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WD 2008/ 010772 PCTI S&G007/ 000211 1 A SYSTEM AND
METHOD TO DETECT FOREI GN OBJECTS ON A SURFACE FIELD

wo s/ NYENTI ON 5 The present invention rel at esP@TSG2007/000211
foreign object detection systemfor detecting a
foreign object on a travel surface, such as on an
ai rport runway surface. BACKGROUND 10 Foreign bject
Deposits (FOD), such as dkbris froma burst tyre of
an aircraft, are objects which should at all costs,

A sYSFERARD MiEPHobOTd IETEC R EOREIBN OBJECTESON ASDRFACE
present a potentially serious danger to the safety of
aircraft during take-off and |anding. For exanple,

t he Supersonic Air France Concorde Flight 15 AF4590

crash in Paris on 25 July 2000 was due to an FOD: a
FIELDLOFIINVENTIIONe of netal present on the runway

surface. Such objects may cone from passengers,

airport staff, machinery or even wildlife.

Nbtheni pirbseren thiventiarh eelpisse tn il fodgmmpbiach dgiedionc pygiem for

1 [ g I .
cotectilg 1o Bign FHEAGn e RIS O S ISR Ry Surface

mai nt enance costs can easily exceed USD1 mllion.
BACKRBBuUNp el atively small FOD (i.e. less than 50 mmin

lameter) nmay cause harmto engi nes and fusel ages of

aircraft. 25 Most airports have inpl enmented runway

MRL A BSct PHESHREB(FLND), F<RER Vad GiebiEoRe O it Gyked of an
. international, aviation Slﬁ andar ds &e.la%. - Bt j.r nat i onal "
aircratty grq opierl Whish sbryldhat 3t coRSARALRS FROWRY P JEi gh &) AP
runway eFéfﬂsfe@,bFNipaémauﬁtgbhmé tﬂ;sn%asr tohibe 4Sfety of aimmfdduring

a_m ni mum of ftwo inspectjo and one.run N
take-qfhApg . lagdipPen 95,’ex§'n8\eyﬁi1%;$usn§\ﬁ0&c- vgfav\ﬁgé égg%ggl\eayﬂ'ght
AF 4508 cRGhSHPRTs @ACS Jidy myocmﬁas viae o B0 e tpich\pigtechfagetal

30 opgerating at 25-3 r ;
presepLaf dve ek SR  Sulth oBloclE iRy B HorR 1k REFgers, airpor
staff, BiseRipiengoi evepavifdifened by a nmagnetic bunper in

conbination with a central brush and suction. WO

20081010772 PCT/ SG007/ 000211 2 ] ) . o
Notwithstanding the potential damage to an aircraft, if a jet engine is

damaged by the ingestion of FOD inio the engine (ie, during taxiing), the
maintenance costs can easily exceed USD1 million. Even a relatively small FOD
(i.e. less than 50 mm in diameter) may cause harm to engines and fuselages of
aircraft.

Most airports have implemented runway maintenance programs for removing
FOD according to international aviation standards (e.g.. international Givil Aviation
Organization Annex 14 regulations). The Federal Aviation Authority in the us
recommends a minimum of two inspections and one runway sweep daily. Currently, a
typical sweep involves a runway being swept once daily by two runway sweeper vehicles
operating at 25~35 km/h. Each runway sweeper vehicle has a driver and an inspector
onboard. Sweeping is performed by a magnetic bumper in combination with a central
brush and suction.
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The typi cal manual sweeping practice is repetitive in
nat ure because the manual sweeping practice relies
WO e#Isyp1@772 human vi sual i nspection together w tRCESG2007/000211

sweeper vehicle for sweeping a found FOD, which is ,
time consumng as well as expensive. For exanple, it
takes 1.5 hours and two sweepers with one human 5
i nspector on each smeeperzto scrutinise a 60netre

Wl shkiay! r‘?rﬁﬂuéluéW@ébmg 'p?&ﬁibéqgl PhpeffR' inl halld BEsause the

weat her changes and "human fatigue conprom.se the
manual $WeeniNe Meadics frelishe epiY e hpmaﬂh‘ésﬂmirf@spe@ﬂ%tpgefher with a

sweePHORMIdM B SRESHRS d ffld FED! Whidht sOim@lcoR¥@ARY N well as
ef f ecti veness because no i medi at e post - swe

exPeeHEpoERT SaTRledt (kBB Cl:S INOUES MBRIC SRR Mtisone human

inspedtof &irg @a@h] Q@éeﬁd’ﬂ €d1 Sbﬁiﬂﬂﬁh‘e e sbthefieC Kotk wﬁkrrbyom@&unway
heav

lnevtt%@\guaﬂpr @Hﬁ%, ‘g{ﬁa"QF’ﬁ ﬁPQﬁﬁ 615' tglumgn @Fgu%ﬁo[rﬁ)éorxlse the
effectivansey off tseleepingepi Myythetmorey kesen asweepity  plangesest dack

rcraft _usin unwa aut. s
Vel’lﬁCﬁh R esHv g%o &%C{q%}eséo b’é?agir:slen gn,o :ﬁﬁ?etcflla%% égét-swseepmg
inspegionk takgs upiadecD b heayyo monrfempay Joreigh theckwblm cannot be
. t r ' ' r
pioked (PURLIELARBAEE: Bumbbt Bl 08 G BBIUIRES by ¢ yecuum
(e.g., moralgminiem daph) dk lefiporFe mnway cdier iswgepisg, bardysposEha geave
. yvehi | . .
dang A Bt R . B e e el ecf loposed
for meriiedag calaiting er pickipgr BORaNWFRErOMNWEYS-s. There are
sorre maj or probl enms associated with this roboti c
stem Firstly, the system 20 requires a larg
BB KnoNN 1 BISEAT PrRBRTE SETETNG poeras 8H@@%é§. geomated

roboti@d/eRicldy Wedides SRFORMMWMY 16 Jhidhifor ARG aﬁiéksurﬂ FO®En a continuous
roceSS|n8 bet ween th ort

cl air
basisl GREPBITOPOULFTR AR s9dnroS00mar b bBEead Bat gt them s
consifAntd R Work Mthihth yreddi@nsinst arsa beguigtwerkt dferali@bdhere are

to be |lo ted ad acent he runwa [ i
somey BRBF oP Yo ASr e oV Ih DR POy Bll (. the system
requitesTe thrgé enumbrer ad rrdbaitgsvd’hmw ib be posjiioned deside28ach runway.

Secopﬁ;q]g ﬁﬁ&aytraﬁs%n%sqgﬁt Bé{%ln%”ﬁ&#e@ﬁ 1RO deRIdat ;%cmh%g?lrport

e nu er O es for an al
contrmlstompéuittb@‘ ocerigadp ra:nhnom stalf eandTRguipmiest. o Thargly, ttbﬁ system

requn%%ofﬂed ??t?otg etbeﬁé | BBt SAGTeHt MBS |r§nvtl E wiibR T € O08&serally

anel 1 orates,” one or nore

unde@ra;béﬁjaarihaggswabﬁﬂu e NmBAE SB@OMWO% &6r ki plear.

Fourth, wcawﬁﬁtimerﬁé}ﬁx F S5 MaihBURY MY lar§O ek of robotic
ovided a foreig ect detection system
vehlc& %a

ﬁ?ﬁﬁ‘%ﬁﬁ@”ﬁ%@@?t&fjlt? e prolWii¥t or s mounted on a

vehi cl e and

There is a need to provide a detection system or vehicle that overcomes, or
at least ameliorates, one or more of the disadvantages described above.

SUMMARY

According to one aspect of the present invention, there is provided a foreign
obiect detection system comprising: a plurality of detectors mounted on a vehicle and



3 capable of receiving light reflected from an

obj ect on a surface, and produci ng data that

indicates the presence of said object as said vehicle

noves al ong the surface; and a conputer electrically

coupled to the plurality of detectors, said conputer

being capabl e of processiny said data and generating

armto alert. an erato of sai d.vehicle

il BERAMR TP EnsBiRadf B QhigRrtf Rk it
mdrcameprthes ﬁms@)cweif oaidt cybjenft @ajaitl vellitie|myvea alc)t@ memtmfa@‘ and a

confl ) gl ARSI A B ROBEF b e cmor o
procmslagtsaldrdam/&tdemnefﬁhﬁg daﬁteémm wnaley shre opdir@yr bEdif&Ehicle to a

r it sources nounted_. on the
prege%np f é&ug r?gj) < apa %refm Sf:ur:l c%‘tan g?ql}hr&e%{d ‘FE)&&’ 05 ﬁ:@ljgi Vetllucle, a
: velcvtmtlyl dfcrecblamby @ detdoeors withaesevi thsaidl digdut,, angai distance of said

ral t sources capabl e of being
MU&?%7 H%%é??amm EP%d to said conputer. The processed
data may conprise at |east one attribute sel ect ed

fr u onsi st of an. obj ec
L PEHEROR oy 8 e Rl LortPisk 3Rl o5 Tigh Sk ptonnte
on ibevelecleadd c@ahhtcé nihahmamxg alrl&st)iﬁneﬂﬂmﬂto@éﬂi @ed ofafél s@face with

[ o] d The co may fur.t her .
et 80 Ml pEHF our Y sTAPRULE ey et Bl gppnize 1o s
mﬂMnﬁgt one speaker | ocated within said vehicle,

wherei n said processed data is used to generate at
| east one of an audio alarmthrough said speaker and
a viteupbcabealr dato mayatotinyotiss i dgest smr e@ibuto sdleuiéd &b a group

e bject .to r of sai
cont SN HESe 8L Ebst L TEub sk AP Fhet s 84 e was
coligéted almgsersil taxtume nfisasd/sjernand k szt Df @id dbjearoupl ed to
said conmputer, said global positioning system capable
of providing a position of said vehicle on said
surfrecempared megifertheo campuse, attiassaicovinpbdiaploy screwi ang at least
spl .The. .detect i ste
onessgézﬁcﬁer Yocgtgﬁ“wn% &1(1&¥<3eh§<%§,§\|$}r1]erem Saltd Jrogesse Flglg%tr g ug%m tg geXerate
M1@ﬁbcm@sﬁdld@h@ahndthﬁpghﬁmdamaﬂéraaidvm&ﬂnﬁﬁﬂlma@dddmphy
scre\éﬂ & ﬁ‘ldﬁat%%egpr ﬁpé%tesrmdf éé g the% enB:Er O sa1 N 1d { abase
cont al ni ng | pr ocesse ata igltar Tookup
table containing information concernlng particul ar
ch c [ articles; ..and an
iléh% tdgt%&etgottn gg tééjét Fﬁﬁ%rgwf e ¢ H%%I T geval g ifiqoig  system
eleoerat Yy pmaﬂefstseahdd:amuw,tshldwm p@butg]nn@ sybiemkiapattiabf goviding

a pc;2s8bo %%8@"7‘%%&#?’5%‘38@?%&% %iad %CZ%P net% sat&/\%erator using said

visual display screen.

0.a
ucing data that

The detection system may further comprise a recording system to record said
processed data and a pesition of said vehicle, and wherein said computer further
comprisés: a database containing said processed data and a digital lookup table
containing information concerning particular characteristics of known or scanned articles;
and an image object detection module capable of comparing said processed data with said

digital lookup table to determine the presence of said object.
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The plurality of light sources may conprise 4 |aser
line generators nounted on a front of said vehicle
wo aigionr xenon |ights positioned on said vehi ptestome7/o00211
illum nate said nonitored area. Each of the 4 | aser
line generators may further conprise a converging
| ens capabl e of focusing laser light in said
nonitored area. 5 The con%erging | enses of said 4

| P o of el bt iy FRERAFS 1 e e 08 Ber BRhed
on a Gfont redveadid ofehiie chndehia [xenos dighits ipasitioted g b@dv\mlc}e o
illumir%g? %@%h&%@t %_nd 7 ggllilflf 'tﬁr%tztr Fa%:axdﬁﬁg Oc_{eia?lgl’é?&g may further
comptisEha cloeyerginghliens s*apdbla‘mfl foousing lasemlight in\saidemeniprad girea.
The %J“@enjﬁln%hfengég boF %guof %qggg,af, g@ﬁéﬁiﬂré F i3 &ﬁﬁﬁ’fgagiﬁﬁ 'Ray ®dcus

Ian 0 nmto about

laser iyt ipRUingar b@ncbpe@@nd@ﬂ@fio msiy*egf@rs@ﬂ teavebaf $3i¢ maalde said
band %glgpb%tﬂfgéb%d Hﬂhﬂéﬂ'@s PRI HHilBRBirEs 'd@éﬁ%cus@d' RiREen 10

Vi Si i ght ‘sensor. ot 0
metersnarfb A 2neptars 19 cirerdt of Spidovehiclyr wbmcéﬂgl @Pﬁﬂt@%farﬁa A
waveleh§® &R i r@ﬁlﬁed Frofh 8518 98bct inEgeRbetorberaCite (M Ringe of

canmera, a gp enentary Metal - Oxi de Sem conduct or
aboul G80mEy I BPRIRZORMMan infrared (I R) camera, and
mhereln said photographic i mger further conprises

o g1 S 55 e o, bl Sl ot o
photo@ﬁ@h:@gl‘nag&r G Iiamgeé@arl 2% andsibles hight- sérebr.c affer ghotographic
|
SR PR T e
CoupliduMadvidey (GCDYetaweot, s am@pmplesrentary t Metal-Quisiep ﬁegecmﬁm’tor
BN b ey Sl el mcer
furthes Zothpriseeat loast one2¥ agprlaripen end adigbtifiiteral ar m when at

| east three of said detectors indicate the presence
of said object. The snap-shot canera may be activated

bﬁ'@aﬂéf’a@b!npﬁd@ﬁecm Ana; frther cﬂs*a?pnsEo@H PRiPPrgPRIc JMagers
and dJ&‘PééJ Qﬁﬁ cém%kegnﬁlunﬁéa Sikald venpse! gﬁd m&ﬁbaﬂqub&wsed data
vehicle is 30 wthin a P I stance ,{o%
includas @ s Fnagerpbsaid ghiedtr 396 Shirah L cetacdars ey Svenl fther
compﬁ@@@&@[@&&s'?ﬁdwﬁ@d’@n%Wﬂhﬂﬁ@ﬁheﬂfcieﬁ80nm wher ei n
sai d conputer may generate said alarmto indicate an

al um ni um obj ect on said 5 surface. The detection
mil}hef wrtl;h&ér ﬁmﬁm‘aatﬁer@nan‘émiwd fromt eagts of said alefectors,

and generarpe salda alar %tehoaq leasrtnﬂ'nree fo[‘ gﬁhsb%itéjcté’z%r?lilc%aete the presence

of said object.

The snap-shot camera may be activated by said computer when said giobal
positioning system provides a signal to said computer indicating that said vehicle is
within a stipulated distance from said object.

The light from said laser fine generators may have a wavelength of 680nm,
wherein said computer may generate said alarm to indicate an aluminium cbject on said



~The vehicle may further conprise a brush and a vacuum
system for renoving said object fromsaid surface.
The plurality of light sources may further conprise a
| aser line generator nounted on a rear of the
vehi cl e and at | east one xenon |ight nounted on the
rear of the vehicle. The plurality of detectors may

er, co rlseA@ i ne scan canera nounted on

rth d{;%arm to a

fur
Smf?"é’*aut-ftﬂ'SfdetePH TR TRPRSG | B ST ] St e
locatibe rane@e frof daltievenidd.cl e, wherein sai d conputer
generate said alarmif the vehicle passes said
obj ect. The surface nmay be one of an airport runway, '
a hihgReliyle nday ftthéraashptisas krusiaagh avaduamelstaakor rEi@ving said

icle. be.operated at a speed of at |east 20
Obj%ﬂ% ]flegg}/fﬁ hour. The nonitored area may be at

| east one of a first area in front of said vehi cle
ond rea behi nd id vehicl

and.a
o B PR 6 N GRuRE Ry BR e PTG ke e Rt grounted
on dehedt the gehicleahdi g Meastodjeetho® ngla Bounfieicen the rearrsftiotkhicie.
Theg BBt it AeleaOS sharr B onPhiies By Sad oiih et og the rear of
the vﬁi‘nle lsuﬁi andec eepﬁéah eodfited et eiereath flthegrhide Wheateshid codiputer
ect qn %1 su;;1 2 eand ogk?Frodum ng data that
may %?&F etséiéd% EREE BFE AP °8Fect  as said
vehlcle noves al ong the surface, and a conputer
|l ed.to .each of luralit f
deridersiaee e B RS BaitofRn nhew ighudl. 3 elfbedmack, and o
racediack. Glsllen@hlt:hena;ousmmﬁewted it peatess rl]déahseg(bliaitcﬁneftﬂre:@ peittvar. The
ity o ectors t ect. t.he, obj ect
moffisHiirb g bl SF o1 S/ ELPEan S08s Shil S7tggahd o second
areadigh@dtsaidoveigicoper at or of said vehicle; wherein said
data conprises a velocity of said vehicle, a velocity

of said plurality of detectors with respect to said
obj}‘aﬁither angtcaofiihs peassere infensan grovijes etmdthahof de&ctmg a foreign

m _.The.s further co

onih 3 FghEoup SR Rstripea b AN e Tonp B e sainpyns

phmaﬁtyl dil denactmad mngntad oh eashiclersad rmpnbﬂeaohtéceamag light reflected from

an 5en 55 B P st B "Bttt B entRiF fiTotiec

as sa'mlwedmble nmyesf aloighthe sodagr aska tchmpstbecieaﬁcallyl eonpiedtie narh of
area during.lo ndltlons rior

te pFu Y B S0 2B vl D7 ons 99 meREchisu M gB e

o pﬁocﬁmethp Idaﬂaa&anﬁ yheqﬂuﬂah‘gfrnf deeuioce® detyt ﬂlﬂrdbjaer ambmgensete an
ener mount ed on 2 ffsal

alarm 0. 1gfl catgna dprg nee 9 isal r(])gje ct etrc]J i cl)per p o V%lﬁcé% xg}herem said
datet bt&npn,seh kolewcity of [shidnieh&ice atvrdocp mf tseideglualizagf ddteetors with

resﬂ%!:tl“][[) asjaiidt()%‘]ectf alg&e 8L TR 0%?erlpﬁ01%%he éMgtem

The system may further comprise a plurality of light sources mounted on the
vehicle and capable of illuminating at least one monitored area of the surface with light,
said plurality of light sources being electrically coupled to said computer, and the method
may further comprise the step of illuminating the monitored area during low light

conditions prior to said using step.
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5 line scan canmeras nounted on the vehicle, the

conputer may further conprise at |east one speaker
wo #Jegdeflz7d east one di splay device for conmuni Ceti/BR@2007/000211

said alarmto said driver, a recording systemto

record said processed data, a database containing

sai d processed data, a digital |ookup table

containing information c®ncerning particul ar

characteristics of known or scanned articles, and an

i mge 10 object detection nodul e capabl e of conparin

Sl pjuralite s dightl abarces thays firthedicgimpare 4 lasrjne ggperaiors

moun@? g6t eirnggtn& tﬂeWe%?cﬁé‘%ﬁd Qs 152t bridPiifchn ilgmepdéﬁibﬁgd on the

conprise recei ving
vehicipto dbﬂsmaltg tae duwmitorsicipras. heaiirabily 1ot éﬁtelcﬁﬁs F“W&Wﬁe two

fine s%rﬂ?r scl‘ﬂEH 2&%} fHeevdiQe, eﬁr‘é%n@kﬁh@ Wa&ffuﬁt}@ comprise at

e usi ng e obj.ect
least et epeaksn MGG l@aat@neeﬁil%?w H@V'P% &rp?%@w\%‘e‘a"a\g $3{d alarm fo

said Qmé“:ta 8RGrdiny SSBRMAD NEchAl Gaid E}irﬁtég‘slaﬂgdﬂa | £ adiitabase
sali d speaker and s3]

conlaiing 4l Posing. G8RcrLIARIE SRR T CRORBITES AT aton
concé?ﬁﬂﬁ HMidillar SFraceAdRR| oF l@fomfroﬁﬂscairmeldasrabieh,l ghd alnn[mage
oot e e, AR AL, b S8 i

|ookub l tBE!ér tobasdrhmepe peiesancaroft said adfeatli rBet using osﬁem rnamethen
vehi ¢

band. b
fortheg cqmRGS% PO G AP PrIRES et REr R o Sof o iEPhre"Sea
cameddtf] cotnpmingr el prdcess:lid détat with vibhi digiga! lom)sltm‘tﬁ\le h@mg the
image V%Jjﬁcgd(g?dlg%ﬁ fe 461 ﬁ&éﬁlﬁew biusbhes &Oﬁ%f bﬁjﬁct and

on t ont of the 25 vehicl
genenslting ehid alaingusisg wgl@sé@\m@‘wa«mwaﬁéer enshprid sisplay device.
generating the alarmif the object is detected by at
| east three of the detectors. The system may further
c&Emshicfdhe 4 lapemiing gensraloss My feRher amapnges? FPRYRIGINg lens

capal{;lgc‘tﬁtfb@ﬁ gﬁ@éﬁildﬂtmﬁé\%oﬁ%@a@ea W%réh&lﬁd fl[ﬁﬁﬁﬁatmb &tep

generators na sn%% gcugru:a
may furthesiaemaneS JBRYERg Hip ‘%sﬁ‘é ﬂ)‘ghtaﬂ‘ﬂ 2 dPeRe o PSFF?E? ’
direchit of gﬂg%maf ﬂ'fet (rélﬂcI@:Jlr%Cbaﬁd) ;mrrigsembu Bt imiltimetresl and 70
sal d generatjng ste ur r ¢ r S
illimeee e8P ESHESNER0: D TSR FBH. |2 R Bhe L Has L Vehice
withiPfHeQhiohiorkeral. i vi ng step, the nmethod may further
conprise defining a plurality of sweeping zones on

the surface. The driving step may further conprise
drihe deteatornmag datthaf canmisel twodlddays ofoustaslegn g front of the

w2 e L 05\ A S S 0 v
objeca isedetedied byt herbt Hage of mﬁtdﬁéﬁéc‘f%rrﬁ hpﬁstgmgp@pfuﬂaspr comprise

a traiy nﬁ%’rj 8 Q@Bgﬁlt ! SEHR D L BBl rRie fbml theWehiBe. The fight from

the laser line generators may have a wavelength of 680nm, wherein the comparing
step may further comprise determining if the object comprises aluminium, and said
generating step may further comprise sending the alarm to the remote location.

In ‘the method, prior to the driving step, the method may further comprise
defining a plurality of sweeping zones on the surface. The driving step may further
comprise driving along each of the plurality of sweeping zones. The sweeping
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area. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nent s
of the invention wll be better understood and
wo 5@adid7y2 apparent to one of ordinary skill ipcthez@rioozit
fromthe followng witten description, by way of
exanple only, and in conjunction with the draw ngs,
in which: 10 Figure 1 is a side view of one
enbodi ment of a foreign offj ect detecti on systemin
Zones?g%g{ﬁ%%%\%owﬁ} h,h@hs \degr?n %g#h%:m’o%'%lle Nared! guﬁ% ?nét@ocﬁmay
furthea cosprise |a&:te;ofortr’emowagttbmd@femdglbmmﬂbléﬁgfm tize mpnifored
area side view of the systemof Figure 1 on a surface; 20
"Figure 5is a top view of focus areas and photo
taking areas for the systemof Figure 1; Figure 6 is
BRIEFBISERIFTIENGF JREDDRARINGS sveepi ng zones of a
runway; Figure 7 I's schematic diagramof a
conput eri zed detection systemaccording to 25 Figure
Embohimgh@%f%e,sxrﬂvénmm%é Betiﬁrdﬂlﬂéfﬁt&fd &MEre2@Ry apparendio one
the system of Fig is sinplified bl.ock |
of ordimany ki Brihe e HODHoR THIoAIHE HELST HRSTHARBN, k. By & Sample
only, Eﬁ@fﬁ c&ﬁuﬁdﬁ@n%&ﬁé@f@mﬁ@é it Mbicky st em of Figures 1
igures 10a and 10b illustrate a top and side
VI ew respectively, of one enbodinent of a |lens that
thuré alnlsbae siieefewidr bnehanbadiment oha foeiger aljectdatdntion system in

WO 2008/ 010772 PCT/ S&007/000211 8
amrﬂé é%@ﬁ?'ﬁfp o “Betinitions 5 The fol | owi ng

wor ds and terns used herein shall have the neaning

] T bject”, "Forei
Figureps s T yipu idnd Sigth TGN, L ET i Var At ons

thereof, in the context of thls di scl osure, are to be

FrguHe'gigrﬁq{eSFﬁgw%wg%térﬁ of Fiifk&!9e any obj ect that is

y not a part travel surface, such as an
aircraft 10 runway, and which may hi nder or be

o didd Lk dRIE SOUEmE SR Fidife Yom Pburtdie; travel
Fig urggirifgacel For exarrpfSH CD%? foreign Obj ects which
are to be avoi ded on taxiways,

Figure 5 is a top view of focus areas and photo taking areas for the system of F" igure 1;
Figure 6 is schematic diagram of defined sweeping zones of a runway;

Figure 7 is schematic diagram of a computerized detection system according to
Figure 1;

Figure 8 is schematic diagram of the operation of the system of Figure 1;

Figure 9 is simplified block diagram of one method of processing data received from
the detectors for the system of Figures 1 and 7;

Figures 10a and 10b illustrate a top and side view, respectively, of one embodiment
of a lens that can be used with the laser line generators shown in Figure 2.
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runways, maintenance shops, airport ranps and
skyways, include wre clippings, tools, |uggage
wo RRkbfo77£r unbl i ng concrete, construction debrpeT/SG2007/060211
birds, etc. 15 The term"structured |light" nmeans
l'ight which is projected in a predeterm ned
geonetric pattern and may include both coherent
(1 aser) and non-coherent Bight. In one enbodinent,

?jé#% gnl 1 ght consists of a longitudinal line
DETAEE‘? on#g a rmnltored surface formed by a | aser
beam Oher structured light configurations are al so

eﬁm%?-@bl e. 20 UnI ess specifi ed ot herwi se, the terns
—‘—u‘CUnprl sing" and "conprise", and granmati cal

variants thereof, are |ntended to re resent."
T alowine el haEns SRR ShAHEY St ang BElpied:
el enents but al so pern1t i ncl usi on of additional,
un-recited elenents,

h .
" Zb® (grms fereloneeRignhs e!f(qrelg,p Qkaﬁgtd%eg%rg LN S(Slgfartloe gpa]lmmatlcal

\‘ranatii%ﬁaﬁ@!@eﬂ@ﬂt $n v obh@xtfﬁﬂ s afsbiOﬁa‘e, awpioché lipeprated brgadly to
5% of the stated v

t
includ Ay cRhio 1l S e, ot ey o A e, o B on' tra
runway2laHE  whIsH %atyyﬁihdai biybe pbterﬁ%wﬂangee)ussipamemampfu@e travel

evep nore t 1 t
surfaggy o °rrr%’faé“5f|§'p';:éégl ?'));fore'gn 6&%%}5 R”frﬁ?ﬁée'%st? g%eegir va dugn'i“i’ax:ways,
runwanbr oaiiaancs bheps] Iaspxbrbﬁamnps, arsksiyaRys, dnahesiel Wi clippifgy. tools,

IUangﬁ 8551%“[8%9 g é:pn?rﬁ{e? g trubfin ®bris Hiras qal d be

crlptlon i'n range format is
nerely for convenience and brevity and shoul d not be

SLLHEO h t afclihg a prRAsemined
O B AL P i g s

es esc
geomefriczpatiemyands ey ||ruslusi@%wb e 1@%3@@%@5&5&» 8‘62 %1 one
embo%irﬁ@rﬁst:hg%ﬁﬁ ubed Ilb?ﬂlgor%%@é?bif a Eﬁblltt)ﬂirﬁl ped @sieed ahto 4 henitored
e sub-ranges as wel bndlég nl#ms{cjl ‘ﬁga ..
surfageafoped Y BIFSEr PAG. Pﬁ??jé’“”%‘iedé'ﬁ '%é%‘é‘ﬁ baicdn
a range such as froml to 6 should be consi dered to
have specifically discl subsran su [+
1 Yaess sppeffieq ?%ewsef B o7 5°°"?P?§rs?9 é‘ﬂh @%‘% 2
ramFrQ:tl@ai \fahﬁﬂbahér@oﬁ o84 tendad tweé;hrewt sopendiov Mgdgsive” language
a ted
S”"héhatérr‘ﬁi’ rggY‘u%%[egltg%altﬁp\ggg%ﬁléagg dPess OIPSOR }&e;téo;halhﬁgfrem °
eclembfe. range. Description 10 Enbodi mnents of the present
i nvention provide a system and nethod for detecting

and renoving FOD on a surface, such as an ajrport
r us\ayed Eaerelacmertamk"abgﬂt"anyhe)@q{gen of concentrations of components

of the formulations, typically means +/- 5% of the stated value, more typically +/- 4% of
the stated value, more typically +/- 3% of the stated value, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated value, and even more typically +/-
0.5% of the stated value.

Throughout this disclosure, certain embodiments may be disclosed in a range
format. I should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the
scope of the disclosed ranges. Accordingly, the description of a range should be
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surface where the presence of foreign objects may be
undesi rabl e. Enbodi nents of the systemuse a

-wo Bbogrogd7ay of |ight sources and detectors nouptesGor7@06211
vehicle and controlled by a conputer, to provide
forei gn object detection and renoval. The |ight 15
sources can include, by way of exanple and not
limtation, standard IighBi ng as well as laser |ight

consi 88 A ofiRaED cinlen 1adie PR ECHboRRRe alnwer as
individuat hurderjcabgaties \aithimébat edngex diup kerarapid, dmst:nﬂ:ﬂcm dfazt naﬁge such

as fm&n? 1::9? shgiﬂé %8 %Eﬁélgﬁgrreg%} h%g% g@&?ﬁcﬁu)& ﬁ%!ﬁsdet ‘%B%?st ﬁ‘l’%‘ as
from %@ri’s drony hived, from a@iﬁofrwret-?etp 4, &omam'@ra mpan&tceﬁ wtx, asavell as

1ndw;dﬂé| himb&rdtlifhid #lfa %%etsfsﬁ Lo : 22410, S‘iﬂ At Ba‘?i‘ﬁg'ag;phes

detector. Some exa ‘ogr d I'mager
regard!%’iﬁ%qf#mm%dﬂaoﬂhsr@w@upl ed DeV| ce (CCD) canera, a
Conpl enentary Metal - Oxi de Sem conduct or ( CMOS)
canera and an infrared (IR) canera. O her types of
Descriplig®; as can al so be used. 25 Figure 1 illustrates a
si de view of one enbodi nent of a foreign object

det ecti on tem 100 in accordance with the present
i EUE’HE"FI?H 9 RICEF{ "TVSPF'WYH‘Q“*QBFX%*@@Q“S@E&EW fog detecting
and r@ﬂ@m@ﬁbobl dm:?fsuﬂécet, Bach ay %ﬂtau‘pﬁrtlrmv\fdt Y, ahtatdack U6 @6 Eother
s.an airpor wa i s _underst oo
surtac Rl BetB8Lobee HE VG ohibet Srbrn b, e hobiperta o the

systerh onssi gnplaiaqmycbfs !:gl’aysd&afceetesnd &M’t@ctors uebuded aon ac@ehicle and

o855 B e 80RO LREB i  L op on

sourcggDgan iNplpde, égysmmﬂ@@%am nahmmtatuo:ﬁ siarfdbed Egitting yysemell as
laser ?%ht?%h@r%{ S Al 'rr{b?%rﬁllil%ﬁfh'éhﬁé % cgfl dléz)egé h%& ﬂ)gsllummate the

I gn 0D ‘ects
surfaceg Thegletedurs gere insludephgain e way Of ekammlstandtneblhmrtatson one or

more BRABGAbhY ujﬁﬂge% ré"ﬂa&a?r%aslep récié?) C\f!éﬂ!l@ﬁ@i%%g}i@f Qfsynthetic-

exanpl e and [imtation, WO 2008/
apemﬁ@#%@@ed?ﬂ%r@@zﬁdwlmeé%rnta £RORy ITONSCEET.a 85 Tl eiatic radar

transdwu@l Rfid Jma;nbésmc eeafse, F@Ebhe 0sdmfed WIVRE &HétBaFaPphlc
e.a vacuumis p |I?d 0 the s %tlon housi ng t

imagsfg Fa0 NN RO HRE Sapelec B (ChDeBrering Complementary

Metal-@Bdd2C SemiRosdiatad NCHMIOSP Rafie Sarldoas effied TIR)PERBBRC € Other

foreign o cts round t he sweeper vehicle 102
Wpesgrﬁaa"d%ﬂ?%am? %8@? ion, nature or other properties

of 5 the detected foreign objects. Specific types and

S 10 r h $¢d t er.fo
PR SR LD S B85 o
detecti{g‘f systémgl Q0dn rechrdainge N!ethltharmfeaent ameention.m¥hdlel the dsllowing
discudslRdIRRELLERY SmBMimERA L A% invention in which the surface is an airport

runway, it is understood that the surface can be any surface where the deteciion of
foreign objects may be desirable, such as a race track, highways, or railroad tracks.

The system 100 includes a vehicle in the form of sweeper vehicle 102. The
system 100 has a number of different types of detectors installed thereon for identifying
foreign objects from the airport runway. The sweeper 102 can inciude sweeping means,
illustrated generally by arrow 1286, in the form of, by way of example and not limitation, a



10

15

20

25

30

| ocat ed bel ow the sweeper vehicle front w ndscreen
107. In the enbodi nent shown, 10 four laser |ine

wo SREBI3ors 108 are used to i | luminate the SUpdBIS€2007/000211
bei ng swept during low light conditions. In one
enbodi nent, the laser Iine generator 108 is a Sintec
Optronics red diode |aser nodule with a Mdel
Nurmber: ST-SL660-800. It 10s understood that other

contral e s Fabe See bt TG s BERS F R Sm A8 iy Ao

while a8FHROGNE %bpii@d&e URée %acﬂdmdwdmiag ab rémaove thade®D [fomethe runway
gener ators,

15 |

suraceg i A-GERR PRI AP0 SEREI FirTos et M e BisRiriobiects
aroundnhs%waépermm TENand Addidei toa absijon, natve aﬁ’gﬂ@ﬁpmp?@‘ﬁ{i of
the detgﬁtg tg'ﬁfgrﬁxscrq"i‘ed% 83 gfé Bﬁ) %%ﬁ& rmddeﬁeod‘ SRREEAYSH Gosl #82 that

SWtc off, and the
perforns theba Genclibrsare hacbwﬂatmﬁe pf sidtion geeart.i ght . 20 Two | aser

radars (Ladars) (106a, 106b) can be symretrically

mounted below the |aser |ine generators 108 to it
IReS@ring ity hoth fiiigire tihand 2.0me GfMmemEdasgs lre genargers &%C%R be

locatedvrngéi wihE %Qle%%%r\;éﬁﬁé GrofPRirdscrimt R e d 1R By embb@ment shown,

screen enbodi nment r%{;%vwg? t hree enoq

four lagdrdine geparatam 104 grqu,sedltgg ll@g)ma&? the i eing a\ygp{ ring low

light c%(ﬂﬂ%ﬁu@{ ?ﬁgnelg'i‘*ff’&'g‘gﬁt ;déé‘ %@f Iﬁ-fe%ﬁﬂneidﬁﬁﬁd%m@r&memﬁm@mcs

o i IasenaNcBuleeHBre MogRNYTIESEST-SLOR R Shih PERiRr 1 prner

model§ 8PtyB8s Epﬁﬁéﬂfﬂuefgag?@%tm?m also Her e, gt istaherfunténstood
smee er vehjcle i on

that, whilgd lgser?ment cillsicelﬁest %i]aﬁr Igég\p lbrlévgéené%r@fév fewer or

er
more lﬁ@@" Iiﬁe%erfaﬁfrs 8&1 Bé Dgedwithnie aleparrtnﬁg’imn toé scope of the present

er. vehi c 2 usin ty. O
emboquin@ fAdg cfhﬂlé( Wége& af"b'ﬁ:"g't glgner on 0‘2}{6@% % éd&h thé) Iaser line
generﬁﬂi‘%oﬂla‘@tﬁd xeriohdlightsn 16 cam be switeed1afs andrthe @Uéacmbsmna’fed

ith %{g %; Ng P2-2X 30 04K30. It is understood that other
with 20000 W% ¢ ypes of Iine scan cameras, and ot her

nmounting | ocations, can al so be used. A |ight sensor

1iwo G, pa%alfso(?_g{@rg) g'ﬁﬁé OR)6Q§ cdr¥e ﬂﬁﬁﬁ#&hcﬁi GARnfedlfow the

measurl nbi ent ht avai,l abl
laser Woepgendratorsy Ghetasermit Iaper dai T5wn Mot (Tf ?f?éd%og Grie or

more 291%‘?‘{ If&%7%1§ f@ﬁ%g%&%&gﬂﬁe vﬂlﬂdsfd’”@ﬁhum’lf Vlt; :me embodiment
showy éifiee kene(pliahtsdd E@@ 13 Obp’b}@bﬁredvoqn%dg%ogﬁ heyin %cr?%h'ﬁiﬂ It
is uncﬁa%téél%at Awat 8PRbrad@siohilights ng oszys be ms(a@nsametmmg behind the
mlcidigrtc,)qgnor;e géhr%f(g%@{)f gg?‘ngﬂ-tgng L2 1\]ghca S M’n%[mt%d cf?lbfngnltcrmg a
front @%@nﬁ@f thed enéedey ivepick Pasi deitlorta‘liy, ﬂa@ lﬁﬁ:}.‘c@n ¢ameras (1162,
116b) can be mou?f:ed above a drivers cabin 104 for sensing an area in front of the
sweeper vehicle 102 using either ambient fight or light from the laser line generators
108. In one embodiment, the fine scan camera 116 can be a DALSA Model No. P2-2X-
04K30. It is understood that other models or types of line scan cameras, and other
mounting locations, can also be used.

A fight sensor 130 can be located on top of the driver's cabin 104 for measuring
the amount of ambient light available. A proximity sensor 131 can be located on the
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Referring now to both Figure 1 and Figure 3, a line
scan canera 120 and a laser |ine generator 123 can
wo beshogat ed at the rear of the sweeper vehi cl PCE8&2004000211
video canera 122 can be nounted to the rear of the
sweeper vehicle 102 for inspecting a nonitored area
of the runway as will be described further bel ow
Bel ow the video 10 canera 122, a xenon |ight 125
@Bt j
frontg)g@’eér g&?aé'ﬁ)? tb'}ﬂoJ;c%’% gb Ef%rg%%fwgoﬂvgroff% Qe\.(hnt;lg %ﬁél’o%%ﬁes a
pers¢ri ghlarpeloifedam the ausfeck. Reglebalmgitiomnsfrsmres(GE’Sa\mVlse 121
can 15&@.&@%&01% mg $Hne WRRPScabpM &, ?orl&?anh@éeéwéésbar v&licie’s
a surftace an aerort runway 4 I gure
positighoa far ideptifving @ Pesitien sl the FEWP onthespdage. in the form
of a front focus area 404 and a photo taking area 402
i medi atel y ahead th eper vehicle 102 and
r T8 HEWAP é’afhzﬁasura. A *)rNSUfPo'i i el casporp g0 and a faser

fine GaMRENET 12:£l&aﬁlb% ibBded fat Qe @eaﬁ dfSth@ swebedraldhicidliagr avideo

e e, ST 65753 R e il s i

moniohetl pheat of theak iumgagraawilOze dascrided Syningetbelanl Beldw the video

C re line 1 of fhe sweeper hi,cl e,
camérg o220 Xefiah MEnC T2 hibuieR bt 5 48S S RBRtred B g Siceo
camera d22.nft iyyureietdtend thhleaiditiohalorenbe hightsl 125 eandvoeseer

vehicle 102. In one enbodinent, the front focus area
404 encl osing the photo taking area 402 has a width
50eferring 20 migures4 and 5, §mge ks Stavrothe veeperd@histst 1 @btraveliing
on a il re h t i f monitored
'@uﬁbge%% farx%g g 2 PAGR 43,4, 555 \sﬂg%h %J@% A0
rinme focus are ect| n oreig
areasg Irreﬂprf@tr@ of giirony f@?‘-@aﬁreﬁléﬁ"r andza pb@@éﬂgrag aﬁeas‘f%’p@dnedrately
ahea@rcﬁ I \bhberr WoRbR 9%l a Y @&Lﬁ’ﬁréa?%@ﬂi?eéﬂgrﬂ&% RAfof the

six netres. Behind the sweeper vehicle
sweqp@avem@!fe d@zar%aur@o% i@ Schegalie fiagramqy dafiRed é"“i?@f"f”@szo“es

(6062808, 620961, T34, efs)fd?die ARIWR0830 Both focus areas
(403 404) are respectively illum nated by the | aser
line generators (108, 123). The front focus area

40the fogud hicani(n@g, 04 pand/ plsdtb ltakihgaes 402ghan Her 9fmétheal with

respod 8 e R S REIR BleStrr bRoer 8pr A TBRE YRR aos. 400)
are ihiimmediaMi grokimity |edtber alsaghdf ar dihind thesl siveaper tvBiicleri@at in one

emb%cgl%#&r efgan/%?%cug %r&!@m& gﬁéﬁ@s@rﬁétﬂe%%taﬁ%fﬁgae énl_éf) Za% 3 width

I ne sCan Ca
506 mi'zmesﬁ@andf?@gm B0 000mtres. doside tetirand frebivs iaoers 404,

. whicﬁ'§§th?%e foclis aR@Yibt Q&Bgﬂr@'@ 'fcfrﬁig lob%@f 4686%96%&9 5 rea

ont focus area

402 isgrreleaoulashioped appauvithde wdth RE2 of wgeesr@aﬁﬁescmfea@h B0 of six

metr&!‘e egghnﬁﬁg?ee F\ﬁeéd?e? R}g@i&g' §2€ theDdoaR RocDB RARY SoF REPHIREWIAO of
three mefres and lengtlg 508 o% four metres.

Both focus areas (403, 404) are respeciively illuminated by the laser fine
generators (108, 123). The front focus area 404.is illuminated by visible laser light from
the four laser line generators 108. In one embodiment, the illumination can be in the
form of continuous lines. Visible laser light reflected from the front focus area 404 on the
airport runway surface 407 is captured by the line scan cameras 116. When ambient
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5 1n one enbodinent, in order to increase the
resolution of the imge captured by the |ine scan
wo Sdmi@7116, and thereby enhance object det ecPCONG240000211
wavel ength of the |aser is set between 635 nmto 660
nm At this wavel ength, the detection system 100 is
able to find an object down to the size of 50 nMmin
di aneter when the sweeper "ehicle 102 travels at 30

light (ilsﬂtéﬂglg{ elteh ooduq%%i!q%ﬁ, 1%%)}3& itgh? réﬂg@tgg Ergfr}la@l%géoﬁ c}gﬁ? grea
404 opéhe @irpert oinjway sudatey4QDismabiuted by thst lne ssan phmeraSuH\ﬁayThe
|mage4ig Ghétla d‘%{l})é@&i H? 8 oflbd At e&nﬁlﬁ)t@?% déftect?%réﬁ%q b e(;EQe

onp t ata and

onboar uter processes e | nage
detects the presence of an object due to any surface

aﬂfPHﬁé E@Bo@ent Woﬁ@ﬁ%ﬁn%@s’@th@‘l@s”olutﬁaﬁﬁ tlfﬁaslrriagg'cﬁ?b% by

the i nput i mge dat vel en
the "Wﬁrﬁa%m o) é'aﬁergbx @n'&nce 8 P&b%%?%fﬂwge eV RIEREH ¥ the
laser [slit b&eBY 639 am t@%obﬁh 1Ezt HRheseRAgthMhedlcWRYGH SRGEN 100 is

of_. about 680 n si bl e eC| fi aI |
able 1708 Ay R BOWA 1o, e 48l 70 16 AR 8 SWosRy, vehicle
102 1206l St 3oa@ih CAQHe rdihdly zmaamﬂg wﬂedag@s t:aim;rewwaye 468@ctors

(116,180, 55, B, oo s it ap ot So; 1 B, Biter gp the

runwayedlteat arddoced Brivtia epseenlf of di0f krethe nthecmiboandscavuuter processes

i U o ekt SR Yy 08 5 A B o
the fc@:;l;é arsas| (409 414 asbhdl@tétlby the inpye :rm datgyr ¢y a608vedength of
aboutpé rﬁoﬁia&?%%&ts' g yeb rdtbet f}/p@r}q&%ﬁﬁ‘p%dthg f}ﬁﬁwé)hﬁéfﬁ can be

ouré are rov f exa e on
de’tectﬁdst Mhgorayveiengthsdirbeit 68h npe itus awssiblg te tshesilically discriginate

alumrﬁgmé'ﬁié oMindSufféeys, 406 can be segnented into six
enti stripes with a length 604 of 25 4,000m and

wi dth 620 of 10m each. The sweeper vehicle 102

t %g]ﬁé §reta£ [£6°] xm)%aé a rlel A8 theAlinRACK065HhF Svagspitiy. | 'F&gerﬁng to
rout i ne rp

etec,tlon he front fo
Figurs Bolite A7ROM riepte 0B, TRV VT B0 O GOTE i ieoe B8 izgked with
zone:s@frcﬁﬁelrreﬁtmalo oL lﬁd‘lﬂv\llé\)leé tl@edhfﬁllei't’l(hoﬁmtdﬂlﬁ teabiare stk zbives (606 to
ve e astevel 's..poslti,on
616) (e AL A0k TR 3 59Rpadg ot 56, BIGR S, ik B spnce 610,
grey mfsartd pink 808l sekjueiidiyorit isamdeisoos\ibatiherg mperasreqmovided by

v ST S0 AR s A i, 1 1 U o
meteitivislp raywal 406 ¢ancbessrpmmitet] wisl siy idsoliek atripes wilwe lerrglis 804 of

' RILEIRR iyl | Qftre i
4 oooﬂ%:ﬁcﬁwfdgfé (ﬂg\’l %&2 d a%&veég?b pltﬁfeéﬁlgn éﬁgﬁggg@% Hire line
of eamﬁépmdwn@r@ronme frig fierdrP? detechion in thedfrant tasds ﬁ'ﬁﬁét‘mﬂhl s
shadi ng schene is provided by way of exanple only, WO
2008/ 010772 PCT/ S&2007/000211 13 and that different
s ederAgg de Iriavess B¢ arpepend, disalayi sersit (neflefam Ajpatadoyithin the
cabintdi€hs 6&88e 9b2 tiBlays the vehidle's position and guides the vehicle 102 back
fo the predefined position and direciion for the sweeping operation. Sweeping zones
{606, 608, 610, 612, 614, 616), which are indicative of a section of the runway, are
displayed on the second display screen so that those parts that have been swept in a
sweeping operation are displayed with a shade of white and those that have not are not

shaded. M is understood that this shading scheme is provided by way of example only,
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enbodi nents. Hence, the conmputer system 700 provides
a visual display of the runway 406 during the

wo 50881770 operation and continuously updates pORSG2007/000211
runway sweeping condition. 5 Figure 7 illustrates a
schemati c diagram of a conputerised detection system
700 used by the sweeper vehicle 102 of Figure 1. The
system 700 conprises a hig¢gh performance processing

uter 714, which is electri Ied 0 the
and thekRTe R chodih SEhera g cam oS WIBOHT Jerar RGP B Seppe i the
embocﬁ?éfi@ 9?526@8?%&&@&3333;3%?00 prloeides dertsualadmjiax&)flﬂe runway
e

121, th 130
408 dm@pt@y ing oRarafipR;gsdy ﬁ%ﬁ'oug&alf"f%tte/sz nugw%:? pweeping
conditigdat a recorder 728, for control thereof. Accordingly,
the system 700 conprises three parts, nanely the
i nputs 701, the conputer (CPU) 702 and the outputs
TEigure Thilustngtes & SOEMadinpliagramsiign apropviedesd detertiemsystem

o 8 B BB L O T b D
performiancteh probBssing campuler Gitdt which del slestitely, ceypdsd F%E!‘es‘é%ﬁc'“’fs
(106, FRTTEER g{r?éﬂrgmﬁ%@ or @h%oog%% {%}PH 16248 f25)1thé ’vrcfeB Qameras

gpf met er
(114, $23cthei GBSI 192106'1%5@1@ meder 1t3ﬁem§<ﬁ1’iﬂﬂ5’§ 1ihe W‘Y'ﬁ‘ﬁ@'am

726 a'ﬁEtrgé daif r‘é@ﬁgr@&t %’2&“%:&58?1%15 trféf‘ecﬁ”b}ﬂ\é‘éﬂrdrhglg,hihea%tem 700
s to the conﬁuter 714 so

mmp@@rstthrﬁgsaa?térnmy thenarys 4 165%%&%&%%%168) and-fhe opfputs
703. Hb lrrﬁiuféj?'@@ Q&Frﬁhék%r nald ReeRREME e ibepbidDomReRS S€Bctors

20 data 713
(106, .1a@.nrrcr)y9n%raht.ra?ter:%§g 2l SRR IS (A Shou I Flbu 7P the
srgnaralfroﬁrwrréglédéﬁs 10@nfﬁéti|ﬁé sédrf cdrneras (P, € 20 five) seap-shuh gamera

11, e SRLPESE 9B SHARGA SIS -l copiea

the cd?ﬁ;mférdﬁ'ﬁl UVhe/\mghmrﬁetex‘EBmdla&ects)ﬂieyamcbum iof agnhibet Bghbeod sends

sona T 15 B354 0 STl 0 Sggha ) o

be adjuetiicecondinglyn TiHeecomipyter 74 blse magcrsseppes adapta sigred inthe
datab%gem? ltj’.% % h%l%ﬁder:&l?f At} FRSH R0 BRRGR R Fé?@ﬁﬁhﬁ’sg by allowing the

Oys processing nodules for
compuies awtcp v@np@mcqapmrgd rsrageﬁem@é é@tﬁb%ﬁﬁ’ ig\Aetesrinegie nefyge of

the ot@é?c &l eﬂpgr% e shéVert W8gurd!y ik 'Mﬁﬁé@!bdaﬁ@éy of example

ectlo m)du e 716, a sensorsS fusion dul e

only. Hsnsrlnderst@orl ftirah sRaTQUAT SHHEBATERBTRERIS Fan %63%910'405 e@‘ép'e’
the d&@ﬁéé@ P Snd!REBIeR T 28R4 Iréside2Withih theSRIgR peficiemibapricessing
th e processing algorithm both types of sensors'
°°mPP@'"§ > Ladars 106 and caneras 116) results can be
fused using the sensors fusion nodule 718. WO
20T?1£8a/h?g Oge7 onﬁacrrréesg'zoggsé{n%%%rzn%%ter 714 employs processing modules for
respeciive functions of the detection system 100. The processing modules can include
an image object detection module 716, a sensors fusion module 718, a hybrid
flumination algorithm module 720 and a GPS coordinaie updating module 722. In some
embodiments of the processing algorithm, both fypes of sensors’ (e.g., Ladars 106 and

cameras 116) results can be fused using the sensors fusion module 718.
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14 The i mage object detection nodule 716 receives
digital signals fromthe detectors (116, 120, 106)

wo #hgofiemverts the digital signals to anal oguepst/geM0%/000211
to detect the presence of an FOD and to display an
FOD on a screen display system 724. The image object
detection nodule 716 can al so perform ot her
functions. For exanpl e, the 5 digital information can

hﬁbef Znﬂgg';é’ Jd@:fst?é’[é&f n %Bébl@”?i@%bé?ve@%; ithr sfgﬁﬁl&hﬁ,‘dsm the

he no can al so be use
dotectom] (18, 4300 ADG)sanct arawettﬁ ther ¢igital signalgdo @62‘08‘1’6 pignalp f, detect

the pr%sreziﬁe& gﬁ%W@ﬁ aﬁlé 1o B Ia}%ﬁ@oi?% é—é@é&ﬁ dicplapaystéfoiRy. The

erent e sensors fus_% gue 718 provi dee the
imageanbjest geﬁeptmnmpﬂ'dﬁ TdReerslsope ther durctions: EeT 90

digital'i .fi’rggl'\ét % \%%”@rtﬁ{f‘é séﬂéb?ﬁfusﬂd:ﬁhbd\a@ @186 e fuARARSocessing.
confir m e ce Q
The rr@énlp,qaﬁ@@sootp@ ‘(‘ﬂedt H%C ahee tﬁqﬁ cUS ﬁrgag W2 oHAine scan

ensors
camerfaw% rmtglaadm&wm@quesm) e doliezerdi ve i nput from
the GPS updating nodule 722. It can also send the

i nformati on as an output to the LCD screen 724 and
r¢§@fséﬂéor§2fﬁsnon Theduedarmofides an alperihne thag chegks dhe slata

recel\gg zheg 'ﬁ%l gﬁ?rl}rgtalgng%%f Hﬁa t%? %ﬂﬁ%ﬁ@b\ﬁﬁ%r(ﬁﬂé@ 1obb) to

once
confirk melprestelnee phBOD. t dpdmepréirmeationoyf the preseraeec! FOD, the sensors

fuswrbrﬁaglﬂg ﬁgg ﬁaﬁ 59@%31:% Qél}f%h%%(;nrg Fl% éhg ubﬂéﬁ?fgrfﬁédtﬂgvzz It

can
can aﬂmréemdrthd isformstioarsoan pytputrigethaylsi éc"PP‘I' At ﬁ&tﬂ irgpprder 728.

The s]ep%:%s h%gﬂ{ ik 914 an ?IQ@ Elto@ﬂ‘éla)’s; H‘&ﬁnabféﬁh@ ghdlishot camera

anbl ent t sensor_13 and {SUStS tﬂﬁ |
114tsakelstligsmfgﬁﬁqfﬁ"@ E@H@nse;ﬁ\s Qs within thgphotoyisiyng appa n

some #H-\lr)oo‘?!hgnlf.t@rﬁ%tstéﬁ Bf bﬁtﬂhﬁlﬁ@ﬂ@ infdi’ﬁhﬁtlor&ﬁd E@ldirigea Bimalsto the
nor ma e laser |ine generators 108
camem $14ean bee 9?@“1‘ 29eUSY here is sufficient

anbi ent |ight to engage the |ine scan caneras 116,

G Al SR LRI AL A s o

the dAABREE iﬁgﬁt*@rféaﬂwm ahd SRsenthe iseting® forShe ding iscarh sgneras (116,

120) %BU%Sﬁﬁﬁggtﬁ@Q%‘ﬁo Sc%gﬁlo%gg’rgﬂé%t ﬁcﬁﬁ{rbif HJ@QP&{AWQW the laser
line ddirerdiolsl 008 ag: dety nedded. hibriony ras |there natauﬁlﬁleat gewienh ﬂght to

ule 720 coul S bEemploved.
engelm e SCrgREMEERIIP 120 1R 155 108 gEhatiblanedkiio bOgmpiove
The bybrigr ilemingiien alp@aihm quplgh'{?osglﬁ) |cﬁ@§(s the copputes sustem time.

Spectfi;ggiurélésg\@é' lfrﬂ: d E\éa&fnﬂtﬁlé? g@@zﬁf fok i Hﬂﬁlgﬁﬁm ARG BY cherations.

ernate enbo n, anbi ent 30
For bxagmnlefﬁides?pmﬁe Tayorihel fplloming A 'i?ﬁ ‘:Mbﬂg riRiRRYREgRipgrithm
modﬁ}g lﬁ)oebé &t §@ tldhro%’% Rald fr%'ngﬂﬁ’] ahﬁlentem]ﬁgseﬁdﬁei 30 and to
generators

i
adjugah@ dlap |s@am |cymeaqsd(1r1gq g,?q nlgqg s&%@g%f &%Fns&me fime, it would

activate the laser line generators (108, 123). In alternate embodiments, when ambient
light fades, the hybrid Hlumination algorithm module 720 can be set to provide a signal to
engage the laser line generators 108. This is accomplished automatically, and requires
no operator input.
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WD 2008/ 010772 PCT/ S&007/000211 15 The GPS
coordi nate updati ng nodul e 722 recei ves and updates

- wo bdagofirts ent I ocation of the GPS device 121.p¢1/SG2007/000211

send the coordinates to the sensor fusion nodule 718
upon request. Additionally, the GPS coordi nate

updati ng nodul e 722 can begrused to constantly update
the screen display system 724 with the current

PR tGRH dofarcﬁdm ubdstingepedule A22t izecivert pod ypdates 7108, current

.re t ' .
oo S B3, Y e o0 ol S Bl o
718 upgmteqnesirAd:thmaﬂse the7 GRS reaprdinatd uetiating mogulai@?2 cande used to

T r d 0 s Jl
consig Bdgte e SERLBRPAL YR TE 2 VR 1T S E i BMine
sweepal. onboard audi o- vi sual aI arm 726 will operate (i.e

to beep together with visual flashes on the screen

d| splay system 724). The driver of the swee

ok it utras o s ageatores HB e CRLLT Qe aplrrer fhrRush
the séi‘@eﬁ BRpREPRYERAHADA Y The TdiIdes Rt lor EdfpLer &"1&%%?8 Rdlude a

generaté reports associ ated with any detect

Speakfs (765 Sunb B8, TREPIHeT (¥ alse RS dI'e 702,

Upon @etechiéh 8p4 ﬂfr&:g@ abram tR BnbE%Hd a@san-wml ud@n tme usu:nm {i.e.,
one

ree t he | nmedi at.e su
to begh ioaSEr VBT S FageS A eSS Lt G2 Rn et the
sweepdérG@hicleM 02edantthare déadd hhethhﬂbesweﬁp raint! ickdipathe 0D manually.

The oY a5 2 MRS SRy e P ERREPalfh i SeBsreg o

or wi ndow show ng the i mredi at e surroundi ngs al | ows

t heoge er%éogl %%\ev Lgual hé@ﬁy\@?&%@%’t& %&g&@a‘&}ﬁi ﬁféfem 100

sweeper v owar
can |pclutke o aaer¢RdB, ok esasesne showing mﬂdmeslmbwwoumngs of the

swee? e $02 ?E@E“n OBthELL W hterweEB%r loE4HdRYrel g\% & h8%Whole

rrver ow vvhere fail sweep
mOnlfoﬁdsaKE@(FUaWéhéoﬁ)ar@temaﬂaﬂy 3 pRrEe Mith Aye &rﬁ@%qi.vn@dows may
be m&i?]%r@feﬁ 0 'The %éregﬁ lor WikioRYshb@ifg 4H€ 1rﬁxﬂe&§@s@:h@un&ngs allows the

an alrport r unwa e smee
drwerptp aftﬁia!ge WheER ﬁ*e. ferejgn biarbis 40y %%Vﬁtta? AVARPSR hiplg 102 towards
it to phekl NN WORH Tﬂeesﬁ’e% SYWhHEHH $Rdwind it s\waspeps ltatiGtutdative to

the ruRY B Slepe P B dnoy s B teld e an Grawpgyareas

areaﬁ@zﬁrtﬁrb&@ihngmesv%bingeﬂaemnﬁs 606 to 616 in an orderly
manner (e.g., sequentially follow ng the defined
zones (606-616)) to ensure conplete 30 coverage. In
t Fios trendysim 200 o emerhiede Uigialdnamnbamaispat minwai tebe swept is

provi?leg é ﬁ@is szke%ed %g P%I%BJA%@ g %ﬁe %UI%Q%W u?% @b@ %g@nml% The

Font 1ocus one 1S swept
sweeping eowtais grmestiad schontingthandiappimiped P dhe eornpraier system 700 so

that 5 RS véaiGaMbY dhf QLR HheOledn ARABE 606 to 616 in an orderly
manner (e.g., sequentially following the defined zones (606~616)) to ensure complete
coverage. In this embodiment, each defined zone has a width 620 of 10m, which is
slightly less than the width 506 of the front focus area 404. Once a zone is swept, the
zone can be shaded on the display 724 so that the driver is clearly informed of the zone
being cleaned and remaining zones to be swept.
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bei ng cl eaned and renmai ni ng zones to be swept. WO
2008/ 010772 PCT/ S&2007/ 000211 16 During operati on,
wo idogefeeper vehicle 102 proceeds at, for exap@l/eG208%5000211
kmih along an airport runway 406 according to a
schedul ed route. Three xenon lights 110 |ight up the
front focus area 404 and EFOtO taki ng areas 402. This
assi sts the sweeper driv i n maki ng a vi sual
i Dﬁwéwﬁmn%eabﬁ@eﬁarmehw1wﬁrfob§¢c&nm lFdrofdaripRy, 26hien/h
snap- shot nera 114. Thecﬁq? r&inaq shot CAmBra . o
along 0 ATEAR WARYCAIP FETdRG L6 SRS, BT THiFS *BRO0E
light u]pam Rehtdscs aA2404 mlj phstartakirkOdresd 402 Mhiscadsists the aneeper
area al so et ect
cnver i BRRB 119 SPORIon A afe 1958 “ClGRrh GO e 8 Sk -ohot
cameraf1idaMkaeslsoand shapwshotghatmecohtd tandiesysetife tfkeutill intges of the

photo t@?ﬁnaléa”fozg s ;i%gérf%r %dr%fm%%ﬁ%e%rnt‘ﬁé&ﬁ_& ea?%éeh@bﬁnd also

nat 1 oh cus area
detectthé reflected lasasight theggfront.s pi cked up by the line scan
caneras 116. During the hours of daylight, the |aser
line generators 108 and xenon lights 110 can be

dAt thegagedime, hving Hbe hpws of darknessar lgw fighg canlifions, the four
laser ﬁﬁ@?eﬁé}g’@om‘:@@@ IfoiddidstARATSd SightSiidtgingfit] & thd fr&*ittfocus area

ore, the'lI'ne scan caneras 116 exam ne the_sane

404.The neflested daser dightpapisked He byghe Jpesean sametws 6t wguring the

hourstovee%&gﬁtf 1A QARE lifE Gorhdrbidrd 1B £Ha ﬁehsn § 15@@@1 Bs @idendaged,
di scrinjnation an

and U Jec4oPn CHPPR B ANRPPElR BBV 4 PRg et LSIag B Bieq fobt.

Thereﬁ@vtﬂe fih8 %camgmed@t m@?k@hhedhé)ﬁala?(i‘dzmdﬁaﬁhm 40L0Ss the
sent t.he conput er with th
Ladarg b SREh 3 SYRB TR IO PO S (e cape S 'ahéa, & igher
discriraindiisredreimpfoved doreighiobleet iedtifisatibnarpuriBCPcat baashipednt
in time during a sweeping operation. Wth this
arrangenment, the detection system 100 can detect an
oBg explainbd abdmntherimeigaetaeobtaineshbyt eanhalatéatey (466,306, 120) is

sent tté%gl'cloﬁ@)ufep%xe@hﬁltﬁe RVES 4zg%aﬁk,eeéea PRE8S b Mhe co-

scan caner as and 25 Ladars 106 are
ordinatep pb the Mehicle 1r0€c@idj@r\yﬂ@@t anh eabinip Liiree dpring aTeeping

operaﬁgﬁ’m'Wiﬂ\ tm@sﬁ-& R, bﬁefd&tééﬁsﬁ ?ét@&eﬁﬁﬁganb)ﬂefeﬁﬁan object of

uter 714 u3|ng the sensors fusion nodul e
50mrrm ‘ﬂern‘metnltfﬂ‘@”'ﬂ%ﬂb%‘%kmﬂbel ved from each indi vi dual
i mge detector (106a, 106b, 116a, 116b) are marged

S A6 SRS o] 958 0 e L G P

Ladare 006 dird atofsd ihhﬂé rbcutiealas sitthe pomplteo it af ThhecRheF@Rages
oo S A 0% e BE PR i 4 B e Roautb o
wherghi e&ﬂﬁﬁlﬁe(ﬂnéfgespmcaimddmndleaah erdivddhehl tilnegalidecly (ft 08ayet06b,
116a,nW6b5)%re merged into a single image. The location of the detected FOD is
presented on the display 724 by Cartesian coordinates that indicate the position of the
FOD on the runway 406 with respect fo the vehicle 102. In other embodiments, the
location of the FOD is-presented by polar coordinates and the display format may be
different to suit various users’ requirements. In still other embodiments, the location of
the FOD can be marked using the GPS system.
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different to suit various users' requirenments. In

still other enbodi nents, the location of the FOD can
wo BRsiiprhed using the GPS system WO 2008/ 0107¥@T1/8G2007/000211

PCT/ S&007/ 000211 17 Having two Ladars (106a, 106Db)

for scanning the sane area inproves detection

accuracy. In this enbodinent, the field of view for

each Ladar (106a, 106b) is7an arc of thirty-eight

degrees, which is equivalent to approxinmately twelve

YiRg tWo, Lafare 1ie 18kb) dor scanging diieesaiie ersatimervgs detection

accurﬁ@t rlﬁm@moam HREiSYBERBW fb’r%blcﬁ't%dérqawa%l OBB) i an arc of
nce an Gg angle, the |adars 106 erated

thiny-G i oo Which iy obelent eaprbby BN ue i onin whtoHo at =

.distance uditaedrey meires anay Gohogk F&Jétepert Viicea (i@ Mslﬂfe.{ dlﬁaﬁce and

ad Model MS, 291, under.st ood .t h
T M N MR T N
S50mmcinadizroeter.i 4 oos errmndmfelneltﬂs Lablanv s, is @OSIOK Bhdze MiRlel LMS

201. H§§ HIP]de]r% mﬂ%ft %ﬂ'[r)a? Efﬁa% )?% n"%f h dl%grtﬁﬁ %Pge?'éting chara%{err?sﬁcs

and fi f¢'ﬁ$wft\aﬁw,cmmdaﬂscaimra$dw sual alarm 726, can be
generated by the conputer 714 in the cabin of the
sweeper vehicle 102. This alarminforns the vehicle

opdeataoforeign rhisct is detastasie avfalareinRoD fom ofhby mayvatyexample

-and néﬂﬁmta?&@ a?*)"&ﬁf?@-\’nsﬂéf réﬁa?rlnelzkogaﬁrﬁéf g@ﬁé’rﬁteﬁ 541%/ b&%ﬁuﬁer Zt4in

fromits predetermned diréction sweeping Irn o

the cabyp afpﬁﬁ'ﬁo%&ﬁ?pﬁh ¥ehidle 402 0 hisopjarm dnqu mr\@bgeiesmptor pf the
presehde0sth I FODUSYERE rdfifay 408 TRE 3ReSHitvehRIEI02 rﬂf}ﬁhé@% Rfate

er vehicle 102 is capable of takin
from it§ wa?%g‘?famﬁdc Eﬁﬂ@eé} swepging dheidgr tﬂ%pr@ch a"zﬁcﬂat%ﬁt@ra FRPp and
thereblyhsvea@nip rofT théldinasy ube. G?fé éx?ab-wai QEMBrat 11 ﬁr@ﬁméheén the

714 1 hat e s pe .eh| s within
Sweerst ivﬁﬁ’lc%t ?s(g]!:ﬁ g?p\%ﬁ@em{ ‘rﬂ%‘ﬂ?t %ﬁ%gnagff‘ﬁe E*}%ﬁa'é‘ﬁf@t 114 is
activaiednieyr thel ddmpaikegione the @mamhmf@gaapéalcempnmes4%at the

R e —

camerarid ¢ dakestanger ere piatbgrapidc pmasmﬁmecﬁom Has béfcke Wping by
th E r‘U on a first display screen (not shown)
s og?;\te C%dn the cabin of the vehicle 102. The
photographlc i mges are stored in the recorder 728

f Wsoﬁ'fé érﬁb&d?mgﬁsﬁﬁé’ Bﬁ&?%@lﬁhxch‘ﬁﬁ t&g@fhef ﬁﬁlﬂh@%slﬁgﬁ Yfthe

data can be used I cal” ana

FOD 40 afedisriayed o Ef%@fsvaabﬁwgem é1at showny I@@iﬁﬂayrthnrrmescabm of
the velitde 2. USBE WhotdgrdBiceinttigBs e WRREN R theRBESH&GUY S for offf—sﬁe

airlines ot(rg pl anes, are respon3| bl e for the deposit
ProcoSRIg: e Rk imreP Sa1a) G HRer T RO SEstsstaRySis o
maintdim a&é@r&bﬁ%brﬁﬂefaoﬁ avaridy. bl&ilsﬂﬂa{f bk @deftlug db@mﬁfhmg whether

partiofr fifes o RSteCtl> ss DT A QoL e ek Pfecpeq ey Ths

- information can be useful in the event of a lawsuit belng filed due fo an aircraft accident

or hazardous incident. Hence, the data may be used as future evidence for possibie
insurance claims if any lawsuit is filed against the airport operator. The data can also be
used to determine the frequency of debris deposit and thereby alert the airport operator
as fo the optimal frequency that the runway should be swept with the vehicle 102.
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30 insurance clains if any lawsuit is filed against
the airport operator. The data can also be used to

wo delspnedne the frequency of debris deposit angciRepabioc211
alert the airport operator as to the optinal
frequency that the runway should be swept wth the
vehicl e 102. WD 2008/ 010772 PCT/ S&007/ 000211 1S In

addition to detection of f£0Ds by the Ladars- (106a,
106b) and the line scan caneras 116, additional
Haciddifionld¢ deteciion sfyEPRsbYdhe Ladars (16 1188k andriheipg scan

carner5§ 985 d2dditc ooggf Ré&% B h&’é??cl.?iﬁn %?Et%ﬁfse&evél@ Ails¥d DYt AR regard,

per at or

FODs |4{JB wah et @alesipd Miswallydy thegpreratarnof fb%ﬂ@@ﬁ'@e% gs thg FOD is
lllumln%ﬁ%@gleh@ﬁ’ l@'nt Y %ﬁ%bﬁtﬁ( b$ndra Fdliagig F@muétec’uon is carried

ess 0 i ent ght'i ng condit

out req%gtaw @‘@T&aewglmatcﬁ@ti’lﬂmwaﬁg may be g edﬁg o Weé'&t?wgﬁa}/“ges

(e.g., @lrOUSSy, RILBY, <) dladp-Rigahéhimli fts. After sweeping, the
sy$tem 100 perforns a second check to determne if
the FOD has been renmoved fromthe runway 406. At the
bafdt Seep Stim 108, pdrioems iangecodd chedkntocdateming Hothe

FOD %@?P&Veh?%?'swadf% s Ry 506 B8 ot 811G clybBBer 102, the ine

scan ddnGerfack pb viditsle Savee pleminadd i tA3g(labeRlinteogareraien f@ths wsthm a
. 4 i

s 88 SRS LB A R ekt by oo

area d&cﬁ'hé)dide abary eathera ’dmaahtli fRses dbmlm?@someandhe same

mann!% asg[¥ scri bré% a%?ﬂtﬂqﬂr@{ﬁﬂejsggn ur%'é&q% 99@%3%\9%@5&%&9@@08

ne scan canera can operate wth
During gomgamﬁuenhmm eouditiansnibedienscan eﬁmqras‘l 20| GPeTe Wth dising

the Ia%eq“%e h,lgﬁé@toﬁﬁ S2 faded bfthe ‘?’é‘ér bQuslohey A MY Bt to Thededributer

Is still present on the runwa

714 tmdﬂeomnmfsankﬁ(éﬁ?i issfilreagnilonghe BIEY 488 £ b bpeihigressiully

sweptdﬂf’ tlr A t JoaeAééﬁﬂ' eV sdiclisgl din /25 isSackosted ad edert the

cperabmcbin Y0 §RnoORE s TR By Mgy 06, On

hearifi el él&rrt e, &h@bﬁérﬁﬁﬁ,cah hetiepe el riar elkiso aatiewat 22, twhéch is

d
a5 NPT g o P Eh4 1 ] SHeé oo
FOD W&eétﬁt&fn thé eurfivaly 1061 dicthereds afFOD, fir @sdetmanuatin glck@;hwapy the

v 4l 5 7 iy SRl PG RO o B

is notp&idnyswbardwbyibeﬁemclahéze the FOD is so heavy that it
is not readily swept up by the vehicle 102. 25 The

video canmera 122 can al so be switched on conti nuouslg/_
t Thevilgosatries 623 casralsa be gwisehed o coriinyorsly ithenahigthe driver

to vis;lglﬁﬁz(amir%"%é Pgéc rEdHe %94%04&3 th%%gﬁdiﬁﬂ@ %eﬁiﬁ% bic@iBn. ANurther

app ation vi deo canera

IS
applcatios e e eapier Kok 7 1 FEYFUhTTE Gere’ olhervelive 102
when'tBE L &iGe 182 rdvBNes ses.

There are times when the runway 406 is required for use by an aircraft to land or
take off, and the vehicle 102 has to leave the runway 406 when if is in the middle of a
sweeping operation. The vehicle 102 is able to record the departure position according
to the GPS 121 informed coordinates and return to the departure position when the
aircraft has finished using the runway.
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30 There are tinmes when the runway 406 is required
for use by an aircraft to land or take off, and the
Woy{ﬁﬁlofd'!@z 102 has to | eave the runway 406 V\hench/sea)omoozn
the mddle of a sweeping operation. The vehicle 102
is able to record the departure position according
to the GPS 121 inforned coordinates and return to the
departure position when t4e aircraft has finished
using the runway. WO 2008/ 010772 PCT/ SG2007/ 000211
19 Figure 8 illustrates one enbodi nent of a schematic

gﬂ @9& %m&grakﬁ e réﬁ{b%t:ﬂn%t ef a séﬂé?nﬁi&&ﬂ@@énﬂzﬁf the gpemtibn of
e nat e

ener al th D ce_nuner al ﬁ 0‘5 Th
the swﬁ%eapf Siowed. |‘ieﬁ‘9ﬂaf? e gt pUmeRsy 8 e
operatibh Fsoo Rkiaat he ﬂate&% (OB, 1468120) detueting BONRAD 408 on the
surface 406, ste !118 4ean i,

Cc e
runwayy sdrEacki490n él‘ hedef efﬁgn%gf j Gan e rﬁnm g ggﬁe otfject is an
alummﬂﬁe objestt 'rrmoeétldmer metcxammﬂ FOD 408ds idisptiyst |739@u tie Airst

sepin b ot Sfoun oL o SOE PP Yol 302 D o same

time, ilnbg@s anddgsiis aflle BOD0&arefstared 820D aldgabase &iddpegporting

B

exanpl e
imageiirhe, | Ibedtibat haterialdexta@ andeizs ofttmaréeteq;tg@ EOEL48. r@‘teé}qt%tpase

713 c%'\a?é goa%eé'%ngé ?‘ngrao 1sI£ PﬁvéjSit {6 (ofbodr @oﬂ'@ﬁ’ter he to be used for

onto a di sk r|ve f
stattstlbﬂsanaiybmascde@mhﬁﬂt a;bove 14t the sane iieg th% aud'gtvgyﬁ's% qrEL(26is

also s@tncg% \)gﬁ%/r?tshggﬁdﬁ ﬁgé 'rlrs]bgéieég@ ¥& thaﬁhet Ji?eﬁé’ﬂfﬁe bWH@pertvbﬁicle 102
can lodlo gut anddalkasestien 898 oithelto FHESR P?Q/@‘P d&F‘*"ﬁﬁff@&é’ég &F manually

p;ck;tY;E%@.' e 102 can | ook out and take action 808 either
' t

sweep 810 the detected FOD 408 or nmanually 15
pick it up 816. In some enbodi nents, the alarm can be
IRNeIhw %bmehmsme@amnmmbmtemmmt at thehehicks but, in

the cagfg oggﬁg]lugmrln@% @?aﬁiﬂi 65 I,ex?emtfsi P::ﬁ: ﬁ(ogﬁ rsﬁ‘cﬁ asl % ﬁ'\%fﬂté}{éncec’ Hgﬁbar
using bh @R tr@:ﬁsmﬁér dosBme mdnbdmmtas thet dp@rajpreqaatsglect;@ particular
o L L ity S 0 .98 St Vo
datab&&@l? hah:loacamng Hee RDD A168s eTirel Brotrrssh analypis B4 fegsther with
fallowf 8? laocgﬁn‘? 8R! a%ﬂ‘%ygfﬁ?l Wehifons 2\ﬁhéré? gebhek fduBntly detected,

up “acth anal ysi ng | ocations where

categBIEnG ypés OLRIAHOP detscist eiF) oo e SGTPTRTRIT-3ilFRAS. e driver
resungeggwﬁgﬁmﬂ 4 2ChE0he 0D JoFB AR the imgyat. site

rlver resunes sweepi ng 814 after the FOD
408 is cleared off the runway 406. 25 Bel ow are sone

XU ESre0koiRe kamBRis 68 StheS fhhigued aliseidgforolfjreigh object

detection:

The laser radar (Ladar) can be, by way of example and not limitation, a
pulsed time-of-flight radar system with a maximal range of about 50 m, a range
resolution of about 50 mm, an angular resolution of about 0.5 degree, respondent
fime of about 40 ms, and a maximum pixel rate of about 13.9 kHz. The system
provides a 180 degree horizontal field of view. Active fog correction can be buili into
the laser radar. Rain and snowfall interference can be cut out using pixel-oriented
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detection: The |aser radar (Ladar) can be, by way of
exanple and not |imtation, a 30 pul sed

wo bdog@r@f2 f 1 i ght radar systemw th a nmaxi nal rpODSGER7/000211
about 50 m a range resolution of about 50 mm an
angul ar resol ution of about 0.5 degree, respondent
time of about 40 ns, and a nmaxi mum pi xel rate of
about 13.9 kHz. The systepdy provides a 180 degree

cvatsagohe o Bt el g KBTS IEE iRh Pt e
Ladar 'cabﬁﬂé oF aﬂéﬁhﬁ@@xuﬁﬁgg&; gg%tz_ﬁan usz%er@mmjy r?séasﬁﬂhgdhé"ﬁme of
ev uat 1..on
fiaht f 56T N9 pfocs: oh 6 PEVAR SToFon FRASSGRRASh 57 1ont pule,
after ;Whta@ e krefledted ftomtlar sodgah|lie dirbcihp prapprtivgabic 'tiuaodstance
erat
vetwor Sy R spREB e BT bl et bl B bl o o

a rotatieg énienah ruifrog oi gimtwcﬁeua sean cifa avide @réms Thgekadar is safe,

i FBeF LA T 1 Sl iR ekt 1 BRg1 g Soheck 1
can belised to stiiedpun wllases puls@%maan imelivifam) iscdatgotsg clese to

thefrcfn%%b%ﬁsfe ggmal mrror, to provide a scan of a wde
ar ea. e Ladar is safe, having |aser protection

class 1. In sone enbodi nents, the proximty sensor

18dbm ﬁlpg%ﬂééﬁ\% 1 1 dbtauR s/benl as&rtrﬁU#oﬁ@ganﬁ?ébt 408

an I n I's detected close to &g%
moves aEUEH the Geteriorsysienh dvhile b sefqciign &VStFWe lse'BPY'BH with
respe&ﬁ/tt%tae?%om@redte?eaf(an:@l 40, qu?ctr?aQ %he mm@-fa raaﬁm(mze 404,
det ecti on sys \ ect i stem
109 15 e o5 oot reeb PR ey S TSR ey Bt
field 1403} onﬂ]fwfﬁuﬁdﬁen reicshibad ar asut(@#@2of 4d, . B8)tnae-warying

regarded as tinme varying rather than static, and the
potenuaiv fieldn nfgqvntﬁm p@t gmqi dp taiciate dhe sdynsmienpgtential

unction of.

repreﬁqtilgg\i}'éer g FﬁH" ItP’? Pgreéﬂ@? g rtlg'%hﬁolr% Tl
cal cul ate t he dynam c potential representing the
envi ronnent around the detection system 100 as
follows: (1) 20 where: is the velocity of t %)
nobil e vehicle, is the velocity of detection system
W th respect to the foreign object,

where:

is the velocity of the mobile vehicle,
is the velocity of detection system with respect to the foreign object,

is the distance from the foreign object to the detection system,
is the number of obstacles,

and are assumed to be constant coefiicients.

The left side and right side dynamic potentials of a detection sysiem can be defined
as: '
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is the distance fromthe foreign object to the
detection system 25 is the nunber of obstacles, and

wo Sogoasynmed to be constant coefficients. ThepdERG2007/000211
side and right side dynam c potentials of a detection
system can be defined as: 30 WD 2008/ 010772
1' CT/ S&007/ 000211 21 (2) The purpose of having 2
| aser radar units 106 is toq use each of themto
cross-check each other, so that false signals due to
noi se are elimnated. For any 5 FOD present, both
| aser radar units 106 should give the sane signal to
the conputer. Equation (2) can be used to prggfss
the data collected fromeach of the |aser
units 106 and conpute the dynam c potentials of the
| eft 106a and right 106b |aser radar units.
Subsequently, the sensors fusion algorithm 718 can be
used to check the dynam c potentials of the |eft
1058 REBOSS Qﬁtha‘I'OSb?i/ radgidunitu P8 & topse @ach of them to

G lebh Oy, 8b ik Rr8R6 AOHuE f h-i?ﬁa
Cmssd nam c  pot er{t i al di ffe%}nceiaubg?v\lﬁglgﬁ T Eh fe. For any

FOD (nigsgnty beils 1ager Sadpt pis +106] shpdd @a@rthetwe qigRal to the

compufmpﬁh@étlonv@y kan beGReRItE ?réd%%s heddatst cdll%crﬂéﬂ q?dnéF te‘é@l’%i of the
per cent age di fference

t oth
laser (8 1R OB theh BV ATS RETe AR, Bfha fof 1655 2@ right
106b tamer vesckr ainits. nguaseh@aém thep Berizorsl AlsRpt AGorafmnhay st didl be used
o o BI85 BSh 5 oo B 0e5l o R BB il s o
compiutaligeall diffeeercate duouexafie, HE the Tdyaa&ﬂﬂébolentlai differences

bet\nlegﬁ B:?tth,ESF HHar Eﬂmt% g'%f ' ﬁic’i —L/hﬁ)/l Oo % Cagp o%b ng eéo?ﬁputer

focus are her arrays,
wouichratopnizadhe £iQ3. dhis !a‘l@ostbed mmmthmpmtag@dﬁfmartes can
alsolfgtﬁas' nplified block diagram of the data processing
ul es associated with the line scan caneras 116,
120 is shown in Figure 9. The |I|ine scan caneras 116

r @&Shé/ emw&mt Qhe ihe s&ErPE;SmE%Uﬁ Sarlﬁé‘c%ﬁ ﬁs@ﬁ%lnr?le 1024x1

nerate anal 0 ue Si gna s of a detecte

Phot%f!ﬁf%%t?f AEYaded #rovilep. aringle cueyscalgs (i, (m&—am@wte)
represdftafidd oimh %@&lﬂfé&ﬁbrﬁérﬁ wbleet afl ahiigiBbe Fafd Re 2beSeT000 Hz.

tors
The ‘Hﬂx‘i Qﬁ_‘ ?o-getector (array defines the 1024:1 ratio of the front focus area
402. Other arrays, colour scales, and frame rates can also be used.

One embodiment of a simplified block diagram of the data processing
modules associated with the line scan cameras 116, 120 is sﬁown in Figure 9. The
line scan cameras 116 recsive images of the front focus area 402 and generate
analogue signais of a detected foreign object 408 accordingly. The focus areas
(462, 403) are Hluminated by structured light from the laser line generators (108,
123). The analogue signals are converted to digital signals by the A/D converter
802 and are further processed by an image signal processor 906. In one
embodiment, the A/D converter 902 is provided within the cameras (116, 120).
Alternately, the A/D converter 902 can be part of the computer systemn 714. A digital
lock-up table 912, configured as a random access memory circuit or a
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123). The anal ogue signals are converted to digital
signals by the AID converter 902 and are further
wo Biogeessed by an image signal processor 906. pOTSG207/000211
enbodi nent, the A/D converter 902 is provided within
the caneras (116, 120). Alternately, the AID
converter 902 can be part of the conputer system 714.
A digital 30 | ook-up tablgr 912, configured as a
random access nenory circuit or a W 2008/ 010772
prograp@TAISEAoniT/eY2 Bloreg AnfgrpgiahfRISENng iaiciar gharacteristics

(e, astgl1 &AM S B8h R0 S986% bR kMviDaF éde(h‘fh'earartlcles in accordance
] cara eristics é@.e., adrlnkln‘gI can ag J%ég(n
with thghaepitudss RidRn/igRe 8i9RAlSe P AL TFEVELINYO 8@8’?"& i.e. an

audio¥stbl diben)ReNtd iHliBtdds &krived QDO\SG gnal s.
result, control signals 726 (i.e. an audi o Vi sual

alarm) can be initiated as descrl bed above. 5 In sone
embssthaRMisodihbetsdity didital tmk-upptatbieh 042 9&m barsobgured to

e G e T oy

The prleeém &f ofin asiualinioimianiclar on dhe omwdye cannhayot artiseilar
i [ f

ot 8 2 R 9 68l ke i o

aircraft0 Ahear alftinivh esricliea narai identifiedi S sonire! sidpals .me@an be

lmtiatéJ] gt %@Httﬁ 0831131%}311: é%G zhd'hi Qecerﬁr%l fdc%ﬁt%j Rieh %tthe th&ro!

r central cati on, such as
towertdne:eo’maitm@htenauoe facity, Ctérﬂ'ﬁ“’hﬁ"ﬁf%ﬂ salvd e prigpfiglinagard. In

this c{aﬁe alifidn A ARRE x%EéﬁlL Q'favérgéd R efdd ahn hAZRALE. aldred to a

case, aircraft t have recently traversed the
potenfiglguoldgm. t hen be al erted to a potential problem 15

In sonme enbodi nents, the four laser line generators
108 can oper ate at a uency of 650 rj In so
o osemmsHnciBaR. B (36 Fe it Seralamol 0t 678 Bage at a
frequé&@Fafas@% gg&edomgtélmbbommmwehan 8f %l(]iasaerl inegenatatats 950
i n"Fi gures a an 0 ur.e il u t
can b RSWRBECRIS 7 EReVRolBne S| Bonset B ol (G| B, e
10a ilfistatedi £Wpofievd @f t}’ite{elnelﬁﬁOQ%ﬂe Figurdnil§b eliﬂsb"dtemmstde view of
| en 5 S ar r n
the I%@’r %%(ﬁ dife 1§rer{1§ c? ﬂgngh@éelsggés agﬁ%’ﬂi\%‘ ﬁéé% 9&54%1 side
portichl@Saeeptdiculdihie the hese 950, a@a@owzeat WD%IZfacag dndhf lens
950 a%A' A8 3820 §Lleh fggﬂ ﬂgfsir? ﬁ@erail rﬁefdi‘li* 956! nbﬁ%rg%ﬁ{bodlment

& CONVEX 1 op uni f orm radi us of
the mavexttop cswiee %\4 dms 2cppiummErdivs (fccylvelire 7§ In one

embddfRSHN 1 Gich? B EAGINONEN PrhmD ied Bleraf Rt i88fhnh,Nénd the
radius of curvature is 6.563mm. These dimensions for the lens 950 aliow the laser
line generators 108 to focus the laser light in a linear band perpendicular to a
direction of fravel of the vehicle 102, and approximately 12 meters in front of the
vehicie 102. Using the dimensions for the embodiment of the lens 950 given above,
the linear band can be, by way of example and not limitation, about 12 meters wide
(side to side) and about 50-70 mm deep (front to back). in a preferred embodiment,
the band is about 55-85 mm deep. It is understood that these dimensions are
provided by way of example only. The lens 950 can have other dimensions that
provide a different illumination pattern.



10

15

20

25

30

25 radius of curvature is 6.563mm These di nensions
for the lens 950 allow the laser |ine generators 108
wo dRshfaeys the laser light in a linear band  pCT/5G2007/000211
perpendicular to a direction of travel of the
vehicle 102, and approximately 12 nmeters in front of
the vehicle 102. Using the dinensions for the
enbodi ment of the I ens 953 given above, the |inear

band can be, by way of exanple and not Ilmtat L’?n_,
bdlis armbodiment {hiedlens (PRGs FaR heo MAnYEAcURe B K/ diass,

havmg%ongﬁrg\cm dREeR oq‘ froek. LAd BaBdl lendih af RL.eframl aeis understood

he band I s about 55-65 dee
that differaet SYRURERs RavInoHUBRE! RERSTRSCY %‘Sg[ﬁe %%‘t? %&? &
band h%@iﬂﬁ’iﬁ@’%b@ﬂﬁhi{heﬂ@hﬁs' gﬁléo&%%nmnhtem @idner(not shown) can
di ménsi ons a rovi de a, di nt i
slso b 4EER O, IAEFROBBPOI 2 ey S3aR TP ose Tes Jot Mt e
rear fo8tadiz@y8., the |l ens 950 can be manufactured from BK?

glass, having a refractive index of 1.5168, and a
focal length of 12.7 mm It is understood that

h fhofiee atnbﬁiﬂtrmntﬁ,l ifndgas ifrugn andlfige eleteqtors {08, €16, JaA) can

be fusat;l ?@g&hﬂ#ﬁ g 59 rgﬁ%)% cf’a #W%ph%\éhﬁgoi Egitnaqi'?o{}vﬁqmage

fusion aathrioledys wnhm treesermors figsion aroduls 18| (Fighrg Eher%%? such
1mage§lr|%gn %ﬁ?%%“%lesrkeanl k?esnﬁbaa n%m!a%? Q*eﬂnﬁi@ @nd h%@ﬁmfté’tﬁiﬁs inUS

| nages rom nul ti g
patentde,644,68¢, (@D066.4526371 208 wapatent appiEiops gHUREPSOI7233,

i.ngl ?éﬁédé%n@t@e representation using
Wozq?%d&%é aﬁg\ﬁ?gb st on technology within the sensors
fusion m)dul e 718 (Figure 7). Sone such inage fusion

LR ARG IfShdfiehs, lf';{ég!;@a@,frdﬂy endy obthedine gpare camdrasdt 16a,
I|mtat|on in US patents 544 634

165) a0 lindapm 068 40 BRUCHECHER0 SEPIEII o DI SbGThe, if
the p ‘\Aggn‘b%ld PRAGESB framdm 6@&@%’3(1‘@?r [giaksn (408)eindigate the
embodi_nent's, r om eac
pressogmat KO, ine AR sab oo REHar <o SRR T camers 116
and LB§SGEeREERdRARAIha! mbyenderoftdri sbjedbudthesnoway.fan alngn can be
rocessed | s, from g1
generBlaii 65y N eeire o e i EUEREE Beck sl mpeert, I
three aafhebfeut de thek prEsenasxaing! ebject ap Slimcandyeagenerated with
a lesg H—ggl%?ﬂ%%:% ]oq(i;kémdroﬁi]af: gf BEE/ g&c?%? NgE Bfir @Fst@@ﬂseﬁﬂlcaﬁ the

an a enerated Wwth a ver
presehtg lof degrjectolt miawes lersdikebnithat an bk & a?’fgalafcl?'@a?'ré It is

therei%?eeggégﬂ%le ks, Pr&d?érﬁ%rééyéteﬁ J&Bftnvitmi Setlofatt fife BIBAA %h[y&rvhen

arm can generated with c?% ¢
there lig @hhabgd@e@fof IkriEqodothat anfotaﬁws @raly B ﬁ%ergoﬁ'? o no
geneNSLE TRar WhERiHS 1ikBfhood is less.

For example, it is possible to program the system sensitivily io generate an
alarm if both line scan cameras (116a, 116b) and Ladars (1062, 106b)} indicate the
presence of an object, while not generating an alarm if only iwo of the four indicate
the presence of an object. It is understood that this is only one example of the
system sensitivity settings available, and any combination of system setlings can be
used to determine whether or not to generate an alarm. Likewise, it is possible to
provide more weight to the line scan cameras (116) or i.adars (108) in making this
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presence of an object, it may be less likely that an
object is actually present. It is therefore possible
woO b@sptgr am t he system sensitivity to gener at BCT/RE2067/000211

alarmonly when 25 there is a high degree of
i kelihood that an object is actually present, and to
not generate an alarmwhen the |likelihood is |ess.
For exanple, it is possibige to programthe system
sensitivity to generate an alarmif both

deterngpatinnas All KRepinatipgs )ansh BoteRiR eeighings, th?f?éﬂ)‘-‘s %Hﬁwﬁﬁw the

scopetd'i‘%he PesOieHMiimeht an obj ect, while not generating
alarmif only two of the four indicate the

presence of an object. It is understood that this is -
O@t!n%!? Qigfl?tuﬁléa&g’ﬂr% @Esdr%on Prolidet ?bm ey ichplicitiyt oi imgslicitly
avai | abl e, and any conbi,nation
preserggd ‘Us?ﬂ“?oaf M e fUEFe E "t?l? %y'f'g Ig‘ferﬁé ra {&%h%ﬁg of
operatfdnarcm dbﬂakﬁ!ﬂhﬁ%\ chipiter poswirpl €Tliese Pgwiltirdie descdptions and

sy AL R B BT PRy 3Pl

procesbmgesrm toabinay. mast leffecivbiyribe substanas of fhetr averif il others skilled in

the art, r&ggtﬁ?rﬂgﬁ% E?rree];ﬁcﬁ Sgaet.rgw Vel td P@ a seff ﬁs@cfentté%%uence

|ons of the scr| ptiaon
of stgpsoldading &bov aleaired eneplii.ci if h@ gers ayei bpee yfeqwrmg physical

mampBraﬁérﬁ%F q;htsrfp el dgﬁtrﬁgs al,@P"dst HEBriaNd ndagnsid Bnabti signals

c'r ations of operations on data
capabld mﬂhemgat@gmmfenﬁénmngbmem seaPPEGICaiRTYise ‘manipulated.
descriptions and functional or syrrbol iC

representations are the neans used t hgse_ skiJ
| i spRsitseihstaiod S anio, 418 1L ARRBFRIL oGt folowng. i will be

appre@:fal{e@%ét\{ﬁ]oﬁgﬁ&uﬁmﬂﬂ?éseﬁﬁ Qﬁecﬁffcaﬁche Idrscuﬁidﬁstmihmdr@has such as

e art. al gq mis here
Sca“@'éﬁ er aFFiﬁ’U[aWPrc ei %W'B"% e aregfgcpgc on ﬁeg?fé'ﬁ?g se qmmﬁ' lizing’,

outtht%ng oﬁfﬁéﬂﬂce' st By theD adtionearid ﬁﬂbcémsldf a Ttvepsieepystem, or

s ek St BB 8L BB Ml v pvsn

quanifie vetaln t&e gompater Gegtainl intoodthdredata sistilarhe tgpresented as physical

quant};p{g% n@&‘ rg{ﬂig bom{ﬁgs § S&emc QJTB@)E ShodfioR tﬁ&'ﬁ% S€ansmission or

speC|f|caIy state rw se,
displegridviass.apparent fromthe following, it will be 15
appreci ated that throughout the present
speC|f|cat|on di scussions utilizing terns such as
" Jharpmésayt speciighiian 2169 ﬁgclose%%q;@qusnqu Qerfonmng the operations

of therrﬂgihaﬁé NOSych %B%ﬁkﬁ' Rehy: be | pebiaff icdh&iflicted for the requnred
|ng,orteI|ke reertotheﬁwdo lectivel
purpqse@,(;@rsg@g c@mpgs%mglpqﬁﬂ ga}ygggncorgpu tet R0 2vice see vely
activilb® e RBbAGIRMY &9 at &hpuidN| ﬂigka&h eﬁor&ﬁdmt tiﬁnsﬁmpumr The
ata represented as%:f)g%s [ ca es V,E/I%hl n ular
algoriguwp ape IISPRYE eFeRtes BPIREY atFaP F [RPPE 35&&3&&‘
comp@fer R Yothdr ddppafhtie) al‘lﬁahbﬂseger\iurhihpurpbéeemohﬁpeﬁ prayshes tisgd with
progrgrrnsoutw haecrcorldgnce mait1 Itt?e? te‘?gc !ngg %erem ar}ﬁtemsa‘?véw #E construction of
more specialized apparatus to perform the required method steps may be appropriate.

in addiiion, the present specification also implicitly discloses a computer
program, in that it would be apparent to the person skilled in the art that the individual
steps of the method described herein may be put info effect by computer code. The
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di spl ay devices. The present specification also

di scl oses apparatus for perform ng the operations of
wo tdvs/onethods. Such apparatus nmay be speci al | yPCT/SG2007/000211

constructed for the required 25 purposes, or nmay

conprise a general purpose conputer or other device

sel ectively activated or reconfigured by a conputer

program stored in the conm@dter. The algorithns and

di spl ays presented herein not i nherentl
compils” Birgim 4 ek dericcc s r e g S8t Reodh bubring lahGuage
and iVdldntsifiatipanBerof. put pats e)errapﬂsreaemdnm;at laevariatyd ofi frdgramming

‘ langu%r;e(%%rﬁfm ng‘nglteer hrgggg%g% Otll Eleremteﬁ?’%lg tga%?nngg ?{h% disclosure

contaied dieadin.z Mibranpera thet cmnmtderpwpgrarrmstmewmqled te te fhmithd &b any
;:)&11'ticﬁlta'ra Bg?thi‘)ﬁ?\Qe "I%Bﬁa; Ry Hng{nf thleFvé\galqﬁ ufé'i' ?(‘J:d?ém which

Ication a oses a co

can upe d@‘rseamt conrot fhots mthoubdﬁenﬂrtm feqnp’dneeamrrt POSAORE O %\esrwntlon
skilled in the art that the individual steps of the
nmet hod described herein nmay be put into effect by
c drpherrore.otiee or HeongOED (s /Stepg 7972 theCcepeytgd Premap 1 may be

performecif PRIl raﬂfepﬁ{aﬁ @ehﬁerﬁﬂfly ' QEW S&nﬁlﬂeﬁﬁobﬂam 8¢ bé Qtored

any particul ar %ranm ng uage

an
on amySPEREiet a@adsiﬁ'et we way. jhe ﬁ?m fﬁref%?ﬁal?'ecmsﬁ"gﬁl gy ingjude

storag@rdbﬁbys eﬁcwaesaﬁ@mh@er dpﬁ&ﬂ URGES nidtbrg Q-,d;peg of ldeHee Glorage
used to |G[£3 t he teachi ngs of

de"“’ﬁ‘? s?é‘\'t%@ﬁr er itgia h@r%?“ﬁra' NBFRYFe P°m["ﬂ8r comﬁucgrf'puter
readadied ficdilint fapQilsd IMcRiad efl hrl-Wited mediuadstah a9 exémplified in the

InterpE YU SRS BT e G ORI, BATe B Toge tlephone

systedh. f Ther emﬁpmermmg)hmf\hlmnslomdedﬁmﬂ exdeptad tanngich agranetab purpose

compgxfeir Ir%gltec‘étwgpfsr{%%tﬁtg ||9 Sﬂ)g)]ar%?%se{ﬁa{ ﬁggﬁ}?mgﬁg Erl?eeétEBJ 5 thggﬁeferred

€ step program e
methpeer f ormed in parallel rather than sequentially. Such
a conputer programmay be stored 10 on any conputer
readabl e nmedium The conputer readabl e nedi um may

i nidledtieention oray gésodesy implemeniedh ag Sardugrrofiodvias. Msw pajticular,
in thd 'hﬁmzﬁré@?%e}’ acrhbtﬂﬁe iLh fﬁﬁ&%ﬁa[sﬁé?&vﬁﬁiﬁ unﬁ’(ed@sﬁﬁéd for use with

sult interfacing wwth a general purp
othercenmprinents Fheocddaputfar SpERieatn enOHg TR ﬁﬁyﬂ@f%emed using

dlscrétﬁcélé’cﬂl%tn% é&{@n&ht& eér HRGhUBIns llécpkbrﬁﬁ': exaehiirki @&ktioRic circuit
| nt er net  sys m or rele i um suc
such &3 apMpRICEPN, SpetiE fé@ﬁ#ﬁ%fféﬂ&@%&%e 3\'@%@%9@%&?%*“"“93
exist.TMBo§® Bﬁ}lﬂcﬁh ti o wWilhayiredateabdetic apsteax@auliedbe ingeroénted
ner a ose uter effectively results in an

asaﬁ?fg%l??}l"lh’so ﬁ?ﬁ“’lﬂg f"ﬁ’g WeS-eps of the preferred

nmet hod. The |nvent| on may al so be inplenmented as

har dwar e nodul es. More particul ar,

INDUSTRIAL APPLICATIONS

Currently, airports around the world use sweepers to remove FODs off
runways. A sweeper vehicle equipped with the system described above detecis a
local area around the sweeper and the local area accompanies the vehicle’s
movement. Immediate sweeping can be carried out when an FOD is detected
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20 in the hardware sense, a nodule is a functional

hardware unit designed for use with other conponents
wo giosomdnd es. For exanpl e, a nodul e may be i npPERBGLWH000211

using discrete electronic conponents, or it can form

a portion of an entire electronic circuit such as an

Application Specific Integrated Crcuit (ASIC.

Nuner ous other possibilit2@es exist. Those skilled in

A 58R 8 RS e 8 AR AU g BPres
such ss@‘ebw €arbatubete sWbBhRT Buids, Aitith GAcesIghes oost of detecting

R e

I ppe
radar ehétamshers yot aevydiestr iA edeabern eetickeced lgpfaed Mﬂiba’!hea%é%\em

-descn@%cﬁ ggﬁgve gan 86 %3%4:% %E)?) ol Hthk 5l sREF RS BERAR RS sWwdeber

di ate sweepl ng can be
vehicle am ordat ouverihdne @fferipnpes 9k EUEEEMIVENG B0 PeR g7Epord for

anaiyéo CT‘Fﬁ@%%Q@%&&ce 4 f rélfllzt?'bf &nl BiRsdrt YhdrBtor W6 Sy ﬁ@téﬁtta!

er at of two or three such
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onboard computer system just needs to download a digital map of the area of
interest and the sweeper can immediately plan and sweep the concerned area. A
report of sweeping effectiveness can be generated to monitor areas before and after

sweeping.

it will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly



20 predefined sweeping routes during the course of
their sweeping operation, but may interrupt their

wo bosk@rderd passage and foll ow an al ternate rouPeT/SGRIOTH00211
ensuring that the whole runway is covered. Further
flexibility is provided for such a sweeper wth
detectors onboard 25 because it can adapt to any
ai rports or racing tracks 44i t hout prior
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digital map of the area of interest and the sweeper
can i nmedi ately plan and sweep the concerned area. A
report of sweeping effectiveness can be generated to
nmoni tor areas before and after 30 sweeping. It wll
be appreciated by a person skilled in the art that
numer ous variations and/or nodifications nmay be nade
to the present invention as shown in the specific
enbodi nents wi thout departing fromthe spirit or
scope of the invention as broadly WO 2008/ 010772
PCT/ SG2007/ 000211 27 descri bed. The present
enbodi nents are, therefore, to be considered in all
respects to be illustrative and not restrictive.
PCT/ SG2007/ 000211 Received 20 May2008 28 CLAIMS -
W claim 1. A foreign object detection system
conprising: a plurality of detectors nounted on a
vehi cl e and capable of receiving light reflected
froman object on a surface, and produci ng data that
indicates the presence of said object as said
vehi cl e noves al ong the surface; and a conputer
electrically coupled to the plurality of detectors,
said conputer being capable of processing said data
and generating an alarmto alert an operator of said
vehicle to a presence of said object; wherein said
data conprises a velocity of said vehicle, a velocity
of said pluratity of detectors with respect to said
object, and a distance of said



' object fromthe detection system 2. The detection
systemof claiml1, further conprising a plurality of
light sources nmounted on the vehicle and capabl e BfT/SG2007/008211
. illumnating at |east one nonitored area of the Received 20 May 20068
surface with light, said plurality of |ight sources . -
capabl e of being electrically coupled.to said
conputer. 3. The detection systemof clains 1 or 2,
~ wherein said processed datdd further conprises at
ClgdME one attribute selected froma group consisting-
of an inmage of said object, a |ocation of sai d
wbiced:, a tine that said data was coll ected,’

{rat eRisgl; ES%&&B@tg@ﬁon%%t&n%&%ﬁn and a size of Sa' d
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a dat abase _con sai d B oceeégd[ag‘%]ar
SF AL ] on
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S C an BRshicdHidcs [aascatiomef said object, a time that said data was collected, a

matenial texiure of said object and a size of said object.

4, The detection system of any one of claims -3, wherein said computer further
comprises at least one visual digplay scresn and at least one speaker located

- within said vehicie, wherein said processed data is used to generate at least

one of an.audio mfarm through said speaker and a visual alarm on sald
display screen to indicate the presence of sakd object to the operator of said

vehicle.

5. The detection system of claim 4, wherein said deteclion system further
comprises a global posifioning system electrically coupled 1o said computer,
said global positioning system capable of providing a position of said vehicle
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an. image object detection nodul e capabl e of

conparing said processed data with said digital

| ookup table to determ ne the presence of - said

object. 7. The detection systemof any one of cl ai chgd(fgggmgﬁé
2-6, wherein said plurality of Iight sources Y
conprises 4 laser line generators nounted on a -front -
of said vehicle and two xenon |ights positioned on

said vehicle to illum natezsaid nonitored area. . 8.

The dgtafitduRRces ¥t 118 Rhatohabhib ophek Sl @8 Ristll dipiag

4 | aser |line generators further conprises a

convéF§fhig I ens capabl e-of focusing laser light in

said nonitored area 9_ The detection systemof claim
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Wi t h'sgar?n%qu |atngr ed area. 10. The detection system

of any orie of clains 7-9, wherej el th of th
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11. The detection system of any one of the previ ous
claims, wherein said pluralit detectors i-s
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" The debiewd k%nﬁfbﬁfts%r@éne@'cﬁ'dﬁld]aﬂehlcléh@m@mlﬁxafel"ﬁld monitored
phot o raph| C imager is selected froma group

consi ng of a line scan canera, a Charged-Coupled -
.Device (CCD) camera, a Corrpl ementary Metal - Oxi de
- Sem coedieinsn fyEWOSY ceumB ehersindachmp! s3id 4 seding gR)erators
cane ffénhe?'&gm%@&ea Boradghg bt @9eap bk GodimoRberlighd ki

;::Jlrr{)rlgnemsjre areLaeast one of a pol arizer and a Ilrght

| 9. The detection syékem of -claim 8, wherein said converging lenses ﬁf-said 4
laser fine genéraiors in combination focus laser light in a finear band
perpendicular to a direction of fravel of said vehicle, said band being between

50 millimetres and 70 miilin%etres deep focused between 10 meters and 12
matears in froht of said vehicle, within said monitored area.

10, The'defecﬁoﬁ system of any one of claims 7-9, wherein a wavelength 6f the
light emlﬁed from said laser ng genarators is in a rangs of about 800 nm fo
about 9(}0 nm.
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13. The .detection systemof claim12, wherein said .
plurality of detectors .conprises two photographic -
i mgers and a snap-shot canmera nounted on said PCT/ISG2007/680211
* .vehicle, and wherein said processed data includes Received 20 May 2008
stereo i mage of said object. 14. The, detection

system of any one of clainms 11-13, wherein said

plurality of detectors further conprise two Ladars

mounted on the front of sai’d vehicle. -15. The :
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threg%a%%égéﬁ% e?gg{%{'gﬁ?ﬁ |t%%sgr'the presence of said

object. 16. The detection system of any one of clains
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“sai d2ghpe éfrared {IR)Y R =fRe £BE WheTRINSRist —hefoatepbic dhegpr figther
any oeeprisés ailiedshsne/of hyolavikee bied Aligafigrl i ght  from said
| aser |ine generators has a wavel ength of 680nm and
ergi n i conputer generates said alarm
A T e T A R SR —
The EREPREEES bYr Bpesenhisl meber and 2, snpeid eemeranmadngidngs
a t I ks ReHidiS rankdOwidrain SHikitproce el REATBUGR AsbRBAlh of
r-enoie, fiom sai d.vehicle. Arended Sheet 7PEA/ AU :
PCT/ s&Q007/ 000211 Received 20 May20of 31 19. The
detecti on system-according to any one of the previous
@ ai g, deteriipe isystem ef a0y hie blecldins B, wionpn issiepiaiity of
br Usdietadls Arffatidipriss/ Sio® Blidrd ol RBPYH AP 1SR ofsaiPRnRR!
fromsaid surface. 20. The detection system accordi ng
any _?hne f claims 7-19, wherein said plurality: of _
i gh IO YR REFRIRGH e sgid) coegtter prplyzes the dat
generesgidd frppuerch db srid detecivrs,gihd phesratvehiichlamanitbnad isast
| easthred RIPsH@BQBCtbis Gk calihbretbnes of 36 dh of the

vehicle, said plurality of detectors. further
%onprises a line scan canmera nounted on the  rear of
Phe EriRgoEom AP a8y Ot J2Im5 Uit e whersinraid enap-sbét
t he mra:i'sea,cﬁvated by said computer when said global positioning system
provides a signal to said computer indicating that said vehicls is within a
stipuiated distance from said object. '

17.  The detectio_n system according fv any one of daims 7-16, wherein said fight
“from said laser line generators has 2 wavelength of 880nm, and wharain said
computer generates said alarm to.indicate ar aluminium object on said suface,

18. The detection system of caim 17, further comprising a transmitter to fransmit
said alarm to a location remote from said vehidle.
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and wherein said conputer generates said alarmif the
vehicl e passes said —-object. 21. The detection
system according to any one of the previous clains,
“ whérein said surface is one of an airport runway, PCI/SG2007/000211

hi ghway, a railroad track, and a racetrack 22. Thé&eewedmmayzggg
- detection systemaccording to any one of the previous

clainms, wherein said vehicle is operated at a speed
- of at Ieast 20 kilonetres Yer hour, and said
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vehi gli&t +83 said s[iBLl0d of detecting a orel gn- 0D} &t
“on a surface, the method conprising the steps of

roviding a systemconprising a plurality of
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]
vehisabianiaheigeis abslosy ng. Lhe computer ro
progg % S the dat a f;r)orrr1Ir %L%%%p Sﬂg%gil |%m g?”d’?f"é’@t”&?-?s selg

t

det ec he obj-ect and to generate an alarmto
i ndicate a presence of said object to an.operator of
?ai 0o shiegion sydare actedingoeay onk Bl ALl EETLHZ002L,00021

RecelLyed QQJnUBA‘F grpgu %ﬁ rﬂﬁ“%& Se I@' (gjil}lv%lg %?gztgggghack an‘%?’a

vel g%e&% of said vehi

plural ity of detectors with respect to said object,
- -and a distance of said object fromthe system 24.°
Z2The Th@ﬁé‘i@ﬂoro:ﬁysﬁhaécﬂ’ﬂ:raﬁg to\m Br@ s ﬁ}eqo&yéguﬁ% uLther.

?
conpri.seg ur.ces. nounted on
t he yehi cidg(egir? capa%eg t% 5] iEI tﬂ%ﬁ‘s ﬁ%k'g’f“el“’@%?ﬁfhéﬁé

said monitored area is at Ieast one of a first area in fron’{ of said
veh:cie and a second arsa bahind said vehicle.

23 A method of deiecting a foreign object on a surface, the mmtlnod compnsmg
the steps of .

prowdmg a system compnsmg a pluralrty of detectors mounted on a
vehicle and capable of receiving light reflected from an object on the surface,
and of preducing data that indicates the presence of said object as said
vehicle moves aiong the surface and a compuier electrically coupled fo each
of the plurality of detectors;

driving said veh:clg along said surface; and

using the computer to process the data from the plurality of detectors
to detect the object and to generate an alam fo indicate a presence of said
object to an operator of said vehicle;
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N

noni tored area of the surface with [ight, said

plurality of Iight sources being electrically PC :
. coypled to said conputer, the nethod further : ngff;gg}?gﬁ;
_conprising the step of illumnating the nonitored : v

area during low light conditions prior to said . using
step. 25. The nethod of claim24, wherein the
plurality of l|ight sourceszgonprises 4 laser line
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t abl ecgedaA) BdupRd kR BRbiuER, 166 REBHE FRGeDaRpHSiHg Bk step
charagteristics of known or scanned articles, and an
i mage "obj ect detection npdule capable of conparing
sai d pr ocdbalginge RIS EPY dﬁ’f’@l*‘l"ﬁ‘l'gh ToRpre RrQbPéa‘d
to detsimggtere a presence of said object and wherein
said using step further conprises recei vi ng -and
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caner as,
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. det eckéron ligaciskitiorted whethe viehinie 1t flemnaesea eeontifret laesa, the
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- conprises focusin aser lfion

PCT/ SEXBEHI0603% b BT S 9 R 56 obiec

module capable of comparing said prccessed data with said digital lookup
{able to determine a presanse of said object and wherein said usmg step
' further c;omprsses

receiving andr processing a data signal from each of the line scan
cameras; '

comparing the processed data with "kh& digital lookup fable using the
image object detection module to determing the presence of the object; and

generating said aia_t‘.m using at least one of said speaker and said

display davica.

26,  The method of claim 25, wherein each of the 4 lzser line generators further
comprises a converging lens capable of facusing laser light in the monitored
. area; and wherein said iiluminating step further comprises focusing the faser
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light in a linear band perpendicular to a direction
of travel of the vehicle, the band being between 50 . ,
mllimetres and 70 mllinmetres deep focused betwee

10 meters and 12 neters in front of the vehicle, . gcgff%mﬂﬂn
wi thin the nonitored area. 27. The method of any one 2y 200
of clains 25-26, wherein the-detectors further
~conprise two Ladars nounted on the front of the
vehi¢le, and wherein said33usjing step further

conp fight ina GEseband prparkisulat mranitehtichhe ralj) aﬁﬁe vShicie, fhe
det ebsreibeby; beatech@astillinbf2end o Iifndel 8640
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alarmto a location renpte fromthe vehicle, the
4’ ghthe mediert ofeativases of ickinsg @66 atvaersin Nas c%tectors further
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al um éﬁ@ﬁﬁe‘%&@g %%”"’%5 r‘-?e%eé%ﬂ“g 3’%‘4@?’5&‘1‘ g °§'F@pﬁ deectariey
conpti EeseE Pl RGeeRE™al armto the renote | ocation.
29. The nmethod according to any one of clains 23-28,

2ahergieetidd &' ranir @nd Bieciaqug by—bﬁ glr[’%&-zﬁﬂh? ! hi%}ﬁ"l'%\%&sé nﬁ)gses
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t he wi n
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FUrther conprising a step for renoving the
det ected foreign object fromthe nonitored area. 32.

29he THe trethddoRscayRicen Sy a@yofoaﬁmgfzscésamreﬂx %ﬁ fo.the
Vmeﬁﬁ\hr'ﬂ;' Sidb, dth& %ﬁgde{uﬁ%ec% g 8 cl&r%rf NS ):’gliun eof sewr;epmz

fie rocess
aFo"g‘ &‘y &”ggfﬁeoﬁ ¢ g Frivieg, Sf%féﬁ'@r romyiisgs akigjog blbhgn

det €C
conBRIsE replurafipnofimwespios emes.al  U(x,y:t) that is gi ven
by the formul a Anended Sheet ] PEA/ AU

‘ SUPCT/I' M&@.Zé%@@%}n 29 Rﬁﬁe%:y?l% %veepmg zglgﬂglare %grrct(mlrer ischzam &

i 7
y wrdth of the monifored area.

31, The method of any cne of claims 23-30, further compnsmg a siep for removing
the detected foreign obje'-t from the monitored area.

- 32, The detection systern of any one of claims 1-22, wherein said computer uses
a time-varying potential field algonthm to process said data.

33.  The defeclion sysiem of claim 32, whersin said aigorithm comprises a
dynamic potential U{x,y,7} that is given by the formula
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df dz wherein Tr, is the velocity of said vehicle E

is the velocity of 'said detection systemwth

respect to the object, d; is the distance fromthe i
object i- to the -detection system n is the nunberRPfigffzzgmgié'
-obstacl es, and k and kz are constants. 34. The !
" detection system of claim33, -wherein said plurality

of detectors conprises at | east one detector nounted

on a left side of said vehttle and a- right side of

sai d.vehicle, and%erﬁl Egl dk%g@r%t hm can be used

to conpute said Ig z jeach of said

left and a right detectors. '35 e detection system

, of c IVaieFRIBH, isvitrey<dodly seszitl e, isshelodiRay @ﬁsé?cﬁéﬁé’ctgﬁ

g_pms } of sa d dypam c potentials for each o
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pot enti al field al gorlthmto pr.ocess SHigdErE. 37

The net hod of claim 36, wherein said algorithm :
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|
| Vv gt ggﬂt;l{t ¥!d9Ef %ﬁ{\%ﬁ'}ég rf:rhc] \shereng 8?:3 lalgon%iﬂa cﬂbﬁ’%’ﬁecj tqjcompyite
the & %?’3’&@& erEgHR! @a‘éfb?fé;é‘ﬁ lgft arg atright dethetoect | on

'system n is the nunber .of. obstacles, and k, and k2

: zare ‘Cﬁﬂ’kﬁ@ﬂ&rﬁsysi%ﬁr of Eafn BRLRELPLEd cms%eﬁegmgggseebnﬁéa

sai d etectors c rls
det e%éf?%ér%%guﬁlg C?Y”gmice??te%qa% 62 sPEhi=d éﬁdamvéhfa
ri ghteiPe of said vehicle, and wherein said |
al gorithm can be used to conpute said dynam c

3pOt ETHel ridthddr cBRE 3, Qe &, a rdant
det egt o %5 cnded Shge !:IP%R}%%P%F/%@OWWW
Receil ve QBT"]\}E - . The met hod of cl ai m 38,
wherei n said Obj ect S -det ected based on a‘

- SEon'p'ﬁﬂ wethofof StHird Iy ned<in RRIC Bl bk cfag\rpn%cg cgrt\amzc:
sai q)oke?lglzll zﬁ(@,?:,ﬁ thgpig gnfgl? E)? &L VWehia

Ul )= 2(7+ M}
1 .

a

wherein ¥ is:the velodily of sald vehicle, ¥, isthe veloc:ty of said detectaon
system with respect fo the objsct, d, iz the distance from the ohject i o the |

detection system, = is the number of obstacies, and & and £, are constants.

38.  The method of claim 37, wherein said plurality of detectors comprises at least
“one detector mounted on a left side of said vehicle and a right side of said
vehicle, and wherein said algorithm can be uséd o compute said dynamic
potential for each of said left and a right dstectors,
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The method of clazm 3B, wherein said oblect is «dﬂtected based cn s

comparison of said dynamlc potentials for each of said left and nght
" detectors.

38.
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