical fin of the aircraft that is capable
of providing video coverage for the left side of the
aircraft. 5The step of providing a plurality of |aser
sensors may further include providing a | aser sensor



10 that of the wi ngs; providing a | aser sensor

mount ed on a fusel age of the aircraft behind a

trailing edge of each of the left-hand and right hand

hori zontal stabilizers at a position higher than that

of the horizontal stabilizer; and providing at | east

one | aser sensor nounted on.a fusel age of the

aircraft at the aircraft ta? 15The audi o and vi sual

war ni ng neans may i ncl ude at | east one annunci ator

and the nmethod may further include the steps of
videqfigpimayiirpPabiReat ﬁ?‘i?@"’?@e‘%&@%go@r?a%ﬁ“dﬁaﬁ OF% ¥iggo gamera. The
dispE@nDMﬂGﬂa@thfth@(Smﬂaﬂé ot al Havigdtionalidphy 6t 8[CladBl Electronic

Fligh??ﬁpt jhfe aé‘é‘% 8 Isua[glwégngrbqtl\gﬁeaﬁ]tae%%yoftu ?ert ‘iencr%; udgga pair of
annungigfiotsat or to indicate the location of the faulty

| aser sensor. The nethod may further 20 include a

step for maneuvering the aircraft according to a

| easystam prayviudber bylutibe werding indidater hablis pawenedgn by the

cont é’rﬁﬁteﬁﬁc@%ﬁér‘? aGaity |§‘sé}r!seﬁ§6rv}§%8te%fé% & 4 EB:ﬂF&IIe?B&ar@rh the

e vicinit said location. 25 BR
Contfeﬁ%@tﬁ €N OF THE DRAWNGS Enbodi nent s of t he
invention will be better understood and readily

f di |1
PR IRRERR, fste s oo, BEte ik shtdn, prdyds & Aot 7 &dllion
avoidanty betwebn an caingrafhend crumaiinding W@Je@ﬁsa\mengsethmdw inghidrty: the
stepsSoF d:rb\géﬁﬁs a]cdnkrbﬂé?rttﬁtéﬁg& @r&vﬁi?nd’é ?Wréhfty & IQéHr s}eﬁgbrgfm@lﬂted

alrcratt equl p rcra ['1sIon

on t'm/&'raréﬁc%ndﬁ@cgrﬁa&e&e%ﬁqt@ﬂ % “B%é’OB‘i"i"l?F "atﬁff?ce VEgen of the
pluraBOSY REEESERCTE BSANYE BOREEN Frdai, GuUtie tiati ddidisketeatiers ateas

: . ¢ . "
cumGRENAr dfFird PESRE PLoll R iUl sate et
proviging telidiopansdsual wavring means locatediig @r@CBplt of tbstairaltaéts egch of
the aﬂ@l'l'c; 'aﬁd" vidual %rr@lé) WA nEOhdirhc 'e%'&trl\ééﬁw EHheelest ﬁ‘an}h‘éf controller

re 2 binstalled in a cocl_glt of" an aircra
mferfﬁ?eg Freviding pi leas oncoddep SuReRiroNTLRd o the giksral @nd electrically
conns&temmematram@ﬂemt sunfh tpasshdn id adaistons videb cahra is

activgtgﬁsg% eot Igg %yasﬁa? gr# %Egor%tf s]a%’: ggﬁ'[%r}%r? to said ]ysua[

es a ron Ircra
warnigg rfr¢€g1§r and acidagng at @ast ormsofr@tlcéguﬁo twmnm Seap aad said at

[eastaintecutﬁ@é‘ot carﬁm\wm& PRE&RIrBRG |ﬁi§ﬂécé)fec%ﬂ83 @%’i@d@lﬁ%m at least
one of%%ld pl)lg% ity of Iase-,-res;e:gglonrré3 rtt%ci h%s dete-ctéc’dy gn glgnect w1thu%he detéction

area to alert an operator of said aircraft that a collision is possible.

The method may further include a step for determining a predetermined
detection distance for each of said plurality of laser sensors prior {o said activating
step. The determining step may further include determining said predetermined
detection distance based on at least one of a response and reaction time of a pilot, a
braking distance of the aircraft, a taxi speed of the aircraft, and a minimum clearance
distance between the aircraft and a detected object.

The step of providing at least one video camera may further include the steps of
providing a first video camera mounted on a vertical fin of the aircraft that s
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15Figure 7 illustrates a top view of the aircraft of
Fi gure 6, show ng possi bl e coverage provided by the
caneras Figure 8 illustrates a side view of the

QOf Figure 7; and 20Figure 9 illustr
par @{ 1op vi ew of the aircraft of Figures aélgs;‘](;&@%?’momzs
showi ng possi bl e safety di stances provi ded by the
sensors. DETAI LED DESCRI PTI ON 25 The exanpl e
enbodi nents of the present 8 nvention provide an

CHRR4. P RrOCRDS PP B9 P BB P PLE W Ttedly TRdcing 2
saddndnaddo eandera undotittbm theowjriet din B0« gimraft that is capable of

@@g%%}r‘{% é%tf’m left sfye%‘fﬁedéu%%ﬁm of an aircraft.

generally as reference nuneral 200,
according to one enbodi ment of the present invention.

The f¥a/\@20@P é\ﬂd;h@cé Lﬂlﬁalm; R NasSH sma@ rr%@zﬁlrtﬁéra'irﬁilhde _

n. the pilot cock ontr
PIeiEbter 2 Bse oo MRH B o r o4 SE S ATRE EVaBoL fpacing
edde ofosachof el'le/leﬁéiandandmgbt-i%ﬂ wihgs stmposmdmddghm tham, that of

€l
ﬂ1tehusmﬂéﬁrcra %I%%% ;@&EQ@nJ§%@%$ ) @ﬁ%gtg%?bﬁggda
trgiling:edge of0mch o theelefthend a aahtth@@dwmqsl A pasjtien dighep than

tﬂah%f o wimabt prﬂ)@igmf;ﬁﬁ%sgi SeHsOr ﬁ)ountBheorﬁﬁﬂﬁﬁlé‘ge%&h§ Qltcraft

b i o TR i Bt feers

aqusition highet shansthat] obithe Ianabntél $tab|tlzug amsh prowidingrat least one

Iasgllsr . %&Crﬁo&ge FI use TPl rcnla[ﬁttag Etfeaz‘r}rgf C an

e a con oard oard 212
for relaying S|gnals bet ween the sensors 206 caner as

208 ARbaidie aR® VDA Itwaﬁ'ﬁiﬂb rnﬁ&anﬁ ) indlde afl leastcsrat arduhéistor,

f 204
an g metfs 59y s Meble ik Shienot SefHing St iiSsages on
saith Git Uetest angesthencigion tas qlart2df8saidh chotivating stapg  $he treatirod may
fuﬁhsr .Y@[,@af B YRLEN mng e |G AOHH AL &% aming

e warnin evice 214 and/or a _disp Ia
mﬁlr:eivr i indjcaia the logalign &f he LY 125R1rS8M¥RYs 6 'PﬂBO% Hl?wﬁv'tmer
inel8&¥Va STQE fdi’&ﬁér%bv@fﬁi@t the lairéraft dcBoridivg t6 @Clksgition @edvided! by the

nel can.control variou ent .
=i 3 75 RS oBfy i AT R TSR ol i 3 et
intheleioinily effdaid/lo@g®nand/ or t he audi bl e warni ng devi ce

214. In sone enbodi nents, the audi bl e warning device

214 may 15 include one or nore buzzers, bells, tones,
~etc. to Wil the cockpit crew of the possibility that
BRIEFODESSRIFTION OFWHEDRAWINGS audi bl e war ni ng devi ce

may be incorporated into the control panel 202, or

may be located el sewhere within the cockpit of the

ai r Frebbadiments of the invention will be better understooed and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjuhction with the drawings, in which:

Figure 1 illustrates a top view of a portion of an aircraft equipped with an Aircrait

Ground Collision Avoidance System according to the prior art;



10

15

20

25

30

20Figure 3 illustrates a portion of the GCWS 200 of

Figure 2 installed in a cockpit of an aircraft. The

control panel 202 can include a warning systemthat
| necl ude equi pment such as the audlble ‘

e%P%g%§%4 and the display 216, so as to prOV|§ﬂgg”#ﬁmu°

aural and visual warnings to the cockpit crew. The

di splay 216 provides the capability to show real tine

video inages fromthe caneras 208 (as 25 seen in

I n sone enbodi dIS

Figura ﬁe"lﬁaﬁt@%@. srnemalip) A9° Topiag S S ued Gipgion
VHrhigh Sy8eh 4ckbBingdo spé ambo:ﬂnmeheof(ﬂaqaprasent awddtamn; t he

First Oficer. Simlarly, the audible warning device
214 may include an external speaker and/or be
FiguooB dlbistrated anpertiom of He Graupe Gollisieaddaminpréysiendich Fégure 2
,,;gg"@(g Ph ESXpiE6F anldrcidy be | ocated on the control

panel 202, or elsewhere in the cockpit of 30 the

aircraft In sone enbodi nents, the GCVWWS 200 may al so
Figoed 4 dirisbaies artoptviesy ahan aucratt Ostewdgdone erobadidentf afrpossible

, Iog%(fa o%lfgx‘ the Eerﬁsl'(]: %ﬁé‘%&&etrﬁ Bplt-‘ %;vgnje Jpanel 202, or

where in the coc e aircraft. The
annunci ators 304 may dlsplay war ni ng nessages to the

FRURPS HiRthatéd SHoRNVEWENA pdHibrEattRe hiRParbbitiguaé 41 he
aircraft that is exposed to the risk of collision. In -

sonme enbodi nents, the warning nessage nmay be a
FighghBeldusfﬂ‘afem aytoph.ﬂa\hrtg arbairwvaft, elﬁovﬁv@lmpbeamhtdlimmt of the

poish %Eét?o'?\s 18R a‘% caH&Ds B?the%@ét%&%{ﬁ@u erﬁn nent" or

propriate warning t annunci at or 304
may alternately be a sinple 5 warning-light wthin

F hlee ”ﬁ MekiPdtbs a TpPvian ¥ Ml Blchibof3Gdtire 6aER¥WA{gSPoséibfl cavarhge
Bd % 216 provide exanples of visual warning neans
p%ﬂg Py MG ﬁﬂ@?a%f t he system 200. Figure 4
illustrates a top view of an aircraft, designated

Fg n.b%eé ﬂbétéétt Ligd 9:%%&?%3“&10%%?& nF‘J&? gwi ng one

pOSSi catio "the 10 sensors
206 of the GCMB 200 of Figure 2. Figure 5 illustrates
%urfer Qmus#hti%Wa? araanp@btwéw o@lﬁhd tbfacr?t gt: F@htFesmanafs4 shoglng
n ustrated in Figures an
p%;sﬁ)hj w&a%ﬁpﬁ’?@gﬁ%y%ﬁ%ﬂ *sensors 206 on the
fusel age 402. However, it is understood that the GCWS
200 may include nore than seven sensors. 15As shown
two of the sensors, 206A and 206B, can

u
DEEAFG%thgckﬁﬂﬂBNd of the |eading edge of the
| eft-hand wi ng 406 and the ri ght-hand wi ng 408

ti | 206C, and 0. ¢ t
ey T PXATE ST PRnEntS SR ReSPRr pilliel A8 A arcren
Gmmddtawi_s‘rdngwamir@rﬁvsvﬂrm@Qﬂ@)ﬁ@smmd@itwemwlhswns
trgﬁﬁ'ﬁ%:@% n@%ﬂrrgﬁ'ldu%céﬁ&gsat the rear of the

I ng edge t he horlzontal stabilizer 410.

Figure 2 illustrates a schematic block diagram of an aircraft GCWS,
designated generally as reference numeral 200, according to one embodiment of
the present invention. The GCWS 200 can include a control panel 202 located in
the pilots’ cockpit (See Figure 3), a controller interface 204, a plurality of laser
sensors 206 and one or more video cameras 208. In some embodiments, the
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20 Lastly, sensor 206G can be located at the aircraft

tail 412. It is understood that many other specific
sensor | ocations are possible, depending on the type
f.aircraft and the anmount of coverage desir

v?(i’?@g[{)%g%ed enbodi nent is provided by way ofﬁg&%%%é"%“s
only. The present invention is, therefore, not

limted to the enbodi nents shown in the draw ngs. 25

As shown in Figure 5 sensogs 206A 2068, 206C and

2060 (as seen in Figure 4) can

SEBRATY .(2% cay e fpegtrst O W&rfuger‘%&e 452 ol ﬂﬁﬁf%‘ aé% BSeEd:ég“"es 4

abe 8y whéredd e RrRORB wanehecaraliont ibd vattical fip @Ok of tie aircraft
sl PG & 3elDAlacObod B AILLLBAER! 1R A Whhin Y stipuiated
spﬁemmsiemze fgan thm@rccarﬂ 40cnd, wronedetgcding S’éffh theecw ﬁ‘éfr‘d 2 gignal

1S FRBhFollE? fhibiface DRI ‘M@rdoﬁtr@[e?m%@%a cah lﬂd’lﬁle a controlier
alircraft 400. F| ur e ? only oneb5|de 3 06,
bR 10t ndh e ela; BeREd 2 ?fﬁ i Y gy eHERR &G Se"ﬁwﬁg

cofdels 2080shd that cdcheit phraok pamdl amrz The csa!n:ziielr it fate 04 can

SRS B U BEAE o5 . I AR ERahd 20er

inshwdesd draster1gpntrol 218 anﬁgeumn@ng |sm§rmr é’heswamna pystegymay
.refudte %uaﬂn{é;ﬁ afith 49Gn Sl LG C{r{\ﬂﬁd&ﬂ& bk &nbRE at dighay 216,

he caneras. 208 of the Fi gu
P%’W%@Wﬁ&?'d@é@ﬂqw e aﬁcr%gﬁ teﬁ@%’%,"‘ 218n
theneuekeid cortrd] anelf 262acdn ctritel vanbushengenents sadusiige on/off

svbkt)(f\‘\wee\s/ e\ydlume ang rﬁgﬁs‘?ﬂ/ k&kﬁt Eé) bf é’lg%lm | 6}%}?}’&%% gﬁdlble

canera
waaning &vr@egm dnesonmemhfg%memtﬁ M@@W@l%@%ﬂ A14 may

m't::!ugél heBor Hidfe BRPRIADABREE SBURY &I@rtocﬁe td&ekpneerbwcaﬂ the
fin 604 One of the_caneras

208A p es a view
oAb gt 51 SIS 5, VR 2 They BB P HEVGS ey be
mazmsaraaecQO&B thay evntae pasel VAR oo mayhiee llehtedselskmviaie mitbin the
[ 10 Figure 7 illustrates a top
c‘*g' ﬁ%ga4§%§|rcraft 400 of Figure 6, show ng
possi bl e coverage provided by the caneras 208 of the

w803 ihuBir&tBe Lyated of tHe éicgvs 208G, of tHiguréd &t ingtllled in a

nes_ 702 il trat one i b verage are
ekl Byt PRoRBAT e FlSdR 7 el Tt that may
insiude ;ethmeﬂs.xdwm the rudidle| vwareisg Aedice 2114 gt Hteedtsmay 216, so

ad R)Sﬁﬂopildﬁ b#)ﬁ': gnﬁé?&ﬁ?ﬁs ] %rrﬁﬁé%vfo%g ch\Ikpft h:‘?ev? atfhé ﬁlS%Q? B1e

al rcr af 1 on,
provides the prrablityatosshaw R?F‘bW‘BfV"HQe'méB?% Fa'f“t thac?em&fasgzof* (as

séﬂngiHVFE?gl}e EﬁhQWsB&eaerﬁmnﬂéM@ e QiEplly DIBempP Beithd eavigation

dngﬁéﬁﬁa 21{%‘?%% DVﬁﬁdﬁ\%aé%’( d&gpg of the 5(2 %tau?%&}or the

Figdt r@ffieert maw olire chawdibley waninge mgwwyoﬁdw@ a@@)@!’nai

ol 50 S I i, o v

eft
deyicee2 1A By be 1agteden F&Pf‘“‘lio’@"fa'o%”d aselpewliarg in the cockpit of
thewirg@ges, it i1s understood that the coverage provided
by the caneras 208 may be symmetrical on both sides
of the aircraft 400. Figure 9 illustrates a partia
Intsppeverebpdimentacthei GEWSF 200408y aiso fdidecmier ante Inn@Eiators
3N, ﬁgs&am)ﬁe S@J ﬁ‘teyccq:k%ﬁ %Bﬁt?tﬁ d%h@[\/.?@e%r l%‘}%eWPque in the

sensors 206 of he sensors

coctip i PRthe EPRRft r%\?u%‘é”%%ﬁ“ﬂﬁﬁt%ﬁ"‘d%‘t der! %wawaﬁégsﬁ to the
the wi ngs 406 and 408, vertical stabilizer 604,
hori zontal stabilizer 410 (as seen in Figure 6) and
the aircraft tail 412. The safety di stances shown in
Figure 9 may be affected by factors such as the range
of the sensors 206, the nounting |ocation of the
sensors 30 206, and the specific angles at which the
sensors 206 are oriented. Although Figure 9 shows
only a portion of the aircraft 400 for descriptive
purposes, it is understood that the safety distances
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11 I n one enbodi nent, sensor 206A can be

poi nted at an angle that provides W902 neters of

safety clearance in front of and H 914 neters beyond,
the tip 910 of the wing 406.- Sensor 206C cap_.b
V{SBF‘H’?’@% #® an angle that provides X 904 met 2'?%“%?2007/0004%
safety cl earance behind and H 914 neters beyond the

tip 910 of the wing 406. 5 Sensors 206E and 206F can

be pointed at an angle thatgprovides Y 906 neters of
safety cl earance behind and J neters 916 beyond the
oerkelt @ew Epd gray indicaferthe side 4f t*ﬁ K57 Bat s prposeddpdie risk of

GG Can LmePahbddmdestsS matd:a/m»a@ tmés‘sagm ayl B é&i@hteéaﬂspiay
cl ea ange

vi d Z 908 t
Phvirognt of merami pd bl e eSL R 20 LR Plghi or
ohed GepproyriSB6yarding8xt. Hhelanrandaidr 804 reyraligenately be a simple
vﬁf#n ﬁ#‘ ll@{t %ﬁthmg %ﬁ%ltl Q'hg%hgﬁc?at&écd@dfaéaﬁlél'g(s? bb&," dHal display

i cal human response_ and
2r1 6@5‘2‘4'%?"?!11?@9 of M@uﬁ r“@kmmgm&?%% t&ﬁfcfé?"ﬁPa‘it REthE SYHEM ARy
taxiing or reverse tOMAng aircraft or the nom na
axiin

(" BBLBNS, DRARE 2RSS Yion, of . drpto FESGHE] ey as

réfeenab owenetd 400; tshoweg, oW efiboliment of poasideHocations for the

y?sg:ré 3b8 LY ufll BEHRS 906 %@%@%69 ﬁf@{}&% i BDles $UYhi G&w of a

I nto account onl S Resg@nse Ti me(s)

porten o W'WQ%‘N&I‘Q‘F‘%ﬁ tlmg’erﬁx?fﬁ@et'w"ﬁ“é tin Kfjougss 4and 5,
tl’:r:DG@VQ@ 20b) irQhiddieadveh fb‘én@d»rﬁ 08fdn the Risdiegs acz. HEWeWes, it is

st bR GENE B0 iy BRNEE BB GH AR BB 1
Travelllng Speed (kmf hr) indicated in Equation (1).
Saf Chy s shhwh & ure( lf f;@ & e&%oké s %edzo@b%m bé Jdcated

x Pilot's nse he saf et di st ance
fqrsaf%@fyhai%qdmsc@gemﬁﬂye d@nﬁ wa é‘%? A they rdﬁha'ee%m"g 408
éaa»le&mfe][ye AInk 6k ZOBE anReosh| lcglﬁl bd Idﬁiﬁ(eﬁbeh?e the ﬁ‘é‘lﬁhg ddge of the
or t i rcra t o, dece r
'%‘ghaé@tw'ﬁga‘ﬁg R @F‘L"f“f““\ ‘g‘"ge‘{ ecte C%"é'g 6"58’5%% and
2asﬁ= cambe laptadaatdhe ek of thepmilmgradae of thet lltqmont@! sthljligen 4 10.
LhAtD sERr ?oééféfnt be to%a@ala%@taﬁ&aﬁqapm ng JEQJnderstood that

Euatlon assum ng.t hat Ircra IS taxii
rr@nwg@d SRgfiita SY§ok 'Héag"Pf‘a\?éﬁ P?%%&’?%ﬁs@%ﬂdmﬂwf type o aicrat

aR@itns bpatrdof dovEGigatdesited. 2)The Hliutrated | dnibginme el provided by
T Lo SRSSY Cht BASEAC kD & URkble, SRR 1

embodiments shown in the drawings. ‘ :

As shown in Figure 5, sensors 206A, 20613, 206C and 206D (as seen in
Figuré 4) can be mounted at a position 502 higher than that of the main wing 406.
Sensors 206E and 206F can be mounted at a position 504 higher than that of the
horizontal stabilizer 410. The positions 502 and 504 can be set so as fo provide a
line of sight or a field of view for the sensors 206 to cover various components of the
aircraft 400. Figure 5 shows only one side of the aircraft 400 . for descriptive
purposes. However, it is understood that the placement of the sensors 206 on the
aircraft starboard side may be symmetrical to the placement of the sensors 206 on

the aircraft portside.
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(2) 12 The total safety distance (Safety
Di st ancerovv( km) may take into account both the
Pilot's Response Tine and the Aircraft's Reaction

Time according to Equation (3). In addition,| i
%@89/P7ﬁﬁsude a safety margin which provides 61%%@?%7@00423

di stance fromthe foreign object to the aircraft

after considering the Pilot's Response 5 Tinme and the
Aircraft's Reaction Tine. I1p sone enbodi nents, the
Safety Margin may be dependent on the type of

aircraft, or other specific requirenents dictated by
par t Figldeat imistiaRE! S toeview SGafret yirddhfs t480.C sfimtiog ofk rhossible

Io%gf? E}%,\;E'?St ﬁ?e%s gééf'%dhe %‘i‘f\ﬁé%’ﬁ%%@ éen%i'é%’i@ Bews 200

irBluges 6ve® caigG8 22084 antb2085: \mmtqde%tonglfcﬁagm aies i thg pame
h&mﬁnga' fiohaldr, Wai‘géssrtﬂ% 894nd s5ce 200ab ||dd1@ledzl &?g’tﬁ*(be smaller

the aircraft wings as nmeasured fr
wmb%r ofvam@eaﬁ ig et“PFé e &34 86 3%5%%58%&5'?%35} Eﬁg own
|n9E@ul@‘ 5! b tdradrhs 1298 etgenaintdchen e ivediodlafin §t)41b|CDnaef the
410 z s .th
o B0 58P ey  HAGR EAELER5R o0 ptieatiliner
cmndazogaaaruwestaev:gw ehithedeft sigmoidhe ateraft 40® t he t ot al
safety distance (Safety Di stancerota,) cal cul ated

according to E uation, (3
iR TR ooy ar e m i 10 Niioute f hapihgngssivle
chveeaga gtligedby theeaherasz208t ailths GENVS Ro@r Indhd exdrhge in Figure

%Stﬁg SF Imes%é |Ia|1§¥a£%ng3>%§§ﬂglb '?:S?erg%ﬁ gla V'JE'%L%/ the camera

I uirenen
2080 bmdye alstueﬂh right sidee Whiergagming defted Ef‘eel@ﬁa'h@éa‘\ed}“eepo‘ss'b'e

cé(é?‘édéa%eaoﬁrgﬁﬂeé B?ﬁhé“&aﬁlbfacﬁﬁﬂ o‘ﬁttﬂﬂdeff aie d;f&ﬁ@ aircraft. In
measured fromthe cetrel|nhe ﬂg@{fc :{totet
agstiione Fioplr 8 Aluplirlesa SPRYISEIT R AT EhIET Odiey g fodivwpaatop
d&&lﬂwe&)ﬂ Qe pos8bR m@herade Gikh 802/ providbdbe theoranidias 208. Both
n ]
FphS 7 SREFlediad Qe di Hd aikinadd prbdacifbfiie cameras
208 of &‘lﬁ:@GW@O@W%*"Bﬁéﬁ%ﬁ@%"‘?ﬂb?@ﬁ%@r‘eﬁ%éﬂveﬁm
Afoubh Q=|§Uré(§ Qﬁdws\/\&ﬁﬁ thd 1eh SidRReWVE the @irfraft Wwa0dor dériptive

pbagy 1§ undtiaed o) M cb R EOTHE! by DRGSR 7og ey be

sym@ﬁcm@nrMa;udes dfohedircrdihdé0Gensors can then be
cali brated based on di stances W902, X 904, Y 906, Z

908, H 914 and J 916. 39 Table 1
Figure 9 illustrates a partial top view of the aircraft 400 of Figures 4 and 5,

showing possible safety distances provided by the sensors 206 of the GCWS 200.
The sensors 206 can cumulatively provide azimuth protection ‘coverage of the wings
406 and 408, vertical stabilizer 604, horizontal stabilizer 410 (as seen in Figure 6)
and the aircraft tail 412. The safety distances shown in Figure 9 may be affected by
factors such as the range of the sensors 206, the mounting location of the sensors
206, and the specific angles at which the sensors 206 are oriented. Although Figure
9 shows only a portion of the aircraft 400 for descriptive purposes, it is understood

that the safety distances on the aircraft poriside can be symmetrical to the safety 7

distances on the aircraft starboard side.
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WD 2009/ 075648PCT/ S&2007/ 000425 13 Wth respect

to the issues identified above, Table 1 shows an

exanpl e of the cal cul ation of the safety distances in
uations (1) - (3) for a Boeing 777 aircraft

W@%@?’g@&fsomed Tabl e 1 shows an aircraft tra‘(ﬂé‘? 8'9"000423

speed of 5km hr, a 5. response/reaction tinme for the :

pilots of 3 seconds, an aircraft reaction tine of 2

seconds and a safety nargi mof 30% Applying the

fornul as di scussed above, This results in a tot

saf elnjong; esthediseent wmrﬁ%&cﬁaﬁe SRPNiRdataen qwgbdbqtmwv'des w

IOk trhetérs DRESLY dIEdrahde .affroao&banahmsm hrigtdrd ee@harrmeeup 910 of

h bI )
L0 ; Eane oo GeB e v erdi R R s A58 s petes
of Bafaﬂcblearam:p HéhuuimrtnieHRMmQterBdJewncSthestlm%‘é) ohibe wing 406.
sggggg 90%5 Ln@bSE 35k pb g,g hdcs 5 A éﬂfgﬂe‘ b eliaad ?fb“o% Mbters of

I'S understo erent aircraf
selel@earanresqrbingisandy! meters 9?%8@(9"6@% Mifkde 912 PEWSfHO"ZOHta'
sl‘a‘bﬂnﬁéﬂ 0. i9ehies et Safet pb:rit@d élteﬁ:ﬂy aRof ibe airseet.400f pricsiding

00 RS oF SARY SFSane Paidd vEPT 412 302 B o0 Hese
diéltagvaeew 91}29}( 96AeY &RAHEES, iH 9fsandak 91ﬁg:anrt@ Hvaitsitdd lased on
%%Lgp% &Qa{@%{%l fdrinCyp fthd gﬁlcgmmﬁgbor%@) drid€reaction

e di scusse The sensors 206,
tlﬂﬁowedﬁ@'@lﬁ dipignee plihg fowerding g rrevele’ iwiRg iEeraft or the
nﬁﬁfn%tﬁbwdigsdnamﬁgéy&&OZ X 904, Y 906, 7908, H 1002

or J 100 may send a current output to the :
controller interface 204. Upon receiving the current
out pEquatidhee(1E o8 b ilublioaie dappie calbukationshel sometaf dhe abpove
dls %JW ?,.0 B then command the relay board 212 in

e controller |nterface 204 to energize its rel ays.
Voltage supply may then be routed through the rel ay

boar the2datety QistaHcs (Sifety Bis@atek, (k) maLuMEdBkBe Wetb aicosunt only

. 'tl’ieﬁg E)tg gﬁteglgcrr?e {rﬁ% ter ot ?rr&egt%ﬁen f%pﬁ'se Qfgpt%:e 5&%& a%relgn

objeet nesir tthaey airerafd [is }zletegtqzﬂe ghay Iheocﬁgwlatﬁé acedrding tt@ maﬂon (1)
adstfning thGt M %hr&aﬁ% &kﬂ-rgaét% dpeedetha t@ﬁé'ﬁé@mﬁ@rsyeea (km/hr)

“generator 220 and video signals fromth
indicated in Equation (1).

Travelling Speed (km/hr})

x Pilot's Response Time(s (1
3600 P o)

Safety Dlstancel (km) =

The safety distance (Safety Distance,{(km)) required taking into account 6nly
the Aircraft’'s Reaction Time(s) i.e., the time taken for the aircraft to decelerate after
a foreign object near the aircraft is detected, and the aircraft operator takes
appropriate action to slow or turn the aircraft, is calculated according to Equation (2)
assuming that the aircraft is taxiing at a speed equal to the Travelling Speed (km/hr)
indicated in Equation (2).

Travelling Speed (km/hr)
3600

Safety Distance, (km}= x Aircraft's Reaction Time(s) (2}
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canmeras 208 may then be transmtted to the master
control 218. Subsequently, these audi o and vi deo
signals may be transmitted fromthe master contro

to the 14 audi ble warning device 214
VH??BW59@§16 and the annunci ators 304, respé%%wv%?@mmmub
providing real tinme displays of portions of the
aircraft 400 and aural warnings to the aircraft crew
The aircraft crew may contrg various conponents such
as the on/off sw tches, volune and |nten3|t¥ controls
of tHee tatdlewniely sqwa}cezéﬁefeah HiIBRN e (5T B talse iptoragegunt
bQﬁVtkh%eP%k’é Héépﬁgsé hﬁngg%'gefheCﬁﬁ’drﬁwk Fektior Tihe according to
coc contr pane
QU0 Gk o8 e 3 Tost ASRSYEE Bl SLRam d Tl gy burer
diatihcy fbmdhe for¢ipe opject to dhedaranafl after itonadesing dreePilet' @ F@sponse
TH L&y %@ﬁﬁ&éﬁ’@%&@%@&@th 4 nd th r!s%n'%t ShbRihéns #le é?éé’t{ Margin

activate canera al l ows the canera 10
Mgy beidgeeadant ap the tree af aipiraly b rteheredicdcaspaIeats digated by
pém§mgﬁ§@@H§Qﬁg sensor (s) 206. The audi ble 10 war ni ng
-device 214 and di splay 216 nay be conmmen to all the
aﬁﬁbﬁﬁf&c@ Oﬁmmd gSéﬂﬁSeDﬁﬁn&Q@m) kBa@lytiagtRit Akm))x Safety Margin(%)
enbodi rrenfs ferent audible warnings may be

activated dependlng on whi ch sensor 206 is activated.®
These audi bl e war ni ngs re-set warning tones,

bel |With pefetesps to Eigyre 8 Y %??e fuwatspadipg, gistance from the

asf’é?éﬂt QNMQBQX%% thd BlifndobisBAcd Belife th’é%ik:ﬁift wM§§ s aneasured

20 t t hi
TSR ARG B vels S0 Mo iEncs, HebmirRy 13 8 ks §p% e
t'“ﬁllmg edgteoiothe tHoezanitalcatatfiiized 800, vwrelr 2 90B és thiej casiandesreferenced
ﬁ&ﬁ&ﬁ&éﬁtﬂ%@e %Eﬁgﬁc L WHiRshdRy¥ W@Qz Gf ot Negcﬁ and¥£908 may be

caner as 'S snown on dIS . In sone
SRR IR AR AR IR TR L
a&%lrd‘ngpfo acﬁuaﬁsﬁ (At IS dRiN3O4.918he ssasiiray mrrama lcentaflife 918

o R RIS e o B a5 TP s ol g may
be Hetehpinad riexsed tond 60, exatmpies regidatory| fepyiresrents fromcaru authority
b&ﬁry shidd Hgtﬁ@%lfﬁﬁﬁm Edrag NistdheS for %U'f ﬁ!wvé’yn@tﬁér%bﬂ an aircraft

arnms alert the cockprt crew and n

stgnd tad 3pee nsrsYRE Gy erdEalited (tW Q%rfra%xt‘béﬁe opject
Ftﬂﬂ@rm&e9@ﬂa cadttbul&da rﬁrdlslarﬂ:ﬁgé)@ gmav*e ob@& en 908 fand WoEId. map be

baast é’ﬁ‘qﬁe gravegmp nep?éé of th? a‘rf}cr%ﬁ I ﬁg%eglgggv@sc‘e { Wéht bn the

he con ro can
othﬁehafruumewmdasrgn op distanerl Va0 may bg biaserd @ratf@rtrayavﬂgo@eed

of t'hte diRrafeh&RtSs thghduQsilyl RAvAH. fl'h@ thddling ysp‘é&m 2P kvhich the

. This serves to warn the coc it cr
a'mr?fh mageuyssy fawagt isqusyaly {Ja‘lat%ﬁe‘hg'g H?o?P%eg. %?mé]’y i ds being
revéiée IOMASD I The 8éndofs carether digpdatibratalybased Ghalistariceb AN @02, X

9@ﬁ¢%&%§2£béqﬂ@1£§%§9§H§9 range of 05mto 300m This

["as'er “sensor nay emt a non-visible |aser
bean1and being Cass 1, is considered safe to the
human eye. Furthernore, the | aser sensors 206 should
be able to neasure distance and speed of natural 15

Table 1
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targets without a reflector. They have a broad

wor ki ng range and require very short tines to perform

the nmeasurenent. Therefore, such sensors are suitable
use on an aircraft GCVWWS 200. However, in

“é?%“é?’ﬂ%?t‘@ embodi ments of the GOWS 200, ot hegcnggmeoua

of sensors 206 may al so be used. Simlarly one or

nore of the sensors 206 5 within one GCWS 200 may be

of different m)dels or types. The caneras 208

i N one_exanp deo canera

and amm&m&dﬂ@’ﬂhﬁhrp Ink

be of |PletRaspensaand Reaglign TimgAgh o

caner ‘@ﬂeﬁ@bngini‘ﬁﬁ)nnl eff ect

of t hiSaely Margivd%lt 400, 1 n alterd

Pon, they may
Plesence of the
{ aer odynam cs
efpbodi nent s of

the QQWE-200 ot her npde G %. may be
used. [Safety Distangg i)y o o, bodi w t he” present
i nven=2E 'e' SIS antg 6Yer prior art
syst eps—TFhe t-aser;-s¢€ HA—t ave a
suf fi .am StanGemeisi ng-15—rangeahata sufficiently
r P ffor ¥
T U T Cl1 1

T
| ar gb hoam A nvmt

beam-di-ad otect+on to areas that
are exposed to a high risk of collision. These areas

ar e With reepeiifyl e isshres w!engf iedi ghovesr@bientshas araesenmi of the
cawarntaﬁ P HeLsarbi) listas A (E\ébgﬁusﬁﬁpl ]S} P BOURY ABP aRfraft

entire wng and not just the
beingh &esseotovele @\%1#’@%6%%@’% "?%’é'”? u%‘@eﬁg‘éf Q‘fﬂ]’hf a
re@;ﬁtﬁhséﬂré‘&doﬁ Giar fds thidpilots R 3t sgeendGain aircraft reatiien GEéSof 2
not yire an RAUdG r
S8 AR O 0% A SR 900k 8L Fodd, s
repulisvinde tatel safelyodistangen i(Prfety elhistanednyaloof 808 tmawith eneafety

‘ Qgﬁ'o? soonJt +rhh§ i fheledapRY sHYWMh ‘T‘abllé 18@@5@2 X bdihﬁ Y33Band Z
I e

rOVI de war ni ng prl gﬁg%
B niFS: AL O TR 6T w-o oo r'%ﬁé@*w" H can be
seE AT ieiice thd Bbblﬁg @ZV\Bireratt r@rﬁm@eﬁ rginiolinh eleiardnce ¢4 2.5m.

It g%@%ﬁomﬁm rlrt Ak éra#t%’] %Xl@ﬁlgggdégall&nsl l%?ct?orﬁqlmes aircraft

aero nam rporates camer a
regdtign times ar@imﬂf@tu maygingecanches beast: ViR crisrupdiRsEiped éhat Similar

cafcdlatibid Qb BeSmAkR! BF by tybBSofGARRIE | s powered on and
the captured video image 30 will be displayed on a

monitor in the cockpit. This enhances the ability of
t he vatakferéncete Wigunesd2o| dnengxanfplé tlustetisgftiee $pcific operating

ch%%’%leérigtgcgfogn DEHERHIS t%F‘ﬂﬁ"‘@éh%eﬁo il ﬁovp%%ecﬁ&[%é{e&o"rhe

0 avol I SI ON his In owers
sensrs ZhRcirensintsrting Sersion miectkeat piprdeterined isglely dipfgpces (W

9028X 41, vosds, %Jsos H 30020k 1JS1002), thasbénti atdifreRCHfipitaY the
cof e B A, e it B R HE ol PR 1
in the controller interface 204 may then command the relay board 212 in the
controller interface 204 to energize its relays. Voltage supply may then be routed
through the relay board 212 to turn on the audible warning generator 220 in the
controfler interface 204. Concurrently or successively, the cameras 208 may be
tumed on via the voltage supply routed through the relay board 212. The audio
signals from the audible waming generator 220 and the video signals from the
cameras 208 may then be transmitted {o the master control 218. Subsequently,
these audio and video signals may be transmitted from the master control 218 to the
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16 on the ground through an aircraft-on-ground

sensing switch. Hence it is operational regardl ess of
V\/nethe¥ the aircraft is taxiing or on tow. Once the
aircraft is airborne, the GOAN5 may be deactlvated

VB 20090 T34%he appreci ated by a persgn ski | | ed HGHGR07/000425
art that nunerous variations and/or nodifications may
be made to the present invention as shown in the

speci fic enbodi ments withougqdeparting fromthe

spirit or scope of the invention as broadly
aydible wayping deKee BilbdemtisRian 1. fERA TS w&m@tﬁ@ﬁ’@ﬁo@ém@'&“—"%

PSR il e andpréyabk pérﬁ&lﬁsﬁ@ﬂtﬁe tborbR 400 bt baral Wwiings do the
5648PCT/ SG2007/ 000425

not re ct
AT SR, GRE AL PoTa PHIES GO RS S (e oot
safitclads) eolafne amddntsositycuontiola @f tis) ddeosdispiapt At grddenritie audlb!e

) anJrﬁ %\93}118@2?9 é%ﬁ@ Bhast? cGRR rZthlr? fhel (EHCE]SI{ &rftrol @anel 202.

sensors nounted on alrcrafrt
bl senswit zqﬁc@w ;becafﬁﬁ@e&eédmtfba tcﬁ@eﬁaoﬁ?f? olFPé pxample, sensors

abﬂﬁa@écf é}?@lg p?ﬁ%{&&ﬁa;f ativite Warlerd J06, \Mhﬂ%ﬁdnw&maed on the
et ection area t

shrbeald s seburs <aovet 20 olsfion st ciRes 00 Pgrie =

réal tiefel display of the gida vaveeddy ithassaciatedakpsorDa0@i dhanddible

m)ét'rrﬁh? ?if@é B j %nmgl SfEneg Her\:d?nrﬁ&’f:{%oélf thefsehbéts 206 and

each of thé audi o” and _vi sual warni ng nmeans
CRREETRG gp%ct Hy @g¢qn§tecgmqg@fn@atst glifferent audible warhings may be

activated depending on which sensor 206 is activated. These audible warnings may

be pre-set warning tones, bells, buzzers, etc.

In one embodiment, the foliowing events take place in the cockpit when a
sensor 206 detects an object within the sensor range. The audible waming device
214 sounds. The view of the side of the aircraft 400 where the object is detected is
then captured by one or more of the cameras 208 and is shown on the display 216.
In some embodiments, the control panel 202 may also include a pair of annunciators
304. These annunciators 304 may display a waming message such as “COLLISION
IMMINENT” in amber. The annunciator 304 on the side of the aircraft 400, where
the collision may occur, may illuminate and flash. These aural and visual alarmé
alert the cockpit crew and notify them that one or more of the safety distances (W
902, X 904, Y 906, Z 908, H 1002 or J 1004) have been infringed.

In some embodiments, if a sensor 206 becomes faulty at any point in time,
the controller 210 can detect the faulty sensor 206 and a warning indicator can be lit
to indicate the location of the faulty sensor 206. This serves to warn the cockpit crew

of any blind sector created due to the sensor failure.

The sensors 206 in one example, may be Class 1 laser sensors with a
measuring range of 0.5m to 300m. This type of laser sensor may emit a non-visible
laser beam and, being Class 1, is considered safe to the human eye. Furthermore,

the laser sensors 206 should be able to measure distance and speed of natural



10

15

20

25

30

the controller interface; and at | east one video
canera nounted on the aircraft and electrically
connected to the controller interface, such that when

-w%b@,@g“J, east one video 15canera is acti vatgéyscaaddhooss

vi deo canera provides an i mage of said periphery to
sai d vi sual warni ng neans; wherein the controller
interface receives a signal fromat |east one of the
| aser sensors indicating t He presence of an obj ect

talg]eg 1910{1{1 § req;SEtSF t 'h%& rPa(:SQ b%lﬁjj J@&"d. ?Jn?é afd réq%ﬁlé Ee@%ﬁoﬁ

| east” 20o0né
tinvisde @eo‘emetha m@sare@rqnt J@ew&éﬁawh sewsor%reévmwr use on

antahl%FaﬂaGéWSl ol %vde‘ﬁrerp PSdiefla® embodirdentd Sfahs BEVESTRAS other
clained in.claim1l the controller gpterf aceqs

tyRegqf 1FEPSAED ALF may £ise %Pﬁesoﬁ"é‘i’ arly o P e [l e seasers

W:Wdhert_gcmaﬁw be efitiffepent elodyls 26lypes.d. 3. The system
as claimed in clains 1 or 2, wherein the plurality of

| aser sensors further conprises: at |east one |aser
sendbe camarms £983n oae EyaBplagRre dfdeoamarascyitly 2 fixest Iras gnd

au%qg% fé\oﬁﬁéﬁbﬁﬂ IR @Ggitl&f ﬁ%@@f‘aﬁe éﬂh@add?ﬁa:rrﬁlb GIQ rﬁirHience the
- oSitio er an

eSOt RS CATORE 0B s e ar the, "a'ﬁ'% ot tne
airbrag ebag én alterhdte e&ibbdifrmhts didiie BEVS 20 bthengiodely ef cimeras

ach .of e left-hand and right-hand wings at a
205 alytl oﬁc’teﬁ'i gher than that of the w ngs;

The example embodiments of the present invention provide several advantages
over priof art systems. The laser sensors in the GCWS have a sufficiently long sensing
range and a sufficiently large beam diameter to offer protection to areas that are
exposed to a high risk of collision. These areas are for example, the wing tips and the
tail assembly. Furthermore, the GCWS provides protection coverage of the entire wing
and not just the wing tip when the sensors of the GCWS are mounted on the fuselage

and are aimed towards the wmg tips.

The GCWS does not require another aircraft and/or objects to be equipped with
the same syétem to function. It can provide collision warnings entirely on a stand-aione
basis. Utilising a laser proximity sensor, the GCWS is able to provide waming prior to a
ground collision without introducing RF interference. Embodiments of the GCWS are
designed to introduce minimum modifications to existing avionics and aircraft

aerodynamics.

The GCWS incorporates cameras that are coupled to the sensors. When a
possible coflision is detected, the camera is powered on and the captured video image
will be displayed on a monitor in the cockpit. This enhances the ability of the cockpit
crew in deciding if it is safe for continued maneuvering and whether it is necessary to
take action to avoid a colfision. This in tum lowers the unnecessary costs and the
number of lives that may be lost due to a collision. Lastly, the GCWS may operate
entirely on aircraft battery power and can be activated anytime when the aircraft is
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WD 20091075648PCT1S620071000425 18 at | east
one | aser sensor mounted on a fusel age of the
aircraft behind a trailing edge of each of the.
d .and right hand horizontal stabil
W%g&)g[ ?g% hi gher than that of the horizont alﬁS%Z%m&mb
stabilizer; and at |east one | aser sensor nounted on
a fuselage of the aircraft at the aircraft tail. The
system of claim 3, whereinid he | aser sensors nounted
forward of and behind the w ngs, and the |aser "
oo 9B e oraRg 2 BEHPHET SUMT P S Tic s SRR | Beeraena
rejBURES of Whem&ithe Qﬁd:rht} iafakimgroe spéaw. Oocethelrnirotaftds airtiiee,
mﬁ%%$@$1as cl |nqp n any one of the preceding clains,
PiPE 5PEMEE% y of |aser sensors are adj usted
to provide at least a three second warning to the

ope rlteb@ R'oe a BP%C%Y@@ /A %érs@h @klfﬁtﬂlnl tﬁe anrth@emefodsheariations
prece I ng_clains, wh re| a‘f ﬁstaonevm| etﬁJes ocific

arbien reaegtTe e PGS & e PlReent YT Re] e P

enfbddiniéiits WitheR d@paiﬁngafmmune epiritor sope pf theamvehtmm es broadly
aircr t t hat f I

cedifoefin L bRt SFEBRERS e f By cfkRRe R agect

tobedbaﬁhhwe@adnohwemaﬁvﬁount ed on the vertical fin of
“the aircraft that is capable of providing video
coverage for the left side of the aircraft. The
system as clainmed in any one of the preceding clains,
wherein the audio warning neans is selected froma
group consisting of a buzzér, a bell, and a
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tone. The systemas clained in any one of the
precedi ng clainms, wherein the visual warning neans
conprises at |east one video display unit capabl e of

W%gﬁd#&gg i mages fromsaid at | east one vi CREI/SE2AEI040425

e systemas clainmed in claim8, wherein the display
unit further conprises one of a navigation display or

-a Cass Il Electronic Right Bag. 19 11 The system

as claimed in any one of t¥fe preceding clainmns,
further conprising a warning indicator that is
red on by the controller interface when a faulty

| aser sensor is detected by a controller board in the

GON Lakd koricBigbh auEidarcd bewamt droirdrait acbblriainding objects
avoi dance between an aircraft and surroundi ng

objarcthe grauRd: the BYSaMEOMSIT'S¥ ng t he steps of:

provi di agoatraientntafdcer interface; provi ding a

plurality :of .la bS FBUREE GnoMetdiRraAi BAd afcctrically
and el e& P g#l @fe%%%ﬁ‘gé%%ed to t ontroller

e
i ntamheded tethshcamroflereintrars| § S1ihe Flepitg gf leser sensors
nav ffhgth AALEEhIAEa, B that ualh cefeatiorsards dinubtivalcover ot
ar eas gunu_ ativel 'cqv r $t | &gk &tﬂ%%ﬁr&%ﬁfy of both
a I’éﬂ%taa?ﬁ*ﬁpléf’wpﬁh%/th\ﬁ ﬁfga'& APREYAYCrart; providing.
audi 0 angdiéi sd@visva warnigg meszans peated Bga iCﬁc'S’“c?fctR?)i%im"aﬁ'
of th i,rcraf.t, : 4<Op elbFidaly csnhadted) to
nea‘?%c‘?‘ﬁ’giﬂ?ﬁega 28 ?iq'gé;aﬂyya@?%n@gﬁd ?{gbjt he colgt rol | er
i nt defcantegller interfacgrasd di ng at | east one vi deo canera
mount ed R henai vigsthmardmeliatet ranctiiel giraraih apd telettricelly
the controller interface, suc §aj one video
| castmaret R el etac: Slgrh ik wHEE BBt (ot one
CanBirAerali Witiabdasaidmidge w@imesaPtviser iApHERgS Ohsad pgriphery
vi sua

| . war ni oflas 2 Sandnd activating at |east one of
sai B S& ‘f'%"[‘—’\’\/‘z'a“'rrmr‘qrg'q1 2

ni means and said at |east one Vi
camera wieein Hee confralier ingarace fEVAE & ?'%'?:azitfR?re“sa a‘gésq ohie of

Si 9RAl |afdrWBnadrs| iR@iShtingMBe Presmbe oplanrakijédt yithin thasigtection
sensors that ;

~ has detected i t hi .ot id at least
det arepiand asivaies 8t lgpst e ?%“ péégé%e\g%mﬁqu @%%hds eg?rsg Fd 7o

ft .
t habn@ vickbl éshara fos aledsan Isperatar3of theeaisaath dptof C(?ﬁ‘ﬁ'f’ﬂw 15

12, f_urtlher conprising a step for determning a

preBg?s i ned detection distance for each of said
plurality of |aser sensors prior to said activati n%

2 ohe Istess eRited irﬁf:laﬁi\ al, whbBsin mpemtmilsaif@e”acéd““he‘
eterm ning ste urt he 58 e S 4 rela
pr e §eMERTFNR F°H ?'Leéttfc’&ﬁé : |'%s){£g§1%% fgg@e gﬁa’é;? Igeast Y
one pehrda response and reaction time of a pilot, a

braki ng di stance of the aircraft, a taxi

3. The system as claimed in claims 1 or 2, wherein the plurality of laser sensors

further comprises:
at least one laser sensor mounted on a fuseiage of the aircraft forward

of a leading edge of each of the left-hand and right-hand wings at a position

higher than that of the wings; _ , R
at least one laser sensor mounted on a fuselage of the aircraft behind

a trailing edge of each of the lefi-hand and right-hand wings at a position
higher than that of the wings;
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20 speed of the aircraft, and a m ni num

( ft, cl earance

di stance between the aircraft and a detected object.
15. The method as clained in any one of clains 12 -

wolthooBeiei n the step of Sproviding at | eastP@RGATABY

canera further conprises the steps of: providin

: _ : a
first video camera nounted on a verticaP fin ofgthe
aircraft that is capable of providing video coverage
for the right side of the Wircraft: and provi ding a

f ﬁgo 28 a?/airt ge%% / ga&? siggég}tr&gjgma 5;-!;@ fusekte oathefdinsradfbehind
_ A b , ‘
covehages ige afisech ef pedrinagt ok iy Benifl A8eers ot

mﬂﬁé %1 igsriﬁ?]hrﬁd;r?eltr R t:jét AAthe tamieordél stabilizes and - 15,

e step, o rovi di I hde |
sensor s 3 FAFh 8?£@8?Fp$%n;gé'ls$b %@8 5 iatbzlF i['ﬁééédg (I)?;% v #ggﬁ sai (l) ;[he
nousiteesit tai. a fusel age of the aircraft forward of a

;fﬁgingtedge of each of the left-hand and right-hand

s at a position higher i .

4. The system pof claim 3, whegein thé a%gr gehn%BrsortloM}gd WAldrd of and
behind the wings, and the laser sensors mounted behind the honzontal

stabilizer, are mounted symmetrically with respect to each other.

5. The system as claimed in any one of the preceding claims, wherein the

plurality of laser sensors are adjusted to provide at least a three second

‘warning to the operator.

6. The system as claimed in any one of the preceding claims, wherein the at
least one video camera mounted on the aircraft further comprises:
a first video camera mountedr on a vertical fin of the aircraft that is
capable of providing video coverage for the right side of the aircraft; and
a second video camera mounted on the vertical fin of the aircraft that

is capable of providing video coverage for the left side of the aircraft.

7. The system as claimed in any one of the preceding claims, wherein the audio
warning means is selected from a group consisting of a buzzer, a bell, and a

tone.

8. The system as claimed in any one of the preceding claims, wherein the visual
warning means comprises at least one video display unit capable of receiving

images from said at least one video camera.

9. The system as claimed in claim 8, wherein the display unit further comprises

one of a navigation display or a Class 111 Electronic Flight Bag.

10. The system as claimed in any one of the preceding claims, wherein the audio

and visual warning means further comprises a pair of annunciators.



providing a | aser sensor nounted on a fusel age of the
aircraft behind a trailing edge of each of the

| eft-hand and right-hand wi ngs at a position 20hi gher
than that of the wings; providing a | aser sensor
nount ed on a fusel age of the aircraft behind a
trailing edge of each of the |eft-hand and right hand
hori zontal stabilizers at égbosition hi gher than that
of the horizontal stabilizer, and providing at | east
one | aser sensor pnun ed on a fuselage of

301 16 VBT 2on &P M, A0 STy P PrEeABA gl futher
cl ai mmbrisl‘nmamn@ lmd:caibrahalss pewerk6 pn\wdalweemamtrbhm interface

audi g gn fgmu%; r BRI RYL JRA0Sy B0 TRIOhEERr BbariSA He Sfroller
o S e TRy B BREES 4l

annunci a conprises t
st eplgiedﬁce d| spl ayl ng a warning nmessages on said at
| east one annunci ator as part of said activating
st ep- Pel | SG2007/ 000425 Received 16 June 2008 21
18. Ahwmethethiod cedisionapvaidanca katyeeihanopirgphiang sprounding
17, énjediane AR @nipisihehe steps of:
providing a controlier interface;
providing a plurality of laser sensors mounted on the aircraft and
electrically connected to the controller interface, each of the plurality of laser
sensors having a detection area, such that said detection areas cumulatively
cover at least a periphery of both a left and a right wing of the aircraft;
providing audio and visual warning means located in a cockpit of the
aircraft, each of the audio and visual waming means being elec’cricaliy
connected to the controller interface;
providing at least one video camera mounted on the aircraft and
electrically connected to the controller interface, such that when said at least
one video camera is activated, said video camera provides an image of said
periphery to said visual warning means; and
activating at least one of said audio warning means and said at least
one video camera when the controller interface receives a signal from at
least one of said plurality of laser sensors that has detected an object within
the detection area to alert an operator of said aircraft that a collision is
possible.

13. The method of claim 12, further comprising a step for determining a
predetermined detection distance for each of said plurality of laser sensors
prior to said activating step.

14. The method of claim 13, wherein said determining step further comprises
determining said predetermined detection distance based on at least one of a
response and reaction time of a pilot, a braking distance of the aircraft, a taxi
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steps of: det ecti ng a faulty | aser sensor; and.
powering on a warning indicator to indicate the
| ocation of the faulty |aser sensor. id. The nethod

waohasea®d i n any one of clainms' 12 - 18, f ®CEISER007/000425

conprising a step for maneuvering the aircraft
according to a |ocation proVided by the audio and
vi sual warning neans to avqid collision between the
aircraft and an object in tfle vici nity of said

loc a%ie@@ of the- alry%% Syh piRimbmadarameelistinos! tiveeenl thé hjrcraft
wherein sald p urality of |aser sensors conprises

sevendspirierted ARGt ed” on a fusel age of the aircraft
and said detection areas cunul atively cover an entire

er ' he“%th%‘a L hgﬁa%.' ggﬁ %w‘ one%*c!a_ﬂi@ 18 YS{£ N iRdreif the QRD of

erein the warning neans are
act i pmtlé'dg QU'@HSttQﬁ‘QtV'qeﬁé‘B@B@rfaﬂ%?r cREerisgs th %3 S Tsv
seconds VY 6 fisdiviRieh @8Rl RoGmbd bs aoRrticAPfin Shibe aircraft

net hod o one of _clains
ol ur R Bypagetie 28 Brovidiau B %°“ﬁb%%e§8§%§re bl B8 df the aircrat
m)unérepl on a fuselage O the aircraft and said :

det ecti on . ‘ |
peri pher y’ fO‘v{J I’?qsfl a %%dragl %5@ %mg%vh%uﬁ’tgd %ﬂtthé ertical fin of the

he net hod of a . pne
of céiriafs thep is] carable oproyiHiBe Sfideoy wewaﬁrf%a’en@ﬁr% g pLthe
actiy gfrﬁfj such that the Operatcir has at |east five
seconds to avoid said possible collision. Anmended
Sheet SPEA/ AI |
16. The method as claimed in any one of claims 12 — 15, wherein the step of

providing a plurality of laser sensors further comprises:

providing a laser sensor mounted on a fuselage of the aircraft forward
of a leading edge of each of the left-hand and right-hand wings at a position
higher than that of the wings;

prdviding a laser sensor mounted on a fuselage of the aircraft behind
a trailing edge of each of the leﬁ_—hand and right-hand wings at a position

higher than that of the wings;
providing a laser sensor mounted on a fuselage of the aircraft behind

a trailing edge of each of the lefti-hand and right hand horizontal stabilizers at

a position higher than that of the herizontal stabilizer; and
providing at least one laser sensor mounted on a fuselage of the

aircraft at the aircraft tail.

17. The method as claimed in any one of claims 12 — 16, wherein the audio and
visual warning means comprises at least one annunciator, and said method

further comprises the steps of.
displaying a waming messages on said at least one annunmator as

part of said activating step.
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18. The method as claimed in any one of claims 12 — 17, further comprising the
. steps of: ' '
detecting a faulty laser sensof; and.
powering on a waming indicator to mdleate the Tocation of the faully

laser sensor.

19. The method as claimed in any one of cialms 12 = 18, further comprising a
‘step for maneuvering the aircraft according o a ‘location provided by the
audio and visual warning means o avald collision between the aircraft and
an objecl: in the vicinity of said location.

20. The system of any. one of claims 1-11, wherein said pluraiity of laser .
' Sensors comprises sevenh sensors. miounted on a fuselage of the aircraft and
said detection areas cumulafively cover an entire penphely of the alreraft. .

21. The system of ary one of claims 1-11 and 20, wherein the waming means
are activated such that the. operator has at least five seconds to avoid said
possibie collision. .

22, The method. of any one of claims 12-19, wherein said plurafity of laser
SENsors comprises: SEVen Sensors mounted on a fuselage of the aircraft and
said detection areas cumulatively cover an entire periphery of the awcraft.

23. The methad of any one of claims 12-19 and 22, wherein the warning means
are activated such that the operator has at least five seconds to avoid said

passible collision.

Amended Sheet
IPEAJAC



