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Met hod and System for Rail Track Scanni ng and Foreign
(bj ect Detection Field of the Invention 5The -
invention relates to method and systemfor detecting
foreign objects or abnormalities on or near rai
tracks. Background Art 10Rail ttracks are currently
manual 'y inspected i.e. either by involving people

vi deo |mages fromone or nore caneras nmounted on a
Plepdhd Sl thitgkiooves on the rail track. In the latter
EWT"?\%?% tion is based on vi sual [ nspecti on of
"nmovi ng" video (or by examining many “"still" small
franestid pRrtoR relfead HapédbRE sfsterthBr dBlQREBHATN objects or

noye ovgr the rails. %(ch nmet hods and systens are not
oAPRPrOplfGs ameF NSRETH @Syt al so | ower the chance and
speed of detecting foreign objects or abnormalities
a track due to human input required, and

! pouﬁ&‘Altt ed risk of human error. Such net. hods are
aI SO resource intensive. 20 Summary of the Invention

Embodi Fﬁﬁ?lﬁFa%k@EretélﬁrehﬁWﬁQﬁdaW irfspéctd Pé”eﬂﬁen%y%\ﬁ:ﬁ\ﬁl’iﬁ pEdie who

net hod taq detect ore n o Jeggise&or abnormali1ties

abderia walks plopg el E‘? i vistal HY 3 Problegs iy watshiag live or
f aslayeltviled inliliet Slogiaiat or inith® eamérad mouRtBd on a platform that moves on

P L EFRR R etk ARUGER (R b B @ PeETon of ‘moving'
em!:éco(;nrvlasexunudaglmg ‘sblE canallt frained fromethe! vdeoy captuckd as the

5 rﬂEvea&BPﬁlg‘?éuist Sich r?tﬁh&fs :%nﬁ s%}%rn% L J&g)é(ly Qfogra%h ‘tedious,

tra (1.e., on or near rains

abut Al fower i ehance andtspeed t°6 dgtecting foreigm ehieels airdebmgrmalities

T Srolikerald Erﬁé(@dllel t@rhuﬁ'fantlﬁﬁit Reqitel, lamt lthe3 BssoBhl ‘?’Qk of human error.

_ aCC|dents -wher e

destruction due t
M@S%W%%’%B?e&@‘ee i1l intent and/or ot her

natural or unnatural causes may be avoided - 2

, corgli ng.to a first aspect of the present invention,
t a system for detecting an object or

abnornmal ity on or near a rail track, the system

corr] iflingfs SRR IEARA S pRAB0Y B IR 18 ot
J@Wrﬁbﬁﬁﬁg?ftah@fmﬁ&@érﬁf@wﬂn’é“ traeksthiyonapiuring ped piopessing images

Qbr MR Rlcvint itomfdtioear the 5 portion of the rail

track based on information fromthe scanni ng neans,
and one or nore inmage devices for capturing

Ic:ont i Emﬁnieﬁﬁg#%@hééﬂhaﬁ @N\fptdmdéaideéﬁde%rﬁih@ﬁpthe presence of
TRklob 1DRefde g “Slesies of Sevices, Bebpel i c@fSie and bombs) o
rwnommimals onrot irv Eel Vidiniytof oail tradke(i.e.roy esndzmritingpaths dEtraink), and

%ﬁ% for gw a%leeéaigh %o ﬂeﬂ%@ Sh%e%ﬁ# hr} fhe' pq'g\}eﬁt%r{ Wﬁr‘? ‘and rail

t0-a seco A5 Pact
ireleted pp@cients; wbe@by dapagnsi d@ajrugllon due to lnmdents, such as sabotage, ill-

intent and/or other natural or unnatural causes may be avoided.
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‘met hod of detecting an object or abnormality on or

near a rail track, the nmethod conprising: scannihg on

and near a portion of the rail track utilizing a

scanni ng devi ce; determ ning the presence and

| ocation of the object or abnormality on or near the
portion of the rail track baged on information from

the scanning step utilizing a detection 15 device
coupliedortiingtthe Srshasnechoilitei resenamireptiav ititera gs pnwided a system

fﬁdggiéti&?%ﬁ %g%ét 3 %Sabfngﬂ?éiﬁg{)}‘fl atrh%f'aﬁggjagﬁ%g the"gﬁ/g%?h gomprlsmg

spasirg meamgfor scdnasigamesid nean racplodlogmw[t, raaltrdciotdamctlon means for
dB%Frﬁim:ﬁt el ér%é?rﬁ%c nc‘ Ff‘c%ca't &Y %h‘ tﬁ(? %bge%{ ' F a%ﬁ[') rr?eﬁlty BH or near the

%pet™n ogether rabl

'pdélon 91‘ the-radhkcack based @mlndwmatmgefsnm ﬂ@mccemmdg ngabs amd one or more

wﬁ&t edfi\%%efa cgétuh c&ﬁ@ﬁ?&t rﬁ egrbtf'trgagk v&;{ﬂe(fa“?e/it'%e stamp, latitude

a sys
aatbmmgﬁadie WSItimlog méeatorgesy aelhuchar%neled ahﬁa ofhyes tpanameters for easy

re“tﬁé@i ]ar?éi D&ific %@cﬁﬂpgﬁqﬁa@ggggm %@tcﬁgge eﬂ%r?@e%qe ?%%c:s%n -maker

portion o I'Oh méans
taeyviemimageg the presence and |ocation of the object

or agn Jrgﬁl It‘é)yaos gﬁd g?f%ctt({fethgoé %ée‘h'% uqveni gr? {h%re IS provided a
trac ased on inrorma

melttexde bh defeetirRb asyditierh ersatypemality eort or rr‘educaeraflkatraek 'the method

o B8 36871, RSB b DL S EPuSPHACRE B THLRE Soi o v

detetminiogt ths pm‘eser‘me ol mtlmmbrtme.s ®bjsot cormbnomelityf om or near the
p%rSnH ﬁg tﬁtgr}lgfhﬁge%@@?s%g o?l'ni Erg go FE%& Cor I:neiﬂ thfh%ﬁg a detection
dexggee coupddd tdwﬂﬂepmmselng dewize namad providirer en@ sr prom/urd&gb devices for

AR oBfiriGus IFREEL PR O Slc/Bhe ARARE TRIIIL 9By tongitce

ra rail

- pasiticmg), nnlaistcmep,owemlcja speed hend aithert paagketers forzéasy wetrieval and

v%rﬁ' g{g Oghegﬁx%gﬁe% b%ﬁi% t%f.—[;]d e‘il’%?t %%8@0; 480} glon metkﬁr o review

or  abnorim on Or "hea
imegesi on of the rai I track based on | nforrratl on from
t he ' t ' :
Coupﬁ&%ﬁ@h&hé t@@% %#éﬁ%%ﬁ@% ergeenttﬁr%Ie ugﬁe\rﬁé? growded a system
fos|datariinglas dbjeah @r mbhorfaiigi gm oolmpecasalbyanlanhagystém comprising:
f c 1
sc%/é%gﬂ mgfta ?AD %géﬁ g& th h%ncg %eéthg ;901%0% Bf ’éh\@g%elette{&k Qﬁd detection
meansafog delepminagsths prasgnad amd Ipeatuqnmﬂtmmoteject Qiuabaormallty on or near

th%é)g)ﬁc%np?fit%% F%I;}Pat%%eﬂa%ég \%Iﬁ 'rlﬁgférmaqlgﬂ fr%g‘l %ﬁescgrﬁ]ée .'%iheans, wherein the
systene s opEmabls t¢ trdune falseslarmb due hynway.al Gfreign objects by making use
ofrWEI.LaII étWibtu?é cyfjhe,e HP%QIJ \Wﬁglteﬁ? V\ﬁlqnywé] uar% r%ﬁ?egci tf?ego%\g& comprise one

acconp
orsmbmmft a grqirpawnsgsﬁng Iof alse,r perinmgien ase;estpeuﬁlaridmmuh drtensity, and
cilc?r detect foreign objects or abnornality on rail

rack according to an exanple enbodinent ; 10 Figure

2 i sAecosiihg Hﬂd}wrth apent ofiteevpohsami ingenitibh Ubereds progidad a method of

. t f [ obj ects 0 T

ST e S bl B or (54 Ml Bk, s stigg comprising

st@xainplop avasr mmttrtloranfgbe eaIBtram wiliziop enmhnning dedcei defermining

f Ei che ' : :

thg! pé%elgl[g% %n? To atlon 0];1 thgayosb ée(%] 5g§%norh}%htg d)?'l 5]' ﬂ(}%& 'tfﬁ Scl)rﬁlgn of the rail

trag?afkmsed gn |rtﬁ¢n]mat|bs from thbisoamand stgp otilizirg 4 dé¢teaak delvier coupled to

thg anrlir{n?d @e\ch?e\,/%hé r@&gcinfgrfgl% AlhriRYaL (?o normal foreign objects by making
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i nclination according to an exanpl e enbodi ment;
Figure 5 is a schematic side viewillustrating a
system and nmethod to detect foreign objects or
abnormality on rail track when the train | evel s out
froman downward inclination according to an exanpl e
enbodi ment; 20Figure 6 is a $8hematic plan view of a
systemto detect foreign obj ects or abnormality on
rai Ll track whe 0 iates a curve t he _
ol VAT BB ARt OR abivgh CUER I Yipiod SBOcH i Dbieg: comprise
dne@itIrRoré df 1 grobipRohsiomdyl oftdifs ipeflina@i adres hprafigIunigous intensity,
al% i nci pal conponents of a systemto detect foreign
8Cf's or abnormality on rail track according to an
exan‘pl e enbodi nent . Figure 8 is a block
i ram LI rati ng vari ous system devices for rail
. orei gn object or abnormality
det eqhi @i’es%ﬁt:zﬁf/éhti@g i¢ furthsr @Saﬂlﬁécﬁb}aﬁﬁgodﬂ meRimit=ARe embodlments
th%fr IS, a functional ock di 3% amof a
o ‘E@%‘i‘"’ﬁ&’ QVQCSWF’%’?V'%‘#F‘WP%C'R Arni ng and forei gn
ObJ eFligues 1a|brwtc,mémat1c du@we@t;l iistrabag adsydgent @ndMmethod fo detect

|man il ed scriptio oA
G O Bhiesc SBP BBl Daak Ao (o ar ot TRle ppRRImen!
f or eiFgaurobjieat sdhém%b@ PlafBlidw l)dréiﬂh@ﬂgbﬂmlr@ @@%térﬂi dnd method to
trac ar e e a e odql
o8 oiah Gelieof SRt PhstaONb ek SeEoRng tp 4 example
ehibadikenghead of a train to aid irn 15 the detecti on of
the forei n 0 or, abnorymlities. The systemis
mount B4 '%S‘%ﬁ"@'f’ﬁ@effl‘eﬁ‘f?ﬂpﬁr&z stand al one unit
t hat Frjowea igla08¢hdnhRicr dd vtewa.mkstraTh@ n@f@h%nﬂ&hemba to detect
veni c

es. normal or nni at rajl
quglpg,q%msepr pRuosmally ‘t”oraél Eé"’ol?@aﬁ*i‘ﬁutﬁd‘ ,.'ﬁ"ﬁlsf Yftrffom@n upward
adcmbn@ﬁ@orumgm Qledﬁﬁpl@%n{tﬁbd@nerﬁ camera that can

t t t '
o s bl ad anbchemat il HEm AEHRS areveiaa apdethag to detect

R fdreiga tobjeBe &%bhmmgo@leaﬂl etk vthenstRd e 1e6dlé BUEfrém an downward

20

zpomed vi ew of gortlonls of the rail track. The
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 exampie embodiment;
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system nonitors the i nage streans obtained fromthe

i magi ng devices to anal yse and detect any foreign

obj ect or abnormalities and preferably to classify

det ect ed obj ects. Figure 1 shows a

schematic drawing of a forward view 100 of a system

to det ect 25 foreign obj ects using at |east two video
camer gs ted Q ehl cle 102. One canera is

used f ”"e ‘srﬁqfuﬁg*"“?@ 'Fgf??’a%wwméhﬁ dinfiggl spgRonents of a
obfstent E) dedéct doreigh robjests| ortdbasmialitycorniail @rack @écordiR@® an example
ranstRiikdipundar i es 108, 110, 112, and 114), whilst the

ot her canera is used for zoom ng onto a detected

f or ei giPUHjSelta bisk sliagsan jlbsirating vYasious isysterordevices ffaxi il track

tgcamiing %do foréig® SHiddt Ot dbitifallty? ARIRSoh r%@rdﬂ‘%?grc ﬁﬁ‘s example

n_exa the wi de view 30 canera covers a
érllPd)? cw #®Fo neters ahead of the train. Once a

pot entFigare Bonsea Gumctidrjab Glock liadedne oF edploedsihg st YdraWil track

e e e e—

Siodisest. and cI assification. Figure 2
shows a schematic plan view illustrating a system and

ﬁ& hEog to d?t ect 35 foreign objects or abnormalities
ack 200 according to an exanple
errbodAm?ystem Aarﬁlcaﬂtrﬁﬂdofaamﬁnﬁﬁfeéaﬁlfr@cﬂr&ahﬁl Cf%Feﬁ“&l Bbject or

respectivel
%ppr ecl @t egg‘:‘tnﬁIg a:ﬁ%nﬂerag R saﬁﬁé E”B’Bﬁ?ﬁ dﬁeqxgg\pﬁawwlments The
Byiien pRIrcetbsoaptunesl inages ef drensearaunyl ra|| tadke dhemhéfsa traif® aid in

météétlo%% th@%‘e@ﬁ eo(ljvgl-&v\& %&onﬁal I}%d 38{%1"'? . mopinted on an

rai |l -bound vehi cl
EXSHing plgtiormT e stapd |alansy sk theh meves ﬁ@pg dhey. ranberaek The movable

denitie dh@atidsNagaRl ioP mnRRINSeE rail Klelﬁclé HePiRirleY Gefdfred to as the
he scanni ng caner

other tr qaﬁ? or.carri %
252NNg R r‘ﬁ?%l‘g a5t angimagiogids C%F‘AQ rfipmesa el ean @Pﬁtﬁ%ﬁnages)
5nuwddo aap&r&@@essﬁesﬁ\erﬁndaédnmumdmﬁ Vg thé ﬁack and at least one

t | 200 th
(%g I I cla(/]{u Fsi %(l}o?@sﬂ:"nf?é” g R%'it'ﬁ'gg@fgﬂ'ﬁesra" track. The
mn@nﬁ@s ﬂﬁbmagﬁtStreem;s ebtained frouhethaumaglmg tdviices ttb @nalyse and
aétEct AP fordigirb H&%r §br§?ﬁﬂﬁﬁue§ and pie! tosdlag‘gl V& dI objects.

the scene I'n |gure ustra |ng € system an
nmet hod to detect foreign objects or abnornmalities in

t he emgursl1eshowb adichaitic dmﬂnésﬁélﬁhwd GRWEI0D £ 92 étém to detect
Lt h vabl e, in di recti on of Oandlsay

fotbicr Shiedl? L8Ry 3t IasfIEL TP FatRr et S Prst B §02. Ore

¢eamera GOuset fohi "Séaamingt thetirsit aaukemﬂdsrefaﬁngnfobjd&& 408 dr @bRormalities

5 B Gl L, SRR 0. AL AP e s
EmaRa jsaigied rﬁOff}’@Qlw!Q aniea detected fareigm oBj6&. 106 or a spetifiglotation on
the FAIGKRK 204 6h€s‘"@frﬂoﬁn (?dé?zé(dn’?éﬁ ulglaéé' ﬂé) 65&& %\ﬂeiah&les ¥lfet Wids view

and nethod to detect forel

ERSER FONEF 2 WRehengta of 80f we rsij@a;i @i/meé:reaupw @mOitﬂmtlal foreign
abset isd détactbd m@tth@ Rvidd v:@w cﬁﬁfefrd e 266M %mb@z&dn%c{fa ga?ﬁhre an

ko TR 00 ceboloa i 2Bt o8 e s pgprfaion

404. Figure 5 shows a schematic side view

| | d.to d t f
obt 1428l BT Bl ST i P o e
fme@ﬁ pbiecteew abrorpglifies extolird gait tlackrR08 denondieg do an example
dnfialdinfdt.| ANscdn @nd PO 20of cAAGa0 brel '}%Jaie%c‘ét é@%e'ra;? 202, 203

seen 25 downwardly inclining up to a
which the track 200 levels to a horlzontal portion

504.
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Figure 6 shows a schematic plan viewillustrating the
system and nethod to detect foreign objects and
abnornmalities in the exanpl e enbodi nrent when a
vehicl e 30 205 negotiates a curve along the direction
of novenent. That is, a porti%en 600 of the track 200
ahead of the vehicle 205 is shown to be curved around

0i tI i he hor'l t al i rection-of the track
Fotreoe | bl b Gphrenetstiesie  Fesngand (zogn capgies may be
applesentedeat thatambm nystepiancbotnbate B tamdes e, 203 are
fs‘%ﬁg%‘b@moﬁﬁt{eﬁ oﬁ%%ﬁt@&ﬂ{ hicFe' 5% I'htglll’igh%’* H2 %Eggﬁa{ﬁlégack 200.

I nent rovi age cove
St sRikchetngl Yepiclon@py, erm@eéh@ﬁdmtqdduww veiicle; i la locomotive of

tdtf%?'ﬁraln%r%ﬂ'@ dM:ﬁﬁ‘fagé'! ar He%t':%nﬁﬁ@@iﬁn&ﬁ@@ﬁtlé ﬁﬁ%b‘féjﬁ:irh ifection 204

0TS gt R P e EOR SibaigatsI sk m ded Sprrungipgiihe ai track
1208 irsthaerémgle emivedimetic Sipilarg tihd Moftingddamésr£ 20340 éndvable to zoom

t e zoom canera (compare
g)b%% sz%'(gz%taﬁgwﬁ@ﬂ%foe%&?%@H gures 4 to 6). 5
Figure 7 is a functional block diagram show ng the

pri nCF@ﬁ}e Q%H&b@g s%ﬁ’émétl%%esw% of 1Y SR8 |.nte02 illustrating the

det ect rel cts accord |n to an exa
ST ﬁ’é‘ﬂtmmﬁ?ﬁ &Pn’g *?‘B‘nf%%tObﬁ%?g@g abapimalities iy theeexample
snmodicent Tae Boahning HiRranok EF0Ahd: aRevEBRe W E WirectitR%bf 300 and is

h h f hi cl
S8 Sl Dk Bub S B AR HBEia o 209, ren
gdistannesyehqadonf diss vetgcler@0Si ImigY, tHEnmopringeemseal 208egmevable to
td | ' |
B ARBTG5 ok SR8 967 e, B e 200
nodul e 712. Rail track information, such as a Digital

Map, Ggﬁﬁfdi@hb\ﬁs bdcRemBid Side Siet ma@,téﬂﬁb Mel ﬁ%@b‘iﬁ aﬂatn?ethod to

tored se 714 is al so provided
AEPETDraN Biegl 7 Tl S RNt Poon ke IiRAUSevels out from
am dpvard iddinationpi.¢. peion 490 rof thartRack @00 itse@n @BWhidiBclining up to a

bR ot Nk RS k20 Rl T Bl L i I o1,
foreign object detection and alarmanalysis to

' dentFlBNredS §ﬁt5v?s°§%h&ﬁat fsﬁ@ @FW ﬂ}%@éﬁ%ﬁ? tHe"%gfe?n 3R4 method to

alerts a vehi cl contro

Aeieetderziop %’F@Eﬁa%ndi ahﬁ'awyalﬁ%mh@gxawﬁewp@mm when the vehicle
mﬁileOelbeCﬁondl @ﬁé\ﬁ:ﬁﬂ{lardhﬂidﬂﬁétfoﬁt Ié‘q;o\‘tﬁ)g' Sﬂe)sof fORe! I‘Pﬂa@l@1 200 is seen
eV|ce .a rail tra nn orei gn
ERI ity Ul 2 EPRb A0S FLPOHE B ok 708 Y e 2 horizontal
portkdb0vent . An i magi ng device 802 and an illum nation

devi ce 804 may be nounted on a platformat different
| ocati ons. The images around rail tracks obtained

f r om fiigigre iGrahpwsga gehercalicgulan siew iflustrating thecsysient end method to
sk efaaefa%ﬂjéas Qﬁ&%&ﬁﬁ.‘nﬁﬂres T:'i‘ thd lai#’(.;ﬂtjé‘ e{qb&ﬂm%ﬁt \gﬁ%‘ba%ehlcie

hi s” enbodi nent enabl es use e system
%95 'r'erq‘?f'?%ﬂ a| quiet alenghierdingstion qf feqvementy That ip, fgnprtlpn §60 of the
ti‘atckvnd0| ahead ap fieeddhiedo8 Radholwin Gto WRV&INRECarBiind Q%OInt 502 in the
I?er'nqatl on c?ﬁ_‘w ce %84 and the ‘i magi ng devi ce 802
réoﬂéo ! Quri ng operation. The imagi ng
devi ce |ncI udes scanni ng and zoom ng camera neans

(not 1@1 Tﬁ'ﬂk Jgalresttﬂo tBhi(? Wil b%ea} reﬁ%??qﬂ?t tH% ﬁfs&%ej{l %Eg glethod

to Fiqures
te| daipdd fomigor o@@qsaraadeahnamm@ inmkhe examnk emboyistenis able to

(6ad B6Y \’%}%sof% SR SheBf QuEStTRAGy FRRH é.tmp@) ]
det ails eo whi éh w 'l now be %escr [ #ng(ugm%}.ﬁ re rtgﬁéae][ track
to Figure 9. Figure 9 is a functional block diagram
illustrating the core processing nodul e
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900 of a rail track scanning and foreign object or
abnormal ity detection systemin an 35 exanple
enbodi ment. The nodule 900 is coupled to a nunber of
sub-systens e.g. 902. Upon detection of a foreign
obj ect by an object detectionbsubsystem 902, the
object 6 recognition subsyst em 904 classifies the

e object into normal or abnormal object
CCBER B il St REATG o Bolies R sBives: It wil bs
rappegciaterkthabtha bawawub sividedf@®oth thescanhitlyRaSmeR (compare fields
riee) 18 ih ‘ﬁg%?esai fﬁrdf)"sand%ll tﬁ% LoBR MRk 8 (Irmmnp%lej %S%WBT’ 7egm fields

904 can al so cl assi S 1nto nor
o@Pé‘&F'QHS?SﬁPﬁb a set of rules or a rule based 5

engi ne or an expert system The i mage stitching

subsy reate e and static inmages for
bette %’i"ee Snag g'oﬁﬁﬁ%??gld%gfﬁm S 1 eripgiyabequpiest components

of a5 systéna d7ads taalbiptecintdreign hbbjemdad:oercﬂ@td ah 08@Mplet BRbodiment.
@rllféfrrﬁgtl@ﬁ‘ gbﬁuﬁﬁ% Adf @né%c%% ﬁ L %?[ﬂ%hgmrln camera

ry a
I"mdéief 5% tagpther T'er mﬁdgferrﬁas@arfmrn glela:nla Ristiiphiag lmodule 706 are

SoRMUELRTFRUL thicS bRT '
Sl FSHL thids bR u%%éo B?g?féégfgfgr%@glﬁ b?gyég $he %g%g%%e‘adimages are

m f
8?%%3‘8513’(3?%8’%‘?8 s imagg reqoEding MeHWe 18y "@tﬂi@%ﬁ%ﬁlages are also
fadldhtoasfuBion |mcmlhie|\1H[2pRagtraﬂhﬁmﬁﬁai?h Jakeh a6R b uﬁapmaﬁ %e%qraphic-
S| 11,0 S em
T T AT N T
FrietadetodyGheifusion: medulaeqm The fusiéromoddie 312 tanprives bRbrithms for
b #é?ﬁué Wtr&nsaéﬁgh 59 %é#& mQ{caﬁrg ﬁg%g Iﬁ'n%ngcﬁ@g Jjpatyre matching,

devi pr et e

ﬁrﬂﬂ'@ﬁi’ﬁ?eﬂet?ﬁfi'qn tf"’&%@‘ s‘?}%ﬁﬁﬁl Aetegling fapeeialgm olapaledis oo  identify

abdsrepaim:idstof e tRedel Y megtee%dtél&tsaé %hl@léodéﬂﬁi%ltrhgdule 716 for -
{aﬂmg track is Sca nned an Eé%otentl al foreign object

Eﬁ%?sﬁﬁryﬁr‘?c@g YRR ABEUES track (and possibly

their i mmedi ate surroundi ngs on the ground including

i glee\s/li l%ﬁépeopﬁ‘t B%é E' %&'a@%ﬁ)j& rﬁﬁ}lg@i?ﬁgtﬁg?iﬁé&ﬂ%@ for a rail

ok ssrejechaed fqregatobbﬂt Qfrabnotnhality detbation system 800 rimtah example
étﬁlswiméﬁlempﬂia@ dél.ncé Qéfalgf‘alpilﬂbrﬁt;n%owdeﬁ{)ce §04 may be mounted on

mal it e systemin such an e

£ BRI . iferont Ao The inagesnarm ke gah trackarobiauat from the
ipaging ievidg 80P EH R4 td b-comPiRr 8YstéR 506 'fé@&bé’é@sﬂ@vﬁh‘é‘?ﬁlmmaﬂon
JEQ%E %ﬁ'ﬁ? bet?ea%antheofgall ttra fro

FPan 2alinar¥ eables siecof tiesystem 300-n fimgecighbgonditions,
inghetling atmigtit tifner emu tEnapipesiatéd fhad th@@levmge“mrtme M&BRASbn device

t ilities to L

sgﬁ?%”ﬂd e gﬁ% r‘ég[eé%}m%oérbe Izag% ﬁ‘gﬂ? cf@g'?atglh 9urg1@| Oéagfaélan Cﬁe imaging
qeweaﬂnwswmm@g tang Gleowingi camara rmeamc{nolgshown) similar to those
REERRY MithrefeRinch M FLRE! tE'GGWhg:ﬂ nﬁp goﬂeng}érﬁe%{edtag a single

side view The first an secon evl ces nm

o ge;?q%tp ézﬁgﬁfaédTh%comqteq gyséem @Q@,nﬂyd@ga iceeegorocessing 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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iv.) A positioning subsystem (i.e. GPS, dead
reckoni ng, beacons ) for providing positioning
information; v.) a digital mapping subsystem for

di spl ayi ng the captured infornmation (i.e. image and
det ected forei gn object locatfon); 35vi.)An i mage
recording and pl ayback subsystem 7 vii.) A dat a

H%q’l@%?ﬁ @Eﬁs@&eﬁ%&&s@% %r c%?ec\?rd%lb}e)cp ﬁto rﬁrrpal or abnotmal object
.hyf@mparmmem@bm thasg @tqu@u inghe abjectirefacEdaigbagsubsystem

|9@%0Tﬁ§%b@5 irYsdue &%&bmﬁ@'éﬂkm% h@gbé))gﬁe)gﬁe%\M can also

0 to. a di S5mle
aﬁaéﬁ'%y ﬁﬂ"r%@ IR AT Q@/QE %ﬁ’ﬁq’ﬁa‘tob@&h by H%!Bﬂ mheehpf rules 26 fa rule based
cophe ot bleemelrtrsy"slbm Fhe ﬁﬁagéfstufcﬁhg lsﬁf’sy@t@tn%ﬁa c?e%tt&qaﬂg@ And static

(pecd e SBP R 8 o o O PR 5 ptatieg s dbmoma, e

URadules?ng twgerm@eg}@mndtam sxd:eyséemﬁne whefeby tet dperatérds able fo
oket rﬂé&@&a%&&uoﬁ%r%ﬂ% ﬁdanq\h’%&uﬁltasln@ﬁac%w ‘fﬁt{a 1 &R@Jo?dmg and

cted, and to enhance ect or abno . _
HAERGH BibeveirmeSia Fleme: b RrbreFad asgae iobiainsel fam forsign object
clafeatiin smsmem 802 jor Alasﬁéck(éfnalwlé Furthér guiéb&ﬂﬁ{?ﬁ%ystems such as

SR iR RSB A S 155 e Ve, Btong
p@bsya!etrwmm]c@aata Qnmrammbuusyaemme pledidcine taoduiRdo00 with
e ?éﬂﬂﬁ‘élf?n Ol foh d@r b@ﬁ%‘ofn driby r8&he5id %Bntrol {§f the necessary

classification an I cCation Capabi
devices,

In a preferred embodiment of an automated rail track scanning and foreign
object or abnormality detection system, the area around the rail track is scanned and
potential foreign objects or abnormalities on the rail track {(and possibly their immediate
surroundings on the ground including the sides of the frack) are detected and the
relevant people (and systems) are alerted regarding the presence, location and other
relevant information about the potential foreign object(s) or abnormalities. The system in
such an embodiment comprises:

i) A computer system including an image processing module;

ii.) One or more imaging devices that are operable to scan the rail track from
different views (i.e. front, rear, plan and side) and from different 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 (ie. GPS, dead reckoning, beacons ) for
providing positioning information;

v.) a digital mapping subsystem for displaying the captured information G.e.
image and detected foreign object location);

vi.)  Animage recording and playback subsystem;
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Xii.) A controller or other decision-nmker nounted
renote to the scanning platfornm 20xiii.) Option for
non-real -tinme processing and detection - e.g. for
non-critical uses, such as periodic maintenance, etc;
xiv.) Imaging Stitching which7provides the "static"
vi ew of scanned tracks; and xv.) An |llum nation
deV|ce st ance attag%gg near, the

dovi o )25&sd£?18°'BF’é‘PFB‘i'% YRR derioRar el i disgiging images

t he scanni mgnaelyj ce captures i mages around the track.

The S‘Wi Ni RGr, Eﬁgbl‘{‘r?atﬁﬁ'?iag%agg) Lfﬁ}:tlrg@rgarlail ﬁ%ﬂﬁ&%ﬁe@fg@? r\r&grmatron

thetrakat rear

downwar ds S¥Hemd&I$i avhichanatchas dhe insage socativai tn ed digital map or
then stitchfdyds@@@liher to provide the operator with

the manual ,option of going through scanned i mges of

the r &) t AAEETLMANGISMeRt Bstem Biakryhinton] &ait ackGwntmoliers in the

abnor mal i t et of foreign objeet yt&étioR) may usual |y process
every single frane captured-fromthe one or nore

i magi ng devi ces, although this feature could be

di f f eFrierembedinients may haveene entrotiofent s. The system

may hgye tWQippasabd %C@Q&Pﬂweﬁ ﬁ:rf'leg R’%u \cH 'd?@ uﬁlﬁr@d by the system

calibratiop) 35and actual era I on.
traini ng nbak depﬁ@'"ﬁ%dﬁﬂaﬁ‘%’/'%fmahe drksp @4"9!1 rivaderdial objects or

defi i ned (ealgronﬂalﬁib§@eﬁérdét?(%e@naﬁtﬁtt&\E%ah&e obfcl or ag¥shormality
a sl eeper e ef 1 ned

di st ances)de?%ﬁgn’ %ﬁ@ﬁ%‘r‘?ﬁf”%ﬂ %thé'cajw nicapanilLps:

cal i bxiat i of spteqrfr ruids faorules basee amgithe rop taa REHaIYsYB N tdbe employed
differenti [ ects such .
as rails, eep @I ast "%HE e @%%@B@%%‘r{f H’ﬁ'[eg potential
etc.) i mageieds ¢ih amoemglﬁleeb?recﬁste@tad abnbrtopkhhanes . object or
DU“ ng t heal:fl‘r@ﬁ‘hkﬂrky QREiiBh,| Psifi Eﬁ%n%b‘&&ﬁ%ﬂ?ﬁ% E@Qﬁb‘ﬁr es

key d‘? par@rreters (describ conmon roun

trac er hf ot FRETYRY ofother tdﬁeS*ﬁewaéewpv@ad Wr'ﬁ@f@sfo the rscanning
forei gn olplafskmand abnormal ities detection. The key
|rrage r be. updated.requl arly to adapt to

t o DXElcor e e earre® GroeSCaui e erealon et nomortica
i I'1um nat iuses,cochias perivslic. mafotenawdgetey or even gradual
backg,r“pynqmg&ﬁ@ @ﬁﬁhhﬁaﬁﬁﬁ g"rd’@vrc{estthea%ﬁtré’ R«{&%c% r{e% traks; and

tunnel ), the stem ored 1 mage

for c’EYr?parA’h'!i‘ﬁ“@@"’&'rﬁ?VF@rf@li igstaigs) Qi@ﬁhasieteectl‘lemnagw tevice.
the captured video i mages and detected foreign

obj ec e recorded and can be pl ayed back for

s .
manu '*W%é@g?% qarsying dhe deviess mouet dhe Scapning devige captures
iotaiges trouhd trmrtra&ka‘l'lmé scanning dievied can b tovlet iahangld! Being the

ltr&kdétstﬁg 'ﬁon?rrgérg% a%bb ﬁ'r ﬁnted 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 fraining 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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15 including dead | eaves or litter. To reduce the
possibility of a false al arm caused by nornmal foreign
objects (e.g. dead leaves, litter, etc.), the
sensitivity level of the system can be adjusted to
ignore or discard such nornmal8foreign objects. The
normal foreign objects could also be filtered out

ba ed on V|s§al attrijbutes such as _size, perineter,

Aefiged GISEANCPR). Thentwsiss Maye Bblier (3n ikl salibration, peried for scene
ainberstandsg amddas dlfbf&itlatetrﬁﬁﬁalmcmroﬁrﬁf bR QbRbisakics as rails,

S S50 G0 W T ALY B o i
@bneimaltigsy @lﬂmrthenmﬂmil opsixitiont thed spsieth emap Ssomipatet ey image
%Parﬂeten@?ﬂéé%’nﬁng Q:BlfnhﬂH rb’ét:lkd?éhr@dﬂ'ébﬁtlﬁf?ﬁﬁa? 8W|ttpﬁe new acquired

utilised to produce tlnun1resu

dRI9GSo FOREQTRIGN &Hﬁ%ﬁaﬂdpﬁ%e@"aﬁws daicctise. Thedfeylimags parameters may
mrdwaedeegmamotahaﬁt tﬁ&!@bé@gﬂoﬂﬁkﬂ@ﬁan@@s té“!jf \)H;Qh@J 8nvironment,

"‘\Bﬁng}aﬁg? \{:Igécljnﬁ X Sfpo?'%tgég@eo g\ée&n ey nBléﬂ? ?@gfqﬁoqnga ‘%@Qg%"r in the rail
tiack sectiomd.gta ttihrel)i thegesterh may usa stondd image tbnpdates far coyparison
BRd %cr@ig n bBjeCRedChbd. Al &aﬁ:g.* aéc?l 2d 88=BLH foreign objects

unusual heat signature, presence

M2y dem ressydask and can be caayed; bﬁck th@Wnéﬁll vsne@tmmpa to review the
UeRkicagoraigh @6fecidet ecti on according to the 30 exanple
enbodi nents. However, it will be appreciated that the
system may al so have caneras pointing backwards (rear
Vi ew) |n dovwexaaplks embodiment, kil I%ystemieis sible o PdigdefrD fdtbign objects

i | d
A oL .0 A PAEhgBl ) S Wl s
feimat forgign obigels (beddwlriea@e ites tale. ) Al sansitigitylevel oh ftte system
E:Q? L6 ddﬁls%dﬁef’féﬂo?é H EIIXCEH‘ @Eciﬁnérﬂ’fa?l’n%]gr??ﬁ@&% 'ﬂ%yn(}?ﬁ'lai foreign

buri ed under neat h

ghiets copidales, pe ifi H%fsﬁtovbhaseﬂw woual aifribteso sich a%opige.geerimeter,

alkjae picHle lunidie inBhdity | @&foul Btd lrpétﬁéﬁin&ﬁnéé%ethb mea%ﬁ&) of foreign
ack, capt ur ed t he scanni

of. the t
BhietBuish e SR and fuerireevcios Beoginiy & Ween eummaforeign
dijects anayabe biglden ronlcovered) by opticke)y harenat ahjette(desd (kales, litter etc.).

égﬂgﬂﬂ &fnﬂglﬂglﬁgno\é jgﬁmgn@' rgugg bfer ﬁtﬁ%wttb aﬂ}%ﬁy@g&pﬂ%fun% Iggsults for
fli

roved cla i catron
erient envirapments am! purpesesnld sy igaisehil batoained:anisrasdhat pick up

infagls in %@ﬁ&ﬁfésﬁﬂ nonbUsitié @bé&faﬁreﬁgxaﬂpqw t &i}@é@{ g#drh % normal
acken

rel evant deci si on- maker, such

The
ERAPRTRJNRY% Pe drsed o diskerg Jeaves gir ljtter whé?ftté%i imagesdkan an infra-red
mralmuy e usditorohbERintHe laglcls Qite eMahatifg aM difisti® WRECSignature,

etect ed The platform may continue to
{Qg\?é gegpceiﬁ“‘@rﬂ?gidg?'%%‘?le‘?ﬁe deci si on- nakers
perm ssion is granted. The system 10 all ows the user

tO CORid, MUY £ JB I%sﬁo%ggﬂlp ffg A eﬁt"’g’i‘@g % td'ektchn{o??aé&?dmg to the

canera accor VI ew
SARNRIR §m§ﬁ@@eaﬂseaewever it will b@mperetcmecf Tbﬂfethg sysie ey @lso have

@&ﬁ&b%bhﬁr)&:sb&kwgﬁﬁt(fefaf Qi@wj) Wdﬂﬂ%afd@' bnd bAkSth sidBS of a platform.

%ﬁ_@e an alert _sig a system operat or
'f '%'bofa%cttdﬁ@cféswé? a?fdvmfsfi tcaﬁet%maﬁmhw% ohiget. but also
ihtiades dmecmhg Iﬁea{ béd@rfé@é@sﬁjfb’aﬁkés aiveh tHat thekAis leqitdsibility that a

ont r fur an exanpl e
f%l:ﬁ%nd? {nay é)ug ‘i?'@?{ g}"t e integrated with
posi tioni ng subsyst em (i.e. GPS or dead reckoning)
for determning the platform s position, possibly
together with the G S and digital map, so that the
system can al so determ ne, record, and report the
| ocations of the inmages captured and foreign
obj ect(s) accurately and 20 quickly. O her neans of
determ ning the | ocation without using GPS or G S map
may be used .e.g. using radio or infrared beacons
pl aced al ong the sides of the rail track. Using
either pattern matchi ng and i mage under st andi ng
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bet ween key structures and ot her objects that make up
the rail track and its surroundi ngs, including the
side structures of the track, in an exanple

enbodi nent. The scanni ng device can follow the rai
track laid over varying terrafns and curvatures. The
scene and track i nformation obtai ned by scanning

o p SRR oL A PR 1R, Bt ik 708 Bt o
sskinperRRiges by pwsessmgotm dgefo)vof thhitragk gamptured p dvnsdanising device.
f@l%‘ih@%bf@@ﬂ’or%n&ma’l r?@&et@% ({)B)?tfﬁ%@aﬁﬂir?d;d&ﬁclengr\{voé}foﬁgﬁmagmg

dat a captured and processe

Viog CRh ibp aisgd {h2pom Hba@d%{ﬂ‘ﬂﬁ’%@ hiser esolutiony kst pf the object for

flmbl‘ww dd&elf catioh dndfe Kdelzilii&%(tjld@ &Cﬁ&@ﬁ&s' \gﬁéheﬁ de?e%ted object is
track. an revjo nown track

50, A3eF55, bktoah S LG ErRP o ae faivant desision-maker, such

aquﬂ;e erackensly cordrolerodr $ylstent apdrator & kile(tad td ke GRBEtISNEh on the

q‘@%‘l&ﬁ'ﬁ a@% 35 ta@%é%lthtr Eﬂb ltl’ré (5&(%5 wécg h]{l"i?}[atﬂ%ﬁ'g may continue to

npensat e aut ondt i cal
@qvén%t PeAn 8’F'thﬁ'€" é‘leaﬁ?ﬁlw memr@epa;mlsbpn ds lgeanted. The system

e e B
?Wgrﬁg?‘g?ﬁaﬁ%ﬁ"q%\"%g"? ﬁis‘?a‘ﬁ ahgafe forei gn objects

al ong the rall in an exanpl e enbodi nent. The

det f t

C:p:gl Mty to o@{ m nga%ﬁbﬁg‘?'sd?erﬁg?&éﬁﬁg@{ﬁ? %h the system
sendsi gm b} signalr leqaisyeismaonesator (vhoomayhalschée thé operator of an
%Bﬂblbéhrhﬁtrhiﬁw €|dneér'5ll’\é‘ garl?é‘&ﬂa gnanrdfq? QPR kg Wtr(ollergfor further

technlgues he visib features uni queness

apthg In ﬁﬁéml’hﬁﬁ'ﬁﬂglﬁ%e“i‘ -nthgsystep faﬁ\dalé@lb@uﬁ?gratpd with pgsitioning
dﬁs@ﬂbﬁﬁh b (IBI% 9ndexy r@ﬂ{onﬂg)/fob@etéiﬂ{mﬁé £ pldtobh'8 pb&RM) possibly
g termnet nat ure of the
RGBT BRF ah AR, 5 thal o Pl o2l etemaipe. record,
biad a&ﬁmﬂe(hedowomagofathe dmagds captueed and foreigh @bjeass thecurately and

; .
SRR fer st BE kg HocaiOh ittt [ PAGERS o2t fiap may be
v3pdl e @ wwfadma@n raaedmm@lawaaﬁomhe bides gfsthe mil track. Using

GRRF Phdrh rﬁ’étcrﬁlﬁ ARk ﬁtﬂﬁe%ﬁ&%@hhﬁ? SudofhndsUsrt 3 aﬁgét 6P Rles, a

.g., ,to sto e scanning platformor appro
é“?%‘?ﬁ?ﬁd engine | °Frﬁ@ PHRPTLRYSe Ets(%wby%?ewwomnrwl 'afcrmatlon about
novhabrafidrazk NBronablities, dﬁ&bﬂé@ﬂ dojets, udpRioad %relgn objects can be

ﬁeﬁé@%&é@ng !m%v ﬁl ssr}% Eo a%'ﬂ%ﬁ‘g%fl Som mab/ the captunged frack
inages Mhla)databaieeofsfom Mwa@a inaedl timé. Gptured images and

4Ot St 14 S BN BE AP o ot ve
Ipgadion @éﬁweﬁgomm pertiens.af thetyeil tragk eani becdetérminedrar setidved easily
éd&ieqlilélﬁﬁ Hmbhed o:abl%cé‘dééﬂ FRSrNAERE TRt §|§éérﬁevp%'itioﬂ§ (of the track

e been asse ove e scannil ng devi ce

%@Vﬁ'sﬁg‘f'%‘ﬁﬁ Qeign @ﬁ@Srﬂ)éaPE&FOf%enq)reéﬂ%ﬁ whea ngceSﬁm:r Fleocations
mbhequ) badddaormgduaraphieal BapRirbide¥ ofnokd ééiﬁbhlbﬁl& BaBed BS specific

PR Bn i ik TR, i SEPuri ncnrScaepe s Sar e Slored for

play back purposes.

. Apart from accurate detection of foreign objects, the system can have the ability
to detect abnommalities or confirm the integrity of the rail track by examining the space
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ki nds of (scanning) sensor technol ogies that can

provide structural information about the 11 rai

track, their imedi ate surroundi ngs and objects on

the rail track. The scanning platformneed not be a

rail vehicle travelling on th® rail track e.g. it

coul d be an unmanned aerial vehicle operated

r S n vice (hereaft

r%‘%g%re ¥&"%§4 . tap@c%ﬁ%ﬁ e%%v E? ofP 1 rai t%‘&'k and its
abieHRRings; frolying drecsidmstolsjuses of dha teas:!q io @an sxsheimembydibent. The

Isfd:ﬁhrﬁhd 88licecan FORM ﬂﬁ ﬁéﬂ?tibéﬂ Biatdvat “ﬁﬁﬁﬁ‘{érﬂarﬁg arn?fcljrva es. The

e red to as scan

S5BiR g 4tk U BREEHbR BbAer bY snaeNee o4n ke oksekant 2 s and
pligitaf 'ammmtlﬁy&c@hmbiﬁlp knowiDysk featires, Suom as §Mitc£h§s turns, and rail

3l B, AR ld L8 e il 4 vk

r@piuraskangipeoogesraddivethe Systertapt uri ng t he necessary
I mages or vi deos of the reI evant parts of the track
to be capture nbodi ment provi des a net hod

of rall OFF: 'ekfagktaﬁ?ﬁhﬂg*h%ﬁ%%wpwcw@mméoligws the rail track, the

abarmeddnages, cetvedit asdBdditondl ik ?idf&eh@usﬁpkﬁoﬁrptrﬁk information,
ouS_ St i

T i Gt
,s%{wgmg@g mavep evaritmrailiitirwhich is ﬂhenatonm@nsa'féb%by automatically
BELARY tRPYridnBRibs @Fﬁ!etsggndlrﬁvc@vlcg fO{' %ﬁ%ﬁ%&mwﬁg (§.9.¢ seleption of

effectlveness conpared to-curren
geanBingideYce o usediiensithan ene imsagiog temicetis avilablele

i nvention can al so 20 prow de a nethod of view ng, or
onditjon or state of the

creatJ{_l?eg atrecorﬁ

rail R eA %tﬁﬁéP *’%ﬁ'u iR Tpreigg pbipcis plengathe faibin gin example

ﬁmhedgmentEbeaaﬁemBMrs snﬁsystbm nk-).ay/ m&mu?m @amr@bﬁﬁaaozl;h&] esSbility to
in redi c

gélérg'fsméo Wht@‘{qhm 3P no e%@%ﬁg:r?v{g Eﬁgte q?w taq,ntsp% ﬁélv&gther it

WICU@ igRored dJsummaﬂgrrrremgnm;r tewhgiqudse thesdstbld fattures uniqueness

@ %fz@”' éWaBQ, Iﬁrﬁﬁo&@ﬂ@h&!ﬁd%b&@'%m tﬁ@ﬁgl{aﬁgé %geel%%a@%ct may be

termne

acci i nci dents
%ﬁ%‘r 'E‘b? et phingidgtabese tometesminedhe patieyofiilzespossible object.
'Hmabbjéatctlmtf‘bﬂldnrfdheﬂké 08 #hietdd ﬁém& tf $4 Lo rr@és o B h# based

’l% éf t r ac hi% %{rhhquuld a E)gezgq objg\étgqeg:qggét%% the gystem can be

mf@m fhay aimt tej extévant dmm-mkeraysm & e aystém rdpetators or
Eefcﬁ'&rl& co'h{?ale?é’ ﬁP R:ﬁh&%? 51'\ gé giwtgns%o&&m gaq‘ngplplatsﬁp% RF approaching

scanni ng on near
train).

The imaging device may be any optical or infrared camera of a desired frame
rate and resolution. One or more scanning devices may be used. In some situations,
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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5detecti on neans for determ ning the presence and

| ocati on of the object or abnormality on or near the
portion of the rail track based on information from

t he scanni ng nmeans, and one or nore inmage devices for
capturing continuous images off track with

date/tinme stanp, l|atitude and | ongitude positioning

rpail ‘fi%EIQntEQ r |r¥r?|hiig snﬁ%%?i r&%s[anrg%%&?ﬁté ('.i]ﬁnﬁlar anﬁ’g?ihsl'he scanning

retri g Ver
sFt’fi’ eftﬁeﬁdyétbﬂeﬁ et vehiglsl tavelling cirs thenraitekesk @ :t could be an

N@viAned B8HiePehicle operated renfotdlySt em as claimed in claim
1, further conprising canmera neans for

capturing one or nore inmages of the object or

abnor maldasyorkbineged device Thereamrirgfoméd ®ad ih@ %hﬁiﬁé Weice” ) for
ans

e N I ——

fvghicigdhai\acans thetreit tracknon anfrain fmfared.to as the “scéh platform™) so that it
SUSAERL RRORUHRTad 6F the LR ﬁatfo\f‘m%fs%@{alhﬁﬁrrgrﬁ&%gt 11 scan device

i.nformati on 20conprises a nature o
#BFbMA pe inptalled remotely, gather thor beifg H@@B‘Pdﬂiﬂﬁ@nt iah 25 o the sides

2r tHelrebih e the QBfitle Sfoh BatiiRghthd) BedRa4s ihajesR IR OF B Felevant
%ﬁ&e&té Q{B ntf rmatgHon derived agai nst reference data
3 cf? ?i(s 8 PGP system 5. A

system according to claim1, wherein the scanning

means af QMbliRfRRt gﬂ&%&& a dvl%f gﬁlttmg s?e(gn%%@ﬁ%@?ﬁjen presence or

t he detection nme opera
gPaerElity dgtestien @adingy Qi$0 ba @blgiip eravideriargemandhedntioyous stitched

bame dnages BRAR I%ip%é@' Hardly faﬁﬁl%*ﬁg GRR b REd Wsﬂé&ﬁon and/or
syst em accordi ng

KAl e, Setho Aeadncrenis e el oE ST oA SsHeTgRS compard
hoeerenbmgthodser as. 13

Apart from detecting foreign objects, embodiments of the invention can also
provide a method of viewing, or creating a record of the condition or state of the rail
track in a manner which is easy to search and manage. Embodiments of the invention
can also be used for maintaining rail track by spotting or predicting areas on the track
where maintenance works or repairs may be needed. Embodiment may also be used for
determining the condition of rail track before accidents / incidents and to determine the
cause of the accidents/incidents. Embodiments may have application to inspection of
other structures similar to rail tracks, such as long pipelines, building structures.
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8. A system according to claim1, conprising one or
nore of: i.) a high resolution inage of a
capt ured object or abnornall % ii.) object
and/ or abnormality position ih a geographica
co-ordinate system e.g., latitude and |ongitude or

isLance along a track from known 5reference point;
£'rﬂilr.—%object and/ or abnormality distance froma
scanfii ng plsasteorion deteciimgmnortient ok alvanmelty lonwe heayl serail track, the
s:ﬂe%?Bh?ﬁ&n nd/ or abnormality size, |um nous

nt ensi ol or or dinensions, and/or other visua

char a@atr@mgsmam;foraﬂtdnmng ohpod siebt @ pottpe of thamall ack;

abno i 1

H%gﬁoltr%’f‘l&érﬁsféf éét& 11’1 9 r%gt;rﬂte z{nhq a'tlgﬁ] 016?18 Objoe%y or

mat c |_n n ormatlon
abndieelity goroc esarghe pyrtiag pﬁtglea:alé wackofasedlopdnformation u‘irlom the

SQASH gd_ﬁ% Ng.Pr an expert system 159. A system

acco ng to claim1, operable to conpensate or
adj ueme pronorsriwage devicas fof camuririgrrg)ntimmai imageefisck math
t - 0
oA A S P op B DR e gpockf o e
parem&t@s for eeSseneamvatarab!erlamiloas&\@cnnag%b@mg sligchaddsegdtber to

r?éf;lg iﬁsa&o?{'n?a%% rg{ﬁgw(?rﬁa&;sl an i magi ng device. 20

temaccording to"claiml, operable to
mai ntai n and/ or use a dat abase of potential foreign

obj est s R%g%témaé%rb‘i’én'ﬁ@h r“agi O1,gf§rt lclogi?ﬁ’ﬁlﬂﬁj ects and

features t Are expect g a track.
251 2¢cameng snaams zifafmpmnng one ot mareniniages péthelsibgect or abnormality

bzgeﬂ%sh' |F\f¥rnqat%ﬂtf%% ﬁ‘% G%Pécﬁ&rm mae%ns and

image processmg means for processing the images captured by the camera

means for-denvmg detection information.

3. A system according to claim 2, wherein the detection information

comprises a nature of the object or abnormality.

4. A system according to claim 2, further comprising checking means for
checking the detection information derived 'against reference data in a database of the

system.

5. A system according to claim 1, 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 fo claim 1, wherein the camera means comprises

one or more zoom cameras.

7. A system according to claim 1, capable of automatic, real-time

processing.



10

15

20

25

30

35

normal or abnormal based on a set of rules or a rule
based engine or an expert systen1 13. A
system according to claim1, ,gperable to recogni ze a
rail line for defining an i mige boundary and
automatically adjust an area of interest and canera
30vi @w as at . ed. rail
Crack - ASHRehiccliRPt ARG KEhRaRo MRt HONS:

oper abl e i-b adpudrgh regolgtierdinzge of a eepinredraiisdt or abnormality;

baCk_ngU”ﬁ' chag gEet Qﬁ/d/&ro HOIFMQII@%O gﬂ g e% Fslfyglrcgpggordmate
dar aner NS

key i mage ters.

accor di ngsyserol %tgmlemtutiﬂwnhlbh@ttﬁe od distanice lrladdentrask from known
covered p eﬁagpgg{elgn obj ects by analyzing track

bed di st urbances: 17. A nethod of detecting

an obj ect iigr apbieeinand/eryalororoelitn ebstarwer fadrh a seariajing: pletform or

5nmet hod Cgﬁébmefﬂnoﬁr?ﬁaqr\‘)eﬂﬁieon and near a portion of

the rail track utilizing a scanning device;
det er mi ni ivg t hebjpetesivgioe abmdrmalitat $izh Bmindus dfipesity, color or

or_abnor Minjehiol), oy Ser VABaRALIIRASAs: Lie Tl |

track based on I nforma € scanhing step

utili zi ngva depessitiiowbigel Budor ebpiredlity cclassdicsigranor igntification
devi ce, 1ppr g [a?gg- ' for
capturing gdnt9 fnrﬁ%fggin rrgﬁg? aﬁ?n %niké hal,ggj;éte#t% ?%&59 or other
stanp, | asourcrieoramy uslog@ seidd rplesior iaomilenbased engine or an expert
mlestone§y hicl e speed, and other paraneters for

easy retrleva and verification, the inmges being

stitched together to enable a deci si on-maker to

revi g\rqvolr g%ﬁ?tem]aﬁigrd%ﬁ%sélﬁm d%lrpe%% etétdoﬁﬁ)eﬁgatg R ggjhst for one

or a on or near ar
orcrnqwrofs'awgrg ts@@anmm@etw@ansvnfoomegt aientheg anxhswtrdiungetearcka

portion of the rail track; and detection nmeans for )

deternmi ning the presence and | ocation of the obj ect

or abhor nalsystpmoaccordimg tor claire 1 pepearakie toHleteheandiiokate a relevant

tréncékgéﬁ]@ RaAs6548 Qtrh&ﬁ %@Wdlﬁé}ew VWi F@ gn&@s 81%9“”4359}9 device.

11. A sysfem according to claim 1, operable to rﬁaintain and/or use a
database of potential foreign objects and/or abnormalities, as well as objects and

features that are expected to be found along a track.

12. A system according to claim 1, 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.

13. A system according to claim 1, operable to recognize a rail line for
defining an image boundary and automatically adjust an area of interest and camera

view as the rail track maneuvers around curved rail track.

14. A system according to claim 1, operable to adjust to gradual or even

drastic background changes by continually updating background key image parameters.

15. A system according to claim 1, operable to adjust to sudden or graduél

background changes by comparing a capture image with stored image templates.
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wherein the systemis operable to reduce false al arns
due to normal foreign objects by maki ng use of visua
attri butes of the object, 14, Wherein the visua
attributes of the object conprise one or nore of a
group consisting of size, perineter, -area, profile,

| um REUS IANERRSH TabcoiMg ©OLIAIMm 122pdknf AREBRE: Rliden or covered

det ecti ng an object or "abnormality on or near a rai

Physigat foreiga ohiseisdy adalyping diiasly bed distiibangean and near a

portion of the rail track utilizing a scanning

device; determ ning the presence and .| ocation of the

obj edf- or Adpeibedal Falgctivg avrobireh pr abmersaliiy phiobneasfa taff drack, the

nie®hdd ddndrisingased on information fromthe scanning

step utilizing a detection device coupled to the _

scanffHYInge’n 276l negng portion of the el drerck gliliziigwescanaingsievice;

due HereRAnFg!hd Elregér%é £ 18Rt IR \ﬁj‘é&o‘?tfnamk%H%lr near the
of the object erein the

attributes

- poitien af thetrail irankthesed pn ifermstipe domuibaseanninastep ofilizingr adetection

d&ficcdlipRidho IRCQRDhAL RGOl ardf €, perineter, area,
profile, lumnous intensity, and color. ‘
providing one or more image devices for capturing continuous images of frack

~ with dateftime stamp, latitude and longitude positioning, milestones, vehicle speed, and

other parameters for easy retrieval and verification, the images being stitched together

to enable a decision-maker to review images.

18. A system for detecting an object or abhormaiity on or near a rail track, the
system comprising: _ | 7
' scanning means for scanning on and near a portion of the rail track; and

detection-means for detefmining the presence and location of the object or
abnormality on or near the poﬁion of the rail track based on information from the
scanning means,

wherein the éystem is operable to reduce false alarms due to normal foreign
objects by making use of visual attributes of the object,

~ wherein the visual attributes of the object conmiprise one or more of a group

consisting of size, perimeter, area, profile, luminous intensity, and color.

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

scanning on and near a pbrtion of the réil track utilizing a scanning device;

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 step utilizing a detection
device cotjpled to the scanning device, and ,

reducing false alarms due to normal foreign objects by making use of visual
attributes of the object,

wherein the visual attributes of the object comprise one or more of a group

-consisting of size, perimeter, area, profile, luminous intensity, and color.



