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Met hod and System for Rail Track Scanni ng and Foreign
(bj ect Detection Field of the Invention The invention
woeb@ies2t 0 nmet hod and system for detecting foPersa2005000190
objects or abnormalities on o near rail tracks.
Background Art Rail tracks are currently manual ly
|nspected i.e. elther b |nvoIV|ng peopl e who have to
o Y anting and Feyeig @lyeet Detection
problen1or by matchlng I|ve or del ayed vi deo inmages
fromone or nore caneras nounted on a platformthat
Hiegld ek thednyentionai | track. In the latter case, the
i nspection is based on visual inspection of "noving"

video (or by exam ning many "still" small frames from
t he vihgeinvention talaigs 48 réethod andraystamper detegtingnhtoreign objects or

a[b"ﬂg rﬁaht@é‘%ﬂ o?ﬁf: trﬁag systens are not only sl ow and
edi ous, al' so omer t he chance and speed of
det ecting for ei gn objects or abnormalities around rail
efcﬂgrl%uﬂb'ﬁrtto human i nput required, and the associ ated
n error. Such nmethods are al so resource

i ntensive. Summary of the Invention Enbodi nents of the

' nverﬁélpﬁj GRNLrB Mk ﬁ\aﬁ@({ll& Efded'\@et %ﬂﬁelt ﬁi\%ﬁ@é %eople who
foreign oD | ects or abnorna aroun ral trac
heap ttaniallg amg tbedaléérgclﬁgo wnu@jlysldemrfy Goprblenmgr bwveaidhmg live or
de[‘H\}/%B ch}e'OQEa ?\ JFEerBﬁn&E ctanl%résnl’ﬁﬁﬂﬁtb& %ncaa;gat@cgrﬂ\vﬂhg?moves on

ance vvarn ng o presence orelrgn o
the rajl trackx pnl ibeilatiar case,dbe inspectiend® bhsadeen weual lr@pppw emoving”

\&% ?c?r )ex%ﬁ"m‘ﬁlj?d“?ﬁéml “srtlll”e§m9ﬁ‘ fl%rmés R’Bllﬂew\é' 9|H53r>?t Xaﬁ&reg as the

caMesas Moue ovef] thalmnl@ §u¢h mﬁthpds bed swﬁt@ns areenet @nb si¢vn gnd tedious,
' vient r r
%éﬂ%ﬁ)l{o@vﬁ ntglgeﬂér%ﬂ nH %%e:égﬁ&dﬂéét@{:t!?g Faré\éembzé;:‘fé %?'Hbﬁormahtles
aralst wag etrackldueu tnt@mananmtdﬁqmtelde angh alma%aocatedmimfmtmnan error.
%ﬂﬁﬁéhma}é l@ovr%'sgt‘?r‘ée ilt&hs ?fecor dance with one aspect

or t resent 1nventron, thére is provided a system

for det ectl ng an object or abnornmality on or near a

lﬂﬁ#na cﬂ%e InRIQ iystem conpri si ng scanni ng neans for
's-ca'rrn%'g—mn@—near a portion of the rail track;

anddet ection neans for determ ning the presence and

| ocat Y.

por 1 Esmer of the el 320 BFBuke Yo i, BRFmAl to detect
foreigreolzyjects g abeenzlitied afoend niltrackl dyssaptusimgfandt preeessing images

I for capturing one or nore

@%mé'émgie%emdﬁoecﬁggr abnormal ity based on

[ nforrrati on fromthe det ecti on

Embodiments of the invention can provide advance warning of the presence of
foreign objects (e.g., explosives or devices associated with explosive and bombs) or
abnormalities on or in the vicinity of rail track (i.e., on or near the paths of trains), and
allows for suitable action to be taken, hence aiding in the prevention of train and rail
related accidents, whereby damages, destruction due to incidents, such as sabotage, ill
intent and/or other natural or unnatural causes may be avoided.

In accordance with one aspect of the present invention, there is provided a
system for detecting an object or abnormality on or near a rail track, the system
comprising scanning means for scanning on and near a portion of the rail track; and
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nmeans; and i nmage processing neans for processing the
i mges captured by the canera neans for deriving

wdebwsareaam i nformati on. Accordi ng to anot her aBpesG2@5/000190

the present invention, there i2 provided™a nethod of
detecting an object or abnormality on or near a rail

track, the nethod conprising scanning on and near a
drseetioprneansierdatenmining sharrasencesinddocation ahiternbiaté o anormality
G 8r Kk HBIHiGHof thE rdif BRR M8 BA IHf&ﬁﬂle FroR thé ?Sarhnlng means.
obj ect or abnormality on or near the portion of the

rail track based on information fromthe scanning

neanspigkdrhbig, tA8 s?stgﬁtfﬁﬁﬁér%nﬁl)ﬁ%&@an?éw Fﬁjlé%fﬁstf& c!a?»ﬁmngf, one or

scanni ng deVice, Brief Description of

PPEesiERges Al BAOPISR Pralmormalily baresian In@mat;ommn e detection
fMend; aRY ﬁ;ﬁégéfﬁroeé&% BEHSSH wot:@ssng b fGided @ ébpmsd by the

acconpanyi ng draw n gure
W@MQ%‘S&WM"M'QQM%F%W iformgtien.syst em and mat hod to
detect foreign objects or abnormality on rail track
according to an exanpl e enbodi nent; Figure 2 is a

sc henﬁ@qoed"pg teranptha agpestioh thei Aresent inventiny, thess istpsevideria method
% 8n 88 Jlﬁ'e@%r afld?nbﬁ'hélﬁy QIJPbleﬁéa? a%5il #280 rtlf%bfl%d%mpnsmg

strajght rail track accord to an exa

@aﬁem PBrRnd nepga pertigniof the rgtt ?l@%wtlhémg iackgapniag,deyice; and

c’félt&%ﬁn& thefj br@é@r?cedan'df’fo@atléﬁ Bﬁﬁ@tdgfecﬁbrdé’on\éhﬁ’.fl\f#ty on 05 near the

Iustratlng system and to detect tore
Repfietefdherail w.baaw Ry infermetipn fromdbk seansing means eilising a
AR &HoR d‘éUuE:T%E&%Té@fb Me‘é@éﬂuﬁ%&é\)ﬂ@“ on according to an
exanpl e enbodi ment; Figure schematic side view
illustrating a systemand nmethod to detect foreign
objects or abnormality on rail track when the train
I evel S out from a downward inclination according to an
ief Reseription ofithedrawinbsqure 6 is a schematic plan view
Of a ;Sr@QérE%\/éﬁﬁ@r?ﬁ e i3 BerblRb %ﬁa flﬁmﬁ)rﬂl%'ﬂ!/é E%Rodlments,
on rall track when e train negotrat a curve
with refpignesrtadie a@@mmnmggtdmvang%mwbm enbodl ment ;
Fi QUYﬁ%Jre' Pigd Qa@rﬁﬂﬁa&ramr@qﬂug&a@l% 3;!7152&8994 ngd tnlﬂé?hod to detect

f|or| nci conponent s of temto ct fo
orgigneekiects onahnermelity op raihtrackiaccendingito ao@xamplegem Iuoomnent

exarmi,gur@r@gdé LB matld @Hﬁ Siet drdwih (fﬂll?égt‘anﬂgaﬁgé)%?%m and method to

illustfating various system devic
deteai fPigigranbjectsrari anosmplily tonostraiphtoleiterackyactetding twan example

é}ﬁg&{,,ﬂgmg to an exanple

Figure 3 is a schematic side view of Figure 2;

Figure 4 is a schematic side view illustrating a system and method to detect
foreign objects or abnormality on rail track when the train levels out from an upward
inclination according to an example embodiment;

Figure 5 is a schematic side view illustrating a system and method to detect
foreign objects or abnormality on rail track when the train levels out from a downward
inclination according to an example embodiment; |

Figure 6 is a schematic plan view of a system to-detect foreign objects or
abnormality on rail track when the train negotiates a curve on the railway track

according to an example embodiment;
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enbodi nent; and Figure 9 is a functional block diagram
of a processing systemfor rail track scanning and

wobanwsiigen2ebj ect or abnormal ity detection accor #CmMGL@5/000190

an exanpl e enbodi nent. Detail & Description A system
and nethod of automated rail track scanning, foreign
object or abnormality detection along rail tracks are
pr ovi Gigdre f ierdHpstionahblogk diagram slnnwmgyﬂ;e eamnpipacewspanents of a
fob I f
B G A0 LRSS ARy B o) (REK 2cB0RR0 8 arf example
pbedimeptal i ti es. The systemis nounted on an exi stl ng
pl at f 0 t I n g rail .
P acl Oiect 15 EBfeck dRaii NesticifG JBRUES spyaBfablited flrail rack
$faANiag uANd cfaraign |objeahi o @bneimalibyafdetactiorf agcoeting doasn example
érﬂﬁocﬁr‘ﬁéﬁmbﬁ@ platform At |east one imaging device
.g._a canmera that can capture inmges) is used to
capt urigurg §ds Qoélﬂctlwl derksdingigtm of mgpreicessing system for rail track
g@ e
R o R R0 s A AL s 3Bl to, an example
%@@Wgt‘fem monitors the i mage streans obtained from
the i magi ng devices to anal yse and detect any foreign
obj ect _or _abnormal ities and preferably to classify
ts. Figure 1 shows a schematic draw ng

of "a A ogue; nﬁj %emem of a%to?ﬁ(azééamaﬁ QrLKL §&Innin gégb@ﬁ;n object or

obj ect's u5|n east €o cameras foun
ghmormalign detas Q'G)Zaloﬂgnéa"cﬁﬁ@ﬁsaarespmdédfloreXB@UﬂeImm@dlments The

stygén'i ﬁ#o'ce%e@%raﬂu%d [ geg%!'f SHe28 PAUHRGEE tr0 Hea Sf a train to aid in

bnormal 1ties nawde view il nmge range oun
tln@sietﬂlen of the fersigniahigcts aniabspermadigest Hea smsiemrla meunted on an

s gm ?tfcﬁ’ﬁlom Qﬁmenélené‘tuﬂﬁttﬁ&t ﬁlgvéso raEdn% %gbﬂaﬁﬁi‘a&oq'hgrmovable

Ic |location on eral
vehice infiidegsngrmed rasdminiatyeset] 63il. vehiclanherrinafiére refetied to as the

é@'ﬁ@@gé’ 8%\“!0@%”@%@ 9}4%1 a@né 8%k teeggé ?brﬁéraﬁn o(%ﬁtc%%ﬁre images)

train pot en or el
igdised te ¢apiyra BeparsRistive ewd csarrew@dlng N@Wzgfoﬂnectamkr and at least one

Iﬁlggfﬁﬁ éé?nc%agtd’sre?c)@n?é L 46mal CW@(X@' 55 stmgeocfttﬁg rail track. The

ergn obj ect anaIyS|s an cat
yE§n Bopiteyh dhe ineagscsitaams thplhatﬁh froimeteiimegiog rdevicas) t@analyse and

doYetd %ﬁ%ﬁ?&gﬂ%ﬁﬁ%r ngﬁﬁﬁﬂfﬁ{er ac(?( Bllfg%aglgkt?&ésc‘s@ detected objects.

abnor es aroun rail cor
exanpl e enbodi nent. A scan and a zoom canera are

i ndi ‘ﬁ# it e? oWé'Be&%leﬁm%Q %ravﬁr@ 5165‘ Fb%&ﬂdv\ﬁévy 10(5 Bf %’isllétepﬁo detect

apprec hat the scan om carner
fprmgnenlmmtédxsmg ajrleast atwer\@deOncmapln@mebdm menatl ehitlee102. One

ﬁ’l%'?é E)%gtb%ngor ?sgg’nrﬁﬁgéég AitrdcR Rﬂ f?ﬁ@%@goﬁ’gﬁt? 108.qr abnormalities

vehicl e novi ng
in raqwide2pigw image range (boundarles 108 110, 112, and 114) whilst the other

camera is used for zooming onto a detected foreign object 106 or a specific location on
the rail track 104 or its surroundings (zoomed image 116). As an example, the wide view
camera covers a track length of 500 meters ahead of the train. Once a potential foreign
object is detected by the wide view camera, the zoom camera zooms to capture an
image 116-around the detected foreign object 106 for analysis and classification.

Figure 2 shows a schematic plan view illustrating a system and method to detect
foreign objects or abnormalities around rail track 200 according to an example
embodiment. A scan and a zoom camera are indicated at numerals 202, 203
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The rail-bound vehicle nmay e.g. be a dedicated
i nspection vehicle, or a |oconotive of other train

wengisneoxns carriage. The scanni ng canera 202 i BCMSGasm00190

in adirection 204 and is abld to scan an arc area 206
substantially including and surrounding the rail track

200 in the exanple enbodinment. Simlarly, the zoom ng
resipgstively.odt vl ner, appeediaied ot dhe 0Saep) abd szanm dearagrag may be
|?‘Np§éﬁﬁé’htéd’%sa<5rfe 8% eram Ingﬂiﬁnﬁlemlrﬁeﬁgh?ﬁ@tdﬁﬁ:ne?ééj%m 203 are

view of the scene In Figure 2 [ ustratin

shewnrte dednourded en acil-avrd yehigle288 maoving mmmlgrtt raiktrack 200.
THe tibots@RhgleembP TRt a dza.ea@eaﬁ%ueeﬁorp emee f’nﬂ; lbcdmotive of
further novable in adirection of s ab

obefriraim epgiag o5 ¢eiega: The sEANNNG eaneig 284 ds s1aveblaria |ar@rectlon 204
atHEﬁs %QQ t@tscgh B %Fd?é}éa 9b6 sang&tihY ﬁ\%ﬁldfhfg én'?l%uYn%Eh&ih? the rail track

. Simlarly, the zoom ng canera i's nova
mﬂtﬁw@@m? émbgdlmenbl &ingilarly, thetmpmlﬂgw@arWé 28Bis mouable to zoom
IrRIbOBetE QR dBfeild NIRRT a 202, Figure 4 shows a
ermatic side view illustrating the system and net hod
to detect foreign objects in the exanple enbodi nent
when ibeeVeBhGLe 2 2QRehalEitle Uiy bf i llustrat
ot i it Shiks a’Sheinle g Liy bf 1B SebridfinGidlre 2 llustrating the
sypiear cﬁﬂdn(fmthh@Chgtouﬂe'lGQt dorgiginn obiegts, oxf aknormalities imdhe example

én'iI@cfdﬁn@rquhé\éﬁérﬁmﬁ&c%g&%réoéthf helf HhdvaBle .ﬁ%.r&dt.eH ?360 and is

hows a schematic Si view il lTustrating t
abirl terescAB dan @rer tsubstantially ipeluding eands surm@ummofthmﬁpﬂu als different

dléiaﬁéé% Q‘?&%ﬁ%f%@ WQ@QI\%%@ S‘ﬁ‘ﬁfd? t th% i’o%'ﬂ*h é %al%gés%gsv & Hovable to

froma downwar |nc:|nat|o tron
Zton@ enta ckiegEridstaie withindb argrall §carw@mom3ﬁ§ ofi thetsgan camera 202.
poi nt 502, after which the track 200 levels to a
hori zontal portion 504. Figure 6 shows a schematic
pl an Rmterw 4 Ishows rras¢hematin esids, viewnillusitating tthe ¢ystemd ené anethod to

dceg%c‘? 'f& b@‘ﬁ%‘}sslnelﬂéj ﬁgﬂﬁé %gﬁln’?&t Whehife G&0B185 I?velsgout from

en a ve negoti ates a curve
Etm@vmrﬂ emqlln@tmnoi enpartieneA@Q ofﬂhattrac!s 208 ipeeen upwadOnaining up to a

doftf b agite %mﬂsagcpeﬁ%d Bleil &a bz phiticARUN Lo be

curve aroun iTection
of the track 200. As illustrated in Figures 4 to 6, it

w | § (2 - 3 '
ot o IBEPTSEVE e %, 6 Al TR flhPand method to
detentforeiganbietitsrend abgoratalites: i the @xamelec@nmdi@enfowhen the vehicle

Z%rsel@\?elé‘tb%f"ﬁ'oﬁ'ﬁgst{? F’c] tn\éhﬁeﬁﬁ)hup 550 1of A FhBe 200 is seen

rarl trac der "Vari ous rac conditions suc

dowvniwaedly indining el tp raegqlnta(frﬂi @fter,which [the tatk 20 levels to a horizontal
{ated that the coverage is provided for both the

scanni ng canmera (conpare fields of view 406 in Figures

4 to 6), and for the zoom canera (conpare exanple zoom

fiel qfigure 6 shows a schematic plan view illustrating the system and method to
detect foreign objects and abnormalities in the example embodiment when a vehicle
205 negotiates a curve along the direction of movement. That is, a portion 600 of the
track 200 ahead of the vehicle 205 is shown to be curved around a point 502 in the
horizontal direction-of the track 200. | e

As illustrated in Figures 4 to 6, it will be appreciated that the system and method
to detect foreign objects and abnormalities in the example embodiment is able to
provide coverage of areas ahead substantially including and surrounding the rail track
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408 in Figures 4 to 6). Figure 7 is a functional block
di agram showi ng the princi pal coupl ed conponents of a
weypsisanvizd0 t o detect foreign objects accordi ngCTSGaMw5/000190
exanpl e enbodi nent. | nformati & about inages captured
by the scan canera nodul e 702 and zoom canera nodul e
4 together with the information fromvehicle
%)2)5 nfaHgUsIRGK condigons suchy At iinrliBes| Jediaes, jandocuives. It will be
aﬂmt%mw&g/e?@g;éub rokftfed K %
. ® $hSoth t@g&%ﬁﬁgdu 5 % i&rrﬁpare fields

C%O[‘ltl néﬁuslj-'é in imge recordin

e, #ER Bfdaeres dd %ndefoaﬂseozméucarn@r@ (aomearuecﬁxamm@m fields

4083n FBﬂirésAtcas)k |nforrrat| on, such as a Digital Map,

Geographl c Infornation Syst em and M | ePost dat a,

stored in a database 714 is also provided to and

r ef erFl@ﬂeWOis Wuﬁét%néktﬂb@&ﬂﬁ?gw showig thd 'Bﬁn&ﬁaﬁ'c@ﬂ led components
ule 712 conprises al gori for "executi ng va?

‘i{'mLﬁw&VFTGHE cte ggtephﬁae'gna@hmtwcca@mgm i expmple “embodiment,

Iﬁf@ﬁhbﬁcﬁ’l mhh%ar@&bﬁﬂ@é b?%@@éa%cédn%?a nﬁ&f 960 9hd ?85m camera

&E éjon and m analysis to identif Yy screpanm
%d0frvged §éd""ihnﬁ‘6e§‘f°&ﬁ'ét'%['! &eps Vah'9|éhmqlt@nmnm06ule 706 are

d@ﬁﬂhﬂo@s@lﬁdf iffo bﬁhm@ge r}:ﬁ@&%&ﬁ{ﬂm@&ﬁ@%@' @rﬁfocessed images are
sure ure I S basi c bl o di_agram

S.
qonfigHasire g%m @lﬁ&edseﬁﬂ@s fﬂ%dH'Q: 3%0 fldie propegsedtimages are also

6@ Rifd) b TGsiG ﬁhoﬁﬁfee?@n R‘éh]tr@@l( m‘Rfrm%ﬁGﬁ’ réﬂéh 'a@é gﬁﬁglcl\géﬁ’ rGeographlc
stem 800, i n an_exanpl e enbodi ment .
'@%ﬁnﬁm %)ﬁtefm rofiMigP Pt fate wered mdﬁﬁya%7 i %uprgwdad to and

refefrbd @6 BY dte flisidremeadie [7ag aThé’ﬂfélonTrh@duImQ %oﬁ{é)gg@sdalgonthms for

rail_ tracks obtained fromthe inmagi ng device

SECHNG VAN BIICHPNSSUeheah 139G Meatching dBaR Mejchinth deature matching,
alnbinﬁﬁééTa@ét@&ldﬁer&éigﬁoﬁb}eBt tJHtécti%Hb%H”%rgm@ nabdyRR Upe identify

t he Séstem 800 in limted I ght conditions

di’sﬁ?rﬂ?ﬂF'ﬁ oftthaiRgpgeseeddnagys amql lasis apighists aerte! thedule 716 for -

taKY REVEREAY Drétautibifary ledsiat i on devi ce 804 and the
i magi ng device 802 are designed to nmatch during

operation. The inaging device includes scanning and

Z 0ONMFiYiIre BB AL AR Biock WRgraH QMra%ﬂéﬂust&u&EQQ%wces for a rail

described with reference to Figures

tracky SCW'W%’P@ fRERiIgR Pbipct gr @bn@fn‘@htyrd@e%@na&yéte@aﬁ@@ drs an example
embR AR YA rPim i) &fﬁc%%z' d?fél'a‘ﬁqﬂl\tl?vw ﬁﬂ{wﬁﬁﬂe‘%‘oﬁﬁﬁé? Be mounted on

nodul e (not shown), details of
agelatiorme differant; locatiange & heoinagararound ity iacks obtained from the

irhagifd teneéd sbb %?é‘ f&d l%gé @%butle#‘ it 508 fBrhSroEé’gsﬁwg , The illumination

rOCGSSI g nodul e al track scanni ng

dFYJF%F‘%' S&Fb@maﬁﬂaﬁﬁl%? Oﬂﬁlee&)’ﬁte@h%(?/m|@ﬂﬂeddlghhcondltlons
w%li.@m@;' & rﬁﬁm‘ﬁﬂ'le”ﬁ%H bd féSpl‘é@QfHdechggﬂe c%vé}gg@ lo?f#!etlfﬂ*n%gatlon device

unber of sub-systens e.g. . Upon detection o
8% @Bd dhhe Bpsging dpvicei802 I@J’Qe@fl?S'Qj’@ldef@tm@iﬁh sluriny openation The imaging

deVi6e MUIRIEST KERRRYT AR z88HR %a%r%%eeﬁ'lsa&ﬁg h@\?n)t Bffnilar to those
det ect ed ob# ect 'nto nor ma or nor nal
described with reference to Figures 1 to 6, which may e.g. be |mplemented as a single

or separate cameras. The computer system 806 includes a core processing module (not
shown), details of which will now be described with reference to Figure 9.

Figure 9 is a functional block diagram illustrating the core processing module
900 of a rail track scanning and foreign object or abnormality detection system in an
example embodiment. The module 900 is coupled to a number of sub-systems e.g. 902.
Upon detection of a foreign object by an object detection subsystem 902, the object
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by conparing the object with those stored in the
obj ect reference database subsystem 906. This helps in

woedusceng4 f al se al arnms. Cbj ect Recogniti on subBgsisen00s/000190

904 can also classify objects@ nto normal or "abnor nal

object by using a set of rules or a rule based engi ne

or an . expert Séstem The i mage stitching subsystem 908
rEFegAtian subsyieRPAtiasstiies %g@gctﬁe obiggt intar nermahphigbnasmal object
W‘c@lﬁﬁérﬁthe objeee with ehddla) fsied s the &ﬁéétfrém%gen%% database subsystem

the nodul e 900 triggers the alarmand al ert
@Qﬁog{hﬁ belp preHeing fgise ﬁéar%egatest Regogiion subsysirm 504 can also
165G DBJertsAiftd AGinidoP dBRorivian obj@@tfbms.h@taes"eft 3f ﬁﬂ@slgr a rule based

The | mage Recordi ng_and Pl ayback subsystem 914 stores
‘%wep?’ gt syatggedh 86‘?39%*&@%%%?@%99%?@@5 large and static
|ﬁ1%b§§\‘dr%ttéﬂhé\¥0ﬁwbqwa9|%efr&6r @r@&@l@éﬁbﬁéﬁ& Béfa's§|fle<‘1: 4§ LBREmal, the

port 1N Su SySt ens, such %
Btk oD Whssts MEAIILAN ler s G0 ajreratin theenpistas is able fo

tB@é lnbbﬁébﬂgaﬁuhﬁﬁﬂlgmmmemn@ﬁtéﬁm 4Rt Ie Recording and
e the nodule 900 wth the required

subsystem 918 provi
P H¥Q%haﬁqbé}’§t?'8r9%§t°é?s thes peeesssd intagas tobiained &iemm freign object
dtedtion sOBSRESROY2 @&\ﬁléybéck hRklgsid rF%f'tﬁérr %p@ﬁﬁ@ @hﬂ@%ﬁerﬁ’% such as

@n automated rail track scanning and forei gn object
|

giRirVianring, suksyatem 9h6.sGeeqraphis fforpation 5 t\frbigley Positioning

édb@?éfemsg18W9§ta3®&nmhi%8ﬁdna§ub‘s?§tém%‘1 Soﬂbﬁi% fihé’ 'inodule 900 with
F}bnormalltles on the rail track 0SSi

themiearisrc IfermalieRdion geetish "E‘?F@Ctﬁfblﬁﬁwltl Aed lﬁﬂn}'/fgl toﬁéhe necessary
d&vites, of the track) are detected and the rel evant

peopl e (and systens) are alerted regarding the

presence, |location and other relevant information

about|nt HgréreiredtdntbodirREft] &‘na@@uﬁﬁﬁe{téa r&if track scannlng and foreign
abnormalities. The systemin such an enbodi

QRYsERb O @égormahsy SiiatEGiI%‘LﬁyéFe%th? 53 Aundithe) r%lhtra%@escanned and
gotértiRpRrdigh BBjéb'llsQ)r dbhoﬁme@ﬂ@s Sﬁ tHEJFaﬂ tﬂa@ﬁ%&?p&%\ﬁlfﬁ%lr immediate

that are operable to scan the rail track
repediags opj RsgreHne inglyding ther gides qfithe teasl) erei@lptesiad and the

rEFeQé‘ﬁtdde’oE%r @l s%ﬂs'rf%‘; aré 'aler?ed%&ar@fnlgrfﬁé eprééae?]%dlocitlon and other

i magi ng devi ces W th zoomn Ities
fsk?t/%nt' ogeatioprabgut @P&O@qmt'alﬁp@dﬁn Qhiedi(sy osahpnarmelifies. The system in

Juek ahiefibodPiert B8mbFigksk or its surroundings, especially
for the front view and optionally for the side view

The fihr st Reshmp@ePSftdTHHUMhg I BVinfE8 pi%ésgﬁg module;
|nplenented in single 1 magi ng devicCes; 1V.

posi tikloni N eEgE: BRoMNg devicepthat aeeeperatiy &mm@ the rail track from
beacons ) difdremivisiislfi BOfroiSieht, PRinHhd Side) aRB Flofdifferent angles:

iii.) One or more second imaging devices with zooming capabilities to “lock
onto” a detected foreign object or any selected locations on the track or
its surroundings, especially for the front view and optionally for the side
view. The first and second imaging devices may be implemented in
single imaging devices;

iv.) A positioning subsystem (i.e. GPS, dead reckoning, beacons ) for
providing positioning information; -

V.) a digital mapping subsystem for displaying the captured information (i.e.
image and detected foreign object location);

vi.)  Animage recording and playback subsystem;
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v.) a digital mappi ng subsystem for displaying the
captured information (i.e. inage and detected foreign

wohpwesarodzecat i on); vi.) An image recordi ng andPpiragh@sio00190

subsystemvii.) A data communi/cati on subsystem for

control ling and displaying images renotely; viii.) A

rail information database, including rail track

Geogr¥iphi oA (datao ForMUBIatinns shRysiemsior capirellingrand isplaying images
i mage | ocallfely:0 @ digital map or milepost; and ix.)

An al ert managenent systemthat can informrail track

cont r\i-) erA r?'ﬂ "’théwé'O@rﬁatahaSPoméwgﬁgdﬁjl &eck qeaageanhim Information

Furt her eng% S), DRV RciRReHar ke eét anQ
dat abase of ObIJ”eB(@ICtS » Jlich maic S o |'M§§ TloEatior? t aAdlgltaI map or

utilised byilerest @pdt em that det ermines the actl on to
be taken V&Qﬁ ﬁ‘%] deer® BY&EMShaY Hﬂ)rrmjﬁll o€ cBhtfollers in the
to en ma

det ect é&d, ance object or nor

det ecti on, e\@nta@fsfpfﬁlgm‘?blwt dgteglion. i dent ificati on
capabilities; xi.) A set of rules, a rule based engine
or an_expert systemto be enpl oyed by the systemt hat
det erfHrihes embedigentsonay baseoneadnoigaén pot ent i al

obj ectp orp @Q{%\‘BE&? bt Bbj@éts 28 sk El‘brlfég w@?ﬁa%%tﬁ@é@g)‘f the system

Obj ect or abnor det ecti on, assi ati on an
i dentifi cdhabﬁet%mml thei @stion ito) be talsen rere potantial ObJeCtS or

ot her dec'a%n%ﬂn&ﬁié?a@%&%%d ey & t@nﬂé’h@ess ag Bg abnormallty

platform Xxiii.) Option for non-rea processin
and det ect‘i%‘?ﬁtwnedgss'ffc@ﬂom@'ﬁd/@fr'ﬁ@ntlflaat'%ns@@ablbtﬁm as

peri 05612)0 R g@lt §1RIksCa r@l%‘:baséb ¥ndink TG ég ?Q@l‘rﬂ@ be employed

whi ch provides the "static" view of scan
and xv.) AW the syateratthahdetetnises the aciions tahectalsen adieadpotential

near the i t@g%e%\ﬁh&‘?nallf’@s dé?@ RLREEAT Mg kS yé%nt:@eobject or

devi ces nov scanni n evi ce captures I mag
ar ound theattﬂoémﬂllty qfﬁféctscmmhsﬁ@cadl@mao Otﬁiﬁn!!f@at‘ermllltles

at a ngl | .
o IS R o St il Rl (918 aconing
I mages obtniatf%m, are then stitched together to provide

Scannts) | ropicl of nbitfe AR prolie o] OBt S paoritca

obj ect s arkseabsush@gideripdis maintenance, etc;
xiv.)  Imaging Stitching which provides the “static” view of scanned tracks; and

xv.)  An lllumination device, for instance attached near the imaging device.

As the platform carrying the devices moves, the scanning device captures
images around the track. The scanning device can be mounted at an angle facing the
track at the front, rear, side or mounted facing downwards towards the track. The
images obtained are then stitched together to provide the operator with the manual
option of going through scanned images of the rail track and to detect foreign objects
and abnormalities.

The system may usually process every single frame captured-from the one or
more imaging devices, although this feature could be different or varied in other
embodiments. The system may have two operation modes, i.e. training (or calibration)
and actual operation. During the training mode, the boundary of an area of interest is
defined (e.g. a sleeper region between the rails and a sleeper region outside the rails at
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The system may usual |y process every single frane
captured-fromthe one or nore inmagi ng devices,
wabhboisaagh4t his feature could be different or vacTsd200§/000190
ot her enbodi nents. The systen8may have two operation
nodes, i.e. training (or calibration) and actual
operation. During the training node, the boundary of
defined e@tmﬁceisht‘émeagwsﬁem deghyi witilise( en ginitial shihsation pegedfor scene
Bg&gga%g éh | e d gantgenﬂrrﬁggﬁéckgﬁo@ha&c%@%h%é&%s%c# as rails,
sleepeisal balkast, bfamtermns pbolitsd nfitsy  etegnémagase fromanigraign aekjects or
i f.f.er ent i o) 0 b .
abffofthaiies o P dngosdl SRArREe e, SRARCRaP Yekiele key image
paterseterst @lepcribing esminoo rhackgreiingh tl’@ﬂf mfcnrmathon) with the new acquired

uﬁ%@&r& g@pﬁg&éﬁgy%@gg%%ﬁﬁnﬁﬁ%g ?ilsete? o, Th %H |ﬁ1ggﬁ%mr3 may
beagidgtssureg ularipdk adagtdo tise backgraundrchahges éng. awqathee cenvironment,

“h@?ﬂ%ﬁ%@{dﬂ?ﬁgﬁ@? s?xlabgr?tog %g%ré a%%b@r&%l dgrtmaené;es in the rail
traely sectiony(eigo a datast), ﬂhe swterrbaak gwstpuedormgg tampglateg for comparison

a@ﬁgég n ob?&\f 'de{%'a AII th% l:écjpghl%@t\)lo?% Clﬁl%ﬁgé léh&’ Bét)eﬁte'a_%refgn objects

or "even gradual
naya bk meo:toﬁedmr(obcgn be plamdalb)apk tf&renwgalenmsmlouw to review the

npl at es for conparison and foreign
Ao ST

I on. the captured video i mages and
detected foreign objects may be recorded and can be

pl ay jaspect. 0 revi he. . .
R
ischediegndiead dédvestar lities CEo meduseethg pasbipiityt ef arfelsedilargn caused by

EPALCERSTBoBEs oY oo BRude EE 08 AESELLNY WhePbt e syeom
cdaduk bdjasted to ligrioreor ds’card) sumhmrmehmreigwiobjpctseﬂ'be nofmal foreign

ortr? h%¥§l§§ ecoaﬁe g’ge gjt b%%ea %n' v tt%utg% %ﬁgﬁ %gf’é;‘f& perimeter,

€ nor ma or el
area;l ptoﬁie,slon‘mmsl ihtepsityg colotir s kdotber mstanaés alne defeatiars of foreign

I|1c-\tc $ Ssug@ a%id&a@ﬁ%é@sta%rd Iﬁt%r' ﬁﬁayrl? S;ic!gt%latés ugjn\:ﬂ%l’\sabnormal foreign
aibfgots triaynbe hidden eargeovetsdelsy sthes,undrmead otheat! (desalviesvemditter etc.).

Sl ROy ooy B8 Bk 48t et

dbftqremter(vdemdelhte and purpdoses.dt may @e)usefm; td eombine cameras that pick up

850 L B SO B 1436, 18 1045 o noma

q@mqma)sm@,z bbtuseawokrbsmmﬂeﬂves cor ditheb iwhilstc thereimeges Headm an infra-red

f%'g}erg ng%ﬁr;rags?$ 'ff}%gg éfv¢1§ A% %s %2? n&%‘ﬂgﬁlﬁi%ﬁ luﬁuétpab ‘f‘\%é@&g nature,

indieatingdhel pesence dfdadde=n abjedts.t t er whi | st t he i nages

froman infra-red camera may be used to check if the

| eaves are emanati ng an unusual heat signature,

i ndi cigures tthe Prsbhewnardy dérwiard dekingbplsiettsdetection according to the

example embodiments. However, it will be appreciated that the system may also have
cameras pointing backwards (rear view), downwards, one or both sides of a platform.
Further, the foreign-object detection is not limited to detecting a physical object, but also
includes detecting track bed surface disturbances, given that there is a possibility that a
foreign object may be buried underneath the track.



10

15

20

25

30

35

Figures 1 to 7 show only forward | ooki ng obj ect
detection according to the exanpl e enbodi nents.

woélavsves924it will be appreciated that the syst earisag00s/000190

al so have caneras pointing backwards (rear view),
downwar ds, -one or both sides of a platform Further,
t he forelgn obj ect detection is not limted to

det echi #§ %fj"ﬂ?ﬁg)@l Qfdhe prasert inventiongthecsystam detests foreign objects or
sisiopabiitiRd dyr @Qlfes?éﬁ@ tﬁé“'rﬁé’é‘e?s)%f%é’[rﬁé\(‘@&&ureﬁ'Bﬁﬂe%@@ﬁmng device.

there is a possibility that forei gn obj ect "may
Qmer e QPdﬁFéPﬁ ahpgrmafity i ﬂa@Rteﬂrbyéhﬁéeam devige, taneoptlonal imaging

MVREEEEN bAViSEY tdPFbonh ieasy Elto@ﬁlbdé?h@ﬁérsrefse?ﬁz g'?éqé &%he object for

or abnormal ities by processing the inage

'mpa@@dc%ﬁ%fﬂ‘@aowndm identiieation efévn%ténce@nw en reedetﬁpf@dtobject is
indt BEISEBY, | th¥ platfofiR ines)t &6p %b&@n@cﬂ'ﬂé‘ Péi&/é?n?‘dé&ﬁgn Athker, such

opt1onal inmaging device can be used zoom i n an

# 8\ Backend; WP"?regroWﬁt@r@rpﬂefﬁi@"e'%ﬂ'eﬂﬁ@ tounakst afdgcision on the
felRERVASoR |t@§a$<b“v«'nt¢1%§6€bt Wé%técf@ﬁ&ﬂjédtcﬂé HIQtforﬁ’; ay continue to
i nstances when a detected object is belng asses rg

mave gndt @ nontnyaiter dpe deripionanaliey's nerﬁ@lasanetSagltanted The system
&IRGA Sthe UrsBRKS confified 1S rédlﬁ‘n 9@9#&@& GPRkRG the'e af?f'erﬁ1 according to

system operator I's alerted to nmake a ‘deciSion on
qifereptenvicechaigin of weward distancerabepdct to the detect ed

object. The platformmy continue to nove and scan

only after the decision-nmaker's perm ssion is granted.

The s§8eeihedPraignoking aisbpomalisosfidentiiied ondhe &gl sackothe system
ééﬁh&ré?ﬁ*aleWsiPhélt to'g §3%nf YPRFARP AN %d;lgafé%]ﬁg ftﬁfrose.fator of an
devi ce view and di stance ahead

ﬁnﬂ%ﬁcﬁlﬂgoiﬁ?'@cqn er n%n@?rﬁﬁ’mq {ragly angéaita bpekendrcantrelier for further
acdbh i éﬁ%k(amk)féeerﬁyéﬂuﬁ@hts?ﬁ?%yﬁ@m% 'élsﬁ'b%qﬁ{elg ?@wnh positioning

st em oper a operato
APBIRRI- PSR o1 Hoasrasioniegirot deiewainis (hesRYoreTeipositan, possibly

tB&&th@r"‘Wltl‘P% G‘Pé I8 digial fap! EEF Eha Bikd rktérﬂ A %%mﬂp%ﬁmne record,

nbodi nent The system may bEI grate

%iqpparfhﬁdocatm@s/@f &he vqnag@s oapsared ad@é@retg@chmt(sg)accwately and
cﬂﬁé @tﬁ%ﬁﬁeé&%&@g@rﬁﬁﬁr{g the ﬁ’&%’tl&ﬁ Rﬂhouﬁ?ﬁe 3 s BP@% %fp may be

he 3'S an 1 git
uﬂeéoe geYingTasio of 'éffgﬁed beam&m@@dt al@mmtheatdaa Qirtlse caﬁl track Using
dither b%&ﬁ%ﬁéﬁﬁg A A8 &ﬂdiﬂﬁ‘l a?@rﬁm g ﬁ% taeééf of rules, a
and qui c er nea eter Ioc

et hased elnglnﬁgpr@PEWEFt @/seme(thatmyewsuai@d noe-vgualuaiongatlon about

rfo"f‘t‘ﬁbpraﬁrtréc'kf EEﬁ@rﬁ}S g???{gﬂpﬁc&??c‘gél) Ql%s_é)wﬁ.lssfoﬂﬁin Qhjects can be

rail trac
defmj%d @ndepaasibid |0|egsge@cﬂndtqnrvdemirﬂedsbm@ompgemg diie captured track

|ﬁ1%\g§§ with 4 ldl'afébQQeQ' & f&@%hpﬁ) &{1 nﬂﬁg@sxﬁﬂéab%}f%t JrF@timages and

s visual or non-vis | t1on about no
Rregassed dwrgesinay hal suitably, indexeldo (withy ipcatipre defeymation) so that the

154518 OF %‘ﬁ?{?& i'{lg ggﬂ S%or Icrgptrgla% ?@gﬁ%ﬁgf&rﬂfﬁgd or ret{lﬁved easily

possibly c ent y CO
andpauiekdy lmeges or rasepessed inforenation a@@asélngfspfeglﬂeupgmons of the track

M RSbeibiBRA%ERidoBiEAS chih BE stdré® bHY FatribVERPKRer*RSessary. Locations
may be based on geographical map references or more conveniently based on specific
markings on the track: In-addition, the captured and processed images can-be stored for

play back purposes.

~Apart from accurate detection of foreign objects, the system can have the ability
to detect abnormalities or confirm the integrity of the rail track by examining the space
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processed i nages may be suitably indexed (wth
| ocation information) so that the | ocation of

woanesagpamndi ng portions of the rail track can BeT/SG2005/000190

determined or retrieved easil$0and quickly. |mages or
processed information regarding specific portions of
the track and associ at ed forelgn obj ects can be stored

katweert kaye Stuctifesn 2R cethgrm opjec Soéféﬁtl mekenely e rilstack and its

ﬁﬁr&:ﬂ&ﬁé@ﬁﬁél@@hg ﬂ%%uﬂe?&t@uc@u%@%f fP\% th&k elﬂ%?i ?&ﬁw%odlment The
based on specific markin trac I'n a

HRONOY SEUICE F9E DI BIea30 Sk it Bersvan b taSTaivoand syrvatures. The
$et¥ A3 SAcRHIGRREEN obRAEd By s%ﬁhﬁﬁ& 'dEﬁE CQ‘?BS ﬂdtt@e oﬂfo a GIS and

forei gn objects, the system can have %/
GGt BTAPAB RN $amBeniy knewn tiegkTaskeres, rﬁt@b rarstswté e fgns, and rail

évﬂichln? rRek m%m%’&k%éwrefshﬁa)ﬁlﬁ@éﬁﬁﬁbé’%Whé‘ Sﬁdltlon of new track data

structures and other objects that make up t
taPiERd aRE Pracsssad RYFHASY$ER; i ncl uding the side
structures of the track, in an exanple enbodiment. The

scanni ng devi ce can fol I ow the rail track |aid over
var yi R@réertedpeiifatenibat thessaonieg devipe cowedtly falinivs thaokil track, the

éc@ﬁﬁéﬂﬁé%%an Qt\ﬁéIFSQ aQMltléﬁa? R %n@eﬂﬁe(?l%uﬁg‘ﬂo Bﬁm Hté&t iffdrmation,

onto a |ta rrapt0| dentl f
may e P@&?ﬁﬁe@sto §’§t€ﬁm!§§ thgi eppasent m@vementanﬁ thaaurall track (as the

$oahhifg dBUcS ffdves 60 t r
R e et S A

g irongntation of fa sqanning dgyige er by omttaChnlaues (ermt selection of
écaﬁmﬁg ABNLA & GVt fférE Miah 8t infadifg LoWss g ai'ia"bllég track,
t he scanned i nages, as as ad |t|ona track and
previously known track |nfornat|on nay be processed

t 0 defry fshén IcBR d%%@fnel‘étal-fﬂ?é! frRigh ct@ Slof@ ithe ELI;J\FI Kan example

as t he scanni ng devi ce noves ov e ral

sappediment. herfieﬁ%mlﬁer%law@emy“%tr@w\eu a:&rattyfea@}tmtld)mgapablhty to
dtéiritid Wﬁbﬁfe\*%? Rt 4 rb%te%ﬁé%?é’?&l Icf Fedili Jg?yatf%p&{ or whether it

t echni ques & ., selection of scanning Vi ce
ﬁhpulﬁtheégmqfa WUsieg paligin ﬁ@cos@mp@tedwslqueautmaws@)e featmees umqueness

(§)§5E|§én s‘F\%Be dekffolus it s‘?lg ng& g?ﬁgﬁ‘?foﬁirﬁ.@ o%g% gé‘cfi%ré?érpgﬁect may be

rail 1n an exanp

C@U’t??f@t With AdgoWA ebirgt database: tordetermineathei nature ap s possiple object.
THe S9E&T TALGicAhst Rsh Mo BQtacﬁleg&i %Efngaé %Pﬁle'rl%‘s OPifflle based

requires attention or whether it e |gnore
augingerpRn expeit petenShewd a toceion ghiest be detegteas, the system can be

d‘oﬁﬁédﬂé@sto Uélér@%ﬁé‘eré%v§ﬁ 9e0|§ibrﬁﬁ7a(l§§r]§af%ﬁch l#n}h'éo o, operators or

I ntensi colour) fromt etected fore

h@ﬁ&ewe*:%%'ﬁ‘;b%rs&r fusther agtionh vah, totsterc thedisanming elatform or approaching
erm ne the nature of the possible object. The

obj'ect classification can al so be achi eved using a set

of rules or a rule based engine or an expert system

Shoulghedind f '@%i/'eéré?' tbet’aﬁ] RGI §%infrhidy r§ rchaa(ﬁ]esk?r d frame

configure ant decl si on ers,
rate qr}qiere§9lyt|@mn Q@%pamgrg sganning devices may be used In some sntuatlons

e.g. for maintenance applications, the scanning device need not be installed at the front
or be designed to capture track images ahead of the scanning platform (e.g., the
scanning device could-be capturing the parts of the track that are currently being passed
over or have been passed over). The scanning device may also be installed at the rear
of the platform, e.g. where the platform has the capability of travelling in the reverse
direction. Video, still or visual imaging devices may be replaced or enhanced with other
kinds of (scanning) sensor technologies that can provide structural information about the
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backend controllers for further action (e.g., to stop
the scanning platformor approaching train). The

woneging2devi ce may be any optical or infraredpPcasee@s/000190

of a desired frane rate and r&kol uti on. One or nore
scanni ng devi ces may be used. In sone situations, .e.qg.
for mai ntenance applications, the scanning deV|ce need

rabtrask, ﬂ'ﬁgt'mnl‘%?tﬁtsqrq‘i’émﬁhl“%tangr°bdﬁ9t§jé’§|‘@ﬁe’é"tt@“k The scanning

rﬂﬁtﬁirh'\r Redd 6K bR a8 vaRRrRA trafellirde of R8Nl Grdekad. Oﬁt”&ould be an
(e.g., the scanning device could be capturing t
W&@eéﬁeﬂﬂe’e{quﬂﬁg "YP@eWur rent |y bei ng passed

over or have been passed over). The scanning deV|ce

may al so be installed at the rear of the platf

rm
e.g. Areast angdmapoingrdsvicerhisrepfier tefgseast o asythsf scanning device”) for
rall d4ek bbmmantytmor@gﬁaaectddét&qlbh QsteM HBY beslhétblleoobn a moving

vi sual 1 nmagin evi ces pl aced or " enhanc

it ek Seane| e gl fragie od AR e BRa & a8 du SR giAtiom) so that it

dad tl'@@ul RraBl bﬁé‘acﬁ b tHE lsaR blatf&fn‘P bEBd &Bﬁ&ﬁphhbvéd“ qhaiscan device
track, their immediate surroundings and fl,-eCtS on the

itsgf Im%YrQ?c'RStaﬂ?%reé"&iﬂHl rﬁﬁ‘eﬁmﬂ‘fhﬁ'ﬂﬁ ingigbechiptirand stich apjon the sides

orah ¢4 o rtl?é’@éﬂlélél gfoP Ba;StUﬁ‘nd fHel ndceasdfy fin es' dr \ﬁdédsdofhﬁe relevant
an unmanned aerial vehicle operated remptely. At |east

qfﬁ%ﬁgtﬁ%tgé’ﬁlcéétu(%reafter referred to as the
"scanni ng device") for rail track abnormality or
forei gn object detection systemmay be installed on a
novi ewhpdiment pravides argetpae of Eﬂ"ltraﬂ‘ &6e3nning and ehipet presence or

éﬂn%ﬁﬁélrtfaefeeu&ﬁ afnaqnays 6RB Hel ik & Plovideaigdftind lcofiitidBs stitched

rail track ahead of the scan platformas the

‘glilht mages nefy e f?‘héraé‘rbarﬁh?!éw déC'i'tP%’lQ fimaggrbaged inspection and/or
\}e’i‘iﬁ&éﬂoheﬁdé ﬁl@ﬁ{oﬁlrﬁay |’hé‘ite|a§é tHehavel Q?éé&réd?%n@'éf@gtl\)eﬁess compared
front, such as on the sides or the rear  of
to&nrr@nfeﬂetheqis capturing the necessary inmages or vi deos
of the relevant parts of the track to be captured. An
enbodi nent provides a nethod of rail track scanni
l‘%lgy can also

and oBpadtiron detastied dereighnehiests.i eberimettsi efnthednve

;?rbéie %em@moa JanéWlF?%' &ecrleéﬁr%eé rE8id P Rid B&RIorSS S8IRESK the rail
StTT I mages e rail track, thereby facilitating

traﬁkgeauagwruwmcﬁb@teaém tasearsh apdrmanags; Embodimants,ak thgdnvention

SYalkd Bé ¢Re§ fdrr}ﬁalh%‘i’rﬁll\% ﬁjll t?é‘c‘RLHyaé‘ﬁbttﬁ\@doreérES Gﬁdg" 81288 n the track

corrpare to current f fom det ect’l ng
whare mgqmt@mr@@tvgork%ﬁlbr@eauﬁ%mx b@fneeqded iEmkadimesit neayraleq Be used for

cﬂ;ﬁ%lmﬁ% the "B rlafdnadf ryi f‘rg‘%kngei]f r%rac%ro%ﬁfs' /ﬂﬁc@eﬁt? @Rl %o Aktermine the

e condition or state o e rall track I1n a manner
evise 1of ithe eagigente/insisigntsh Eathediveeniy aayEhvedapriisationoto ippeection of
' LRI 8¢ efichs | In@5 NSLiilidlg! strbrds.
%ggﬁég@F%g o} pr e%illplget‘?k%g ar egs&gdnﬂ%ﬁe raclk \?hsere
mai nt enance works or repairs may be needed Enbodi nent
may al so be used for
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determining the condition of rail track before
accidents / incidents and to determ ne the cause of

woOhersaceizdent s/ i nci dents. Enbodi nents may havePCT/SG2005/000190

application to inspection of 18ther structures simlar
to rail tracks, such as |ong pipelines, building
structures.Clainms 1. A systemfor detecting an object
Qﬁﬁﬂﬁbnornallty on or near a rail track, the system
conpri sing: scanning neans for scanning on and near a

portion of the rail track; and detection nmeans fo
det efm ni AgYeter foF detering %%PJ?QS@é?P'b‘?T"@#‘Wt%eOfd@FEEf ailrack, the

%bém@gﬁ,bhgm on or near the portion of the rail track
ased on_information fromthe scanni ng neans.

. syst EfAMANGANeANRIAr $GANSINg;am apd negF PIP@F“%(ﬂfrHﬁ el H@Ck and

Caﬂeaétemeérwfopaabunhng 198 Bre8EndBAIRY 1bERBADF He Ut or
obj ect or abnormality based gn information fromthe

abnpareality op %&a&thematnn@é&ee 19 faeks Baseg qndRieematign from the
sPinPfiRSRédns. t he i mages captured by the camera nmeans for
deriving detection information. 3. A system according
to claim?2, wherein the detection information
conppi sespay Q@Wé@cl@ﬁnéd’lﬁ c&h‘h acCturther coMRsHsIRY 1 ty. 4. A
system accord| fg to clains or 3, further conprisin
check@MAGra TS Pb?aRSWHBkQWrt“P@'e RS §fdhe PWP@%{OP?{H’a"W

b&SId reiffoRdaiidfroh MeaaBaRNdAéshst Bndt dat abase of the
system 5. A system accordi ng to any one of the

prec @aﬁ%gore%ﬁswg megsfey proeeRsingctha ineaesimarhed By fie cagera
n@gﬁsgrdgm,ﬁg%ggh@ﬂgf&mgmr as and the detection neans
I's operable to deternmne the presence and |ocation of
the object or abnornality based on inmage processing of

i maggs ¢ aﬂtéyét%ijn QdéoHiﬁ‘? ¥ D) %ﬁréiﬁ‘ﬂ%rl%tec@on S8
according to any one of the precedi ng cl ai ns, wherein

CQM@'Q@&M%UFMH? eRigghor §B§°rm@étyor nDre zoom caner as.
7. A systemaccording to any one of the preceding
cl ainms, capable of automatic, real-tinme processing

A syét em éc%iem ?@W@“&W‘@ﬁ@ 28" % hsthsr eerapiisigg E‘P%WQ means

f&%ﬁ@éﬂlrﬁj RE RRLLOH infBhrRtioNh dérn)edaagalrﬁhre"fééﬁéé@étgﬂ'l 4 BB@8ase of

a captured object or abnormaliity; ii.) object

tf@rﬁyﬁ@m abnormality position in a geogr aph| cal

co-ordi nat e

5. A system according to any one of the preceding claims, wherein the
scanning means comprises one or more wide angle cameras and the detection means
is operable to determine the presence and location of the object or abnormality based
on image processing of images captured by the wide angle cameras.

6. A system according to any one of the preceding claims, wherein the
camera means comprises one or more zoom cameras.
7. A system according to any one of the preceding claims, capable of

automatic, real-time processing.

8. A system according to any one of the preceding claims, comprising one
or more of:
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system e.g., latitude and | ongitude or distance al ong

a track fromknown reference point; iii.) object
wand’saroabnormal ity di stance from a scanni ng pkarSarons/000190

or sone other known rail vehildle; iv.) object and/or

abnormal ity si.ze, lum nous intensity, colour or

di mensi ons, and/or other visual characteristics;

possi bl e bbj ec® highyeselutigsigags of eyapluradsphiest ?émprma"ty,

identifi Cﬁl?l ONoBjedt andiyr Wdﬁrhbﬂg poskieh Nt Qébdré&i’@al co-ordinate
obj ect/rail dat abase lg} or ot her sources or usi n

set of ruf¥deByeg. lqitudeppdignaifvigefs distange %9('?99? track flom known
system OreféreR¥Sp6iAY; according to any one of the

precedi ng, clalns ri sing one or nore inmge devices

for captufidng EBIEES AR ﬁ[@arsaw%@@&tycﬁlstm&f{ow afpcanning platform or

dat e/ t i megghaBther kadwih Hfi&eARR: | ongi t ude posi ti oni ng,
m | est ones, vehjcl e speed, and ot her parameters for

easy retrVdval OBiset @BfiorF | InomaRlity tsie. i Wertaayisp dntengity, colour or

stitched agsins, ér@/&mrﬁlsﬁaﬁ&%&t&mer to review
i mges. 10, A system accor di ng 3'% one of the
lgr @BH‘H

precedi ngV2| ai RESSIRIp @biast and bt lagsificatipn o igentification

one or mDgQ. ObyVialthitg §riféritiBn ﬁ&hV@ijEﬁall database(s) or other
envi ronment, weather and switching track. 11. A system

accor di ngSeWCEhYr Bhasie & pet ofireles Ar Ry e kesed epgee gpiag expert
to detectg | ocate a relevant track and associ at ed
structures for different view ng angles of an imaging
device. 12. A system according to any one of the

precgdi NgAGHyBich® acmhgm 8ny @néTBf fHeAbracading QI%IrHsS Q@niprising one
dat abase of "potential forei obj ect's and/0

ORBREY iAge: devices for GRAtYringsC P%{ss'"@ﬁés 08 Hﬁﬁ# wih datg/time stamp,

laBfue %B%ﬁgﬁ@dé oBRohiRY| r\ﬁlléﬁt&{& @eﬁlélé%beed- Sind oth¥Sh&Emeters for
-accord to any one of pr eced |n8 cl’'ai ns,

casptioval ang variigatony the 'H@Qé%bé'egéﬁ ched tegethasiitenalle a decision-

mRARSAb TBlie W #gsbson a set of rules or a rule based
engi ne or an expert system 14. A systemaccording to

any one of the preceding clains, operable to recognise

a raig, | 'ﬂesyfsﬁé'm AREbidindOto? Bny 'Eﬁgeofblﬂérﬂ@éé/dn?“élaims, operable to
aut onmat i cal Iq\{%}[ fJOUSt an area of interest and canera
I

CoMRRGsate Cha £ 0B KOTENRHR (P r\e2sying daainc GHvatire.apnvironment,
wAtREKandlswitchingtfdcRm according to any one of the

precedi ng clainms, operable to
11. A system according to any one of the preceding claims, operable to
detect and locate a relevant track and associated structures for different viewing angles
of an imaging device.

12. A system according to any one of the preceding claims, operable to
maintain and/or uses a database of potential foreign objects and/or abnormalities, as
well as objects and features that are expected to be found along a track.

13. A system-according to any one of the preceding claims, operable to
classify a detected object as normal or abnormal based on a set of rules or a rule based
engine or an expert system.
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adjust to gradual or even drastic background changes

by continually updati ng background key i nmge
woao@netess. 16. A system according to any onepraf/SGk@s/000190
precedi ng cl ains, operable td4adjust to sudden or
gradual background changes by conparing a capture

image with stored image tenplates. 17. A system
accof#i ngAt Yty aseerdsig tohanyoageefi thg Wﬁ?%%g clas.apperable to
e{gegﬁ@éj UGS fird ﬁ)‘? d@hrﬁﬁé@n HHEge BodHaRPANd Qu@hgﬂcéhylaaﬁfsﬁan area of

usting a | evel sensitivity. . A sys

mé&fesira@dwgrrte@a gy asribe @II teaek MAnNSeEWieR @r%néuq%veddﬁlévw e

to reduce false alarnms due to normal foreign objects

by meking use of visual attributes object such as

si zel5.per Andistem agcelingpicofny @ne| efnthgokreceding piaimg, operable to
%9&0‘&5 radu I%?yékﬁnb%gfrﬁgcﬂgrohﬁdamar@% By éd?lﬁnually updating

recedl alrrs operable to detect non visib
bmscmdlkewneg@nar@me&ffs by anal ysing track bed

di sturbances. 20. A nethod of detecting an object or
abnormality on or near a rail track, the nethod

conpilBsi nd: systemmasgrdig namneae of {her priesering daifes, gpgrable to

| t

a6 Sich O Madie? AOGATIGES bR LSIERIE] B (oo imege with
sforedwlafmgettmplgtﬁsu on of the rail track based on

informati on fromthe scanning nmeans utilising a

detection device coupled to the scanni ng device.
17. A system according to any one of the preceding claims, operable to

reduce false alarms due to normal foreign objects by adjusting a level of sensitivity.

18. A system according to any one of the preceding claims, operable to
reduce false alarms due to normal foreign objects by making use of visual attributes
object such as size, perimeter, area, profile, luminous intensity, colour.

19. A system according to any one of the preceding claims, operable to
detect non visible physical foreign objects by analysing track bed disturbances.

20. A method of detecting an object or abnormality on or near a rail track, the
method comprising:

scanning on and near a portion of the rail track utilising a scanning device; and

determining the presence and location of the object or abnormality on or near the
portion of the rail track based on information from the scanning means utilising a
detection device coupled to the scanning device.



