1 DETECTION METHOD AND SYSTEM TECHNICAL FIELD This invention relates generally to a
detection system for automated detection of current 5collector device (CCD) found on trains. Background
A CCD is a component used to lead electrical power from the third rail of a train track to the train for
powering the train and equipment carried thereon. Tha CCD is a critical 20component for the train' s
operation and constant inspection of the CCD is required in order to enable continuous service of the
train. Japanese Patent ApplicationINOT ROOSOR/SEAI3OTh aNDSAtR®aMhich uses noise as a detection
parameter. The problem with this method is with the difficulty in separating the 15 noise, which is
generated by the defected CCD, from the sound generated by the CCD during travel along the third rail.
As noise camaleHNIEEATORTRICDoON and other types of defects on the rail, using noise as a detection
parameter will lead to the fa e identification of rail defect as CC% defect. As a result it is difficult to

robustly dete T‘n]é“\’ﬁﬁgﬂ?efe U B B8t In'thd R SE SN s QWA TSR Mol ESits a need
for a detectienlkyste eRRa@CD nelhddiardetecting the existence of defect-based anomaly of the CCD.

Background

A CCD is a component used to lead electrical power from the third rail of a train track to the

train for powering the train and equipment carried thereon. The CCD is a critical
10 component for the train’s operation and constant inspection of the CCD is required in order

to enable continuous service of the train.

Japanese Patent Application No. 2008-87768 describes a method which uses noise as a
detection parameter. The problem with this method is with the difficulty in separating the
15 noise, which is generated by the defected CCD, from the sound generated by the CCD
during travel along the third rail. As noise can also arise from friction and other types of
defects on the rail, using noise as a detection parameter will lead to the false identification of
rail defect as CCD defect. As a result it is difficult to robustly determine whether defects
exist in the CCD based on noise alone. Therefore, there exists a need for a detection system

20  and/or method for detecting the existence of defect-based anomaly of the CCD.

Summary

In accordance with an aspect of the invention, there is disclosed a detection method for

detecting presence of a device on a vehicle, the detection method comprising detecting
25  physical profile of a detection region on a vehicle with the at least one region being where

the device is detectable. The detection method further comprises capturing a plurality of

images of the detection region on the vehicle and triggering an alert upon detecting an

anomaly in the physical profile. The anomaly detectable in the profile is associated with

one of absence, displacement and misshaping of the device. Wherein triggering the alert



Summary In accordance with an aspect of the invention, there is disclosed a detection method for
detecting presence of a device on a vehicle, the detection method comprising detecting 25 physical
profile of a detection region on a vehicle with the at least one region being where the device is detectable.
The detection method further comprises capturing a pfurality of images of the detection region on the
vehicle and triggering an alert upon detecting an anomaly in the physical profile. The anomaly detectable
in the profiledsnasisasiatiedifih © aelefstlbsendahdiphlagamentangtsisshaping witth@ deviceal Winerein
triggering the alert 2 comprises identifying at least one of the plurality of images associated with the
anomaly in tﬂ? Bﬁ%ﬁ%ﬂ?%ﬁffff‘e In accordance with a second aspect of the invention, there is disclosed a
detection system for 5 detecting presence of a device on a vehicle, the detection system comprising a
scanner, at least ong camera and a c&)ntroller %NFer.ewith.the canner.and the at least one camf[era are
coupled. The SRR IErS Gt SEHRA PSIAA! PSR 5P h BTN PEGIOREH STSHIAR WHEP ¥e at least
one regfon b&ingtivaepectbecdaicedsvileiestablehidie didakst oiva cgpiaradsiipiicapturingnptuaality of
images of th{-:- detection re?ion n the \t/eiﬂ'cle. ‘}Il'he coEtr ller is 10 for t{' getrip% an alert upon detecting
an anomaly I the Bhy&iBsThidtie! 18 AAcThal dstettable iSHREhibHle Beitly G5Loaa el iith Bhe of
absence, displagemhemend misshapiog dfiébendepiceichhecdiltrolfer tistheividesdibasoat ieashiore of the
plurality of images associated with the anomaly in the physical pyofil on.the alert being triggered.
5Tne Hetech L Sy Liet SR B SISy AET Ut & Gre I GRSANE <) 35 hORS Y Hetermine
the state of thefdC CIpsurfs theluiaidty sysherpesattredcieetiomagestha grofichitdte clionceyistelteitiaces the
profile 96 the CCtD. A s%%arate camera cggttures the images of thﬁltrai nunlber Picktlhcan be ulsed to
determine whIER 18R the EEBEhakly SO A LI AN G StsPoattire BFHE sySfedl ‘Mt the
system comgetaniblicieghatecbiithbaim gniedbgent Wi (A difecid] dbrtetlige Aop) syatem avidichitsbepitize
collected datg. (jmages and profiles of the CCDs) tq train the complete a ated tem. As a result, the
invention ha(s)af h(#g%;legrervelﬁglbiIi?)gl and ?grb)i:% a%llﬁ@?l)dﬁeenolﬂt e ar%a%% une |0?1L{Isq§% tl?ﬁiél rEl\fgy% emisUsed when
the camera gsatis acdrgehnhmipemodlyrages @ftheaC@ofdelnpibe theatdoe béimagesgtheie are 25 images
which don't show the actual defect and there are images which show the actual defect. At this point the
capabilities of the intelligent AT system can be used to pick up only those images which have the defects
and seh@l to The @nedtuon Offican. ushisbodpabilitypengtites tnd @prdfiity @fficeptos gigmificantyudechease the
time in identfyjng,the ipageswitP e apRRmal GERRAAC BSRImpRInt vericatian ard sopfimation
without physmaﬁ y

detection system traces the profile of the CCD. A separate camera captures the images of

the train number which can be used to determine which train the CCD anomaly exists.

20  An advantageous feature of the system is that the system computer is integrated with an
intelligent AI (Artificial Intelligence) system which uses the collected data (images and
profiles of the CCDs) to train the complete automated system. As a result, the invention has
higher reliability and repeatability. One of the main functions of this Al system is used when
the camera grabs a large number of images of the CCDs. In the grabbed images, there are

25 1images which don’t show the actual defect and there are images which show the actual
defect. At this point the capabilities of the intelligent Al system can be used to pick up only
those images which have the defects and send to the On-duty Officer. This capability
enables the On-duty Officer to significantly decrease the time in identifying the images with
the abnormal CCDs and perform instant verification and confirmation without physically

30  being at the location of the anomaly.



30being at the location of the anomaly. 3 Due to the fact that the complete process of the detection
method employed by the detection system is automated, except for the verification and confirmation of
the defect, the system is significantly less error prone and highly reliable. 5The process of the invention is
to capture the CCD images and trace the profiles of theeg CCDs in a train. After the completion of this stage
the system computer will process the received images and profiles of the CCDs and determine whether
there is an apagliyherfaat (Hhthiese dsnpleanamels tbtalwaamtﬁﬁmwtﬁfdwhﬂmdwdmtecﬁmessage
containing the images of the aftmormal CCPDs via the.communication dewie of &%tg]\ég] ntion to the 10

electronic deVit&r SRS @ﬁ%’érf% rl‘fyréfhc&lté%ﬁ R Héail’t“?fép o??i% Fnot. This
method yieldscaficuatls lesutisoriphoiiteaadhigihistieriafi¢he vision system and the profile detectlon system.
The additional features, such as the notification system for the On- 15 duty Officer's electronic device,
identifying the location of the CCD anomaly by the train number and the intelligent Al system, further more
supports theféepiteness ﬂidhﬁ\iﬁﬂ@ﬁlﬁidm ta(bafﬂafeuhsaﬂcﬁbﬁnmgﬁedaﬁawmgslﬁl (ﬁrdfiﬂ@omfsthesystem
diagram of ectlon stem cordanjjg:- Wlth gect 0 the invention; and

FIG
process flow rafn otf aa'ntlu'e Hoh MR 58co?d| 4erad é’tsbefr?hgoggj H%n‘?‘%% %n}g&j by the

detection syﬁéeemveﬂ iGgds and profiles of the CCDs and determine whether there is an anomaly or not.
If there is an anomaly the system computer will then send an alert message containing the

images of the abnormal CCDs via the communication device of the invention to the

10 electronic device of an On-duty Officer to verify and confirm whether there is a CCD

anomaly or not.

This method yields accurate results with the combination of the vision system and the
profile detection system. The additional features, such as the notification system for the On-
15  duty Officer’s electronic device, identifying the location of the CCD anomaly by the train
number and the intelligent Al system, further more supports the effectiveness of the

invention.

20  Brief Description of the Drawings
FIG. 1 shows a system diagram of a detection system in accordance with an aspect of the

invention; and

FIG. 2 shows a process flow diagram of a detection method according to an aspect of the

25  invention and utilized by the detection system of FIG. 1.



4 Detailed Description An exemplary embodiment of the present invention, a detection system 20 utilising
a detection method 100, is described hereinafter with reference to FIG. 1 and FIG. 2. The 5 detection
system 20 comprises a scanner 22 and at least one camera 24. The scanner 22 and the at least one
camera 24 are preferably positioned at a fixed locatios and to provide line of sight to a vehicle passaging
past the fixed location. The vehicle is preferably a train, for example a fixed-rail train with the fixed
location being proximal a waiting platform area of a train station (not shown). The scanner 22 is for
detecting phnﬂaﬂl@mﬁ@ﬁﬁ[ﬁi@btection 10 region on the vehicle with the at least one region being where
a device is det ctable na s 02. The d V|ce is preferably a current collector devj e‘§CCD of the
vehicle or ad%"o ?ﬁge ]ﬂ%’?ﬁrtogf SF &R DéoH]p %o th %%%}8% %FWIC% é%lé fs to be
detected andascesiaimecthodht0scandesc2ibis mm&nabbt aviaseémamerof@mammgdna@hyslcaharofile of
the dete, tlon region of the v Qlcle Alternativel ris a radar- ba anner or

froquenty SCTAPA N SFI G SHE LA o SN oI aEP b BS SPRG & DAY B gt the
detection regieroledkteone kiciein Mmapl%rdblljhymnmmﬁat tsﬁmdl&atlummte)tbﬁ)dﬁtenhemeglon for

improved i magg capturel‘&%i;[he at least one 4 The a(_g ast camer 24 is Qnego
closed-circult eamera, " d?stsfﬁenga?ﬁ 8r %ﬁ% ER %lbe %tYJe i 565%& e YraLy system
20 further ccmmp&sﬁmedtmileram wﬁetbmﬁiheﬂlﬁ)emnbmﬁg puoctiinel at\imﬁ@pmufamem:%fare

coupled. Th controéldelr%g rtrlﬁ eggé; agne%llgrrtzén a te%le g‘% lg) (glectal ctln%fie Oe%nog%} Ln the

physical profile trace e dean e anoma y detests e profile’is prefer y L% ciated
with onié) of abgemoe) displaderaeviti2tand hmstshﬁxpmglofﬁ anen@evlme apkoiftealydnctiebbase aogre the

device is the, G0y, contISt A2 fyher denti. a1 eag! 203 CLBP 2 Slimagss atageiared
device forming part of or being couplable to the vehicle for which presence is to be detected
and ascertained. The scanner 22 is preferably a laser scanner for tracing the physical profile
of the detection region of the vehicle. Alternatively, the scanner is a radar-based scanner or

15 aradio frequency scanner.

The at least one camera 24 is positioned for capturing a plurality of images of the detection
region on the vehicle in a step 104. A illuminator 31 is used to illuminate the detection
region for improved image capture by the at least one camera 24. The at least one camera
20 24 is one of a closed-circuit camera, a CMOS-type camera or the like image capture
apparatus. The detection system 20 further comprises a controller 32 wherewith the scanner
22 and the at least one camera 24 are coupled. The controller 32 is for triggering an alert, in
a step 106, upon detecting an anomaly in the physical profile traced by the scanner 22. The
anomaly detectable in the profile is preferably associated with one of absence, displacement

25  and misshaping of the device, specifically in the case where the device is the CCD.

The controller 32 further identifies at least one of the plurality of images associated with the
anomaly in the physical profile upon the alert being triggered in a step 110. Once the at
least one of the plurality of images associated with the anomaly has been identified, the
30  identified images are sent to a monitoring system 34 in a step 112. The identified images

are for verification of the anomaly by a user of the monitoring system 34 in a step 114. The



anomaly in the physical profile upon the alert being triggered in a step 110. Once the at least one of the
plurality of images associated with the anomaly has been identified, the 30identified images are sent to a
monitoring system 34 in a step 112. The identified images are for verification of the anomaly by a user of
the monitoring system 34 in a step 114. The 5 identified images are sent by the controller 32 to the
monitoring system 34 by one of wired and wireless means. The detection system 20 further comprises a
communicatidennietlien3gefoire Rahlibg iy elassotieABRLDI daliaib it e € ontates BB Wittt thewneaitoring

system 34. 5The monitoring sys 34 is preferabl bile device carried by the user who |s.a
upervisor o M ES I ERar B ST O SPAHESh FAmHEHEEAEPRB GBI SR DG ARk is
computing systeimeifiabkxamipteessnaiehaakatandesikio povonseie3 21satheHeyhibriwsaicfoysisuady
inspecting the identified images for verification of the anomaly. Typical anomaly includes shearing,
damage, displacement and dislodgement of the CCD during 10travel of the vehicle in the normal course

of usagé. AltErpaiiivaliyonhgnsihe aledt hiasheemtiggen@dbildhéestep ddbiethécahtraller 32hocais conduct an

automated verification of the anomaly in a step. 116 before deciding whether the identified images are to
Een A IS th S L At LS S AL Ay R 0S 126, the

be sent to the'R5oni ring system
identified imagesnarie poagasses ustetiniagexpngdessingdbobkigrasitekisplatingptbewdabdetigntiiegion. The

image processin technic] es emgl.%ya Ie.%om isaes an ty%ge of image en? cement techniques that can
user 1or suan,P/ 1nsp]3 {1 %t e} ent %e 1mages .Vetm 1cation of the atn%aly. I){ ca
be used to enhance the image; tor example, histogram=<qualization and contras Stretching. Next, the

isolated detecitmmiegiorudethehieteitifjedhimage sliaptacomparecdwiikl adgeasinond nhte@dbe dnage using
one of {Smplate alt? én\gel%régei{n%gg arameter statistical distribution to verify the anomaly. An anomaly

confidence Ig\%’qu:?ay e adCertained rom e s eepO 1&'With the identified images being sent to the
monitoring system 34 only if the confidence level does not achieve a pre-defined level.
Alternatively when the alert has been triggered in the step 106, the controller 32 can conduct
an automated verification of the anomaly in a step 116 before deciding whether the
identified images are to be sent to the monitoring system 34.
15
During automated verification of the anomaly in the step 116, the identified images are
processed using image processing techniques for isolating the detection region. The image
processing techniques employable comprises any type of image enhancement techniques
that can be used to enhance the image, for example, histogram equalization and contrast
20  stretching. Next, the isolated detection region in the identified images are compared with at
least one reference image using one of template matching and image parameter statistical
distribution to verify the anomaly. An anomaly confidence level may be ascertained from
the step 116 with the identified images being sent to the monitoring system 34 only if the
confidence level does not achieve a pre-defined level.
25
The controller 32 is preferably one or a plurality of computing systems and may be
configured as either a location specific system or a cloud-based system. Further, it is
preferred that the controller 32 has an Artificial Intelligence (AI) module for learning and

applying how anomalies can be more accurately identified. During verification by the user

30 in the step 114, the user may provide a respond to the monitoring system 34 that the



25 The controller 32 is preferably one or a plurality of computing systems and may be configured as either
a location specific system or a cloud-based system. Further, it is preferred that the controller 32 has an
Artificial Intelligence (Al) module for learning and applying how anomalies can be more accurately
identified. During verification by the user 30in the stepsl14, the user may provide a respond to the
monitoring system 34 that the 6 anomaly has been wrongly identified. This will be captured by the

controller 32aasrnpuhi baéﬁmemlga}ofd&tﬁiﬂa’dmwdw@vﬂl Bépapttiredanp thalyoneisigeyeafigdrgnd eonfirmed
in the step 114, the user.may, proc to Sinitiate follow-up actions for maintenance, repair or service
shut-down o??ﬁaérk%‘?ﬁ% néﬁﬁﬁ detection system 20 further comprises a sensor or image capture
system (not shown) for |dent|fy|ng presence of the vehicle. Upon identifying presence or approach of the
vehicle, the ?Ftect syste WI|| |n the steps of the d tectlon thod as 10 aforedescribed. The
image captu epgﬁ)s %? e a?ﬁﬂr é?%g}? |8%1f nga%aq; of the'Vehie, ?6?Ce>?§rﬁ?)le the
lead carSnuminemefiaﬂlﬂsackmgcﬁum(fsemam@bfmmtaggipgmtdséaggtr@m‘-ﬂmevtdeﬁtﬁee@blﬂw@es sent from the
controller 32 to the monitoring system 34. The sensor utilized is preferably one of a motion sensor, an IR
sensor or a proximity sensor. 15 The detection system 20 utilising the detection method 100 is applicable

in the followiRg$eentiiodAscdesaibed the futhaseoaiiliscinveriicr isrtomieiechpitl aywemalinby the
combination %f th ofg etection s stem nlcli the] VI;IOI‘\ I'T%/)stem an to send an alert mess%ge to the

electronic déVics Of an endl)ﬁ/néﬁlrge?% enever a lfl ntl yIng presence or approac

the vehicle, the detection system 20 will initiate the steps of the detection method as

10 aforedescribed. The image capture system may be utilized for capturing identification
details of the vehicle, for example the lead car numbers, for tracking purposes and for
tagging and tagging of the identified images sent from the controller 32 to the monitoring
system 34. The sensor utilized is preferably one of a motion sensor, an IR sensor or a
proximity sensor.

15
The detection system 20 utilising the detection method 100 is applicable in the following
scenario. As described, the purpose of the invention is to detect CCD anomaly by the
combination of the profile detection system and the vision system and to send an alert
message to the electronic device of an On-duty Officer whenever a CCD anomaly is

20  detected. In order to categorize an event as an anomaly, only the vision system or only the

profile detection system can be used. But in order to gain accurate results, combination of

both of these systems has to be used.

The initiation of the complete automated system is done by a sensor, which sends a signal to
25  system computer when the train is detected by the sensor. This sensor can be of motion
sensor, IR sensor, proximity sensor, etc. When the signal from the sensor is detected by the
system computer, the process of detection is initialized. The light source used can be of any
wavelength of the light spectrum, for example visible or non-visible light such as IR. This
illuminator is connected to the controller. The controller will trigger the light source to

30 switch “ON” when the train is detected and will switch “OFF” after the inspection is



20 detected. In order to categorize an event as an anomaly, only the vision system or only the profile
detection system can be used. But in order to gain accurate results, combination of both of these systems
has to be used. The initiation of the complete automated system is done by a sensor, which sends a
signal to 25 system computer when the train is detectgd by the sensor. This sensor can be of motion
sensor, IR sensor, proximity sensor, etc. When the signal from the sensor is detected by the system

computer, thepiisleass ofdriectonighinibalized Twadight soncethisadsaan stemacypwidselsogilr of the
light spectrum, for example yisibl non-visible light such as IR. This illuminator is connected to the
controtor. THUBRGOTEE (THSobr S TEREU I AU O FEREHS H 18 dBretiddand wi
switch "OFF§yaftan tire s1SpED@MD S @oiipliiedypd/besatherlighishitscerifesivitehedpion ththeavision
system captures, picture quality jmages of.the CCDs and train lead u rs. The cameras used in the
ision sy <terf I 68 SIS BT LTS SAIHERES . IS et U brure the tran
numbers and a second camera will capture the images of the CCDs of the train. 5 The profile detection
system is us,ﬁﬁ to tr?xig t e dtetected CCDSL}Pr%filte. ;I'he profilg (tiettegti%%ﬁystem jses (? contaf.tlless
detection metlod’SULH 4S, Taser, Fga'i%nfrel%] &h y%r PN TS pr ess iBhit%te Bff/ fh8'8&nsor, the
system comgetedtioiiiaiestheupsocessiiaictiasing theipnofiletbddhenGC3, Thennaidiokjegiieagf tre profile
tracking systr%%ris t8nlCOt ace the surface of dtrf)e CD and c eateS% contour of the surface of the CCD. The

h . € %Opmcess 1% 1nitiate t ef' sensor, the.s m ¢ ml%u er_initiates h €.process
Captured Images are sen e system computer for processi In"orderto enhance the image. Any type

of image enlancanientlieghniiiees’ cho 6EDsdtdaenhabpetive ivhalye psofile asdlitiggnammdguatization or

COntraﬁtDStrettlrc#g]gieSs@flélctg%? “eslé‘c}ﬁelﬁ{ %ﬂé%;g%tggﬁkggrdg%t@éssﬁ"@"cégo?‘cﬁ% wystem computer for
processing. Thé system computer collates the image ata, profile data and then feeds the data to an
intelligent AT by stgnufediing¢aatoidhietcontroffeenT bemptetdigen AL syiiern of tee tneahiore ithe
pre-trained using.a set of eference datp, OPIAIRGE QMO0 16 MR RIS AR 5 gl grection
system. The reférénc als

as histogram equalization or contrast stretching. Simultaneously, the profile detection data

is also sent to the system computer for processing. The system computer collates the image

15 data, profile data and then feeds the data to an intelligent Al system forming part of the

controller.

The intelligent Al system of the invention is pre-trained using a set of reference data
obtained from both the vision system and the profile detection system. The reference data is
20  used to develop a particular classifier, in which the particular classifier is used to identify
the unique features of a CCD. For example, the differences between the CCD shoe and the
CCD base. Firstly, when a CCD image is processed by the intelligent AI module, the unique
features of the CCD are extracted from the CCD image. Secondly, a statistical distribution is
created using the width, height, shape, orientation of the CCD. Finally if the statistical
25  distribution created to the specific CCD doesn’t match the reference statistical distribution
of the trained data, the intelligent Al system then determines the detected CCD as an
abnormal CCD. Once the abnormal CCD is detected, the images relating to the abnormal
CCD is selected from the large number of images and sent to electronic device via the

communication device of the invention of the On-Duty officer, together with the



20 used to develop a particular classifier, in which the particular classifier is used to identify the unique
features of a CCD. For example, the differences between the CCD shoe and the CCD base. Firstly, when
a CCD image is processed by the intelligent AT module, the unique features of the CCD are extracted
from the CCD image. Secondly, a statistical distributiog is created using the width, height, shape,
orientation of the CCD. Finally if the statistical 25 distribution created to the specific CCD doesn't match
the referencatétistical distfibtiion &fitladoalEetdatairtiedaisligest Ad Sysmimytbeficeetambaes the
detected CCD as an abpor CD. Once the atij ormal CCD is detected, the images relating to the
ahrormal AT BRI DA ARG DL T SEh 5 B R IEGia the

communication device of the invention of the On-Duty officer, together with the 8 notification, for further
verification. The electronic dm/ice%%%thﬂe On-tDuliyL&eﬁicer cané)e Tf an%/ ty%éa such fs, PDA, mobile phone,
tablet or the fIRESH e RAOHHARRRRS LA R K BEHCBE SLHICCNEF SNHSHrE AL Pissint
disclosuse agererenatlladsitone aspectdiprablegs, initatied, aintl/ exdisagrntagenaasobiatedmlith
existing detection met#%d afndt ststems. While ;eatUées,tas ects, anéj/ r aqlvanl'gta es assqciated with
certain embSdiNiBHts Have bEah GesArsss 1naﬁ‘ile0(rji S8 otierdhibo e sa}na)e/r% S8 BHBit such
features, aspactspasidtsadvahiagds, dnd avoiallognbedihveiisnsedneaBssathjbaxhibit stictréeatures,
aspects, and/or advantages to fall within the scope of the disclosure. It will be reciated 10 by a person
o orcinary SRt A e BB AP S R S r e AN op diehves
thereof, can bpdesiradlpicatvhinggt into faliewidtivalsiructpeas, thordpohents, dna/dl bpplppatitasdin
addition, varjous modificatjons,.alteratiopns, and/or improvements be made to various embodiments
that ardiscidoaciby X Alo SR FSTTl Ll tHe THIPA NG s isp ot g SSBi UEluBre, which
is limited onkohytbthe felimiingclainsheteGlasms He Acsietdbtyiecnmbetkeddfor detecting prasenes,of a
device on a ggrl‘rlllf):(l)%’e%lrtlse, %%tcﬁgyoa%p 1%:'[art]fg)glsc.:or?1p r%l%l’(ﬁ'ﬁi:on, various modifications, alterations, and/or
improvements may be made to various embodiments that are disclosed by a person of
ordinary skill in the art within the scope of the present disclosure, which is limited only by

15  the following claims.



detecting physical profile of a detection region on a vehicle, the at least one 5region being where the
device is detectable; capturing a plurality of images of the detection region on the vehicle; and

triggering an alert upon detecting an anomaly in the physical profile, the anomaly detectable in the profile
being associated with one of absence, displacement and misshaping of the device, 10wherein triggering
the alert comprising identifying at least one of the plurality of images associated with the anomaly in the
physical profitgithsThe detection method as in claim 1, triggering the alert comprising: sending the

of the anomdy by 1REF BT STBH i TS B BchGH Theioh G4 S 2R Rlonitoring
system being on_erﬁnéta@bmmﬁrsglgystem and a_rr_lobile communiqation d_evice_._20 4. The detection
methe aeinclain 1 UgRelng S SOBRTEE o RiSsShR e ailEd g ore L
5 region being where the device is detectable;
capturing a plurality of images of the detection region on the vehicle; and
triggering an alert upon detecting an anomaly in the physical profile, the
anomaly detectable in the profile being associated with one of absence, displacement
and misshaping of the device,
10 wherein triggering the alert comprising identifying at least one of the plurality of

images associated with the anomaly in the physical profile.

2. The detection method as in claim 1, triggering the alert comprising:
sending the identified at least one of the plurality of images to a monitoring
15 system for subsequent visual verification of the anomaly by a user of the monitoring

system.

3. The detection method as in claim 2, the monitoring system being one of a computing

system and a mobile communication device.

20
4. The detection method as in claim 1, triggering the alert comprising:
processing the identified at least one of the plurality of images to verify the
anomaly detected in the profile.
25 5. The detection method as in claim 4, processing the identified at least one of the

plurality of images comprising:
comparing the at least one of the plurality of images with at least one reference

image using one of template matching and image parameter statistical distribution.



255.The detection method as in claim 4, processing the identified at least one of the plurality of images
comprising: comparing the at least one of the plurality of images with at least one reference image
using one of template matching and image parameter statistical distribution. 10 6. The detection method
as in claim 1, the vehicle being a train and the devicellgeing a current collector device (CCD) of the train.
7. The detection method as in claim 1, further comprising: 5detecting presence of the vehicle prior to
detecting physicalipeofitgcofiandeiattianscgionon B ehictdide Do gdatecivanatrodearénbelaia’, further

comprising: iIIum(i%atin §t Ieaz@@q%%%%)%fortion of the vehicle in response to the
10presence of the VERRLIE Sﬁﬁé &tétted: 9. The fion method as in claim 1, detecting physical
profile of a detection region on a vehicle comprising: detecting physical profile of a detection region on a
vehicle with ? Ias(f"[rhsf’:c ertlgcetlr(')n method as in claim 1, further comprising:

5 detecting presence of the vehicle prior to detecting physical profile of a

detection region on a vehicle.

8.  The detection method as in claim 7, further comprising:
illuminating at least the detection portion of the vehicle in response to the

10 presence of the vehicle being detected.

9.  The detection method as in claim 1, detecting physical profile of a detection region on
a vehicle comprising:

detecting physical profile of a detection region on a vehicle with a laser scanner.

15
10. The detection method as in claim 1, capturing a plurality of images of the detection
region on the vehicle comprising:
capturing a plurality of images of the detection region on the vehicle with at
least one camera.
20
11. A detection system for detecting presence of a device on a vehicle, the detection
system comprising:
a scanner for detecting physical profile of a detection region on a vehicle, the at
least one region being where the device is detectable;
25 at least one camera for capturing a plurality of images of the detection region on

the vehicle; and

a controller wherewith the scanner and the at least one camera are coupled, the
controller triggering an alert upon detecting an anomaly in the physical profile, the
anomaly detectable in the profile being associated with one of absence, displacement

30 and misshaping of the device,



15 10. The detection method as in claim 1, capturing a plurality of images of the detection region on the
vehicle comprising:  capturing a plurality of images of the detection region on the vehicle with at least
one camera. 20 11. A detection system for detecting presence of a device on a vehicle, the detection
system comprising:  a scanner for detecting physical profile of a detection region on a vehicle, the at
least one region being where the device is detectable; 25at least one camera for capturing a plurality of
images of the detectionwiegian e thenuelialeuaner ideﬁh@ﬁéﬁr@dlwav,\th&tew'ftmt&upla@atuyedsfamhg@e at least
one camera are coupled, the O roIIe triggeri alert u etecti noma in the physical
orofile the anome SEE G D BTG B BLUE 0 I e R BN EE (L bment 30and
misshaping of the deV|ce 11  wherein the controller further identifies at Ieast one of the plurality of
images assog atei the.anomaly in the of|Ie n the alert I The
dercotion sydtom MRS OT PINELONOALY Bobitl e e oA GRS SIG S-S of
images $0 a monitefithg pyateiry fof Buimqtbeantrwﬁilahngrsf)t’s&hlmlﬁoﬁ)fsubsequent visual verification of

the anomaly by a user of the monitoring system.

13. The detection system as in claim 12, the monitoring system being one of a computing

system and a mobile communication device.

10
14. The detection system as in claim 11, the controller further processing the identified at
least one of the plurality of images to verify the anomaly detected in the profile in
response to the alert being triggered.
15 15.  The detection system as in claim 14, processing the identified at least one of the

plurality of images comprising:
comparing the at least one of the plurality of images with at least one reference

image using one of template matching and image parameter statistical distribution.

20  16. The detection system as in claim 11, the vehicle being a train and the device being a

current collector device (CCD) of the train.

17. The detection system as in claim 11, further comprising a sensor for detecting
presence of the vehicle prior to detecting physical profile of a detection region on a

25 vehicle.

18. The detection system as in claim 17, further comprising an illuminator for illuminating
at least the detection portion of the vehicle in response to the presence of the vehicle
being detected.

30



the anomaly by a user of the monitoring system. 13. The detection system as in claim 12, the monitoring
system being one of a computing system and a mobile communication device. 10 14. The detection
system as in claim 11, the controller further processing the identified at least one of the plurality of images
to verify the anomaly detected in the profile in response to the alert being triggered. 1515.The detection
system as in claim 14, processing the identified at least one of the plurality of images comprising:
comparing the.at [Bastiewetohthe eiuradiiy ofdimageshyitbaahieastone ksteraneadmage using one of
template matching and image parameter statistical distribution. 2016. The detection system as in claim
11, the vehicle being a train and the device being a current collector device (CCD) of the train. 17. The
detection system as in claim 11, further comprising a sensor for detecting presence of the vehicle prior to
detecting physical profile of a detection region on a 25vehicle. 18. The detection system as in claim 17,
further comprising an illuminator for illuminating at least the detection portion of the vehicle in response to
the presence of the vehicle being detected. 12 19. The detection system as in claim 11, the scanner
being a laser scanner.



