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Runway Surveill ance System and Method Field of the
I nvention The present invention relates broadly to a
waymbemoand et hod for runway surveillance. BaPRysG2008/000311

Runway surveillance is ver;i i mportant for airport
operation. Runways are continuously subjected to

damages, such as potholes created as a result of wear

and tear of RupwhgSuresillaidesysehi sneMetrddg the

runways. Cccasionally, debris or foreign objects may
occur on runways, which can be due to jet blast,

Fieldadfries Riventicike- of f / | andi ng, natural causes etc. On an

active runway involvin he venent of aircrafts, the
o B st Hvastig, reiaions el 16,4 S¥sEay, a5 qnéthod for Rinway
survéildrzequential loss of life resulting in significant
| osses to airline conpanies. Different nethods are
enpl oyed to conduct runway surveill ance.
Backgeswenti onal Iy, inspection officers nove around the
ai Fzgort runwa‘}/s to_conduct vi Su?f’lé and nua{i
suRVBYVRY AHEENIRER | 15dYRMI TPOrRR IRy @ QRPN SRUMRYsS are
contianduél.lyaboTjeTct@ﬁ QﬁﬂamgeELb&Ichasgmtﬁoley iceastdd b apesiii 6wéesr and
unrel | e gs It 1S subjected to conditions . .
toar &\ A GIAPh G & iR S SheTube o o= BBa, bt &5 foreian
obje&ty Sh@®Scaiph oMhwgys; adivh dad isteties to j@abBge sircraft hdkesofinN@dnding,
I%ﬁher haz?rdé on an.ai rport LU %,gd its ad{ aﬁent h
naturgl ccauses 21g QDsPR AT T WAL ANOMIG G SIRTESEt gharerads, the
preseiseibf FOOr magead &l an\air crash wndegonaeglentiél lesd efllife resulting in
. ﬁl%qall S frtom ﬁné/ forei.gn object are detected and
SIGNILEAT'P8TFS '8iPHURE PHBPHR'TH owave signal s are pul sed or
structured, the tine taken for the signal to reach the
receiver, is, calculated fromwhich the distance.to th
t oPletftshstaids fi¥' uripyad S iaPdlS R BRE pnventonaly,
inspft&bhngfﬁsqsral meve \emueride thgt ESpmduﬂiw%hero p%hcmet vispelt atd omanual
requenci.e t \{.S.possible to achie i gher . '
surve IS BrBeall: g Taechion [y Serid g dataivg Farthermors
visudl dadpgeiamnds ohralideds as ds\eubfecteditos geiditions surrguisding thadatiway .
for runway surveillance has its own limtations. Wile
radar is an excellent neans to detect netal .objects,
i t Somd eBsorensé taui@matad dnistents renphayingreddal |tb cdetect damages,

et e g AP B ARG DS B SRaR Th Asdwem using
radanBi ohicpneivk engndl ¢ usually tradanitdheest s yaiveaysand-tuflebied, signals
frorr%%n?ff%g@ﬁq%get% %?%@?Léc?q%h%{?cﬁ gxpfal%eéj. eéir?c?et Jchrégmls’crrrclaavlleltv%rsignals are

pulsed or structured, the time taken for the signal to reach the receiver is calculated

_from which the distance to the foreign object is derived. By using radar sensors having

smaller wavelengths and higher pulse repetition frequencies, it is possible to achieve
higher resolution in range, which in turn,-may reduce the background clutter.

Howevef, a system using any radar for runway surveillance has its own
limitations. While radar is an excellent means to detect metal objects, it is less sensitive
in detecting non-metallic objects, such as rubber. Objects made of materials having poor
radar signature (e.g. rubber) can cause major problems for such radar-based systems.
Further, radar may not be relied upon for detecting smalle_r non-metallic objects!Further
limitations include radar blind spots or shadows due to blockages caused by other

objects or infrastructure. In addition, radar may trigger a false alarm by indicating a
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[imtations include radar blind spots or shadows due
to bl ockages caused by ot her objects or
WO pdopastosuct ure. I n addition, radar may tri ggePCEHSGZI08/@00311
al arm by indicating astrong signal for signals
reflected fromeven smal | getal obj ects that may not
be so hazardous. A radar based surveillance system

stroﬁgggrgnglaﬂbk% nafdl rgﬂlsétgg e F@&ﬂ Lfrﬁé’él FB}%@SI tﬂ@plﬂa&/tﬁbt be so

sy I'mage o or verification
hazarrious; harader éasachsuwllwetsuatewéwa ks “igishigensea’ gop eytfers from
mabhtb). C;%rgwbé‘(/fsaé gE ?ﬂ%@éct'fmrmgatﬁ%sémér&tg%%ﬁ by the
obj ects, cracks vOIds etc.” on a runway. However,
operast ens enpl oying i nfrared or thernmal -i magi ng syst ens
can only sense the infrared radiation (emtted from
objects), which is outside the thermal equilibrium of
t h@omer pupertt mijlize indraredl jon ftherMattineaging telermsl t9 Aaigchgbiects,
crac§¥ % ﬁ%&ﬁ@n %'}Ju}{wgy‘?tl-mev@pls?&%%s(é?n&oylﬁg P& & th¥didbimaging

rs on runwa have suffici ent
systemerqml orgy pensssthe igiged r@@jﬂ’@fm enified froppokiegidh which is outside

the H%ﬁ%g%qaﬁ?)%ﬁg?ﬁntglg%r@ﬁﬁng%‘ i infrankd &hﬂﬂe@uﬂ%ﬁ%égﬂfg system

magi ng system Further
can elyfdsteri nbiscist(eSus Mieop<f wigm nactal fabEa op 2adsiob rufMey} which have

sufﬂ%%)?? fl’nce‘?m%@ér!;ﬂl%{st ( Ql ol‘}]@l:tg Mﬁéﬂ R&ve pGWmeQrb%ntrb& mai pose

t1on rare Her mal Sy stens al so
signifisent chafiengesdiar wéré@@ld theymabi 551%&*9 ébée? tF‘b'H‘er the performance of

sucl Q?%/ e %% LEGEHRALRhdek aavdrbe %bth%ﬁ (e. geé‘cﬁ‘@we)ﬁther) condltlons In

'ance using one or nore video caneras pla
addiiietys infraeedr Ltharyd magmaeséﬁtem%%& Bk the a%e@h&lioar{@eged for object
det&!%ﬁ“dﬁ%ﬁac@ér&%&#%&aaﬂlﬁ‘&h@ﬁe visual 'y nonitored by an
operator on the console of an airport control room It
has al so been proposed to rely on inmage processing

( €. [8ocehfe K g PEishRUBLIGCEAL T MBreleidRe! can¥rdsOblaB¥d near the

processing video I mages of runways received fromthe
runwaiysy Ba$ IbgAR eereprRedayideoceioprls XdiRae {feMhiiehsRRgIas ATE visually

moﬁif&%cf B\ hh BPerBft? oft tﬁ\é’@&%"deocff A AARbREBntrdtirbsrh! ¥, -t he

pi xel "properties are not always sufficient to
di scrimnate correctly between the background and the

for@g{aguggo pbé@{ prcﬁdé%é@etbnwi onPREAEH Qrdtidssifig Sy, esddkground

anges such due to noise, clutter, extraneous

Subé"\aétmr& 10 iatech Ny ROD Ry PIIGeRRIRGVIdsA 'EaHES of BwaRdeceved from

the‘é’ﬁ%h@ﬁcééﬂ?ﬁé&bons Furthernore, currently used inmage
processi ng. systemis dependent on anbient |ighting

conditions and is not suitable for low lighting

gggﬁg@'tdgrt‘]écztlg?tﬁ\’rds% BRKGBENS b%ﬂefdtn@@ Rbs BIrRPARIf ipfodRini€ | Firstly,
the pixel properties are not always sufﬁCIent to discriminate correctly between the
background and the foreground pixel. Furthermore, background is subjected to changes
such as due to noise, clutter, extraneous events, variations in illumihation conditions

and weather conditions.

Furthermore, currently used image processing system is dependent on ambient
lighting conditions and is not suitable for low lighting conditions, which causes significant
problems in pixel characterization. '

Video cameras used in existing surveillance systems require additional assisted
illumination such as a laser light or infrared light for night surveillance. This, in turn,
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Vi deo caneras used in existing surveillance systens
require additional assisted illumnation such as a

wo awen2dosght or infrared |ight for night survePCT/8Gme8/000311
This, in turn,requires significant infrastructure in
an airport using such a system which increases cost.

Al so, the presence of an optical |ight such as a |aser
requlirbglgggnﬂfcahtn@ﬁ%gﬁ ttl.n'eglﬂt aﬁ@ﬁpérﬂh@:ﬁ&%’&hv‘é tspst@ﬁwh‘?ﬁhlch increases
ort, and may pose’saf et

costpAbsl tespreseneea of gatqnbﬁaldrghbisu@? as t3slager fight i infsered light can
mtenﬂﬁg WY off8P %gé‘tgﬁ’%zaééijj FrPH%' Ligdort, edrfer rr@?cr%s@' é‘ﬁéﬁﬁ problems for

re1s an rovi a runway surveil
naviggtioptof siserags ﬁb’ff@oﬁjﬁp@ﬁsa'@ﬁw@abpo%ﬁ @a@rdttﬁ@"%@tve

problenms . Summary of the Invention In accordance with

a first aspect of th resent invention there is

pr &grerdingly, shareds 1A a@ﬁc&%p@m@‘ma Binwet BEveilce. Mbickisgaks to
addiBh Bk or BERY bithe AbofAp@BRN{FOD) on a runway conpri sing

one or nore caneras for capturing inmages of the

runway; and an image processing systemfor detecting
Suntigry/$fthe hidiRidninway based on adaptive image

processing o e images captured by the caneras;

whét @cepreances with & fwsa@éeeféﬁtta@npr%se&a iyenien $hespds arvided a
survte%né:e@s?&ﬁ ?cSi'tde@e!l:tlH?I AbrRff dhjstydebRd, ¢H dHMaRPOBYon a runway

i ght conditions wthout assisted illum nation such as
compﬂwguo@a B MPEss AMBIISAT FaRIYHRY iMeges plalle PrYeesaichgn image

proc%¥§h§ BySRYh fRPLYtebiRY the® POBN 6K RO ruARA) ¢ESed Qmeﬁkﬂh%iﬂﬁé image
t he ca?tured i mges. Means for enhancing the caPture

proGesgige & mmasl%rqagwr%é RY $ie pREYrap; WhRiein heSypailiance pysiem is
adaﬂ)tﬁ/fety_éﬁénéﬂlg Rir chblb HetechRludePPRE day érgogrglt;ﬁﬂ Sbiehiighf donditions

or a Scharr X filter to the ured i mage.
W‘th%’feaﬁsﬁiﬁj’e"“ﬂm@@&%%ﬁlﬂﬁﬁ‘ ayatraiRf PhlPsEEIMIHRARISI f t he
i nstant of processi ng is a day-tine of night-tinme; and

detects an abnor nal ?e@; cond|t| on, such as due t
ai rldPaiMagea REAGEGSIBE %ws ARy ERRnNRgS eBhargesan 'methods to

enhy;&!ytﬁgea MRHgesf rom the captured i mage during
ni ght - tlﬂrrg Det ecting of the abnormal |ight condition

may conprise global histogramand statistical analysis

t 0 MedRRoP eﬂﬁéﬁblh?’ﬂ&ecélbtﬂﬂéd%@g% rrlfﬁ%[ SorRp@eediHigh pass filter, a
s and identities

Sobp LR BTRR oGBS A LSS Tl 19 G IsfCTRep o @ Sgharr X fiter

to tH PRl thagd. ue. 1 mages for which the abnormal i ght
condition are detected may be ignored from -

The image processing system may determine’if the instant of processing is a
day-time or night-time; and detects an abnormal light condition, such as due to aircraft
landing or aircraft taking off or ground vehicle movement, from the captured image
during night-time.

Detecting of the abnormal light condition may comprise globai histogram and
statistical analysis to compare each image with one or more preceding images and
identifies the abnormal light condition based on a chahge in intensity with reference to a
threshold value.

Images for which the abnormal light condition are detected may be ignored from ..
further processing. o ‘
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further processing. The i mage processi ng system nmay
adaptively estimate one or nore threshold val ues for
wopipnoedosFOD edge extraction for different PCT/SG2008/000311
envi ronnmental conditions; and generates a pixel |evel
edge map using a statisticé4l nmethod based on
progressively | earned background i mage edge map to
deternmi ne the grayscal e | ookup table (LUT) to be used
to generate pixel level threshold map. The i nmage
pr dbedwingg psycsseing rsystefrumal exdaniiysly estimgioratie ¢ mpes thieshold
* e . . e
valupd 5 BPAPRRD bl phion P iR EhiroRlRnl RANiKbAS ana
gendrates apbeidvat edge ogpassing taesﬁatim@g% glethodThrse&dnery @rogressively
' t ' r
ear R BEIRARL T SE BUT bt PRI S drol T MR 28R4RUT to
be ubad kygeneanate lpbwd levelghreshgldimdimg conpari ng backgr ound
edge i mages obtai ned at previous instants with current
i mge; identifying slowchange features on the runway;
andhepohapé mepaeiseing syiktgmonay futhee apagemppiah fiteringsto qnstack of
pixef SFBHEAIR a4 R DR h RO e PR ELRIEE Rl o pixel
that benp ecatinmgated tapegstthe gresheldr ound edge map, a
previously | earned and saved day or ni ght background
edge map, and a seasonal marking map generated for a
parfiiecimage progessnd Sysieat may @dg@ﬁ stlpipel. theheobuglagdoe map to
C A o .
oo AT i L b Bk OITRAL esrlifg CBMASIG Comparing
baclkground sdge thagasueidained @b prayiast ingfantsavigy et dgage) gdentifying
RN, o s ek TR, j t -
Slo, per @re rﬁge E]ees [ h% erin t% g&? ?I&?tg{ré tﬁ%%ﬁi@éﬁiﬂﬁdﬁdgg Imﬁbe with the
slow eftanging featueasvi r onment al changes fromthe suspected
edge nmap, and conputes edge paraneters of FOD fromthe
suspected edge map, The ‘environnmental conditions may
i ncThedimaggyprogessinghsystena iy gHher genaiaihe ¢uniersjte background
r [ : i
edgl A5 ol sl A8apIE NlckgRRd Sena i oS feftied and
saveDday) papbhidaskgrusd sgee e, a@a §pagsmat marking gl geherated for a
' ' ; operator at a control tower
paﬁgdrugaggﬁtgéréo]%%%%tnﬁ%{%olﬁ:%&gglét ection. One or nore of the
cameras, or one or nore additional canmeras may be

v rﬁa‘?ﬁsagie%mzé&mgn%S% iyt RARhSUSRRSArE dnd B8InBBsifeWackground

Vi s I cation.
edge map and the robust edge map; and removes background edges to exiract a

suspected edge map of FOD.

The image processing system may further perform edge filtering to filter
unwanted edges related to environmental changes from the suspected edge map, and .
computes edge parameters of FOD from the suspected edge map,

The environmental conditions may include day to night transition, or night to day
transition, weather conditions, rain, smoke, cloud or the like.

" The image processing may further overlay an FOD graphic on a suspected
region of the runwaykon a video display to alarm an operator at a control tower or control
room of FOD detection. '
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The i mage processing systemmy further classify the
FOD. The one or nore caneras nay conprise one or nore

W@ @vizosaner as, one or nore non-static caner aBCDEGA08/000311
conbi nation of both static and non static caneras. The
caneras may be placed on ohe side of the runway. The
caneras may be placed on either sides of the runway in
a staggered manner. Wien one or nore caneras fail to
function, respective adjacent canmeras nmay be operable
t cOse\asr mptee ofithaysanves. e bYe tHempPe RedtieratepaiecragHaay be

arrar%ﬁ (f)&'r zoBRMiry SHRh8 SuSEeetE PR IdnS6r \ﬁfl?al QEriffERti6n.

chrone “caneras, one or re col our caneras or

bot h. The surveillance system may further conprise one

or [ S GAME ‘ace may be

di -{/iﬁ%gﬁc&r‘g{érﬁ %eg\égwpus?gﬁel ty ?)fﬁﬁéhgg ﬁ%\ﬁ?i‘s&%{%ﬁgf I:{)ne or nore

non-stati c caneras sequentially scan the runway

S egfR s RY G e B erhO mdy R HBHRCEAL Br nfors tshiticCoabirS, Gone or

may detect respective |ocations of aircraft take off

andhoreanetl-stgtioeameras on aeeynbinatian oh Beth $taiisangmen; static cameras.

camera is directed to first scan runway segments in

the respective locations of aircraft |anding or take

of The samerga ceaywDrlgeeten Pof SidepétheTHBWRYmge

processing. systemmay apply tenporal filtering to

filter out rain clutter in runway scene inages by

r edbgrragieny Maynbe i Meceshar ither isidescd e FUBMIY Bt 3 gipggered
manftutter and based .on the notion clutter due to rain

occurring across the entire runway. The i nage

processi ng system may apply tenporal filtering to

fi Wl dhidtor SR ca ek d<Ltail td UL YesHReNR AdJRERS ciMeras may be

recogni sing snow |1 ke characteristics of Snow notion
opergblgtte spves e aeae goveret vy thptalet caPe@fer due to snow

occurring across the entire runway. The i mage

processi ng system may nake use of markers or anvva

eddBe1angHrSMeisc eATBRrag| oA COMEN$H AT Of A monochrome cameras,

one bPAot A8 &l chnféir&£6L AR, ON the runway and on sane
vertical distance fromthe side of the runway for

runway scene calibration to map pixels on the inmges

of ThReuhEN¥RE §Rtdth BfdySTarteécntbriBaloRé oPmotdRight vision cameras.
real -world co-ordinate frame (such as WS84 or Airport

Gid). The inmge processing system may make use of two

Panalnfhy RBOk&EO Mg be 4ANBY iltd BeSuraity @AGBgHEAR, BAd Bne or more
runway niddle liné and the runway mddle line to
nongéaticy 6amgfgs sequentially scan the runway segment-by-segment for FOD

detection.

A static camera may detect respective locations of airpraft take off and landing
on the runway such that a non-static camera is directed to first scan runway segments in
the respective locations of aircraft landing or take off to reduce FOD detection time.

The image processing.system may apply temporal filtering to filter out rain clutter
in runway scene images by recognising rain-like characteristics of rain motion clutter
and based on the motion clutter due to rain occurring across the entire runway.
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vertical pixel mapping ratios for runway scene
calibration to map pixels on the inages on the runway

WO eoopozwsse co-ordi nates on the real -worl d co-PCTHBGZ0E000311
frame (such as WES84 or Ai%port Gid). The inmage
processi ng system may nake-use of nonoscopi c Vi sion
and cali brated runway scene imge captured by a

rmrméqm@%D srassystgt Sysekeh eﬁ@y agpw h@mpeﬁal tfllt@rfhgﬂnﬁfllta?trlﬂﬁ snow

on ther [ m nma
SIUtED MR, SRS BHOEM Y FohTg B O S The P BAcE fiag o snow motion
clutt6PamRl iBasednahé€ aldtibh alueer dusneayomaRarringReMst the entire runway.
automatically control the non-static camera (such as a

pan tilt zoom canera) to pan and/or tilt and/or zoom
andhermbgs lpEodé@ilﬁg aydtém rhay alkaiudetdt inepkat @rirm%dg% lights

i ent tail.s to enabl
localsgr IpTE L BB L (R R LR SR 7 Payay, did,pa game vertical
distacarffonT fee §N§bemefmpiwﬁylkﬂ rumapécaie%ambrawo;s t®Mmap Pixas én the

e G180 Fil o SEETTRE PED LS Ve S SpBTN POAAE RS (such

as Vee8p4bedirpsrogyitihe di fference i mage obtai ned by
conparing the two i mages as captured by the two
caneras covering the sane area of surveillance (field

of Thedmhge prédessing ryetgm may acaker ukanefetwoi pdnaliel sednthl runway
ect, o present .ipventio here i

f, th . i.d ,
ine R 8h i 8 AR Mt I0s AP 1he SUPeE M A, Berive two
vertidaibgikel, magpirtaraioe férﬁ@@)vapsca\d uaﬂmaetsonttbenaimpixeld on the images

sin turi rformn
on E8TB0WEL ' e pocedtg oBr Rersar il S8 Bp dfrf felen as
WG884 echirpgt Ghe). FOD on the runway; whereinthe nethod is
adaptively operable for FOD detecti on under both day
and night anbient light conditions wthout assisted
i | I nﬂﬁga)rprmasbmgssy'sltém ameg maké ageer off | homoseapiordsion and

Descr s The present
callPo el R <GB0, AAGY CHUET DL BOmResPPlr Satona Pisterne the
positioand rangesof thve FODroeftke amwayt 0 t he acconpanyi ng

drawi ngs, in which: Figure 1A and 1B are schematic
drawi ngs illustrating arrangenent of surveillance
caﬁ‘meaeysﬁem may nrakeidsk af tte l@@@tpemtibm ade rage cfetnrmir@d by a static
or damages.
camd 33 ctPos], Bl TR ot etos Bl iRl orstatc
camere (Rrchad mah,t;ltFiog:m eamani) amqbaﬁ Bindroe tittedrall dresdoil aml/or focus
ontoCIé] ia:ré[? toogbtglr}\ete%gﬂg%' i%ggs %¥ tl‘ltehl-eOBr ﬁ"lesufflCléWteJ&E{Ilg ?d enable the

verification of detected FOD or to filter a false alarm

The system méy make use of stereo vision using a pair of surveillance cameras
to cover the'same segment of the runway so that FOD range and position can be
computed from the difference image obtained by comparing the two images as captured
by the two cameras covering the same area of surveillance (field Qf view) on the runway.

in accordance with a second aspect of the present invention there is provided a
surveillance method for detecting a foreign object, debris, or damage (FOD) on a
runway, the method comprising capturing images of the runway; performing adaptive
image processing of the images captured for detecting the FOD on the runway; wherein -
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Figure 4 is a graph showing a | ookup table used to
extract edge map in Figure 3A; Figure 5is a schematic
wele@woznysi | | ustrating redundant coverage of PCT/SG2008/000311
surveillance caneras in a surveillance systemto
detect FOD on a runway; Fidure 6 is a schematic

drawing illustrating a runway surface scanning
t I
the ﬁ"\%%"dqé %gafgcﬂle@rbﬁg%&ﬁ% SH I*C? 5 é:t%{r%tﬂl&‘) Hﬁ%n?/@m elflf ?gg’ nfyhf ambient

llghmdﬂlgnﬁylthwt anpsislet) dhli”i‘r@ﬁﬂon\ﬂhlpb BS irilesed Qrs,léSfo'|'Wﬁ9¢Q§ﬁ
lines for image calibration (pixel to real world
co-ordinate calibration). Figure 8 shows a schematic
drawi ngs illustrating a conputer systemfor

Bnéffﬁésgﬁﬁﬂahaﬂtﬂé@rdmhggd and system of the exanple
Descri ption of Preferred

Entidiei presant invegtiore istfnrther desstihedry ﬂ/\@ycnfawndggmtmg embodiments,
with rbfersiidedd m“ega&e«ﬁs%an@@%mgsoﬁn wHiENei | ance caneras in

a runway surveillance system 100 to detect foreign
objFigure | 18etsnds 16 aansghamaticodyawnos Hlustiriipgd1 @rangement  of
surv%ﬁl%ﬁééj'cag\ f’éé #H aeééﬁghlgn@é"@ﬂéﬁem detHoe féﬂé@WaMbjectéo@ebns or
is centra ' ocat ed, adjacent to taxiways 10
damgpggs fr@-kon ﬁé‘PWYlOZ A plurality of surveill ance

CamS 2398 phate! ot dhag of u@metaéﬁnd&ebwoaine%mﬁnem
edge of the taxiway 104 such that the axis of each

survelres dfcanct dReara detrdled Jlopeshasitn Aneapmbedimgat plethgtpyesent
invebtiot:ne runway 106. Each surveillance .canmera 108 is

operable to scan a field of view 110, havi n?

horRig¥atdals aaEPE Dewindenopkyp table o9 19 BXECY pggmepdn Figure
A:i ncludes portions fromthe taxiways 103, 104, runway

106 andssg_rass fields 102. Each field of view 110al so .

i ndiigiesd ism eshaseaticdrapiiot ||Itgﬁiqrsatlmg_;gqungﬁptagpvgfﬁg&@’rﬁurvel"ance
canfRiBi i foillAceRYsibhfto deRRY OE%h o FltRvagur vei | | ance

caneras 108 are positioned 200 ~ 300m a fromthe .

r urfigiyre &g acsicbamatia fiauing Busteting ¢d Hnwpﬁw%acs@@ﬁ@mng according

to aﬁcglt@ﬁ,%me gﬁﬂ’@&ﬁ;@nt Vhdeo data from each of the canera
108 is feed to an P plication computer system (not
'q

shdvgyre; f ia & Sehempliq siawing rilyshiating | THB¥R 1888 GecHing to an
em@dcﬁrﬁ@ﬁttwhlaﬂ‘ thakes ek¥ 8 riHvigaindatér ihigBlcarfasef (dhel %o real world -
deo pr ocessing unit of the application conmputer -

co- @9@?@1‘?3 ipfoB)pl i cati on conmput er system continuously

Pr ogigaRes $hfvy ixdsendrmaim H?&Niﬁgé\é%sltﬂaﬁﬁgea GRARAAST bpstem for
. detect FOD and alert the oPerator when a FOD is
implrmertingithe spethod and system of the example embodiment..

Detailed Description of Preferred Embodiments

Figure 1A is a schematic drawing illﬁstrating an arrangement of surveillance
cameras in a runway surveillance system 100 to detect foreign objects, debris or
damages (FOD) on a runway 106 according to an example embodiment. The runway
106 is centrally located, adjacent to taxiways 103, 104 and grass fields 102. A plurality

- of surveillance cameras 108 facing the runway are deployed along one edge of the

taxiway 104 such that the axis of each surveillance camera 108 is perpendicular to the
length of the runway 106. Each surveillance camera 108 is operable to scan a field of
view 110, having a horizontal angle of view 111. Each field of view 110 includes portions
from the taxiways 103, 104, runway 106 and grass fields 102. Each field of view 110
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operator in the control tower or control room 135 w ||
also able to visually nonitor the real tine runway
w0 pges06n a vi deo di splay (not shown). |n caseCEHBG2008/000311
foreign object, debris or danage (FOD) is detected
when the application con‘putser‘ systemis processing the
vi deo data, the operator is warned of it (visual
alsodRdi s iﬁté%é%lt.ﬁg PoRloms Ang/m By aay%erait%amgr@ hes sa@:hgeme runway
via nmobi [ e conmuni cati on nmeans such as SMS o
106/VB) . Upon receiving the al arm and/ or rermt e W reI ess
alert, the operator zoons a surveillance canera 108
onto the detected object to visual verify the FOD.
| f ThR spopillagee samerase s A Paﬁla?riﬁd(%lﬁ)m BP@MaAEYdrom the runway
and‘éke%k@b%odtq 5% bIOSRKI8EpihG aFn'&ﬁg e8RtsmIcakeygy. or control
room 1 he. detection of a FOD also triggers a
renot e aI arm (audi bl e and/ or visual) |ocated near the

FURKGRs 98- frdmVeddd 8§§1ea&eﬁ‘ﬁéra(ﬂ180'§ 28d %Mrﬁyﬁpl%héﬁv&mputer

woul d al so be triggered to noti t he runway recave ‘y
systeRaiirt $HRKEY) N Fheen H%éq"ﬁ’/eroo{qoﬂHWa%éoF‘e%@ t gn @EBRK- The received

wde@'o@@aﬂs%ées%eﬂ%%’@nﬁ&o Y)QﬂﬂeQélﬁ%hﬁﬂt et méraﬂph@at@ﬂtc%ﬁ‘tpﬁﬁbr system.

renove t eforelg ebris or rep

. e. ect
Thet wepkpgﬁﬁ@ecomﬁe’feguﬁﬁ?m| SR gﬂﬁrﬁ%“ﬁ%%“c? dhe wgggl (fem the

. sunRidnéd arféras 6 deRREHON 4y diér tHa dti&éibrswﬁérué IF IS is| REted. An

or infrared illum nator Eacgﬁof t s rveill

opefairoR dS FOBRAAMBE COHRTEH TP R LA AT algyaly moritor the

rea|rt|n§mtruﬁw5§ﬁ mgé@r@f a \n@ed @mplbwncktl gﬁmn;rm ddsel dny oRdighibbject,
a canera I ntensifi

dobfiayfir SPIoGE CIOPh T P e ik FPIFALER epPEmI B s

prodeRERE ahe idd Bbta, the logérafcﬁrﬁgrvﬁ’améd aF iHC(VSRAE BAd/oR aldiBlR alarm
| Xe ra, a non- static canera

uti on ne
and{ﬂé%& ﬁefaetep‘%'ﬁﬂg%g'éaﬁ'ﬁ BRODE A RMHRICSHON e BEAUCR AT SMTMS or
MMSPQD’{!)&ﬂPﬁﬂeﬁ/)ngJEheaa&ahﬁfdiorl remets wirdiBss &léfrtVQIhé lopB@€or zooms a

surlffbracerisia 105 ADBIe SRR AL | HEa verahPe g an FOD s

conmﬁ%dstaa%laﬂnh (&Gd’@éléhﬂldrslﬁmbl)% tﬂg@%fe%r Bcthi| dowtrbin@iver 8r control
ce ca

aerlllumn 0 e .surveill
roofigad. 1he chtectgn OEm Ao koS BIETOIE deranaa g SPipsysuaD
|ocdté63§§é?r taé rmmﬁay mmvaywir@ness a@qe(s@crro@sfssl\m sMS‘bN\MWB) would also
canmer SO

ve Gasrpa fe Pt s e rSPYRRG b LR RURIAGY BrutiyEcovery
teaRREHIB G rdcoiveGx A€ o BleZ0PR RASRER FOD P ZeamNe it fore|gn

can ge used to zoominto any area on the runway to
objeghtdeors r rpRKithe 42RE8%y of a  FOD. As the zoomed-in
vi deo i mages provide nore details of an area of
i nt.erest on the runvva\é Idan operator is in a be%

poSHE G268 cCAMERE HoRthr's abaSRHE 2 PHY IS 88 b“;ﬂ“im?éd with
ilunfikBloftetRieh et RBEr beinfraldd MlRinARPS)0EatRtof 18 sUNBIllance cameras

i mredi ateI%/ The PTZ cage )a or, zQom canera can be
108r¢é‘ﬁ’ottee?5'ﬁ of a high resolution day / night vision camera, a low lux hlgh sensitivity
colour camera, a camera with light intensifier CCDs (ICCD camera), a camera with
electron-multiplier CCD (EM-CCD camera), a night vision camera, static camera, a high
resolution mega-pixel camera, a non-static camera (such as panning camera, pan tilt
zoom (PTZ) camera or zoom camera) or a thermal imager. The surveillance system is
thus able to operate using only passive cameras and without the need to install

additional assisted illumination (such as infrared illuminators or laser illuminators).
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controlled by the application conputer systemto zoom

into the area of interest on the runway whenever the
wa@ppbioz@si on conmput er system detects a FOD, i nP€TI8G2008/000311

exanpl e enbodinent. Figure 1B is a schematic draw ng

illustrating an alternativé@ arrangenent of

surveillance caneras in a runway surveillance system

SOQhég Sehgsde & qper%‘ 1@%@9?&‘@%%@??;@% ‘mol%rélc'abéﬂ:éé’f f generatlng

urvel Iance caner e runmay
V|deahr0ag,esaof tbeigmw:a‘y fohmag@mrmﬁsmwowmrhétﬂ mﬂureadlgw Ggmeras
may:ﬁ t?é ltLJh %ncS agita W gﬁ Eﬁé{?e@?}f {\'{%eruﬁwé‘sy‘%\‘ ithe @&B_lf_ﬁé(%

ar-en e taxiway 1 3
aX|s of each survelllance canera 508, 509 is

gﬁﬁ}g Igg%nﬁﬁl:-za‘[:\ iggmﬁ ggrg%%ngl pr2f cérﬂ@rar SHBY 1388 o EBEM into any

I's operable to surveillance a
aredf orethe rofiwey tonplBain, a detailasyview iob aiFIMAR thergemegrin yideg images

provids mlc:rlﬁf Pet%h'é: bfla #\ P%%f?nﬁ%@oﬁqge I SrvPRETRbb Serk®r is in a better

surve ance vi ew 515 avi'ng an hori zont al
positiony i@ agsessi bw mgntlﬁé@ﬁarﬂu @@L@eéfbwtf@vf@%ode’[sqtﬁd and to initiate

appllfggétléd%ﬁ Fntn‘lé%f‘ﬁelp chﬁZ R Y%P 2403 cidra &éhr‘\ﬁ@Yremotely.

rass s 102. The caneras 508, 509 are
contgolied ryetbie aw@aﬁlaﬂqu?mpyf%@dﬁfeﬁh@t ZqoRkintq Begigp of |"@We§19” the

runvﬁé;pwﬁéée\%t' tﬁ@” %tloﬁaﬁﬁ&ﬁera@s@élﬂad&e&@@ FeideR ﬁ@dexample

ve a clear e of denmarcation or wth sone smal
embodiEnerips. Soms portions of the description which

follows are explicitly or inplicitly presented in

terns of algorithnms and functional or synbolic

r efiigentBtis ¢nschgmalise Aewingh dlughiating: an v@lieRiaiivg arrangement of
AERLE Efm E‘?ﬁ)é ru W@? QuAkHIhtd BYStém $08ab idRtdcPFOMBA a runway

uncti ona or s ol Tc representations are the neans
106u§~el@luwtyt ﬁO%EV%i repeapmaias §88 daging HieoBEweyry deplayed flong an

edgé oﬁvﬂé ﬁgﬁhyei oL CAthcﬁéﬁ/ pFuPé? /-)\ré wbstARHEn& chhetds B0Y kfa&lﬁg the

ers gorithmis hereg,

and
runyahisrdgiplayed @&ngeﬁh@efah@rdab eng e%ﬁ? Pf theriaxivar 1035 Bag @xiser each
sur\hl:f laRb& Eémleféigb@ %dg’ls%éiﬁéﬁcﬁ&ﬁ’arrte SHé tengli ef ﬂieeﬂfhvv@ €106. Each

hose requirin sical mani pu] ations of D
SU“@J@nW toRara his gparp bl wwe'"?m&nétff \?g%fhfé&b having a
hOFlEbﬁg r@l&é\ﬂﬁ&b 81 pfERS snuﬂleﬂta%@eaméfamf@bb@t@ble to surverllance a.

ared, and ot herw se mani pul atre&]Unl es

fields powipwi RIR) h9v'§9 Andiprzenal angle of xiew 52k Ee?ﬁﬁaf pt Y'F\‘yrﬁm 515
mclﬁ{ll% SidrV A thd faxittdys 188, ﬂﬂo'i'@ﬁ/\'/aﬁ}'tﬁ@ érﬁﬁhetglﬂééélf@luﬁﬂoz The

resent Sp eC|f|cat|on di scussions utilizi n%
camarash @& 509catP ATAHERS gtermnetgly pyshrihakthe fiefchpfl iy P30, ‘and 515 of

adj?&ﬁf‘%rﬂ5+a{égalternét8'etécﬁldtﬁér’ngnd ha®dbPaddr 1@ of @méard8tion or with
, refe he action and processes of a conputer

somg/gmelhpvesiepsi i | ar el ectroni ¢ device, that manipul ates
and transforns data represented as physical quantities
within the ) . o
Some portions of the description which follows are explicitly or implicitly

presented in terms of algorithms and functional or symbolic representations of
operations on data within a computer memory. These algorithmic descriptions and
functional or symbolic representations are the means used by those skilled in the data
processing arts to convey most effectively tHe substance of their work to others skilled in
the art. An algorithm is here, and generally, conceived to be a self-consistent sequence
of steps leading to a desired result. The steps are those requiring physical
manipulations of physical quantities, such as electrical, magnetic or optical signals
capable of being stored, transferred, combined, compared, and otherwise manipulated.



10

15

20

25

30

35

conmputer systeminto other data simlarly represented
as physical quantities within the conputer system or
wW@rGve2908f or mat i on storage, transmi ssion or diBQI/8§2008/000311
devi ces. The present specification also discloses
apparatus for performng t A8 operations of the
met hods. Such apparatus nay be specially constructed
for the required purposes, or nmay conprise a genera
pur pose conputer or other device selectively activated
or Unleg® apeqiinelly siajechotbemien, @ndige sgparentiresn dee foowie, it will be
apprE QR Bht thm%h«'ahgmel blagEnan bR AR RS RN A6/ such

are not inherently related to an Q,agtl cul ar conput er
as, “erlcdating, épﬁ@ﬂ?"ﬁl‘ﬂﬂs IYRiAGIRRs a5ef iBg”, ﬁ@?'ﬁ'@i{@ meetpURiEg”, or the
like, PEB¥r B8h&/ §@cﬂ)nvér¥dbr95é§%%§%$a 'cBmFGt%Péxﬁ@éiﬁ CorWiirhilartdMtronic device,
teachings herein. Alternative constructi on of
that r%?réo%fﬁ-é%laéﬁ Eeasfawardai%se%sq@m 8% rAhypiealr @vantitisy within the
comPRENSFhtSh RS TR (!Rﬁa AR rbgre8entdd 8s Phs16d WinBiesBwithin the

conventional general purpose conputer wl| appear from

~compyigr ehsiiT Ppetheh InfIMBoN steragsa frengRissipm ar ﬁlﬁ@@é ﬁﬁv'ces

speC| fication also inplicitly discloses a conputer
program in that it would be apparent to the person
skitN¢ eEPseRt srreification Alge dissloses apmraﬁyaﬁorsqeé@gm@s thegperations

of thmaﬁéhsd e86H bBS@l‘aﬂférrﬁéWbéTBNedﬂﬁly RUbstiuRicd Bf feGbqlided urposes,

onput er code. The conputer gram i s not intende
or "@é OMRER R 9%"‘%’?1&/“#1’8?’?‘? 694“3\""9{)10 giemtierige isslegtivale agfh\@ted or

recohfidl édl"iﬂ/t at b&ﬁp@t@?&ﬁéﬁram' ttordd lin Riee aBRPREratrad Agsidthams and

vari ety progr anm ng es and codi ng t hereof

displayg pE?éeU@detr Bin %In@h‘é\‘i‘?m{“ﬁé relalge P ABY Péﬁ'cglﬁécomp”ter or other

appéir!a@@' OFdtioBs CQ@ﬁ@rbﬂ qﬁlrﬂ%ﬁb’ee 'nﬁbchMéé efﬁéw bet b@eop Q/Wﬂﬂtp%grams in
gramis not intended to be |im

acc%%‘"tqed’l’,ﬂhathe ahings herg, A'ﬁsrﬁ%ﬁ‘t%‘e%(r f@eﬁﬁﬂ?f Lt?f'ﬂ'é Pf are spacglized

appdthtus e peABIYEIRY redUPEd AHBthothdtehs map bﬁ%%ﬁﬂjpfnéféf &Rk structure of a
control flows w thout delpartln fro irit or

convsptipnal genSrREPYTROH £ BRLICH eRRF TS th@rﬂfﬁs iPtgpReIQyY.
the steps of the conputer program may be performed in

paral | el rather than sequentially. .Such a ut er
L’gr% tiegy the RSP SBﬁC'fg‘ﬁE)o‘&o %t'mp"?'%&m Stedi GeRPULer

progTéIﬁ BaRBLE foulessappsrened tH@p@Béénlslkmb@dﬁl‘ﬁzt &t 8g8 the individual
steps rﬂ¥ ggee Sﬁaﬁs’CHQA] H%?cr@% o I@l%dgéy t9 aggﬁségt by Icompu%/er code. The

comb@t‘éﬁbfo@%rﬁ@s Mb iRteRdEE BEb&limPed Rﬂé@j M@qu:fro%'éhﬁmng language
ut er readabl e nedi also jnclude a hard-wre

and YplamEean ager@szfedwt‘ (ke apRreciated fias  hotanels b RrogAMMIng

lang\ﬁb?e@ SFBcIMiy Wetsol thyase @ealirpieent tAe 'té&éh@'ébﬂof'm@ dlﬁ:losure
honesystem The conmputer program when | oad ?I

cont@;@@é meé%]n dﬁowﬁr gh%gﬂ@ng [ﬂgg'ﬁg @tgdﬁ lgpdgd to be mlted to any

partefilbe ebmtvd fbw! ThEld Srel Mady o&i@?%ﬁéﬂ@ of fHt cdrniltenBidbfam, which

the steps of the preferrde f}
can use different control flows without epartmg rom the spirit or scope of the invention.

Furthermore, one or more of the stéps of the computer program may be
performed in parallel rather than sequentially. Such a computer program may be stored
on any computer readable medium. The computer readable medium may include
storage devices such as magnetic or optical disks, memory chips, or other storagei
devices suitable for interfacing with a general purpose computer. The computer
readable medium may also include a hard-wired medium such as exemplified in the
Internet system, or wireless medium such as exemplified in the GSM mobile telephone
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The invention may al so be inplenented as hardware

nmodul es. More particular, in the hardware sense, a
wore@alzoss a functional hardware unit desi gnedP¢DBGUOE000311

wi th ot her conponents or migul es. For exanple, a

nodul e may be i npl enent ed ing discrete electronic

components, or it can forma portion of an entire

systéjn Efhd BhthButBl bFddram SHHEh lééd@lnan‘épé&écgf&fdl &ns@}heé? bémetal-purpose
Integrated Grcuit (ASIC). Nunmerous ot

coma@§§¢f6¢qtlw@lv éesiglgiigan amag%ussmai ff@elemﬁm@ﬁae staps\gfthe preferred

metHRPr eci ate that the systemcan al so be inplenented as
a conbi nati on of hardware and software nodul es. The
application conmputer systemin the control tower or

CONhé HvehBOTMEF IdtABe Inifterhohtbe \wk Mardwits ti@ildss. More particular,
Configuring the surveillance, s ls 51V\/Ith gsgect
in thepRard\ipisesense. @anarys s éi@@?’@@% Greyars Haif designes féwuse with
othel @orPBRENS BFEadule&MEFt Sahigh, ad nbduleenritise frﬁwpslefwém@b using

an alert should be generat ed t of _alerts e
discisih ISCHRIe (RETONES Bf \EBoBR LBOHOR oF o 1k Bisctrortc dircutt

suclf 8&Tah a\pbhdétlgﬁ nelerifi lﬁl@?tﬁéd Omcdl’h@é}l@ﬁeNaw@roaﬂgitlﬁ?erqfoss,lbll|t|es
in _order to en

e an o tor to effectivel
exist o SErANIRE IECks SEISELARTRESIDEHEE TFETEER S0 pe mblemented
as a cohfirtHtioR B Batdwaie Bnd SoftWard aftR@Rson the runway and
classify the foreign object. The video display can
show mul ti pl exed video froma plurality of

SUMygi dgpAtsRnCeBsAsT sydtenb@l #et targrol ttvdriceladn®bl rebWi35 has
é}ﬁgl e of view) of each pan tilt zoom (PTZ) or zoom
the PAXMEPY FYRFtR omat i cal |y adj usting each PTZ or zoom

caner a tGynfigiising ithé s’iwﬂmynczos;memﬂtmra rédgssct @d teeauraber of

oo i gl Y o e SRS, ELfp e, overts for
wh;&pémmbﬂ@hsmab@gén@ratw&mtdf e%ﬁlsyetczoom ng into a

Forel gn SsB8. enid R o <5 S BgIBEe P ey Byrotely
adjushey ®Relcainera’ SRl oy v in eaméretoy endhié@ drheperatorab dffestively
corEl b e R ey I brfi f BRUBHGPE AR Bl on
the rUWEBY ah® cleRgifp tHies @steigh. ebjead TP vitebeditigd) cah howystitiplexed
videgegh L= ORFUFIHG B8 Lor Ty Ts gl ven for the -

I ar'eg est Sdledtiey the fielisst view gindleust vietr éfssachpahdilteiogm (PTZ) or
O T D T S TN A
zoof ififola 6&dirclare® Bf ingiteR @ntive heway. Bhedietevant PTZ or zoom camera is
remotely controlled by the application computer system for automatically zooming into a
portion suspected to. be damaged or contain debris or foreign object. This function can
also be performed by the operator manually and remotely with the use of the application
computer system.

4, Configuring audible or visual alerts whereby in the event a problem on
the runway is registered (i.e. a FOD detected), the system is operablei to automatically
generate a priority list of alerts in which the top priority is given for the largest crater or
most hazardous debris, or foreign object so as to enable the operator to take necessary
corrective action according to the priority list. The alert can be configured to be an audio
and/or visual or both. The alert could also include remote wireless alert via mobile
communication means such as GSM SMS or MMS.
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and/or visual or both. The alert could al so include
renote wireless alert via nobile comruni cati on neans
WG @b/ 02®SGSM SMS or MMS. 5. Processing and r ecordi/pg2008/000311
video images and/or still picture images captured by
the various surveillance cadferas in case the system
detects an FOD on a runway and play back of the
regor de%efée%% i Qﬁcggéccﬁtg.ﬂgoaf dd lmRI! Hidlol AOBRIGE images
t he runwa ﬁ ment of ‘event,
capturet! by ﬁ@rvaﬂaua sytveilledce p@merraéll@@asﬁ theaaysteat éetlegfégféﬁFQH ona
fg BESHH piSr O f th
e B e g mages,of the
run\mm@ensystems to access - the database. 8. System
| nter f age, fd gém%lﬂf%f é\ﬂan’f eil?c!eotdeff@ af@bhel Qatdlskuy. Q‘thr%!evant data
systerrB to obtain real data and systemw de
are figged i1 the detabase @or@@ﬁmtgewﬁl apdl penafatiqn ef varieeRiepREst .
I ntegr atéﬁ%nﬁ lﬁderlﬁ o%r@o WidwoRbF Sysiihs to access the database.
| andi ng/ t"aki control systemis useful
pr & di rfglstammﬁd@@e &off @t%ﬂnﬂd ephlmg;j gaia 4¢ ta"a\"!do"B?reWStemS to
obtf h Qééﬁ gm% data Qn@@?ét@meIQWsFéﬁ.@ incRfdifg i8Rt R &l ield equipment.

to one” enbodi ment. At step 201, surveill ance
lnteg@’@gg d@alcﬁmﬁ uiiada r‘@ﬁbé&?raﬁe'aﬂﬁ*ﬁ@@”& off ?96‘?9‘ systeyR ig useful in
Valor&Hahdiceivocessi ng the captur ed

provn&ﬂ%@r)sfmgggt%eiég gficr)]g% | r? t hg f‘c:)I | ow ng paragraphs. At

step 203, image enhancenent is perforned to

pr GFIQJ@Q?_%% Hg'%ﬁ: fRAPEHErESE OB aBtectdifadtbrfittPlo dHedmiSddithent.

chan in X direction (parallel to the runway

direction) and the highly contrasted runway white

' | NQSst8h 90¢) dURARRE dm&nb_BsErd r@pé&%uma?eé bak daﬁm on a

hi gh_gradi ent change in the direction paral

runwaninelje etepRdRYolygd iy pegcesting dhe capiurs) Brages cﬁéﬁsﬁg@?'ne&r in the
foll&/ﬁhé baragfddhl. have those properties). Al pixels in

output Tmage become al nost zero (including white

runway lines and regions that have grey scal e gradient

chagosiefusnd, Qn%bé' é}%a‘P\b@MQnm &éﬁfcﬁ‘rh@ﬁ) tc€ iSFee(ﬁbcé?ééfTﬁ\e captured

prom nent runvvay ts and his st ep can as

imagR. Tes geasiual grew Scﬂ?é{ee%'ﬁf@ﬁ 'KM AN f(Bpralel 4p e nigay “direction)

.and ﬁe%leﬁl{l cbﬁtr@éi@d RSP WhAR! ﬂlhé@%#é élﬁmn‘é’tlslhwaﬁﬁance the features

ters, such as Sobel X fromleft to ri

tha’[r h@ﬁt hlgr@)p@dten@, phg@g@dplihg(dgepcélon é)@gplléldp‘tg% gﬁ\%galmost all real 3D

fi 8&58@:‘ darh PHESHY FOD) a8 Bids8 progaitigdgt ect i on at
or&@rﬁ‘ J A sﬂ%édsen bri gh ctr@ll)gl’?t or brq)l gﬁ sgot on the

runvvay scene can bloomthe surveillance canera 108.
All pixels in output image become almost zero (including white runway lines and

regions that have grey scale gradient change due to moving cloud or raining) except
some prominent runway lights and FOD. This step ¢an assist in reliable FOD detection
with low false alarm rate.

In order to achieve optimum results, high pass filters, such as Sobel X from
left_to_right plus right_to_left or Scharr X are used.

At step 205, abnormal light detection is applied for detection at night., A sudden
bright light or bright spot on the runway scene can bloom the surveillance camera 108.
This may happen when aircrafts land, take off or when ground vehicles move at night.
The detection algorithm determines such situations. If abnormal light is detected, the
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This may happen when aircrafts |and, take off or when
ground vehicles nove at night. The detection algorithm
waleqoepziones such situations. |f abnormal |i ghtPEESG2008/000311
detected, thei mages are i gnored. The al gorithm does a

- gl obal hi stogram and stati 48ical analysis (e.g.
average grey scale) to conpare the captured i mages
. it
|ma A?e Fﬁﬁ)@é\y Sg'éea?g?dr"ﬁﬁhﬁogggﬁt?c%} 2 ?arﬂ-ghgrs %’E?Edl tahérgsns (e.g.
avereseughexascaiee)zf@ campare, the @aewredalr@meérwm&ﬂa proafmsétvﬁm updated
lmaépel Ihe %?@ﬂ{h'iﬂ AR oSHhdSuse b ﬁl% afdterO8t ’Eh@%qgﬂ?%ﬁ&& éQR:h as
rs are estimate nda tive pixel [Tevel
S|ze,rmpa| sete;tordgtaraine lﬂﬁamm@i fight cenitiogeasdsier and
day/ ni ght condition, an inmage of a runway 106 may Iook
very different. The inmage can be snooth or rough:o
wi P slept207 opptiradl| detadtion parEmelerstasy eptinatgd @aamdapwewlxel level
edg@ﬂdlpggie‘;trgaﬁd O%)d&gilﬁé: rSl RERerSard @RIAiQR ctotﬁﬁﬁ*énoérgnﬁébe of a

rea es wt m ni mim Nnol se.
runvegyg 6 mﬁmlcme\ser:stdm@m The inagentse t{%srgooméarfough or with lots of

reﬂeQ{*?é(ﬁ q{h'isoéi%p E%%a?ﬁvéﬁ b%lnﬁ‘étls ti‘@&ﬁtin‘t’fﬂ'F@ﬂJ g@%é BRrafi6hreshold

ressi vel earned back roun I mag det erm ne
to etdmct g¢ yiiblale@lgewmpﬂmnw r(q&@T)Thﬁ@lwﬂma tpep Gfatistical method

(e.g9 %@Jnatcleﬁ}%h?ﬁ)?( Shsdf Rl OF@F@S t&bﬂdﬂ@ pmo{%n Sér@é’) &P %rogressnvely

terln IS app St ac

learmeﬂngmksrwnd dpase tced@téémw thﬁ grém@@dbﬁ'@i%@b'%h*gbme used for
gengt;,lﬁ |{|§Eb(glgeve$ﬂﬁfegl]d|§ﬁqatpo pi xel level. Only those pixels
a

ave accunul ated to pass a certain threshold are
consi dered as robust edge pixels (to be used in the

r O*Al’ﬂﬁegeﬂ@e tdFRParal AAARS |s°é;3i5ﬁle§ td Q@iacﬁ lof el§& nips tcﬂ@tam robust

accunul ate to pass_the threshold and
edgegie hith sedyoedtnaisse d enipora filiedingelg RPlRchIP. Pixg! l%\teépOQIV 1h0Pe pixels

that@%@@%bc‘.’:ﬁn@%ﬁ % ?‘égg a |c%ﬁénﬂ'tﬁn§>sh§d RS é&fsfﬂé‘ﬁ'edi gb Ftﬂbu@t edge pixels
princip inite | npul se response

(to hya@q@grl@ mﬁj‘opggtrqqgﬁgna@ﬂ W@I%mﬁaﬂlpl@g@ée )gpt ghlede qccumulate‘

to phsthe RYEKHI@ LAY tl‘ldmﬂeed@éteél i usediin robudt edge fiép).ent
I'mage at tinme t, Then the background inmage is updated

by: Bl=Bl _ *a +|t *Q ) The systemprimarily uses
edgq agp Har a@@@ﬁ@ BACKSrdLRAr laamhg Ehgef@icaessit at %&{rﬁ,ﬁole of
e

|nclude mai nl center |I$ ts and sone edge
infirtglimpwge QQﬁP@hW (1R)fer krekgreund {GNG-r egi on due to I ow

B %3 rguriwgﬁﬁe a-[lﬁﬁler{al n obj ectives of the adaptive

tbackgr oun earning’ is to capture a st owfeature

B, CRaBYBehPRREESE tiffe g€ Tunway in

1, :current image at time ,

Then the background image is updated by:
B =B *a+1,*(l-a)

The system primarily uses edge map for background learning. The learned
features include mainly the center lights and some edge lights falling slightly inside the
runway region due to low camera angle.  The main objectives of the adaptive
background learning is to capture a slow feature changing process on the runway in
order to blend into the background, without generating false alarm, and to save the
learned background edge map into file or data base on a daily basis for use as
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order to blend into the background, w thout generating

false alarm and to save the | earned background edge
worzpoiozsosl fi |l e or data base on a daily basis fRPCT/S6H08/000311

asbackground edge nmap for the next day. This allows

the systemto adapt to runWhy marki ng changes as '

gui ckly as possible. At step 213, corrposite backgr ound

backsggﬁggeaéﬁ{ais%?ﬁ eE) B\% Hlext cﬁﬂst S n‘pos &ggackgrg?& runway

mmhmyphmmwsamqskmyssmmsauapt|ve background edge nmap,
saved background edge map of the previous day and
optionally seasonal narkings (seasonal markings are
geAersiémd2 thyr bn@pasiparuab@bamd sedgsormay igeabtaned. Composite

G , FHE TeBRaE e IR P PR R e

map exdgsists @kt adsiptipe masgrwwb@dgeemaedg@@dab@kgmundcﬁdga mgp of the
rrn e n e

prev‘é gp&wﬁaﬂd c{b‘?oﬁgg’ ep,ngl ﬂ1eatripﬁ %/Q%%EIP nﬁﬂ&@r Qhén enerated

durmhe qartm@smaasomgeve(aﬁmmdmen M@Rgﬁso%nﬂw eagey ﬁa@)s"aply be

s 2oL g (ST igRent ¢ 1o 1

filter some of the edges that are not part of FOD but

ma

! ale} Igt%g 2t1g %é}%ﬁteﬂ%@b@ém %r%b%'g?ﬂcscgn ‘FIH%‘?Y?B SRWMEI and the
commltecba;ﬂgtdmdu@gesmagof\k this dtem: thmg@N@r m,eélggg irgges from the

procﬁ%%ﬁﬁ?a& dj% & bb g?&Yrg:g ?gié 'Frgswggbg %% ?ﬁg &re removed. The

remajmnmedg@mareaoq;SSIbleé@Dt he runway |ights are switched on
because of rain, reflection can arise on a runway. A

specific fllterl ng algorithmlocates the |ight and
filAt etsp 2He edgtIfidetingis ratigened Mbfikertsomeagkingiadges dhatiage not

part Qﬁrr-f t o n%yﬁﬂhg Ro %g?e %%)éreééﬁdﬂ%nbf Slﬁjél’wt §§%ﬁ$~|ﬁ§J er%‘nmg or

from Sone- exanpl es of obje
morlmhasjiaré i \Waaihen leﬁﬂmg dgtestaskihfauigh seasesiang/or Bagess PFOCGSSMQ

metl%c% L QFp irn s%gsﬁﬁé Sk PRtk SelRestid b%%rlthﬂ%utroaéletect those

assl uzzy classifier and neural fuzzy
weameasspmﬂrtlens a8 wgem.th@ é’ﬂé‘dabd'QEE preoAVEenas on ecapge of rain,

refle%ﬁc?l]i 8%“ g 8FLSu h\&f‘yg ﬁ\eép%\éﬁetﬂté’rlﬂigeﬁéor"iiﬁltnrlb@{é§§1efh9ﬁt and filters

l'engt perinmeter, area, texture
the zelﬂe@tmtadgepr oper‘ti es (hue and saturation), |um nous
intensity (grey level). These object attributes forns
the i nput vector for the object classif ication to
detQhjedt ridassification depedesiecob slep 319 iondriedmipex, detected object

fronﬁoréb 243 s QﬁbceeedaF593§oﬁ]ed§§é?ﬁﬁl§§ of YjeRP &fRbREatlol hBfods are

tower or
pattern matchmg, Bayes classifier, Linear Discriminant classifier, neural network

classifier, fuzzy classifier and neural fuzzy classifier.

Using filtered edges from step 217, the system extracts thé relevant object
attributes for example length, height, perimeter, area, texture, chromatic properties (hue
and saturation), luminous intensity (grey level). These object attributes forms the input
vector for the object classification to determine if the detected object is fndeed FOD.

At step 221, once a FOD is detected, an operator in the control tower or control
room is warned of it either by visual and/or audible alarm and/or wireless alert (such as
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roomis warned of it either by visual and/or audible

al arm and/or wireless alert (such asGSM SMS or M) .
wop@n/0e®sei vi ng the al arm and/ or wirel ess al ereCT/8GH08/000311

operator zoons a surveill ance canmera on to the

detected FOD. |If an FOD is'®onfirmed, another alarm

(audi bl e and/or visual) is triggered in the control

ésqu SV or RiSS fU oﬂlreE%ﬁE%; Ry rf,gaﬁ%miréle& Qleﬁothbro'pGBﬁérszooms

arenonte a e an r visual | ocat ed near

a sutvnéammmgra axdtn theotrigstgd 6P & RO $egopfiemeg. aapthes alarm
(aud@ieeratnd)(o?uﬁQueﬂf1 95#}4 §5@d°'§n MAD) cdr@dl dowéss BrbBontrol room. FOD

ered to runway recovery t eam
conﬂrmﬁm aisel fyiggersr arﬁﬁmﬂ@‘ e f3H0IRke ANG o pésuale docgted near the

runvxfaﬁg Q}ﬁt%n¥@mrcélt%rﬁé¥lvélly%%lrél&% £l6t eclkR @s IEEMISMS of RITRYould

orel g ect or "debris or repair t he runway
also dgnidigesred teingti ryetbe FpnwaHresRvey deaiat lmediatelo ® fé'ﬁ\@(?lf gecovery

teanpﬁls?&ghéasng Qe RRf v&ilicit he c@a@%%"&etb&\é@ HO®Me. kdVe the foreign

ting the process at step 301 , the systemis

ObJePtrﬂrtdﬁbﬂ?r origPal tfﬁ pwapdamage.st ep 303, a surveillance

camera captures an initial nage of a portion of

runway. The |g%ges are_anal yzed to_detect any notion.

onFiguresedfe ande3foRER G?faé?ﬂ/ﬂ%tcﬁé'ﬁs sf @n%ggtpopg%ent of the present
mvehgfgt O8N BehrirRABI fP8ccR8 Gt §fé9f§0l1 adnkYsyStef .echﬁeﬂ.zéefaeéteacaez At

round 1 nmages I n a database in this exanp
Stepé%o@ pwallanGe Caﬂ%f B cabtires Heintighage o' 3 Reyen iof:,runway
subJ ected to image enhancenment to preprocess the
aptured image. After inage pre-processing,

he.
Bp gmages (aEe  analjget de Jifted iy (Pt Jan! Md”\@igﬁévfs-vg'd of any

motleﬁréﬁesﬂ%gg' R4 bac b&l‘i%i rNesway ldnoesvandallye @tareg béateference
have a change in t grey scal e gradient due to a :

bac‘f%wnﬁigmgew Q)Flatlaﬁﬁ?ﬂ '”é@l‘é &yemels badimgHent runway
Ilghts At step 307, a check is nade to find if there

is a day to night, or night to day transition ‘
exAfpied, 305 heceaptyed a@ﬁs%\;%&uw%éﬁPt'WSﬁgerg'ancemem to pre-

proc@éé fried %Bﬁtﬁréd%rﬁé@htAﬂeFtuﬂBéé tp)’e 9foc§s§rﬁg’1 SAIr ther plﬁelﬁ ammm@ image
Light intensity changes fo to. ni ght or mgﬁpﬁ
beceray Zerudssiuding FP’%?'?]&PFFE?FP%V‘O'W@C @P'éea{@lw%yh'én?sd fegions that

havé!"%aéﬁéﬁbe Gh ROy s'cBIeC%@Gleﬁt Aaytd ® muviigt clo@ ontediitexcapt some
day transition or night condition is detected, at step
prorgingnt raAwan idisral | i ght detection check is perf ornmed. -

In case an abnormal light is detected at step 3 11,

the previously captured imge. is no and ne
i nE&j(%t@Ps 3eam éh%@‘p\sr@ﬁ?%f%ﬁg%ééherﬁﬁs @a‘g%’ {Ponig tmGF Hﬁhli to day

trangﬂtgr'i‘t FbiSe:@@idie, thid ,cah p a%ﬁfek/é@bﬁ FhoRRbringed dﬁ@lfe@b@ ih Ilght intensity

] ect, debris or det ecti on
of %ﬁén%eréocaé‘i!e@t étﬂhé '%ene’r'téfr Pgs% Teinfek g T n@n'ﬁ”gpt fo day

trangggg 'iesI hdgﬁr%y grL&h f@'@éféﬂhgﬁﬂue fRivBath&MENERges.an chddd day & night,
or night to day transmon or night condition is detected, at step 309, an abnormal light
detection check is performed. In case an abnormal light is detected at step 311, the
previously captured image is ignored and the next image is captured from step 303. In
case no abnormal light is detected, the estimated optimal foreign 'object, debris or
damage (FOD) detection parameters are derived at step 313, for different environmental

conditions (e.g. day/night, rain, smoke etc) that are sensed at step 315.

‘ For example, different environmental conditions (e.g. day/night, rain, smoke etc)
can be detected by one or more sensors. The camera iris based system having a built-
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For exanple, different environnmental conditions (e.g.

day/ night, rain, snoke etc) can be detected by one or
wWOorRe0e/0s®asor s. The canera iris based syst em haRCTgG2008/000311

builtin double threshold tf make a change coul d al so

be used. For exanple, the %reshol d can be set to 50

for day and can be raised to 70 for a night. Atine

in dolible! tRfesh@B t8!Hskeds cHéﬁgb cdﬂl@b%@%eauée@r Fat axara Elethlesthreshold
sust ai ned over peri od ime_to confirmwhet g
gu?ep also be

can ppagetde 59 fgheay he AP e f@&@ﬁéﬂ 79&%%{@“%%5?@%

used2vhEre ?% &%rtaaﬁ vEiak §s aislaihbdBvémpatiod dfitibheled Behfirm rwaeﬁher it is
fromits real tinme clock (RTC) and el ectronltgﬁrcg

day P Pighhe THErARAIRRIGROFPTBRUtEIA Y™ oYt 2SEriRe: P 0SRY time

mput@fﬂhdﬂhd]ﬂ@ iffut froN e Ye R ltRndl clotie (RTE) @HéE | dightioh®: da?é'nc&rﬁdor the
ght time. Usually, there are nore markings during
Conf’frH%t’%'l‘@flﬁj?)’ Oﬂ'ﬁ'@hh?wt‘%rkl ngs supersede the day

mar ki ngs. Step 317 provi des adaptive pi er | evel edge

na extractlon refer to 4 an, o m
sl Pfae HRyMAY ﬂrree@g%fr%at ﬁ?@fﬁeﬁhﬁ " m%g@sua"v’
thereUI@ré @r‘i&r@ hbMings B@ingeiid aht. Mhe erjht Fﬁﬁkmgl&ﬂlp\usiehe the day
m ni mum noi se. At step 319 (Figure 3B), notion edge

maringst ering i s performed to generate a static edge map.
At step 321 , tenporal filtering is performed to

extract _.a robust ed nap., Only those at, are
Sl 7 miavides pesete Besiiayel st dsaeRrafon sl aFighe
wher"éﬁ1 é@%muﬁdg@weaﬁ@é sx{rmlohet{nlssa@tdl ng deﬁgdla@tfrcﬂﬁlgeloﬂhp.k) table
i xels t Wi not. be able to
(LUTéchUﬁﬁPaﬁ'%g f&7! %@%ei!%? W'{‘i‘rfa@%‘r"a KRG thus will be
del eted (not used in robust edge map) . At step 323 a
ch ck i e to n. ada t|ve bac
ORF Sisbradd (FensS 25 RS BB G A Bty sl PR o stati
edgé AN lAlﬂgtepl 321 hem@dmmmtmmblaqdegfoaum tB28trac anmbust edge map.
ada t|ve ground ed

ol {RtF Bivelsdinl Sihe &4 % DS SRS BB arg copgiggred as
robueﬁedw;ﬁxélg (tdﬂ:teemsédﬁﬁ rblﬁust bagadap). Imsb@bdega”manfﬂckmpwll not be

a5l RSN g b AT g o

edg@fap).i ve background is learned. If it has not reached,
the process returns to step 303 to continue to capture
i mges. |f adaptive background 323 is |earned, at step
331\t ate(pcamosidheclbmhgm@mﬂbtedgm fap adSp@\mwmmxgwnd Tlearned.

The@é@ 8‘?[&;&%& Fﬁq ﬁ%%&g@%}aﬁqug U ?ff tg @gig background 323 is
not R0 sl ad=piive badkyrbtmd)btige map is lnltlahzedlupdated at step 325. At
step 327, a check is made to determine if the adaptive background map reaches a
predefined condition. If it has reached, at step 329, an indication is flagged to notify that
the adaptive background is learned. If it has not reached, the process returns to step
303 to continue to capture images.

If adaptive background 323 is learned, at step 331 a composite background
edge map is generated. The composite background map consists of adaptive
background map generated/updated at step 325, previously saved day/night
background map and seasonal marking map that are provided at step 333 once the
processing is initialized at step 302. Seasonal mérkings are associated with runway

markings under a particular season or weather condition (e.g. snow or rain). By
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background map and seasonal marking map that are
provi ded at step 333 once the processing is

w0 niovjozdosred at step 302. Seasonal marki ngs arBCT/SG2008/000311
associ ated wi th runway narklngs under a particul ar
season or weat her conditi of’ (e.g. snow or rain).
Byprocessing the i mages or using external sensors, the

proc:é‘é’s%geﬁ‘i‘eqﬁ'ﬁl}gé?| %F‘Eélf\ e&t'%ﬂ*?a‘? séﬁ%?@ hé €¥é4§|?1t Jé‘ﬁrld&rﬁﬂdihb%@ R8ason

edu he conposi oun
or weaibpuerssiitione tmwﬁj@seﬁla{mé Tmmo@vpos&e bﬁcgefog%maa includes
the rﬁé‘rﬁ ggtoeg!,eerg VAY is extracted by conparing the
site ground map and the edge map. At step
337 an edge filter is applied to filter any unwanted

edge St e;i s&ébe%fé@dé‘dbeeﬂ\éb i@ %Q??é@té‘a by %ﬂﬁ%ﬁn§ li'ﬁe“ cBfposite

refl ec IOHS due to rain. For exanp under
backgsettiic nap &nd dhe edag @ast A stqnm%\%?y an @496 st fgampded to fiter any

unwAlREE S ds S ﬁ%db&)' Qties RAYirdMntaBhah§SE H@&heaﬁ ré’? géﬂon-léh&xe to

stem 'S a% e to detect such potentral fals
ram-b§orc@fﬁm4e HROGT Einygaaditions| an 'mae?@a a.rw@%llghx\pwﬁ betdebected
as agt?réht Ehs tﬁéﬁ‘ﬁ&{y ehﬂ)@(S'F@mdl‘H@Q/s‘ce‘in woslas @cﬁdé’tbctSéL%ﬁ potentlal

a check i1is made to find 'if there is a day t
falsenalgms 'PY eengparngnvithopreipeHy stoPdtipgFansi tion at st ep
341 . If there is a day to night transition, or night
to day transition, the |last day or night backgroun
I pLsipB JActhe GHEPIHRRACREEUS Ris UPEAIcSaLsIan 4o Aad a check
is m%&'@ﬂ)t finéeie @@%erapaa% Rt tr§n§ﬁ&f %E’n@ﬁt t@&jﬂyﬁﬂaﬁgﬁlon at step 341. I

r ound edg at step 45 for next day
there g % CP¥ tAonE TFPBS'WPrgrﬂf 'f"eafnm {3y rransfiop; BTﬁ Tagt daayor night

bacnggr&md kP s Rhded &R idfhbdidtd BsPBOSES S48 AndtAS aagotﬁé @ackground
to continue to Capture I m

AR GO Pa B BIG PSSR SHasan AbseB S 10T oA FRkuSe. I there

is nd Hé}f & Rght IR e& lﬁ Qo @IB traheBroateile 3841, ah& process returns to
nputed. At ste eck is done to deternine if

Stept@?@"@d‘@@’“%rtar?@? f%'”@G@éed the threshold. If it is so,
at step 351, the suspected region on the runvvay |s
overlaid on a video dis nd an ogperator .in
coft rbep ﬁ&%e?h%ﬁd%@?%ﬁet? oaﬁ“PE as| ¥EY cFeBreiPk ffemt fhgy filtered

susptta ed¢ hpperrsh i) 38nd@cotiptteal | At g/ 3o, ‘éléheck |s done to
W reless alert (such as GSMtiFMS or l\/|lf§j/53 At ste
detefipiie hdhe gdae faransterh exerssr Wehreshpdo ikt % an 3 atP8r351 the

suspddidd ARYBrOEN ERO FINRETIlverEd Whi mgndbb%éidlﬁyvﬁid b@@ﬁ@ra’[or in the
caneras for visual verification.

confrelioyer ebrRtiakEePM fhalerad Rk 91“@%%?9 ﬁuéﬁﬁ?ﬁ ?Ign?'rﬁﬂa'(%fbsua"y |

and}dm%%@éueésvalén r(mmsvmssmlsme NRANS). (AUidp 953, Gpbh BbRgQilerted,
at 357. Telngafq t he F(Dcontlnuestoa

the (S’ﬁeﬁ*@ RETEREES P PR OEIHH %Wﬁ’é’raﬂroé’m OpPIGHANS ngg,tggsﬁuwelllance
cam‘é‘ﬂéd kort {ﬁguéle\%}}ﬁ@é%nt ERMBEBCIBAEE tY FOMPaE cohfienddDhe runway

.e. remgve
recovery team is mformed immediately through wireless means (such as GSM SMS or

MMS) at 357. The image of the FOD continues to appear on the video display and the
alert signal persists until the recovery team recovers or clears the FOD (i.e. remove the
foreign object or debris or repair the runway damage) from the runway at step 359.

Figure 4 is a graph showing a lookup table (LUT) used to extract adaptive pixel
level edge map at step 207 and step 317 as indicated above.
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foreign object or debris or repair the runway danage)
fromthe runway at step 359. Figure 4 is a graph
WG bawiozeysa | ookup table (LUT) used to extract BCEPG2008000311
pi xel |evel edge map at st;g 207 and step 317 as
i ndi cat ed above. P1, P2... and T1, T2..Tn are
estimates based on statistical analysis of the
Capliupsd. pHRAR 7§ P2 AOSCRHMAHSY bd<RAl d1P HiakiBRAP 2l of the
ext el nal” sensor I'nput so that the optinal piecew sé ,
captiredkdmaget thblpsogressiyely taarss igwmgp e tenagranspainpryso that the
- DILX I res d [ [ i
optiff Beco e ioq UB RBIE (LN Gih bR SRR o\ e el level
threshufid, whédlh i na@@tmeﬂta@éF@D@@g@mwfwm!@awml%c kgr ound
image is mapped into a threshold value in the
threshol d i mage through the above LUT. After that, the
caphambg! valigdn subcarivied iMaps of Hiepmwerassivatigearngg packground
ima ?é%aﬁé&ldqﬁtoaéjﬂl\fgsf%ld §?1ll§’§in3lﬁﬁ thiRsKAP imadh hrb Gk abbve LUT.
mage corresponds to the adaptive pixel | evel edge map .
Afte b phe captunediingae sublragtrdthisttafeshald imageri Ajiyriixe xplue above O is

be Sat 55.%@%&@3!@{@% brRBFoddeRoRAS iabb B PixEM¥vdl ®dge map
performed I n enpodi nents of the present invention.
(steERBO i Mievre? @1d Bie® I Eigure $Adent i on al so use col or
surveil l ance caneras and provide for col or inmaging
processi ng. However all the techniques and inage L
pr Goewey ngoens herlibraiies c ende §Okb oRRBILABING 1BRY bBE hperformed  in
emBTBRRSHY B1Re oPBAGR: PLEGRHSI Ng and col or i mage
processi ng. Hence the runway surveillance system can
use either nonochrome cameras or color caneras. The
I UIBMENO RHSAS dr TRY BroseiitiHldritn Risd e Stb QirkdifdHed cameras and
caneras 1 n exanpl e enbodi ments are pre-calibrated such
provideafior celer iFRgNCRICCeHHI% i on and range corresponding to
each pixel on the scene inmage is conputed either using
a mat hematical fornulae or a pre-conputed | ookup table
whittawveyap alldhe Hephniayes and e, RIRssSee metharyy degqybgd above
worf R§Bdih Cm@ﬁ@&iréﬁeﬁﬂa?é .chﬂﬁgﬁndé Bnd R8I0 ih&de BFIcREISH. Gddnce the
real -world co-ordinate frame (x, y , z) of the
runwayf enegiltanca Y sieim SancyseAIthIEgoBACEPMACRINGFIS QA Golpy cameras.
defined on the area of surveillance such as a runway.

TherRy alnQEy "RpE iHRRefacglifdd By ik \Waellaats! icBmef4d in example
runway scene calibration.

| For exanpl e the position and
embogimgentsf areepee-calibrated r Hethythebather sdaiceh P%%tﬁ%’cta'}‘{; range
corre§) éfiﬂd(qg_ E&S -y Bn r pbesadiee ihagat iiso_BoﬁFGteEeeither using a
re-determ ned from ground survey Phys_l ca o
matg@@gmeéﬁ@rmul@ of popf\etqq@num\;g%qpaﬁﬁb GFWPICB){BW gachypigel in the
runwsf SodieSidbe (8 8PS ¢ SrekiBe RbRFdNate in the 2D or 3D physical real-world
co-ordinate frame (x, y, z) of the reference datum (such as WGS 84 or Airport Grid)

defined on the area of surveillance such as a runway.

The system makes use of static runway features for runway scene calibration.
For example the position and range of these statié runway features with respect to some
fixed real-world reference location can be pre-determined from ground survey, physical
measurement or from the runway map. For example, one such useful feature is to place

"markers or use runway edge light on the runway along the longitudinal direction of the

runway and the same vertical (y axis) distance from the side of the runway. Since these
markers are along the longitudinal (horizontal) direction of the runway and on the same
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mar kers or use runway edge light on the runway al ong
the longitudinal direction of the runway and the sane
waerbiozabl (y axis) distance fromthe side of tPEr/SG2008/000311

runway. Since these markers are along the | ongitudinal

(horizontal) direction of 1He runway and on the

samevertical distance fromthe side of the runway, the
vert'c%g o 3ror§|‘§'| &&%}Jf ﬁjl'e%fmgf tﬁeeﬁ%ﬁ%ﬁ'utagun?%s)tcg@%ﬁce separation -
of the&mmykess: eae alsa&@emaﬁrﬁr&dsto fied Ch@mtl in diret Bnway sgRNe jmage. Thus,

e B 8 S g e

physivat geend mhezcmtmdmemcsa tptweerethect madieraiby pheceeriz@nigl pixel width
(num(b%%‘”g?%lxe f bQM&%hsthBei r}%%ré e Re Wﬁﬁ\%%ﬁpggbt)t %emmﬁﬂ)ﬂﬁ’yof two

wo static run ures Wt

statlcknmwayrﬂemmeswth I«wwnh@smlge@l carpbe Hsedioalibratr pachEsaae image.

i mage. For exanple for nore accurate scene calibration

and to cater to uneven runway surfaces, a nunber of

paFosexsmple favayorgaadeyiate aganepradibratian ayd o sefteftoyinaygn runway

lo i [ n t

surdchE BB o] EE A8, SlykdE S St Dbl song e
longiteedinal alireetidnesf toé runwayuaith iles s2raa vartical; d«s@gn%ﬁwfr@méhe side of the

: runm{1 gpﬂ@%a{kTF %eﬁéf ﬁrtplé\%@'g&?\*talqiﬁg YAGhe ‘Pun\keﬂﬁ Sf?ne ground physical

I'zon bet ween each pa
distamae kefr Hese ahorizentabadinad dings i (hgtveeeneaaelt mg Pfawr'ﬁﬁfs) can be

eagﬁr%tamsh@ga Mé%@brn% taglg)r%tr %%@?Nr?g’ whedl ©r B RIceREr. Bind§ludnber of

zont / ine for a specific canera
pixelseart tm@hwmymu@d ling tna srecifigriRaiera settingris margureddgm the

fun daggg&h survelllance canera's field of view on a
: nway has a

trapezoi dal shape. Therefore, the pixel
mappi ng ratio (neter/pixel) of the runway inage is

di fFEPréggﬁrﬁf?é:S "tHa Ss lﬁ}léf ﬁ’é'r{cbcé‘émg*arse@iél'doef ViEvdrsla finWdyehas a

~ runway u ar side of the runway is narrower
trapezaidah sbape. ITéleg@‘prqorth@emlxmwm@ fede i(ge @f)/oéth@amway image
is dlﬂ’glleln? aEr%@s rée@ér?éél %‘?re;:t?onv‘(\(d)ﬁils)a&‘ihg 38nviayp MHuk ethelaX §He of the

rati o net er he SySt em ITHkGS use of
runwauos parrawereandwba\s 2 tﬂw%ﬂpmeb ARaping irafios(meierdixel) Whilgdhgnear side

is wHé? aly ‘P\gls & érrglf‘er l E’l’é%pfﬁbqg{l@(ﬂwé@ﬁp&él) dﬁ{eeéﬂ'céh@ nH?(%s use of

orrect pixel mapping ratro (f he verti cal S)
two perallﬁhlw Ayl e areles gHasch S48 e srigdedge ant the middie fine
I r f
o SRR BBLGH 8 el Yok ot e easeg 4 pichagio
imagé ppelstto the pregiseGarardiopien O@Bbﬁhéurﬁ%lt\'@f@ﬁfeémce %Qfgmafe frame
bas%’heﬁ thd @@cuﬁn}é%'d(\(%lcﬁ%f.ll'd%el WOS & 'P%boﬂ'mr@ta\ﬁ%ﬁrdmate
unway hori zont al ne and the mddle line can
systeans Uihes, simce hivegpoyairs| \teﬁ@a{/é}’tﬁ”@ﬁil digtapee *P%WB?'hgthe runway

<horl£ﬂ"tél°l1r{e"§ﬁoeﬂ{eoh?ﬁfdlé iR Rah DedfEaNREY BY tﬁéﬁr&hd@ﬂ the Bertical pixel

ver di stance between these 1ines
mar(mmmoeanatﬁr/.nu@lm ean hey deruedniisidviding the RBYsica) aeilieah distance

bet\kmtﬂegé ey (measured on ground) by the number of pixels between these lines
(derived from the vertical pixel width on the runway image).

Figure 7 is a schematic drawing illustrating example runway lines according to

an example embodiment. There is one horizontal runway Iine»802 at the far side of the

runway and another horizontal runway line 803 at the near side of the runway. 802
could also be the runway edge line at the far side and 803 could also be the runway
edge line at the near side of the runway. Both these lines 802, 803 are parallel to the
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(derived fromthe vertical pixel width on the runway
image). Figure 7 is a schematic drawing illustrating
we@z@apt®sr unway | i nes according to an exanpl e PCT/SG2008/000311
enbodi nent. There is one horizontal runway |ine 802 at
the far side of the runway2tnd another horizontal
runvvay line 803 at the near side of the runway. 802 -
I r n S n
mldd%o% 88Jf aa?‘% Si § %e Iﬁ%&?&lﬁ% Kot eg'eeﬁ?rﬁbnfahﬁlrEﬁron g(dﬁx@ & the
runway.denegshysicel vemmwst%oe Ibe’t\l\m@@ém heaysidsiorizgotl lire803 and the

middgelalr 'écﬁ' %ggsgnsm B 1#»&81 & (?\B%fgfxe H%@%eh‘tl‘ﬂ%% zal;r%s on

oFl zon
the rEﬁianomageoam \péxels. d' als, dhewerr‘n«cel Rt m@nmgrrétlcm &drthe pger side is

obtalg%ﬁ'bsl ﬁnﬂln é@ée bg% mﬁ@@ﬁﬁ/é\%lﬁ‘%ﬁ\lﬂ%} 'tﬂi p%gécélsvé%?osal ance

tween these
betwgeth thecfar e:dethhechnmlvbae g0rwipd the mjddie fineddis 8ushile the vertical

plxeN@{ilIn' (ﬁg of Elxéféb B@&ghqg%%a%lu%sfcﬂ{ t teh@n@?yafma'qedig y2Sixels. Thus,

met er/pi x
the \@rtival lalxdelynapmm pqws‘prcfae fareslcﬂe efihe durwaynie @bm%@hdwﬁ@g 804

o PP R Sk g s i
80442 ane oned fas SERDiT the gl arise rrummylmeeﬁg@ pr@%ezco-ordmates on
the r%'a?(\%ﬁd rel}Q%%%:ﬁtclaeor&%fe' fréthe @eﬁ@ﬁdl@@@ﬁ'\ﬁ}%’tﬁé}tthe rfl)@srl hb@% the

de o IS obtalne di viding 8
nearyskie( oréteside p&'éﬂle)runwamsln@th@.m@éleélﬁe a@éﬁ?f?f PEe- (y aX| s)
pi xel mapping ratios (805/yl and 804/y2) are used for
mappi ng the pixels on the runway inmage to precise
coTbe dibnwe tachoisiuetranrigwrovRahe cpweéﬂapewsea@ew@b'dpﬁ%hreﬂon can

be é%s%ﬁeoﬁi ﬁ&%hf‘ &Waﬁ%g%?dlﬁﬁs @il eld evagB4t NRrgdeAGrid or

e or ar SI e runway u3|ngt he middl e I'i ne
Caﬂasameogﬂmtﬁesysm above techni que can inprove the

pi xel mappi ng accuracy. Calibration can be based on
different real-world co-ordinate datume.g

A Tpemungy @ldgﬁ/m(délh/@ylzaﬂtabkb'@%ﬁaﬁd%eeofs%ft@iﬁr GFﬁ'ébr ation can be
donéC g?‘ggﬁé %? I%émréjéi' le?fs&%ét%@é“ e lluh\WSf c8§éMEE-optalAfiddle lines and

rati on can done as Olmgl as a contrast
a ruspiagt Sum\é@lﬁhﬁﬁ‘éorﬁuﬁ%)fué\@!@w%ﬁ traiddls; frgse nepR it be

contﬁpugaﬁ‘ eSS e %%ﬁ beFdérn(/é@bWﬁ&polbh%oédiéW@ff ligstge and

nes nee not be contl nuous nti nuous |ines
can be derived by interpol ating adj acent 1|ines.

A tA‘i’t l\/é( %nﬁigagﬂéﬁ{? I3 %héJBrersEﬁ’t RiaRBALcanYRIBhAIBNOL additionally

optio Iy or additi onal make use of stereo vision
makgsusgy oé siriee Visiors Ypingi a |paﬁc<é %&Wél}%e @M o CR¥esHigesame

segﬁlgﬂf@’r{gﬁ gunvﬁ > V/AEN@Sing Ferb \H§b|ﬁ‘ 9=(§|f‘) %@% é/rioS;béH'honchﬁ also be

“tion cana fromthe

Comufa‘de‘rm@te d'ﬁ%@ece mqemmalaw bb ﬁﬁHP@fH@ th dve pageseRfecaptured
by t@eg wﬁﬁ@éﬁé&g cByeﬁ hé‘é@ CBA BF tHeOHEE bﬂgwamarfceqﬁelaroeaew) on

e area o ve| ance (fireld of view)
the runway.

Localized features are detected in each image of a stereo image pair and then
matched between the images. This results in a sparse but high quality set of disparity
vectors (which measure the relative positions of image features as seen in each image).
From these disparity vectors, 2D and 3D estimates of the feature positions can be
computed and compared with a flat (or at least a smooth) model of the runway surface.
Alternatively, images can be registered at the pixel level providing a dense set of
disparity vectors of more variable quality.
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the runway. Localized features are detected in each
i mage of a stereo image pair and then matched between
wo b@jozmges. This results in a sparse but hi ghecuaérong/000311

set of disparity vectors (Whl ch neasure the relative
positions of image featuredl as seen in each imge).
Fromthese disparity vectors, 2D and 3D estinmates of
the feature positions can be conputed and conpared
with a flat (or at |east a snooth) nodel of the runwa
subhacef tAbt ehaliengeel of steragelinaging be theyidatendgption of the

corretsggnc%n)ég folfregraofels R Q\)(/ qninggesa uﬁ@d‘?r?ﬂ?@?arf@ Qérﬁﬂ?céﬁdrV The pixel

t he chal | enges
COFFG@fDOBﬁmce@thumeﬁ@mpéoyleldenQﬂ@ieeﬁ'ﬁmpii%?PTbef'attQﬁ‘éperator symbolic

matcﬂﬁ’\r rvﬁﬁ‘ﬂ%&?igF&lec%ngﬂ‘ral%)&‘?\ti%o[#blﬁaﬂ%é SRAES: HeRtlqidt, t he
conpu i-xel correspondence technlques
errpl oyed include using cross correlation operator,
ﬁg‘) (o SIBL i i@gre IFeQi {8 t Fe'lé?é‘@lxe%oﬁétWe@h "ﬁvé u%@?es (Image1,
A ToRs 0 e techni ques. For exanple, i t
lmag@)raequlrer@lw a @etofrateeap@msrasep@swd%@@r\s bagsd Gruie@ssumption
that fol T oib B feqqme?é%% ebﬂxe%l r2§fon ¥ 1558 Gn which point P2

CI‘OSS re ion is based on the aSSUprt—I on
whnchhearrefsgoncé t] l%rmqeﬁiu be feundi fhensige' Oﬂ' thisheggion & geterripgd by

paraﬁ%@%gg ri‘.)eﬂtamér{%&? pdm nl% whi ;9 BoRieatirdi? thﬂ t&MeftPESIBRRBA Brocess.

e size of this region is

The ggmbelici maighivg grpreasbite. ﬂeteﬁewrw GaregPendensreparches fpp a feature
in on‘?e)moc_{eﬁga{ etéea FGE an ‘ﬂ?é bt‘Pléﬁt'Fny&apfe%ﬁﬁés? usdd8re junctions,

mat c % approac to detérm ni ng
line @@gme@tpmor@m@s:s be cREgsEopAeRCY ehilpFionsnPrgAgcasna gaarse depth

map, \Wﬁ‘ﬁ tHE& Fﬁrc' kﬁo&ﬁ%ﬂw St shnBil {Re oPloftts. 'ﬂ_WéJ'cgﬁesﬁoﬂaéMeeéf line

are junctions, line segnments or regions.
segmemts esptaaddn @@Fréﬁqulsﬂﬁﬁﬁﬁ? betwepn glﬁf@é’gpa'ngspar se dept h
map with the depth known only at small set of poi nts.
The correspondence of |ine segnents can |lead. t
coAne sliwrnaiasec emhodingar efhider P'@ﬁﬂ'ﬁoinﬁ?%t‘O”Aﬁr%qeér fentregundant

covc—?rggé) dé'[F\r/EnIé?{cetJ%\%e%sefF?dﬁe BWQQéHéPrﬁhti@rdﬁé{\Mﬂﬁmu%@étmg redundant
undant coverage of surveill ance camer as.

covérage of shaielianee mamﬂr«'ﬁgln AIyeyeiliane® §VPERL AR AR d%tﬁ?&@d% on a
runv@ga/ jﬂé‘éﬁh}elill%ﬂﬁg cSABRIsAS0 1, BOR 604 86T, d0aNGe pdElibest 698ne edge

t ect on a runway The surveil | ance ca
of astKiwaystist. lao@seadl?theswew%cfﬁfﬁqre%ém RO RV &32 §pO are

fun%ﬁ8ﬁ|ﬂ§ 6%%% %84the ldhofA8E cé\}éraéé"' Gl ¥elibvimee of %&h 8a$.lrve|llance

5 60 609 arefunctlonlng nor mal | g/ %
canm@ﬁ@tom%(ﬁp@r @Q@ @%gp@alwremiawqt@iln(ﬂasga:@mer 60 becomes

faulﬁ(uéﬁ/qet]eo‘uﬂa&ﬁ GBS BRdle &r%%wefagé (2R .of %‘av)tmuabﬂ é‘ach of the

equal In case Canmera 603 becones fault

sunvedlantel aameres S0 sal 68 e o eeRArEde hargRent gRagje 603
extdiid 1961886l aRds #BSield of view of the redundant camera 603. In this way, the

surveillance system 600 is operable to work even if one or more cameras fail to function.

For example, the coverage field of view (angle of view) of a camera can be manually
adjusted or performed by an operator, remotely, using the application computer system
which remotely controls the camera’s zoom or PTZ function. The adjustment can also
be automatically performed by the application computer system. For example, a camera
having a zoom function or a pan tilt zoom (PTZ) camera may be used to alter the
coverage field of view (angle of view).



10

15

20

25

30

35

surveill ance caneras 601 and 605 that are adjacent to
the redundant canmera 603 extends to 613, towards the
wo p@bd2o81 vi ew of the redundant canera 603. | nPCTE62008/000311
way, the surveillance system 600 is operable to work
even if one or nore camerag2fail to function. For
exanpl e, the coverage field of view (angle of view) of

gpﬁ@g‘? é's(:?gﬁn Wﬁ‘é’fnﬁ él rgﬁrgggg ety ;{3’952 rqi%é%rgngebr?\gr}gaébcordmg

to as peroativetencibodireetlt el y control s the canera's zoom or
PTZ function. The adjustnent can also be autonmatically
perfornmed by the application conputer system For
exdhpl einway csurisca araeu Y andeostvaifangeors @¥videch iio tnynperous

segrfrgﬁﬁg'dfoa bt Eé\ygrang ?@ dr‘rst‘ﬁg rhﬁwéyll %@Ffa&é“?O@oM%r éffte runway

VIR view).Figure 6 1s a schematic
surfagea WA gareh | nassmme@hgsegmamrvase@waces@em A More non-static
cam@F&?bg'tHQt Esh %6 to‘f‘(ﬁevr‘?'ﬁé&?ﬂbr@%nza_ﬂ?ﬁ AR view 711.

ace areéa er survelllance is divided into

Exampieepb ugnﬁt@gqmra@ at Ran Tdb¢depmsiHid) emesa bhe pae titt zoom
funcrtrHH We dj A AbiRerdQ0 cor%mﬂeg R rh&ily HNHE Y plitalies BorlPRePEREem or

canned, segment-by-segnent, using one or nore
a carmra §patr¢"@r Jé\%ﬂawar)surtfmaf@%ﬁ@ sasanaed pequgnidliy\fiospone end
710r13\é'n8@1e?ené?ﬁbé%r@ theNeh qunaW:ll%@trgn ¥d3 gptRdREE oPbne or more

on-static canera’ls a Pan Tilt Zoom (PTZ) canera. The

nonpséatlcrqameraoom function of the PTZ canerais controlled

renotely by the application conputer systemor a

canera controller. The runway surface area 700 is

sc SRy seifigen scaning peeiipa do @npiteinstive egiedingnt éhgontrolled
by the Qpﬁlcgf‘& Ecﬂﬁput@ﬁ@s?éh‘i’ bF‘é'carQﬁbFa?@Jritr@Weﬂ@ﬁe bivalfeRge blﬁlﬁrsoﬁethod

one or nore non-statlic canera. unma surface scanni
of rgrvayrssenging & the leng EPRfstgaiion HE@cﬁSﬁﬁﬁ?"M whenyihe FHL Bappens to

be Q\éatteg%\tatﬂglée ﬁﬁén@%eﬁwme‘eénéb‘f’tﬂ%ns@én n dg3@¥61>é; alro speed up the

contro e challenge of this neth unwa

FUnWR RGNS Oy CleHEm GEAIIRIHE FEstiod i to e e GVaR Rjo segments
i.e. @@&Poﬁé‘@e{n@\tq&p&% tvtlé)opévérp@\?éeeéegfhﬁerf@ﬂ)&ﬁﬁ@r’fﬁ@hext scanning

nearin e end he scannin e. .To speed

cycieumagre\ﬂ@%ﬁhshuwa@%q* gegmeRis a%s%np%q ﬁlﬂ’fllie\jgosf?e‘{qﬁlaagq gurlng the
pre\thusSWo“?e SB& P EcARA it ‘M)s Wﬂ"hbirakﬂe%ff i G@ﬂvé?%aﬁﬁ@@ﬂfgthod is

for every two or even: hree segnment Duri ng t he

the danrAntegionfENeuto deest R HEe SEpPRTH R AR LeRiRBRed Searaents on

the1°‘r§rﬁﬂ§/’%qrfa¥§@.' | e those scanned during the previous cycle .
are not scanned in this cycle. The trade-off in runway

scanning nethod is the long detection tine to detect

f%r&%ﬁkgﬁ‘gﬁr rQn\lvé)e afd nidily BasEANKLdir&r8l B 6ff @Ad landing,
another method Yo reduce the FOD detection time in alternative embodiment is to make
use of a combination of non-static or static surveillance cameras . The static camera
preferably has adequately wide field of view (wide angle of view) to cover a significant
section of the runway. By processing the images captured by the static surveillance
camera in real-time, the application computer system can detect the occurrence and
location of air craft take off and landing on the runway. Then the non-static surveillance
camera can be directed by the application computer system to first scan those
segments covering spedific locations on the runway where the aircraft landing or take-~off

has just occurred. This method can help in reducing FOD detection time.
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Since FOD on the runway are mainly caused by aircraft
take of f and | andi ng, another nethod to reduce the FCD
wa@ledoeo2dosn tinme in alternative enbodinent is tmmmosmoosn

use of a conbination of non-static or static
surveillance caneras . The §t atic camera preferably
has adequately wide field of view (w de angle of view)

t olfcpyestatic %U%ill%h@éirﬂan‘%%?tde@ébt@fant h@Dr URA¥E3bpliE¥tion computer

qQcessi ng .t he i mage apt ur the statj.c
systBl 15 & RPHRLOUaH B Sonrel TBa delaiingd el gatiien and fange of the
dete@t@ﬂﬂ_%@@ronsmstranwgwbae&i efitsckhe wﬁ@g%ér éé%iﬂ@r@d ajychk Qﬁ@ttcl &ﬁnera
iy Craf t ake of f. 1gmd | andi ng f@ vg%/
The 8ﬁ@”ﬁ'6‘ﬁ“‘§% tthe PositigRAD %ieetsﬂ ant %Wabﬁurfa%
is achk®eamplusPatrhenoseepiuisin wistgimré@d fskend m‘q‘:e@ilarbftth@&ﬁlway For
’U\ﬁg r\? qlgverlng specific |ocations on the%g ¢
exa 12 the, galibrated JEwWal,sefingdmMEee S3cR Phef is,maPpe pnto Prec'se co-
ordir2es Whr . reérhivérkflﬂ?bfdgﬂﬁnﬁ?nirﬂﬁb qwhmhr@dﬂwibegodé@@ on WGS 84 or
t.i e static survei nc anera .. .
Ao G SRRt efeostorti \EiA bEET SPECE mepfioning and
rangi@rteciiqueswRUiddlsebais@l. room det erm nes the position
and range of the detected FOD on the runway based on

scene inmages captured by the static canera. The
detraé nmfbaﬁétmn Ratdivey n@'rdrigemmﬁcam\gef pODt &€ detected by the

stati ed FOD on the ru face | lg %cg% ﬁé
%§PH’§'”&B&%§6’6‘E( Z (R?PB?%RPK& ‘Brhs SEﬁOiSB‘?pé st by g sveiem to
autohhﬁcaillyrrmyol ﬂﬁerncﬁnxamm €arh&rab Nﬁ)r@ahmbreabepﬁbnhM@an@QW% pan

it 2p0fB P22 e 25 AL P o AT O SR opl Sfoous
on toBRNVWED &4 péa Af Iirﬂérfeétb &n itlge datway) andMot eiftaiattelephato images on a
., st n_base .posi.ti.oni ng _an X
vide TR0 P IE 100 S el o aneissh e oS aRD fvsortm the
presengabitetgctet EFCDIartgeo dilter hdalaé iatarmoThEEPtalephdes anaged drg also

utnhzg? 3? 8%%‘6%? g}!l%}/agctﬂgﬁ{] o1y 853 ﬁfrs?iﬁégoanr,\gs’fgtﬁgitc%te%ed FOD. Accurate
objeatufenmtas ciatilgling ooibject! lehbth, resightt atdag pmimﬂtm tektare, chromatic

a pan t Z0
prongia et sihatBlHatEeRar Bk Bto SR abiph eAF B kied B8 mputs to
pre-za@ined abidétataskifiers on to an FOD or area of interest on
the runway and to obtain telephoto.i mages on a vi deo
di splay of the FOD or area of interest with sufficient
deidteinativeo embbtiimentd b thar memanwntndntoeotae@ E@id@rﬁlﬁeﬂng out
false al arm The

fil
b e, afp 158 By T s TG F P A oot ol Sodku? only i
localideaisavied ionathie cmnwéy thue athet mbaﬂtrﬁ@tlrd\ama@t Rabb¢acalso cause

motigf EE By the Pt S8l Faae b SpPOBeFhTasERir akeh 26 calgehes
whef tlerdidn esgetrteaiuawbgatsoﬁamg’daas, ovie mbthodno fikeruses) @ clutter is to
detem.n gné recgocg);mz%eIor%g’ucgnr aluﬁgrd lno{%]eer%%w%{l %?:grlle weth rain-like characteristics
that occur across the entire runway. Since rain clutter is not static and varies between
frames, temporal filtering could also be used to filter rain clutter. Thus motion clutter with
rain like characteristics which occur across the entire runway. will be filtered out as rain
clutter. The above principle can also be applied to filter background clutter due to snow
in alternative embodiment. Thus motion clutter with snow like characteristics which
occur across the entire runway will be filtered out as snow clutier using temporal
filtering.
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Al ternative enbodi nents of the present invention can
al so provide filtering out background clutter due to

WO 2000/029Dypi cal |y, rain clutter does not only ORPCUBGTINGYO0311
in localized area on the runway, but al so across the
entire runway. Rain can al $6 cause notion clutter in
the runway scene inmage with specific characteristics

S uaheﬁaﬁn@@ LaHaammaniesr tha ﬁréséhﬂn{?értﬁént Fé@eréH&B’\@é/ck?round images
surface. Thus, one nethod to filter away rain clutter

obtajngd orte the: SUBRHIaRER GPISSRS 5B BF- RfPEﬁSlsé?* #§ing 1Reige detection

techhid0¥& Yo Tkl dyBtehfintbré irklichias ARinfihaifidd efarigBat ci@EtUind to
across the entire runway. Since rain clutter is not

reduge f41$%-l3HBS vari es between franes, tenporal filtering
could al so be used to filter rain clutter. Thus notion
clutter with rain |like characteristics which occur

acFgge eMenesIneRteand, SRiSFIQR (tFChiaues| aer KipdhiR IdRbtiyapdges of

runwidyUfebRires. Hited@Oeam irhagd l%' £ ceaounbe@sh avhidhotHeesixdl Properties
filter baclé%roun% clutter ug to.snow in alternati v
changengivuRibht EAgRRNNABESBRNt @G feipction: s §egvio) impgove resilience to

|llunﬁ’fﬁlbﬂfé:h§rﬁge%tfbﬁﬁaréﬁé“rb@|’m Bi%Sl UderfifiEQR® Hded @R thabkgrbui’@lbtraction
be filtered out as snow clutter using tenporal :

and/p[ FeEFThg. I n exanpl e enmbodi nents of the present
i nvention, reference background i mages obtained from

th urvellla e.came essed uUsi ng edge

de EatbREts Shiteqiesent BVerliod deseritsstatavs sap Save dneicb Riore of

theﬁﬂ)ovmhblﬂéatmﬁl on changes, cI utter and to reduce false

al arns E enha cement and detectio echni.gque

s TEge SRR e ymway MradR g e Pighdees RIS fyEhias Sovel

an X e eeft_So engho plue lmghiat‘d Qsgsov@dhelr X e ¢rihaate feaéures that have

S C u ancement an
B arben e angs Rt Rk B R ReSTS

i me mfw@smﬁaﬁdmbme@Df@@ef@tregmuugnebahbmerrhe estlmatiodn/ adapts to

identificatjon a roun ction, an r

| e oy St Racedens G s ot et AR i BRE o) and

?efﬁﬁdldeb&ﬂa ab@’:/&isﬂ@rq nhétedsObesery oniregreksitdle Iéérgé@\ﬂallgqround

eat ur es e enhancenent a ru e
i BH195 52 el Caancaediefie R d TR e tigbferate
pl kel iegéitthisRbIt neep fScbduptwé()mxtableeéIImigeené@@tmm t hat
h| radi ent han i n .the diregti,on lel to
T narhalResitg Aiedds Plgt blel 0 feRlnlsSbryEheB ity it SGok of

t hreeigb omeps Tibe reaiice Nk i oisad aplys pt&lﬁle&éﬁd&rg threshold will be

enviro nt al ition . t reflectio
o SlasS iR as Spael 2o kAR At sl rRtiBing e wliion B6 Hosifor the

baseejgemporogre33| vely | earned background

- Adaptive background learning which compares current edge image with
background image at previous instants to capture the slow feature changing
process on the runway to allow these features to blend into the background
without generating false alarm.

- Composite background edge map which consist of adaptive background edge
map and the previously learned background map and optionally seasonal
markings (generated for particular season or weather condition such as snow).

- Generation of suspected edge map by comparing the edge map and -the
composite background map .

- Edge filtering to filter some of the edges that could be due to sudden
environmental changes e.g. reflection due to rain or other weather conditions. .
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edge map to determ ne the grayscal e | ookup table (LUT)

to be used to generate pixel |evel threshold map for
w@o@ph2el pi xel | evel edge map extraction - TeP@DBE@L008/000311

filtering applied to pixel %evel to retain robust edge

by using a stack of edge s to reduce the noise.

Only pixels exceeding threshold will be classified as

- OpBBt d2EdRN RM@I’L&\A%Q%&%HO&WQH lighhgetBbirl Euritignighf Gfne (such

be used for the ed P ﬁtlve $ ckground

| e8F AV el '%ﬁ&a@@% a@d’f“?‘%? <IGENq Netyeleimqygment ete...) by

bag&ag Qi Iwm@@ram am QYdtietical I dhBhRR! & ESmpaRt Wit ptdtfessively
sl ow feature chan rocess aﬁﬂgthe r?nvvay to all ow

¢ hBetateq agadS dete e @RPeMA Ao LoRGHIBNd wi t hout

-geagy/athﬂguifvaluaﬁc@lf@rr ﬂ%tectn@oFmDSb lotkqea haakey Aitdue 88e need for
|1 C consj a ve a oun

S LR A R g A

Sseasonal markings (generated for part| cul ar season or
weat her condi t.i on uch

of
“sudPRANG eaagy O ‘UW%'ST?@&FlO\I%h? ﬁ@%g\@%ﬁﬁ E’g]%eq, (Femputer-
coapsistt e aR@eK Ghaniad zoep-in @lga:efpabims 0 ehsurki kel foreign

SOME Ok Ane cader el POl e O St e ey

-0t hassive ah heaitur nelinkihatirgy the eqliratréra Cforomselatiory ld)ﬂv\mslsted

astu@l]@qbq?ngﬁ g@{;g} Igg gﬁsegﬁctaﬁﬁ areg: ﬂur iﬂa?or%y %haﬂk qr}?lo&/ |Hum|nat|on

gr aumditiorhi cl e novenent etc .) by using gl obal
hi stlogr am and st t'StéCﬁh anal ysis to conpare with
or &8P g‘%ﬁ%@l%’”ﬂ% 8y 884 M98be t o determine the abnor mal

Jdl gh:tceﬁﬂﬁgil tited. and/@faﬂunlmn’ﬁtjreﬁ umy@ési |cteiged Grom a network of
etectjn

U P, Feerase uFEY dipAd iy AR [ BRST SUESFSaLg) egapicues to
or db’(efcf albestei bt BNkt Bos)) Themgrvemaﬁmmsmfemrs capther single or

o b6 UMY, YhD AYLSTE e S SPUL B Rl P drcs of

aI kuffvellehg obj ects are accurately detected,
tified and |.ocated on . the runway. passjve in

et le war e BT e et Ee Eh Bies PP b lay g to the

of irapieived adagélpnmersa:hgmmr(gs adaptas llegerproCesisn'fgr iar e example

' at ors owwﬁ atlonc

I_l l@ﬁ]rgg lmqp@ggmgafq%n@ %?gi}mgnﬂ/s wiicn can ré)cs]uce he number of

cameras used and/or reduce "lnterference" Wlth the existing infrastructure,

and/or reduce obstruction near the runway.

The method and system of the example embodiment can be implemented on
a computer system 900, schematically shown in Figure 8. [t may be implemented
as software, such as a compuier program being executed within the computer
system 900, and instructing the computer system 900 to conduct the method of the
example embodiment.

The computer system 900 comprises a computer module 902, input modules
such as a keyboard 904 and mouse 906 and a plurality of output devices such as a
display 908, and printer 910.
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- processing video and/or still picture inmages
obt ai ned froma network of surveillance canmeras using
W@ 0UpL®F1 Vi Si on i nage processi ng techni ques tRCHRGHO8/000311
| ocate or identify FOD. Thg surveill ance caneras can
be single or multiple, nov Bl e and/ or static, flexibly
| ocatabl e in the designated area of surveill ance. -

Thehe ameifseBbddR: deplioyetneitegreat eompussransteofoon? via a

the runway duye.to e | ved i € processing.usin

SRl JeTee N aRERY o5 S BT SR ad i TP Y s Stch as
L ocdl rpanNetvd & (BANS lor Ngde ysé£ Netwoki(?VANRN reduce t he

nunber of canmeras used and/or reduce "interference"

with the existing infrastructure, and/or reduce

ogsrhéutsdm;?xﬁtenﬁgdsdma@omwaye daenpietinclddesnca pycsdeaso0D18, 2

t.he exanp enbodli t..can be i nted on
Rangg ?%%SS&@%‘E@H %W? e%c{)?c%ﬁgr%/%ob&m?fy L9%2. The
combtltdrf&yodlge ol slgenheiddes aaﬂfmbm'qu@‘, InpuEOusIt 41/Op irpatiaces, for

rogram bein cuted wthin t uter e 00

exalHE Yot ned i drbay it pud Ui BBy s SR lRE Retoare
904net hod of the exanpl e enbodi nent. The conputer system

900 conprises a .conputer nodule 902, input nodul es

-such as a keyboard 904 and nouse 906 and a plurality

of Thetdauipahewts of treucdmasten ndidsifd 892 HBcallgncbrpminicete via an
., 910.The.co er modul e 902 i s connected tq .a conput
intergaRnRd §53 Seand B4 rapne’ st RLRSaTael ScleE MY, levant
art. enabl e access to e.g. network systens such as Local

Ar Net wor LAN) or. W de ea t WQr ok

cort SPTRBLRI BYRT ff PRCA PRI T HGeleh of e computer
systphp @08 searcdlitd, oa Raladwrsidage simedenmosych REVia SZBROM @ flash

Read_ Onl nory | 922. The.. t d . .
merg?ré/oca]rﬂ%l%/ %%% geadc}/ Hﬁl?ﬁﬁ a oqorﬁeﬁBg[?c?I@ {E%ﬂ S{o'rr% Hle%ln?rg %rlve of a
datd steagacesicef 880.eXHrgp kppldabon npregfame és 924d tamdt bentrolled in its

di spl 08, and 1/Q4 nterf . 926, t h r
oxogfibh B RS g 15t " e BEslE Sicr et T S BYEI Bota maybe

accomplished ysirgpRAMNP2@t € via an i nterconnected bus 928
and in a manner known to the person skilled in the
rel evant art. The application programis typically A
s ufiiei invkrtion tid @ot raitedb thet dlwove campluidiments. However, those skilled in

the art will recognize that the invention can be practiced, with modification, in the light of
the information contained herein without departing from the scope of the invention. -
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system 900 encoded on a data storage nmedi um such as a
CD-ROM or flash nenory carrier and read utilizing a
w@orpespendi ng data storage nediumdrive of a PEI/&G2008/000311
storage device 930. The apgl ication programis read
and controlled in its execéfion by the processor 918.
I ntermedi at e storage of program data maybe
acconpl i shed usi ng RAM 920. The invention is not
limted the above enbodi ments. However, those skilled
Claima the art will recognize that the invention can be
1. PrAGLRERENc ffleReH Jghi@ihg ATorelgh st)6ct! d&its, 6f adrigye (FOD) on
information contained herein without departing from
a runway eooupeingf the invention.Cains 1. A surveill ance
SYSh&a ri‘ngfe %‘?ﬁ&ﬁ& kP Qaptufifg RhaRsAPURCTuINWAGDAAES, Or
danage OD) on a runway conprjsing:_one or nore
cafRiMege Progesping ryaig %g&e%mgtme FRRVRLY theafitpwgy based on

adaétiﬂ%ﬂﬁa@%%%é&i@oﬁwéInﬁ‘éaefs%pfi@é&syt {Hednigad;OD on the

way- based on adaptive inage processj ngf of the
i magersin st suresillange sheerdfadaptivaihepephletierOD detection under
Rl SR liGHN bR difSRPRkERE ¥sQ88H ARhndiRh sbEWas infrared
bo’th?é?ect_i gﬂﬁun er b@gphc daly andl ni ght anbi ent |ight
or lag@rtininaieEs.wi t hout assisted illum nation such as
infrared or laser illumnators. 2. The surveillance
system according to claim1, wherein the. i rﬁag_e .
2. pr dbesuivrlasge WReADAFIELNG A haWEETREh (NehERdasRropessIng
systEMNABRS e CHRENERSE FRARSS t6 enfarfoeStHE CaptutediifRges.
system according to claim 2, wherein neans for
enhancing the captured i mages conprises a high pass
3. T hhEunilgRes bysferh rRBbidfgt tatcaimi  Wihekdih nfdar@ gk éhhancing the
Sobel X fromright_tojeft filter, or_a Scharr X filter
captipc IMegenSPMPEERS Al Paps fHee 2 8PDYX fraRtiEsipstigihfiter and a
SobBOE REAN Tt 116 164 RitdFBorla SEhatr X \WREF ©ithe tASUIIEGage.
processing systemdetermnes if the instant o
processing is a day-tinme or night-tinme; and detects an
abpor malrhgl ﬁ!?\t/eimﬁg's?et@ﬁr a&ddeding $o Qldené @ & 3, 0Ntedréin the image
| anding or aircraft faking off or ground vghi cle N
progeswiagsHEtent fRiRMTTIAES HaPE (RTRN! FRIRCTEINENY hiPhime iofight-time;
and YetebRears HbYRhal RdHt BosiBdre BLEE 89 tidé Edaitdraf latdMgar aircraft taking
wherei n detecting of the abnor ngl, I iggt .condj tion.
off o gRgNCcebiclh HEXEMeNts ey thmrapiresimage pdg MahEM&i s to
conpare each image with one or nore precedi ng i mages
and identifies the abnormal | iaght caondi tiop Eas

5. chahgesuryeilance systed agePiinddoamct whereln dRise %ng*hg abfiormal

light/ 8bhtftion comprises global histogram and statistical analysis to compare each
image with one or more preceding images and identifies the abnormal light condition
based on a change in intensity with reference to a threshold value.

6. The surveillance system according to claims 4 or 5, wherein images for which
the abnormal light condition are detected are ignored from further processing.

7. The surveillance system according to any one of claims 2 to 6, wherein
the image processing system adaptively estimates one or more threshold values for
optimal FOD edge extraction for different environmental conditions; and generates a
pixel level edge map using a statistical method based on progressively learned
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6. The surveillance system according to clainms 4 or 5,

wherein i mages for which the abnormal |ight condition
wae@tizgosct ed are ignored from further processPESG008/000311

The surveill ance system ac Br ding to any one of clains

2 to 6, wherein the inmge % ocessi ng system adaptively

estimates one or nore threshold values for optiml FOD

baclggmdeakiagaedye mdpio dbtérhemethe @ayscariosiiptbble (LUT) to be used

t'. ) d t |1 | ed
o ol Biel el AR Bhcad on pr ogr esei vely

| ear nedbackground i mage edge map to determ ne the

gr scal e.] ooku ), t d to,genera
5. 51 1bF RebuleReh skl aisgle T T Fhte B frapgssng
system Gantithr agpkes tehmoml Tilterinigeto el sﬁactkhﬁ pl)@a@eelrydge &SIty retam only
stemfurther te r|n
the P g b ot Bensid SR rtel InabApye BrefodaBiRs bass the
threghdipe map whi ch consi sts onIy of pixels that have
accunmul ated to pass the threshold. 9. The surveill ance

system according to claim8, wherein the inmge
9. pr 67be$8jrvuylmyste@Bteﬁu attweding Ubj @ains8| Whaeretrbthet inett@eproagssing

rning, the.adaptive .

syeigyR ORGSR P B8 TRl el toc PR orchstBugy dseino, the

adapiiygdackgrgersd I@htmmm&dnmiswpg evious instants with current ,
i mage; iden atur.es. on the ru *
e DRy BB SR Bl 00 B s RS i
changemtidmbgat ures. 10. The surveill ance system
accordin cl [ e prqocessi ng
system ngeP%ﬁ( ﬁ%ﬂ]gggnigﬁgﬂé%nég@t gb\g%yc@a ‘ound edge
map conppiainggthabaedaptideddedoiage aithdhesige chrangingfeatures.
previously | earned and saved day or night background

edge map, and a seasonal marking map generated for a-
10. paffhecaireillanea syysteor aneatingriocdaich 8] whereirlthe ifige processing

cysBi{ A QUREARYS) 0150 i R SRR AP BB B! e
backgamkgt enlgedmed,ge prmmmhdleﬁh‘edrar@sﬂveéd@g amaight auadkground edge
e, SR NG AU IO oI 15"« PR AT iy ganer

condﬂlca\sm 11, wherein the inmage processing system further
perforns edge filtering to filter unwanted edges
related to environnental changes fromthe suspected

11. eddbermapveilande cysipat escoedige tp atainretle méheodin B@DinhagaTprocessing

system further compares the composite background edge map and the robust edge
map; and removes background edges to extract a suspected edge map of FOD.

12.  The surveillance system according to claim 11, wherein the image processing
system further performs edge filtering to filter unwanted edges related to environmental
changes from the suspected edge map, and computes edge parameters of FOD from
the suspected edge map,

13. The surveillance system according to 12, wherein the environmental conditions
include day to night transition, or night to day transition, weather conditions, rain, smoke,
cloud or the like.
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the suspected edge map, 13. The surveillance system
according to 12, wherein the environnental conditions
w0 p@brei®sday to night transition, or night to PEESG2008/000311

transition, weather conditions, rain, snoke, cloud or
the like.14. The surveill afte system accordi ng to any
one of the preceding clains, wherein the imge

14. PTARESH ﬁ’arfc\ér%gferr? Q¥ rblﬁé! $o @Ry EEPOQEI@B#e%e&Hg %lalms wherem
suspecte regi on o runway on a vid di spl ay t

the iambge rareaessipg ricitiosr @terlay% 6ﬂtFrQ>'¥ ARG 0fra éB?R%CEﬁd Fe@éﬁﬂ of the

runwgi ohPvfleh eo‘?édl%f‘to él%rm -Q?leo;%ﬂé’%?'a{ laad%@xﬁ'oﬁtbwe?@r control room of
to clal t he

ordi ng wherei n one or nore of
FODgigtastia®, or one or nDre addi ti onal caneras are

arranged for zoom ng on to the suspected region for
visual verification. 16. The surveillance  system a
15. ¢l Bhensdrveilanes sy#EMopoORINg te RIMn i CVBPTRI OOR & émre of the

cam%__%j bmg (ﬂ're %‘?ésddﬂﬁloﬁéﬂséé?ﬁeﬁaHréreeérr&{g@élsfoﬁf|z%‘é)nilﬂi'@ on to the

survei || ance system according to any one
Susmﬁteﬂhﬁﬂlm%étﬁuﬁ@%ﬂﬁﬁ@’fw wherein the one or nore
caneras conprises one or nore static caneras one or
nore non-static caneras_or a conbinatjon of

16. St 3¢ SuRamRST SYStaRD BE SIEA ASSVIYe GHas SREPEIN s, whereln

the .ﬁﬁéaé SPBRESRY gj/éigmtfé?rt}%?f)éla%@lﬂeé)ﬂ*net#@ precedi ng cl ai s,
rein the caneras are placed on one side of the

runvvay 19. The surveillance system according to any

17. on?thsquQﬁiaﬁéeegﬁ%rﬂgac%r@ir@Bto aMyesrel of th@@r@o%ﬂ&fg&ﬂalméewherem
pl aced on either sides of the runway in a sta

the gRgraTaROre PAMETRRCHNPNASE |ONG FE B1EY §?€W%@8Eﬁsd?%g?@°%?rf‘f“'sta“°

cam8R Pk iR bo® sEtRi 48l nonediRicanidigs one or - nore
caneras ftail to function, respective adjacent caneras

are operable to cover the areas covered by the failed

18. Caﬁ”ﬁé%%rveﬁléncér B;?stéwa\b‘ébidnr@n@ear@y&{eem tA6 PPEcHdy ¢l@imdnyherein
one of the precedi ng i.ms, wherein the one or nore

the@é‘i‘@ﬁ%@%@ﬁiﬁq%‘egn%ﬁ@eS thedH@Hpnochr ome cameras, one
or nore colour caneras or both. 22. The surveill ance
system according to any one, of the cedi ng,. cl
19. 74 TERGHNGIRERP STHETTETER G AT P GTei RS, wherein
the gﬁﬂerjég BreSplaYed bih B skiks loetheatfRaWinngstaggeray neteeof
he precedtng clains, wherein a runway surface is

d| vided into a plur al | ty of segnents, and one or nore
20. Norhatiefilance system according to any one of the preceding claims, wherein

when one or more cameras fail to function, respective adjacent cameras are operable to

cover the areas covered by the failed cameras.

21. The surveillance system according to any one of the preceding claims, wherein
the one or more cameras comprises one or more monochrome cameras, one or more

colour cameras or both.

22.  The surveillance system according to any one of the preceding claims, further

comprising one or more night vision cameras.

23. The surveillance system according to any one of the preceding claims, wherein a
runway surface is divided into a plurality of segments, and one or more non-static
cameras sequentially scan the runway segment-by-segment for FOD detection.
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canmeras sequentially scan the runway

segnment - by- segnent for FOD detection.24. The
waeweedosance system according to any of the pPeDsG2008/000311

clainms, wherein a static c ra detects respective

| ocations of aircraft take”off and | anding on the

runway such that a non-static canera is directed to

first scan runway segnents in the respective |ocations

of _aircraft |anding or take off tﬁ reduce .FOD

24. dethecsvnillancresysia aprerdiiar {ePNY Shie BIFEPURY RABFAIVAGT 2

static @anéré o%fedé“ﬁés[ééﬁ%%dwoﬁé af akcrafvbkeaifnaridiandingge the runway
processi ng . sys

em. appl ie oral filtering,to fi
such ot & RTINS AR o T RALlp ELAe VRS i O i teRfetive
locatfoRk Bf hird8ft EMAIRCIreskeSH T RSretiice ROD deeddtion tiskeut t er and
based on the notion clutter due to rain occurring
across the entire runway. 26. The surveillance system
25, acCtRd diNGillhrerd)stdrh acbrdpigetoeshyngs thé @rmdmmlmsnwhémm the

I mage processi ng system a ral Ite
image| POGYSS0, SR 2T BHrarat tiriag GO0k ok Egge il Rurway
scent §RAge 15y ,r&o%:ﬁigwg Irhikgike brdracteeisticstdf esin afotisn olwttendridovased on
clutter on the noti utter due to snow

the ragifoaNisg due FOGE" PHATIIA 778 DR GEYPS TAvalThe

surveill ance systemaccording to any of the preceding

cl aj ns, erein the im oces st.em nmakes
26. o1 TharskePUSEe PRREEHADT 1] DA Sr T e heein the
imadeOpratédetHgngystdrh lcﬁldgﬂﬁltem@ordl filiecihd o filder dut snbwmhm;eramdunway
on sane vertica I St of .the,ru
sconBgieBEH Rk CBB RO SEPI GRS e oS M g1 Ru ot Y EF 4R bases
on tHemegsh alittdriRierto BnaY oteurfing atrees the-antick natveg. on t he
real -world co-ordinate frame (such as WS84 or Airport
Gid). 28. The surveillance system according to any of
27. t thh@ fs@ﬁ@gliaﬁge @yﬂémb‘accmwﬂgetmammefhﬁhmecq@m}g:elsiﬁisn gherein the
tem makes orizo n
image HeCoe B TE MaRes P ot ARG Shriarey St bl bR atong the
longhudIM@ Y horizadetas) direttort on dies runevayvamdwer sanoakerficalelistance from the
ratios for runway sce al i br
sice B e W SR AR e 4ot Thces or e
runviz9-18pilkdiss esoffindtbeon ¢ad rasbwiodd co-codidita dtaend (sadeag ¥V@H84 or
) a% 84 or Airport Gid). 29. The surveillance system
AIrpgE GSidi ng to any of the preceding clains, wherein the

[ mage processing system makes use of nobnoscopi c vision
ﬂ_ cali br ted rul

oG PP O R arR TN h Nt A RO PO SRl hgiein the
lmagé p?ch;‘ésﬁﬁ@s?ﬁehhmakw\nﬁg .08 @wo Haealiel humdnts&mcmawka‘t&snmn each
S, A S TR Py AT e
mappiiceiaiib R r@waj_ﬁehélcah@'aﬂm to mapl pixels on the images on the runway
to precise co-brdinates on the real-world co-ordinate frame (such as WGS84 or Airport
Grid).

29. The surveillance system according to any of the preceding ciaims, wherein the
image processing system makes use of monoscopic vision and calibrated runway scene
image captured by é monoscopic camera to determine the position and range of the
FOD on the runway.



calibrated runway scene inmage to automatically control
the non-static canera (such as a pan tilt zoom canera)
wo eoopareoand/ or tilt and/or zoom and/ or focus oOPEDSG200€M0311
to obtain tel ephoto i mages_pf the FOD with sufficient '
details to enable the veriflcation of detected FOD or
to filter a false alarm 31. The surveill ance system

30. aCTzr% Qu:?rgméﬁbea@ét@ﬁ ablta&dmgeta@duyrtg i6d Qtéﬁ%dlnwlﬁ’lmsnwhh@n the
es se of stereo visi n
SYSISEM ABER AR SR Roskigh 80 Grrae et R By Raiicdemerg and a
cahbfdﬂéw\ﬁ,%hr\/]v%Q 35?}% infde tb @ugﬁwamduymmugl th8 nop-atdtie canpal{stidh as a
from e | erence al ne
pan {i A ig@e Ao GEBERIch g 2poD S0 ISR tgbtain

5 telep‘ﬁ@fﬂi’tnﬁ\@@é\ oPthe RO &iithl sufient Heelistooénabiethe \enifitdtion of détected
A surveillance nethod for detecting a

FODr%ﬂ%f!é@f@&ﬁjss&amuebn s, or damage (FOD) on a runway,
the]c nmet hod conprising: capturing i mages of the runway;
erformng adaptive image ocessi of the . ,
31. caﬁbﬁﬁéa’eﬁa?ced%(%%ﬁff&‘“?’ff@pﬁédﬂyo tF%é’r‘?r(i?HWgycla'ﬂﬁewgehe'n the
systérﬁﬁné@ghﬁéﬁ %ﬁst@ﬁb%p\l'nswm%lr@pﬁlpablcé stioeillBGE demectsi toncover the
under bo ht con
10 samGaeReT: e e e KR FEIReae PoREoR R Bp ag Tpped from the
diffeled@er inidgeUshtamear By comparing the two .images as captured by the two

cameras covering the same area of surveillance (field of view) on the runway.

32. A surveillance mefchod for detecting a foreign quect, debris, or damage (FOD) on
15  arunway, the method comprising:
capturing images of the runway;
performing adaptive image processing of the images captured for detecting the
FOD on the runway; '
wherein the method is adaptively operable for FOD detection under both day and
20  night ambient light conditions without assisted illumination such as infrared or laser
illuminators.



