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-1- MULTI-SENSOR INTRUSION DETECTION SYSTEM FIELD OF THE
INVENTION 5 This invention relates to an intrusion detection system using
two or more detectors, each for different wavelength ranges of the
electromagnetic spectrum. It employs &n intrusion behaviour analysis using
signals from the different detectors to minimise false alarms, particularly in
protecting high-traffic_ 10 areas. BACKGROUND OF THE INVENTION 15
Conventional %HEEF&WAHE%§MBEJE%F&H&Y&E%M of human or
dangerous object intrusion into a designated restricted area are often fraught
with false alarms when inappropriate alerts are triggered by non-valid objects
straying into such restricted areas such as wind-blown newspaper or clothes,
shrsLENOraIdite INVICNE|ONts and birds), etc. 20 The susceptibility of such
intrusion systems to non-valid objects is further compounded in restricted
areas such as railway tracks of a train station where the platform has a high
traffic of PESERRGHPS RRIRIRY D GAHIHY S daIsEHMT KB oG APRAgNOre
Syista drstsleners offdnapiFerittealestisrthalsende flasmsh@agieattstagnetic
unnegessanisnuption to tain seivices, on the giher hand, (e iptrysion o
sygFem mUsttbe rontst Ahd BECtPate o?rlgger L (e wh%ne(i’/er 2 Vald
hdiffreredragdeciers s oljevisatialsmalacoarpadicdkEmytimipretestimgshige-tiéttic
aytomatically operated without drivers or 30 platform masters and, despite
the safety "yellow line" establishing a safety clearance strip of about 50 cm
along the platform edge, passengers can occasionally unwittingly breach this
yellow line to get closer to the platform -2- edge. This is especially common

"B RRSHI AT O T RAERTI NS

Conventional intrusion detection systems for alerting incidences of
human or dangerous object intrusion into a designated restricted area are often
fraught with false alarms when inappropriate alerts are triggered by non-valid
objects straying into such restricted areas such as wind-blown newspaper or

clothes, stray animals (e.g. dogs, cats and birds), etc.

The susceptibility of such intrusion systems to non-valid objects is further
compounded in restricted areas such as railway tracks of a train station where
the platform has a high traffic of passengers waiting, boarding and
disembarking from the trains. Such incidences of inappropriate alerts or false
alarms may cause unnecessary disruption to train services. On the other hand,
the intrusion system must be robust and accurate to trigger an alarm whenever

a valid human or dangerous object intrusion occurs.

Modern train systems are often automatically operated without drivers or
platform masters and, despite the safety “yellow line” establishing a safety
clearance strip of about 50 cm along the platform edge, passengers can

occasionally unwittingly breach this yellow line to get closer to the platform
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sharply increasing the risks of falling off the platform at such critical moments
when the intrusion detection system has only seconds to warn and stop the
approaching train from running over the fallen passenger. 5 One solution is to
physically separate the platform from-tBe rail tracks by a wall provided with
doors which will only open when the train has safely berthed, with the train
doors corresponding to the platform doors. This solution requires costly

eBidsmerttd e ARREASHS AN B WRRfoRFEHIY BAIRRRIGACAIRG 1 ain. thus

conseinaiacréasingrete iskansteran mgdadt &iees lhgoHNgt Sudhatrineap esdinestof
the doogs-of el sidss matehss traudhout ine.lenath o the-rain ip Wiy
nUmber of Coaches an mo&eﬁnay giffar. SUER p%ysmaf methodd Nowaver
ag@preaciing teaindranfrinaipgeeeich efajtbepebjengenn the track which
might disrupt, derail or damage the train. 15 Laser scanners have also been
used as detectors of intrusion detection systems such as disclosed in US

Patent (F5e459WeY 5 4p Physiceiierenasates Dregotetorm e enab iadks By
lageyvACprodtebaviberdrdsathichsaan ang cpyer Whehrankstadinami’esafely

Patorm of Aiain iatian. Howew. <5 SuEh 2D aSEl g0 SCANners ALe. <oiytion
expensive and in order t% cover ﬁ1 ?engq C% an average station's pslast?orm at
leagtifms cstly sqaimmeesttobeimstalled satiattizegpeifoomexbiedh doors are

COYURAMRY & %B%?éﬁ@fm el ra?uéiBQé%ié@('jﬁé?ﬂrf]nJ Ql‘é 'tﬂ%?rtﬁé‘r:b%%fhﬂhéuﬁ“

scanners when installed outdoors are exposed to the elements whereby its
etfiecigore sy iRolfretitss ViriFDSy fhsuahavhdhaalpmaie il erigghrdn dvftich
25lmaé4yhdfa¢aa' &fe%t@ﬂgrﬁUGBghfa}wwﬂéﬁosﬂéﬁﬁdﬁb%ﬁ%ﬂﬁfét%ﬂgthﬂwevgr are
appro is to use close circuit television (CCTV), i.e. including still. and .
TRIAEIE ot R e nreat e el e ok ud i
PditenpiNde @il 20B08agrdheéSIr&atent No. 6,097,429 with limited 30

effectiveness in image processing of video data in recognising a real

intrusion. This is because cameras, being sensors of visible light, are highly
susceptifieefoscanners have also been used as detectors of intrusion detection

systems such as disclosed in US Patent No. 4,949,074 and US Patent No.
6,278,373. Two-dimensional (2-D) laser scanners have been used to scan and
cover the tracks along the platform of a train station. However, such 2-D laser
scanners are expensive and in order to cover the length of an average station’s
platform at least four such scanners to be installed out in the open or exposed
environment are required to cover a single rail track. The laser sensor of such
scanners when installed outdoors are exposed to the elements whereby its
effectiveness is affected whereby false alarms may be easily triggered and

heavy rains or strong sunlight would confuse the sensor.

Another approach is to use close circuit television (CCTV), i.e. including
still and video cameras, as monitoring or image sensors such as that disclosed
in US Patent No. 6,429,893 and US Patent No. 6,097,429 with limited
effectiveness in image processing of video data in recognising a real intrusion.
This is because cameras, being sensors of visible light, are highly susceptible to
changing weather and daylight conditions.
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changing weather and daylight conditions. -3- In US Patent No. 6,297,844
stereo cameras are used. In US Patent No. 5,825,412 the video camera
detection system count the number of pixels of the intruding object and is
thus a 2-dimensional capture of the obfect. Accordingly, 5 a piece of
newspaper may be thought to be a large object apart from the other
inaccuracies which a camera is susceptible to such as changing weather and
fluctuating daylight caused by clouding in the external environment. Any
discussiarusf HamhmRalss devieas, sete@chnrirdedge isdais 1A Uspraikeatiog
IS explain the context of the invention. Jt should not be .taken
e e Bl B L Sl P A R B e
cintnnding geneshbkdosvlbdg e id-theeokioaal capinrSivigheorkjestel dwabrsioglyn
gé ‘?‘é@é%‘hﬁe%%%ﬁ%%;%@%ggﬂ%l%@%F%@'%@é&r%rﬁ#ﬁﬁfﬁ@&'ﬂﬁ

s to the date or representation asto the contents of these documents is

bIRGSAUI A M Flt G rivaisiiaa iaitAB RE B RIfe T pPIA AE AP BBEY NEIBRS e

anyctadnmgsianighttediscewyestirmsgahtite datemar eontentaepit these
documents. SUMMARY OF THE INVENTION 20 Our invention endeavours

to overcome the above-discussed problems by a combination of novel
hardwarsgodigpustion af wisitamentsel devic@socastsingr IsgiovEdgdirgt othis

O QHRELEH R riﬁ@l'dﬁ%&h% ngll‘é%ﬁrtﬁé CERRIG Y RENSUMHBATINEFR Y Aot be

combination of sensors c of detecting electromagnetic 25 spectrum in
niRkenTeseHt PANYESIon thalcvhel difetiaets riisamaheldBRdsiar pildase

akrne BonintoargbycRIPLesFiBagicte tledsignmsdrom Hiathpets of sRRSMEA
third object is .o employ the combination of two sets of sensors elineat

e BRI SIE SO ELR 8 T ST B LR S o RS
Aafotatthe et ¢ tepueseittation asgtdithe msinieals chthesehdoeraeing is based
on the information available to the applicant and does not constitute any

admission as to the correctness of the dates or contents of these documents.

SUMMARY OF THE INVENTION

Our invention endeavours to overcome the above-discussed problems by
a combination of novel hardware configuration as well as novel data processing
logic. The first of our object is to reduce the number of expensive sensing
hardware by a combination of sensors capable of detecting electromagnetic

spectrum in two different ranges.

Our second object is to reduce the incidence of false alarms by integrally
processing detected signals from both sets of sensors. A third object is to
employ the combination of two sets of sensors to delineate a perimeter and to

reduce the actual area to be scanned for intrusion.
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object so as to ascertain its actual size rather than a 2-dimensional image. A
fifth object is to provide a data processing logic flowchart or algorithm that
validates two or more intrusion signals from the sensors before allowing an 5
intrusion alert to be generated. A sixth‘bject is to determine within certain
time-frames if the intruding object is transient or at rest on the tracks in order
for the system to trigger an alert. To achieve the foregoing objects, our

intrusiof detEtiORIEFS IS D RIGIES 06 for’ztBensiORAloRFATeAf dPeUptruding
ingetiosonéhe fesoeabianthautiandiaiaction tppasausiiasisiaatiigage. A
"}.tﬁﬁsﬁg‘e"ft an pbisct info & designated ared, said aoparalus comprising: AL
least & Hrot detetor Of & firstelec romagneﬁc Spectrum range, A5ST]

sealigaiatetuctarrofmerse durndsisle ctionatgyfiotic Spectensott hel@aaaltpving an

SiiaBHalle S ERt Jenar-sRid firat slantr NStic SRASHHIE WHGFEELHMN

first and second detectors are disposed at different positions to detect
réEpRsEiRnaes Edhe ARy R IR SriRRLaN ddeitvhriy treiaskio i prger for
elretsgsiagnetitiyyaveasateated of said designated area's normal 20 or
lack-of-intrusion profile is assigned as background reference; and -
electromagnetic wave currently detected of an intrusion by an object into
said dedigratadvartieifoozgnparedjadairmsirsatudia kigteatiohreystemcerayides

defeumyagid HIRER GRIBhY faem venBERARS A RAGKGFOHA LRIE8aRR R

currently detected electromagnetic waves, whereupon detecting a
pPeRatarsinel delfsiee, igEHalftir 2actbieet &igha; desighalastiessingid
mepasstispasagrisingceive detected signals from said detectors, wherein an
e S R
intrusiontaeabbat skemwhretecttionf andeatond electromagnetic spectrum of a
range substantially different from said first electromagnetic spectrum;
wherein the first and second detectors are disposed at different
positions to detect respective electromagnetic waves from said
designated area, such that
- electromagnetic wave detected of said designated area’s normal
or lack-of-intrusion profile is assigned as background reference;
and
- electromagnetic wave currently detected of an intrusion by an
object into said designated area is compared against said
background reference to determine if there exist variances
between said background reference and currently detected
electromagnetic waves, whereupon detecting a predetermined
variance, generating a detected signal;

- a signal processing means disposed to receive detected signals from
said detectors, wherein an intrusion-alert signal is generated upon said
signal processor validating detected signals from both first and second
detectors as detecting an intrusion at about the same location and at

about the same time.
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about the same time. -5- Preferably, our apparatus is implemented in a high
human traffic area, such as an urban commuting train station wherein the
designated area covers at least one of rail tracks and a platform edge of said
train station. Preferably 5 still, the firsttand second detectors are each
selected from photoelectric point to-point, multi-level beam detectors or are
each selected from microwave, radio wave, infrared, laser and visible light

detectors. In a preferred embodiment, the first detector is a laser scanner,
includingretérabigcdlinesseanners TiplEsenteeamar iy meran traffic area,
2-dimensional (2D) laser geanner prolectir\}\%avjrtlflﬁl vgall. ar Ilgzl to and
such as_an urban commuting train tation_wherein the de @qae area covers
defining at least part of desrgnated area’'s pefimeter such that a breach o

trait lereiaineatif trdigeasies dedeatiigtisignatdgheiasid deinmstationmodretegably
ovgrhgRAfe RIRTOLELRY U EERIRCURY dovnuasely ARt I SRRRIELCHE AU

inside the platform edge. A 15 sufficient number of the laser scanners may be
pladainte Prijelavgh\RRaA ARIfTP S A PIRSRANTRIBF IR D TRMIAYCAPER Ut tFARO
Sidias pirtierm a6ee segonribieligatalsiaiopseferably be a camera selected
from a still photographic camera and a video camera, including a pair of
stereo cameras 20 which may be mounted overhead above the platform
edge atlatdguistarras emibodtimeit i it catéctandsod thegplacrner Tineluding

SRR AL A8 RRIEMaYHRE JERINSCLHE thell apticabasRmRaHA! 190k Saser

platform edge so that the stereo image receivable therewith show a
cOFApBSTtePiRiggEngivRIedTHE Wallsioea!lelatneRNd pisfibing stdele®tt aPRECR!
siissighisladhatdire piatiaeredgenapReaishisath dSinEeReIsPaivailiage ) a

th ite i T t | ite i t b t

PR LA B g B BT TR 1 B i e SR
apib)¥ctingsdoovneepdiydany teidegréuidix tiestlialgoirb insigie nget atiatio red grlgeA
SPaRRIog: B dF "[‘ﬁ!é?a%@f%éﬁ%@?ﬁé&?rﬁegb@a&é & %F%[é%ﬂaem% P&nto

at least a position sensor capable of detecting a train that 1s approaching,
beraiirifeoerRHDifGaROpdRAfemef train station platform.

The second detector may preferably be a camera selected from a still
photographic camera and a video camera, including a pair of stereo cameras
which may be mounted overhead above the platform edge at at least one end,
or preferably at each end of the platform. The stereo cameras pair may be
trained with their optical axes parallel to the platform edge so that the stereo
image receivable therewith show a composite image divided into two sides,
namely a platform side and a track side, such that the platform edge appears as
a single perspective line in the composite image. The stereo composite image
captured by at least one of the stereo camera pair may be correlated on an
array of pixels in the X- and Y-axes corresponding to a grid extending from

along the platform edge spanning the train tracks along said platform.

In a preferred embodiment, at least a position sensor capable of
detecting a train that is approaching, berthing or leaving the platform and

generating a signal accordingly to be processed by said signal processing
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generating a signal accordingly to be processed by said signal processing -6-
means is included. The position sensor may generate a berthing signal from
the position sensor upon detecting a berthing train and sent to said signal
processing means. The position sensd? is preferably an inductive device. A
plurality of position sensors may be placed overhead sufficiently to cover the
5 length of a berthing_train along the platform with a further position sensors

plAgeEsakReNSdFrbrof@enRASIHAD PRRIS Ui SRTRIPLHA BERRIRG-Signadrom
traig . pbsitinatienhsspegionl defewtwmeatmh@dms @rﬁdvlﬂﬁ'ﬂ fior d@tﬁ@l@gal
intrusion.of an obj ectJ[nto S|ﬁnate area er |n the m {) mPrlsmg
Brﬂ?essteﬁs o?%i ectlng ave eng riralf rg{e i%c r maa?ghn Fccs\f)eec PR
rhge|ietd qivaitina\asiesgh inay decotatedeouemeahstiffisigatyun of\er the

"R845n SHP AN d@ﬂs FSTH"Elgﬁé“tﬁé'%Férﬁér%eﬁ%ﬂtﬂ”?%}%’i'&rsﬁﬁéﬁf&msré’ﬁ'élﬁs

wherein the first an econd e ectromagnetlc spectrum ranges are 15
dekerae pHersrbRIBLRRRETP A P delashartuehans siperalye. of the train.

electromagnetic wave detected of said designated area's normal or

lack-of- llntru5| PI’OfI|e |§ ass ﬁned astbac roy d referenced grtd toct
electromagne [EWAVBCUrrently d&YECiEd of al's ject mPrqu'nS intd" 58 §§ig'9
de@gsuate@faaeaquedmpiared@g:g nste;hmemowgn&remdthefmemm toomprising
dgleunipe grthere exist variances between said background reference and
currently detected electromagnetic waves; whereupon detecting a

pTedete‘?ﬁ?ﬁﬁi@Q/Wﬁ&%‘gﬁbﬁeﬁ‘éFﬁbGé?BE?é'&?@&%tiﬁﬁ&e%”\/@Rﬂﬁmg the
detectedesighiagfiwavéiety i shandsasrndietteinpashietip cspest winafange

e T R R
signal. wherein the first and second electromagnetic spectrum ranges are
detected at different positions of said designated area whereby
- electromagnetic wave detected of said designated area’s normal
or lack-of-intrusion profile is assigned as background reference;
and
- electromagnetic wave currently detected of an object intruding into
said designated area is compared against said background
reference to determine if there exist variances between said
background reference and currently detected electromagnetic
waves; whereupon detecting a predetermined variance,
generating a detected signal;
- validating the detected signal from both first and second electromagnetic
spectrum as detecting an intrusion at about the same location in said
designated area being received at about the same time before

generating an intrusion-alert signal.

In a preferred embodiment, the method receives detected wavelengths of
both first and second electromagnetic spectrums and stores said data for as

background reference data. Preferably, our method receives currently detected
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30 In a preferred embodiment, the method receives detected wavelengths of
both first and second electromagnetic spectrums and stores said data for as
background reference data. Preferably, our method receives currently
detected -7- wavelengths of both firstahd second electromagnetic spectrum:;
compares said detected wavelengths against the background reference data
to obtain variance data, compares said variance data against a

préyelengine ahariarst ARSSPRIANd Rie tiFIRasRelti s a RamPa §stgaid
edetribaonspid rigtatagainedive babkgrouitdeshaish de gpeisadissliintarzinoe
alert. Preferably, upon detecting at at least a_position of a,train berthin

o B AR B B S R B SRl eE Mo
etactromeiy detizctipe taith@rien igndatade xeee girderain prrtsieimisedifvereance

MDA IHPRRGRR GRS IRe i dheafisat Wé@éﬁ&?%ﬁ!ﬁﬂd@té%@%ﬂ%ﬁ?&%@

to estimate the intrusion object size that is detected with said first and/or

seesiianericadmiy Retit isgeienmiRitiatian slefrtiersianalgdtrkife first
fumetionsdoerrsteaierhairticipe dreoRpareshagainst a predetermined
threshold size; and/or validating whether object has been detected in at least
2 frames before triggering a second intrusion alert. 15 The entire length
and/or positipefefrét erabodiag préfthathetiodetpcie dhdyripudtiive ofdbelfirst

defesnd MEANS A SArtatLE A BEARE haRRIAIS G oBjSIIUE JURCHIY.-

At least a position of the train berthing along the platform may” be detected

mﬂﬁf@ﬁ%@e\ﬁ‘fgdSﬁ%@t’@f?@ﬁf%é%’ﬂ%ﬁ&ﬁﬁvgﬁ@&qﬁt@&ﬂ?@mﬁ@ﬁ&iﬁ“wth a 3-
S@W@@gg%ﬁ@@bﬁhtﬁ@gﬁ%%ﬁmﬂmf @sjq%igalﬁksimwaﬁ@awwatﬁ@ﬂa
remotely to be cess and ma eretor. e Implemented as remotely-
B T sl Sl B R oSk ORs e
raibteetadoe atteasik? iwhicksrhajonediigieeny ase@mconthisatioalet.

SCADA-enabled or Internet Protocol-enabled. 25 Further scope of

applicability of the present invention will become
The entire length and/or position of the train may preferably be detected

by multiple modular detecting means in an integrated manner and to operate as
a single function. At least a position of the train berthing along the platform may
be detected while detected signals from the first and/or second electromagnetic
spectrums are preferably ignored. The detected signals may be transmitted
remotely to be processed and may therefore be implemented as remotely-
enabled for centralised monitoring and control of multiple train stations of a rail
service network, which may include any one or combination of SCADA-enabled

or Internet Protocol-enabled.

Further scope of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only,
since various changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from this detailed

description.
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apparent from the detailed description given hereinafter. However, it should
be understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of
illustration only, 30 since various chan§es and modifications within the spirit
and scope of the invention will become apparent to those skilled in the art
from thls detailed descnptlon -8- BRIEF DESCRIPTION OF THE
AT : 2 FORAWNEEEBetter understood with reference to

the accompanylng drawmgs and the detailed description that follows
herenaligy 3 hetein spaciic smbaciments are.descrined aponimitng, o
examples or |ﬁusprat|on |n WhIC gure OWs a plan view of a schematic
copfigurivingf drawitgsianddite dlietailegtdesdoptiotralines téitonwpldéoeinafter
2GHAIRY 4pdBRPTERBYIMEIICR . LALIGHEES 243 - RonShNAE Sdsraipvation
view of a schematic configuration of the intrusion detection system of Figure
1HYRERSPPFIGIYBIZA shows a sensor configuration for a platform without a
train berthed thereat, Figure 2B shows a sensor conflguratlon fora platform
v@ere a §|n§1Ie coach fraln is ber ed 1§1ther¢teat an E% ure 2Cf show S,

or con guratlon iy p'Ia\f‘form ANETEE BG- %%% amn ishefthed fision
tw@rteatmwgtgnrbeaslnawyatlog|plﬂtfwcmanoor<hlm)mmm pfememinwsiotion;
system according to the invention. 20 DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS Briefly, the intrusion detection system for a

degyrested arés sbevr iR G&Y@MMW%MWMG gRMiraIRfion of
CEHBRRGESIoh @ét@étt&ﬁ%@ét@ﬁt&ﬂméqrezﬁ WhBRSINgigdies Dalegitwsagneior

SBSSHTENGE,  scepnd delpeor Of SEPROINAS 3%590F FSSIOPURSH -

sensor configuration for a platform where a single-coach train is berthed

thereat, and Figure 2C shows a sensor configuration for a platform where a two-

coach train is berthed thereat; and

Figure 3 shows a logic flowchart or algorithm of an intrusion system according

to the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Briefly, the intrusion detection system for a designated area according to
our invention basically and generally comprises of a first type of detector for
scanning a first electro-magnetic spectrum range, a second detector for
scanning a second electromagnetic spectrum range. The two types of
detectors may be disposed at different positions to receive the respective
electromagnetic waves from said designated area such that a background
signal is first collected as reference and intrusion signals are compared to
detect significant variances there-in-between to generate a detected signal. A
signal processing means integrally processed the signals from the two types of
detectors. An intrusion-alert signal is only generated upon the signal processor

validates that intrusion is detected by both types of detectors at about the same
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detectors may be disposed at different positions to receive the respective
electromagnetic waves from said designated area such that a background
signal is first collected as reference and intrusion signals are compared to 30
detect significant variances there-in-belween to generate a detected signal. A
signal processing means integrally processed the signals from the two types
of detectors. An intrusion-alert signal is only generated upon the signal
RN RN LG FAMBIFASSs detected by both types of detectors at
about the same -9- location and at about the same time. The intrusion
detectiop sySiem o e RLSsEnLINVEntion may be bAUEL URdSrslood B, oyer
referring to I*Tgure L s prePerr% em oélm newneremn the ' 5 sygtem IS
eunolenptebfbbyetetsirigdnteubignrin & gaim qegferreith pentedieatowheareain the

PRERIM L Bh sl BF 1 RYHAG RtkaSbA!ANG tRG PR (d Parrdyest EQSHg

fact that intrusion into the track area (20) is most likely to come only from the

piaRIA{TerD) (18 ARddie rRiMGY: rRakR(6R) ienddhs RIRYAMEGH Vinaméne
plationmatedgediba) intenirgtrloRaGibe (20WRYreskkED YolébHensa el the
lasey. scanner As shown in Figure 1, a pair of well spaced-apart laser .
<P ) 185 R e RREleR PR Sngalg bt i e
efdatiomagistic] 2paotning, aing ke 1ailwaytreedo@ihead the platform edge
(12) so that the laser scanning beam is directed downward and sideward. For

REQRMAYR S ore than 40 metres and a single such laser
scanner would be sufficient to cover the entire length of the platform (10).

For | ti pair of h tl 2 14, 16 I
recuired G RN LR £ e el SRR A08) Ay AL ol e
tles 2 dinstelypiv vhldseatoring &y fiest Aangslof efeniciniageeticapacisimchodg biee

(';ﬁ@'ﬁ)%% 'ggt&éfg%ﬁrfﬂsrd@ﬁgﬁw%oﬁgﬁ AENRIEkHENaGerRanKIng BIE is
directed downward and sideward. For a typical train station such as Singapore’s

Mass Rapid Train (MRT) system, the platform may span no more than 40
metres and a single such laser scanner would be sufficient to cover the entire
length of the platform (10). For larger stations, a pair of such costly laser

scanners (14, 16) would be required as shown in Figure 1.

The laser scanners (14, 16) may preferably be the 2-dimensional
scanning type. A model of such laser scanners include the LMS-291 laser
scanner made by SICK AG (Waldkirch, Germany), which offer long detection
ranges and reliable detection even under the most difficult of environmental
conditions.

Another model of laser scanner contemplated is SIGUARD LS-4 made
by Siemens AG (Munich, Germany) which is an optical distance sensor. This
device periodically transmits light pulses within a working range of 190°. If the
pulses hit an obstacle or a person, the laser scanner will receive the reflected
light and evaluate it. The scanner calculates the exact coordinates of the

detected obstacle from the light propagation time. If the obstacle/person is
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25 ranges and reliable detection even under the most difficult of
environmental conditions. Another model of laser scanner contemplated is
SIGUARD LS-4 made by Siemens AG (Munich, Germany) which is an
optical distance sensor. This device-pdtiodically transmits light pulses within
a working range of 190. If the 30 pulses hit an obstacle or a person, the laser
scanner will receive the reflected light and evaluate it. The scanner

Wit {Be proFRIMEsFARfate RNt Rignb SR A H S iifiRfhe safe
psapagation time. If the obstacle/person is -10- within the programmed zone,
the scanner will signal an alert or initiates a safe shutdown. Clearly, other
laser scanners, not limited to LMS-291 and SIGUARD LS- 5 4, which provide
a scannfgAePHISidde o Sterag ehinated dadiMant Y@t I8 RS Be
usedhirefecally, dhedreany Hatretteshiofdinuit2 807 fnurathiemiaitiarm edgef
(]2%)'_3&3 rWaat gedgéeesdnot pick up intrusions into yellow line zone (18) by 10
récalcitrant passengers and passengers bumped into the yellow line zone
(18) by the packed crowd that might trigger false alarms. With this

configuisiiger-aty, e sioayid BRtERALSIRAILDIRSS IRSPARSPIARIRPBRR
da&gerously close to the platform edge (12). The 2 cm gap, from the platform
e

(i%)tﬁ%to Ibriofas"Bhab e HRsdPERrS8Rs 'k'ltﬂ, 185'% HB?pF&&f‘p fARke bY
intosicittasig paksiage i and phsse mgeisrbavgseiniatorteayeloihaistatiomns THe)
2:-D laser scanners n.the platform ne_from up wn, givin .
R A o A R R R A U 0o, an
Thegsannitigrisltdsbtestet oniess Bideparsengen cameasiaepaseesiieddse20

FIgLII9StRs %gg%/i(ﬁ‘zi}.“qﬂétb% GSRBREIRSMAHOMITBHY (o Il aAarss

configuration of the laser scanners, it is apparent that our approach

is,
Bl d8013ABh SRR EE' HiatfonPs RRBlEHR: fakife I pisignSigRalfirm the
lengithaafitheoraibnae toatésveDihaletigithe platform (10), we use the

The 2-D laser scanners scan the platform scene from up to down, giving
a scanning field of view of about 180° and at a rate ranging from 25 — 40 Hz.
The scanning field is best shown in side elevation view as represented in

Figures 2A — 2C with and without the presence of the trains.

From the above configuration of the laser scanners, it is apparent that
our approach is, instead of monitoring the platform’s yellow line zone (18) and
the entire length of the railway tracks (20) along the platform (10), we use the
laser scanners (14, 16) to build a virtual wall (22) along the platform edge (12)
to define the perimeter of the track area to be protected; thus reducing the area
to be monitored for intrusion by taking advantage of the fact that intrusions into
the track area (20) is most likely to come only from the platform (10) which must
pass through the virtual wall (22). Thus, we will only need to detect intrusions
into the track area (20) by first detecting any breaches on the virtual wall (22).
This approach significantly reduces the area to be monitored and the number of

sensors required for the system.
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25 laser scanners (14, 16) to build a virtual wall (22) along the platform edge
(12) to define the perimeter of the track area to be protected; thus reducing
the area to be monitored for intrusion by taking advantage of the fact that
intrusions into the track area (20) is mdst likely to come only from the
platform (10) which must pass through the virtual wall (22). Thus, we will
only need to detect intrusions 30 into the track area (20) by first detecting any
' wall (22). This approach significantly reduces the
area to be monitored and the number of sensors required for the system.

-11- Sensor type Il: camera As for the secon e of sensors, a
o Ao B e o e R RO Bl e used. The
ceamgraonayiiza chologiaphifatibliaraet wieoiideraacwnser & ¢89abBos)

gﬁ&#’QP&QQ&%&H@HH&Q@Y&?QﬂbF&EWdiiﬁé“aHQéea RRRVBIEASRENE TSI

atform (10) trained onto the railway tracks (20), preferably under cover of

tHRAGBLE32P R RPsta AN K that R PETe (Hds ralpsskeate i RhAeirarke
opinabrefesbi\eanbdif dbecster eaccrRive(3)aif e sadtidiedonfibtansh atbaeso

that the platform-track edge appears as a single line 10 in the image .
(RS RATE BRRTIRG (1L ThAUE oG TG, ARG HIEHRaLLAte
aaliptres trdttk gzeoh, athidresodhaidbieplattagen-Weith edgh appemaiis @ntcingleHine

laSEihECHEGES AlIEEeR HE iy RAYSHSCASSRBSAL RaMA Pqhe

fully covered by the intrusion detection 15 system. Any intrusion so detected
aP@ P RAR G o et RedispI P Lo AP ARIER ENREPcorrespond to an

intruding object physically lying on or above the railway tracks (20) with a
high certainty. Although the two types of detectors exemplarily desgri

above A5 {ad SO R L e AR R et oo LTV, the
elnotamhadgneﬁiesi@‘mmmowimmdafwy anverigibleyrdngastresipectiettygtion
RS RY %?%ﬂ%ﬁ%&"&%@%‘é@&tgﬁ g A eh e Msplay as an

eléctromagnétic spectrum as long as they are detectors of different ranges of
th@agrRulifoTieHRAIE IR I B FEsting PRIEco Rpysically lying on or above the

railway tracks (20) with a high certainty.

Although the two types of detectors exemplarily described above are
laser scanners and stereo CCTV, i.e. detecting electromagnetic wavelengths of
the laser and visible ranges respectively, they may be substituted with detectors
for the other ranges of the electromagnetic spectrum as long as they are
detectors of different ranges of the spectrum. In particular, the first and second
detectors may include any one or combination of microwave, radio wave,

infrared, laser and visible light detectors.

Apart from the laser scanners having 180° scan field, the virtual wall (22)
may also be formed by any one, or in combination, of photoelectric point-to-
point, multi-level beam detectors forming an array of beams, or in form of a
rectilinear scanning arranged to form a virtual wall or fence. The term
“‘photoelectric” device here is intended to cover any electrical current or effect

that is produced in the device (e.g. sensor) as a result of incident
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detectors may include any one or combination of microwave, radio wave, 25
infrared, laser and visible light detectors. Apart from the laser scanners
having 180 scan field, the virtual wall (22) may also be formed by any one, or
in combination, of photoelectric point-ft2 point, multi-level beam detectors
forming an array of beams, or in form of a 30 rectilinear scanning arranged to
form a virtual wall or fence. The term "photoelectric" device here is intended
Gesremagpeliccirtiation it aPkinstithpatsibls danee Pinifeisiiemagpetic
sepsearuas a result of incident -12- electromagnetic radiation and not just the
visible range of the electromagnetic spectrum. In a specific configuration, the
CCTV stereo cameras (30a, 30b) are only 5 activated to scan for intrusion
upon thkn lerepehifig esirtigs natierl thal CQDY. stetiee @renssas ¢3@angikbaare only

kisiated Y%i@’bghefé\cméﬂﬂBgrpfﬁévﬂ?gécrlﬂﬂﬂqéhﬁi@%ﬁ{uéﬁﬁaﬁ‘gﬁ)(lﬁx R

forming the virtual wall (22) are concurrently operative with the CCTV stereo
cRIResas ‘?Z‘,@ﬁ‘,p@ BY. tHelried o/t ﬁﬁﬁo@ﬁ@ﬁ%@"@@p@fﬁéﬂ‘ﬁ?’ Relbdbedagsss
thesiaees crNeE) Reimnghe veusiatad geaarieyneinemls spétathe Xith

and Y- orrespondin a qrid extending from along, the platform edge
s B S I R 0 e e o e I e SR el
ohblenslstenot thpistesabagimecadsiforanbettasieintddtectan aorae ofalkg!s in

MgtRe ARiei e diREleb YR W%Oéﬁ%ﬂéﬂc{ﬁc’fi&naélkﬁ?gﬂﬁé/ axeofh

the laser scanners (14, 16) and at least'one of the CCTV stereo cameras 15
(595e30613) PRENAPEMEntalloA oAk rRCibRIF A8t Redpthe(fikk ofThe
fARR rithaings ua RO et VRN iRe| SR Weathed. ddiscriintpie

O aMG R AT S BT R BEALINEES, O o> st SRR
repestetitthpsar acahogisndde 1Apandiaiddeshsies of tte@q TYiatgeminaheras
CS6hPERyifesl ?rﬁ%?éh%%t%“tiBH%fP%ﬁ% ﬁ?ﬂuﬁﬂﬁ& ¢achRIXSLAAVRE ratSINER S

coordinate corresponding to the grid which covers the train tracks
alarms to a very low rate even under inclement weather.

This principle may be achieved with the use of charged-coupled device
(CCD) which is a form of analog-to-digital converter that generates a digital
signal output representing an analog image input. The transfer of stored
charges in the CCD provides the method of operation so that each pixel may be
assigned a coordinate corresponding to the grid which covers the train tracks
along the platform edge. In this arrangement, both types of sensors, in
particular the stereo cameras, are able to detect it at the same time and at the

pixel position corresponding to each type of sensors.

Alternatively or complementarily, a scheme may be provided using the
concept of image-ground registration to correlate the pixel position (x;, y;) on an
image with the actual spatial coordinates (Xg,Y4) on the ground. This is
achieved by first selecting regions in the image that are recognised as the track
area. By mapping the corners of this track-region (x;, yi) in the image with their

actual ground distances (Xg,Yq) from the camera, every pixel in the track-region
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along the platform edge. In this arrangement, both types of sensors, in
particular the stereo cameras, are able to detect it at the same time and at
the 25 pixel position corresponding to each type of sensors. Alternatively or
complementarily, a scheme may be pro¥ided using the concept of
image-ground registration to correlate the pixel position (x;, y;) on an image
with the actual spatial coordinates (Xg,Yg) on the ground. This is 30 achieved
bl fRSPRSR e EGORERASRdNRS q[ﬁ&?ﬁ?e AscBdrridb i marringrdhe
Bactnappirgidre xgmgrefairihisjtackse oictubiesys) podiiennpagg Withtbeeirack-
aFetuFl()l r%(a)H%d dis‘?’ttl?nnaﬁgé (Xg,Yg) from the camera, every pixel in the
track-region 95558 mapped to 2D coordinates in actual space. As a result of
this mapping, the actual position (Xg,Yg) of an object that occupies a
PSRN Xensordn the track- region can be estimated. 5 Position sensors With
reference 1o Figure 1, apart from the two types of sensors, i.e. laser
scanners (14, 16) and CCTV stereo cameras (30a, 30b), a third type of
sensors\imayefsenee epRitguecd, igtathrosystRMvas thiRsnsrsdqisdesred. laser
embodiment of 10 our | ion. The third t of ors,is ppsition sensors
P Rt S G p s
efegyrigliocher@onéigustgniala pom sicteonrap dHernest preferrdd remoisodiatatiicof
oBirchydNEbHNdyeem gy siBpLahQuLits RdurIivesailis SRR SfdiRsRrably

sensors include TL-L series of long-range inductive proximity sensor mage
bR ERVERNiES L CEVICsSERAURIBIGE el Daslucs \RifetTiRal effeRtivas
I(@@m?eugmwmmﬁ@ @ffémotﬁl;h é@ﬁmmé%@?théagmdf@ﬁ[@@tsh%aa RO 1 fhe
non-ferrpus) targets. Another sensor model is the Osiprox inductive

TR 5, TR, B o A RATSIGU A L series of
(M@Jr&ﬂ@mdi&;ﬂmtﬁmrw@)mﬁmh s effotive sbmsi@gnrdist_aﬁkeetmrnjpstpLLC
SR ALARSOND. £ AP iR BRSLAVE RAG BURG e ee B 13 o

100mm for both iron (ferrous) and aluminum (non-ferrous) targets. Another

sensor model is the Osiprox inductive proximity sensor made by Schneider
Electric Industries S.A. (Rueil-Malmaison, France) which has effective sensing

distance of up to 60mm.

As shown in Figure 1, the most preferred embodiment comprises of three
types of sensors, that is, apart from the laser scanners (14, 16) and CCTV
stereo cameras (30a, 30b), position sensors (40a, 40b, 40c, 40d and 40e) are
preferably placed spaced along the railway track for detecting the arriving,

departing and berthing positions of the train.

Figure 1 shows five such position sensors (40a, 40b, 40c, 40d and 40e)
being placed spaced apart along the railway track wherein 3 of them (40b, 40c
and 40d) are placed to sense the position of a train berthing on the platform
while one each (40a, 40e) is place at each end of the track, preferably at 10 m
away from each ends of the platform, leading out of the station to sense the

train arriving at and departing from the station. Preferably, the position sensors
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types of sensors, that is, apart from the laser scanners (14, 16) and CCTV
stereo cameras (30a, 30b), position sensors (40a, 40b, 40c, 40d and 40e)
are preferably placed spaced along the railway track for detecting the
arriving, 25 departing and berthing pokttions of the train. Figure 1 shows five
such position sensors (40a, 40b, 40c, 40d and 40e) being placed spaced
apart along the railway track wherein 3 of them (40b, 40c and 40d) are
pPIEeRIFGLL ERRAHOS BN BPUNtRIN Ve Hifintas (FROPISRSANIRY (DRiIEAdaY
emabke(@m)40e) is place at each end of the track, preferably at 10 m away

from each ends of the platform, leadin t.of the station to sense the train
O s P SRS 18 S e gon
-B4- wedl pladecedegratell @uentbarnaitnahéhedcainoot)icpatepegdhen the
(AHerAHEARL. TAS SHREIHOE L1 QOSH O S SR AT REALPNADP

length of the station as well as to adequately cover the length of the train

whHithasisseRirhoralsst DR RAREPHPEGRINS'S 2SR §RIN PRI &vssgRgers
2@opneq)siion menseacAdidinaisapequateideteal tt pesitieni dfyathe laser

S enerhIal (30) T M SRS dHOR A e coad Bl G
The Uirtual wall @ C ea‘ta’eQOByQ{He aser®scanners ZP ?Lgf%ay e

cohfiperaaiio(@orerbiepeney alvingleertaimsscliong  tfehealla(R@2ypon the

"ORSP "oy eanesonpyeduribied) HRoRdRe HOsPBEHRASENSYS the
(40, 40b, 40c) detected the train has berthed along the platform. Such

VWRRIEATbp et PR RRPBINGSHATI Mth ERERRRIDMKE thRaRRCED Bhdpe
theimoyenmeaties ﬁﬂﬁiiﬁﬁgﬁitfd . squﬁﬁgﬂn@@%@dﬂgﬁﬁ'gﬂ!gﬁb%mjmmar@rs@bm are
registered as jntrudjng,or breaching the virtu a 15 3D-scanning In
R B AT S S R BO IR A 98'E2Rhming by wsing he
established method of computing the stereo disparity maps. Such disparity
maPs s hfained by comparing two images taken of the same scene
through 20 two different camera positions. Each map is composed of a matrix
of values

In our implementation, the stereo cameras provide 3D scanning by using

the established method of computing the stereo disparity maps. Such disparity
maps are obtained by comparing two images taken of the same scene through
two different camera positions. Each map is composed of a matrix of values
whereby each value represents the degree of position-disparity of each pixel.
The value on each element is computed by first correlating the same point as
seen by the two cameras, determining the relative positions of this same point
in each of the two images, and obtaining the depth information of this point
through the use of basic geometry. Such stereo method allows the
determination of the distance of objects from the cameras. As such, when this
information is combined with the 2D spatial information provided by the image,

the information is extended to 3D.
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whereby each value represents the degree of position-disparity of each pixel.
The value on each element is computed by first correlating the same point as
seen by the two cameras, determining the relative positions of this same
point in each of the two images, and dBtaining the depth information of this
point 25 through the use of basic geometry. Such stereo method allows the
determination of the distance of objects from the cameras. As such, when
tIRIANAINRLRRSING JnIRRICH with the 2D spatial information provided by the
image, the information is extended to 3D. -15- Signal processing and logic
Apart frgm the foregqing configuration of sensors, ap essential compaonent of
o pred o HEre By et AT i oA S ok e
sipmappreot s¥iriyenpeass v rindesivimPatetivoceysien tfer digimalpléiéermhend

VRHRKS @@%i?ﬂéﬁﬁ%@s@fﬂ Erfeseihed r%%é%d’%ﬁ'ﬁgm%lé’séﬁfsr%%i&%%

may be collected and stored to be compared against with signals received

fisAmRe RN YoRR g iRe e aBrerHRRSIPEd st dhBhbaskaspgn ueliseence
systarmaliesignet eeanaingdtaanse ey piaiarapiinembiae gigriagiceceived

flowchart 10 or algorithm represented in Figure 3. In St 1) of the logi
BEne shitete AP R BeTR o R, RSB SRR S e
asyetealibildwosidgnabficneissitg: veasomay retkstabtiatan basiy aHedie Siopmahad

aé?%lgbhﬁmpéﬁ%ggn{e% iwiaigmgcg_m edge and the railway 15 tracks, when

no passengers are allowed onto the platform yet. The data gathered are
saved and retrievably stored as reference data. For the laser scanner, the

profile ahtiseeplatipentredegns finientat bythenscriRBESaAIRE tROTCTV
sied in memor)é Faor the CT\f thF im %L!of the rggilwaﬁ)ﬁtrac without téaln
SO HSTES RRAXBRYOAF IR St 5? QYNNG SRNRY' SR g FRYe data
pleafortmectizignsiteg itsaatiasieprdedetiohaoiéngatfsoarddhesddhe i@y
WFa%EQ', fWh%ﬂCHJr%QF}Bé%egrét Blowed onto the platform yet. The data
gathered are saved and retrievably stored as reference data. For the laser
scanner, the profile of the platform edge as detected by the scanner is gathered
and saved in memory. For the CCTV, the image of the railway track without

train is also captured and stored.

In Step (2) the laser scanner scans the platform edge using its intrusion
detection routine. It scans the scene at 40 Hz and for each frame captured, it is
compared against the background profile as reference in Step (3). If there is no
change in value or is within a predetermined threshold, the routine will revert to
the beginning of Step (2). If there is a variance between the reference data and
scanned data, or the difference in range values exceeds a predetermined

threshold, the detected signal is regarded as a possible or potential intrusion.

In Steps (4), (5) and (6) upon the detection of a change in range profile
by the laser scanners, the routine will check on the status of the position
sensors. If the position sensors register a train being berthed, the possible or

potential intrusion signal is likely to be triggered by passengers breaching the
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compared against the background profile as reference in Step (3). If there is
no change in value or is within a predetermined threshold, the routine will
revert to 25 the beginning of Step (2). If there is a variance between the
reference data and scanned data, or f€e-difference in range values exceeds
a predetermined threshold, the detected signal is regarded as a possible or
potential intrusion. In Steps (4), (5) and (6) upon the detection of a change in

rAHGEb Rl OB By 1858 1R SR HBr £ ORE IRSL R SRAMUPRIKINEN tHE&RIER LY
thoqasitess semserdrtidha@pritiversensekedegisies i ey beirgdentiedihe

the possible or potential intrusjon signal is likely to be triggered b

R e T TR Bl el Ry o
obefiswmintgaekiBtpPTRe breach coordinates at the virtual wall is then checked
to see if they correlate with the train's berthing positions. If they do correlate,

the routine will revert to the beginning of Step (2). 5 Otherwise, it will
proceediBeRdisfexit WilbPIRCEethio BReapR¥s SRR bt fAPIRTRREBRS ctected

oiside wikthedrrtbingidenior apsleienmimedrby the pR%ieMeensotBethRistiora
pOSSIbI|ItyEﬁf intrusion L&, Someone could .have fallen ontoki%(la tra kﬁér']”Jﬁ?Qt

or BT I GrATnd PREFRIMISTILAIRS! i< t SOMPORE ! O ErRIAIS

othjedtasike. im Boopor(Pehind B thanntiltinesbljegitakesttmdsdd sompulelibe
CRIPRY; Jwe%pg}yé_ing the number of angular segments that is being
detected. If the estimated size exceeds a pre-determined or threshold size,
the intrusion is 15 taken as a valid scanner-level intrusion. The exact location

of the inHus'whbés (Bcareddyr thghpitmaalysistpycthe s@@@@@bwwzf)@‘ w(;ll be;
sensors, i.e. the CCTV stereo camera in Step (9). In St 9), (10) and (11),
SOTRRE PANRRTITE CTPER Alo 30 AR B e e SRR
nihmsiaﬁihm@te_@w@eebgstg@&dmepanmmme,tmmmomis
tqgk%ﬁnég B%&'B%BEHH&%&%H%&P%W’%S exact location of the intrusion is
recorded for further analysis by the second type of sensors, i.e. the CCTV

stereo camera in Step (9).

In Steps (9), (10) and (11), the routine resorts to using CCTV stereo
cameras to see if the intrusion may similarly be detected at the same position
on the railway track area. If the same position of intrusion is reported, the
routine will proceed to determine if the object is the same one detected by the
laser scanners and will proceed to determine the size of the object in Step (12).
Otherwise, the detection event may be considered as due to noise and the

routine will revert back to the beginning of Step (2).

In Step (11), if the CCTV has not detected any object, the routine will
check with a timer on the laser scanner to see if the detection is transient or
exceeding a predetermined time-frame. [f it exceeds, for example, 2 seconds of
time-frames, the intrusion is likely caused by tampering, interference or
passengers standing to close to the platform edge and therefore constantly

trigger the scanner-level intrusion alert.
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routine will proceed to determine if the object is the same one detected by the
laser scanners and will proceed to determine the size of the object in Step
(12). Otherwise, the detection event may be considered as due to noise and
the 25 routine will revert back to the-bEginning of Step (2). In Step (11), if the
CCTV has not detected any object, the routine will check with a timer on the
laser scanner to see if the detection is transient or exceeding a
predetermined time-frame. If it exceeds, for example, 2 seconds of 30

time-framesrtheyintnieioousH kel eaggeddpy Armnesirg 1iNaIéararseg@nerate
Passpngers-sianding o clase I e Riadaim, edge and therefore constantyc
tr?gger the scannelievél thttusion alefts: -rﬂ\ccordlngﬁy, fiYe FOLRE Wil

tiygedcasialeiintiengl lightichaersr geamiag: pallidswatnings alét thelistatinter

vmrme%@%s&m@agrﬂiﬂﬂm@gctwei%mggﬂmmf@%@H%igB&%ﬁ%nar and

Warmn(]; sounds, etc. or alert the station's '5 security personnel and notify the

r&RVHEY ndbWisHES niREF (B MpiRA RRNARIBRLY ifhRdIme romsirl dedratiep is
apytobjeekaed thedineelrmimeddigigsionyisr natexmrededyey, theintutheg
passenger, has movyed away), the routine assumes that the detection by the
e R P G R S R S R B e e
begitiminyibftSeapréveridialtbenbtigelpingake Stap 2RedenitdotptSadp (12Kes an
exeshitrskupon confirmation of the presence of the intruding object by the
CCTV. The routine will use the image capture by the CCTV to compute the
height and width of the object once it has settled down on the 15 tracks. This

is based@yp the prsexeplitstthpbi pAerRacaWRIRLQ RESTREs LA RSIHEUdINg

bject's size th t is still flyin falling, f I
TR b et e 4 BeRALE UUrG i PoL Rt ehP B Bt Ghg b
objacp ieatie daggitedn@OMidtBtep the, tigeobjents #idesasattchamunfromttie
GabNsIMAgE ilS pSemPaHef 29RUEhARIPARIEIMIER D restpid AR dBfmate a

number of time-frames
settled object’'s size than one that is still flying or falling, for example a

newspaper. The size of the object is estimated using the registered pixel

counts of the object image captured.

In Step 13, the object’s size, as estimated from the CCTV image, is
compared against a predetermined threshold and the number of time-frames
the object remains captured. If the object size exceeds the threshold size and
not transient, an Alert Level 2 is triggered. Depending on the responses
associated with this level of alert, which is deemed more serious than Level 1
alert, signals may be generated by the routine to override the train normal
program from continuing to run, alerting the station’s security and the railway

network’s central command and control, etc.

It will be appreciated that a number of the above-described features may
be made modular, modified or adapted accordingly for other forms of utility or
configuration. For example, the configuration of sensors may be made modular

so that two or more modules may be installed and configured to function
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the object remains captured. If the object size exceeds the threshold size and
not transient, an Alert Level 2 is triggered. Depending on the responses
associated with this level of alert, which is deemed more serious than Level 1
25 alert, signals may be generated by*e routine to override the train normal
program from continuing to run, alerting the station's security and the railway
network's central command and control, etc. It will be appreciated that a

niMGEE W BSeBa BB RBYE f8RNRSS IRy SIRBR Padl MhiiGRaN9Rodifiesl
osigdaptedraaherdsrgyriomnatnes tearsrotedilitytoe sigREppredisssifmeans by
ATBle the confiowiation o sensore may bemade modufar g0 that uo,or,
more modulea may be inStaH&E An conﬁguré{a 0 Tul o ts- mtegraﬁy asa
sysEtyigpaooentolakginteadcgisiioncepa biltées ruffe/\ D Aee rsighed Of rbrie thet

SPGB MERE DA 2B Led AR 18 RISNSL T REFRRINAI S SOy GRS tiple

means. The intrusion detected system may also be made with supervisory
cHARGHRIgRRCA R RRIIERFEBNRIES or SCADA-enabled or Internet 5
Protocol-enabled so to enable centralised monitoring and control of multiple

train stations of a rajl service net k.. It will further be reciated that th
ahove-daa el be Apprediion 1hat e anaue deed A fEiion dredfon
tyayeteof senysbesuotierthddednmaihoethire i@ sadd s enaons podugheornbandeythe

hEYAROHAMA BELOE M, %%‘?‘H&frﬁaf\%&(?i}ﬁgma%rth‘éé?lrﬁé;?é%?@rgff& I853rming

warm-blooded body on the railway tracks, etc. It would also be obvious to a

sHifRr P36m Ahat 3R BFtHel PR BRI Ysen iR 3 MspakRART e Sifiguration

and logic processes may be re-configured, 15 modified or alternatively

based qF the same general.concept, features and 0{kin rinciples of the
n

oresent It BHEL RSP KR R FIS RO R UL LRt e 4 Qhgsae
useasiprssabsitanimT abtifeafatiopaihpdogiccprmpessastsnmateristscotdigsied,

Sﬁ?&&%ﬁé@so?%@érﬁéﬁé@“%%é&lﬁ&“ FRHODSOL Jabadimertsaet ragaiically

escribed herein but which may still be used toeffectively work the concept
aNaNBEkRi SRR Sk present invention.

These variations and alternative embodiments may be used in
substitution of the aforesaid parts, components, materials, steps or processes
as alternative configurations or embodiments not specifically described herein
but which may still be used to effectively work the concept and working principles
of this invention. Accordingly, they are not to be considered as departures from
the present invention but shall be considered as falling within the letter and scope

of the following claims.

While this invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modification(s). This application is intended to cover any variations uses or
adaptations of the invention following in general, the principles of the invention
and including such departures from the present disclosure as come within
known or customary practice within the art to which the invention pertains and

as may be applied to the essential features hereinbefore set forth.
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of this invention. Accordingly, they are not to be considered as departures
from the present invention but shall be considered as falling within the letter
and scope of the following claims. 25 While this invention has been
described in connection with specific €bodiments thereof, it will be
understood that it is capable of further modification(s). This application is
intended to cover any variations uses or adaptations of the invention
following in general, the principles of the invention 30 and including such
departupes fiienpibsspiepaehdisclamyeas aamiwihin s doenstomasyt
practice within th art to whi h the inventi erta nd as may. be applie
da ergs ental fet%a ur 'r'ﬁler{;ln %Srseegg ?orﬁ1 g rﬁs%e gr{ﬁseer'l?\fﬁ\r}gﬁ%bﬂ
nmplhid benbiodiiestondhalrtilef @z endgrnuibed eirthoglifremtshare pivittofithd the

E%‘é?e‘i'ﬂ" ﬁ'()@FﬂB??Rﬁﬂ'&é BfH@r\MXE'EPébd?e&hBHMl%éP“Qﬁéﬁ?B%t%%@lﬁJed

ove described embodiments are not to limit the 5 present invention unless

obeRsvEpiECIRE SR Pathsr P OldtiR ByRSTRRADASAMGANRHIFtRERGAFE

apdiarpeadbe myeiitiatioas datineglindiatanpangisteslains. iviarass to be

modifi élonﬁq equwa ent rran emef\rﬁ] are mt*andedt be m%!Féi q
h II“I SCO pvention 8 Pr%en claims.
w%mt e splrl an ope B TRV ntion'and appendedcla erefore,

tHénepdeific thelspeitienesniediméris ade tetdwd undeesilhestritibe dfubtrative of
MREY MahiP Wé@lg"‘?h %@ﬁ'%@'%ﬂﬁ%\@@@ﬁ%&'rB’r‘éQHHf‘ RnRSN PH&QCSQ-

In the foIIowmg claims, means-plus-function clauses are intended to cover

shadifed oty BﬁéﬂﬁW&ﬂwé‘@@?ﬁaéﬂ%ﬁﬁ&#ﬁéHﬂCHeﬂcﬁ'ﬁy%%éfﬁrﬁltended to
eguvelemsctDrEAIae paHvRRY aﬁécam&m@tmpéﬁdahbo@hyamjbmﬁl

t tructural lents ip that I drical
e RS R e R R s Arh AR e >
heticad  suafacettdsesimetwabegnipalestiogettiat, a tad envilopsnentydindrical
TagIenlaONQAdRD RRBSeR PahEACLBREICWRRS9 Y VAR, LHEMYES helical

"Comprises/comprising” when used in this specification is taken to
surface to secure wooden parts together, in the environment of fastening

wooden parts, a nail and a screw are equivalent structures.

“Comprises/comprising” when used in this specification is taken to
specify the presence of stated features, integers, steps or components but does
not preclude the presence or addition of one or more other features, integers,

steps, components or groups thereof.”
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20 specify the presence of stated features, integers, steps or components but
does not preclude the presence or addition of one or more other features,
integers, steps, components or groups thereof." -20- CLAIMS 1. An intrusion
detection apparatus for detecting intru&fbn of an object into a designated
area, said apparatus comprising: 5 - at least a first detector of a first
electromagnetic spectrum range; at least a second detector of a second
gnetic spectrum of a range substantially different from said first
electromagnetic spectrum; wherein the first and second detectors are

disposed at diferont foslions to.detecitespecive slectiomapnetc waves,
from sal designated arear ich that - Siectromagnete wave Jeteeied of
sdesigosigdaarah aseilappanadlisardagkieifMntrusion profile is assigned as

backgroyd g 8C8:180r & 'S HADRINBHE YRR SYEenthndgHriied of an

intrusion by an 15 object into said designated area is compared against said

backgrdirBadiér&reond delerianefifanaecesisioaliamagseterasirddf a
backgreunge efeystanaapdisrantiodetente s eipstasnrghetic By am;

whereupon deteeting apredeterined aiarce, gencrating a defegtegye o
signal; 20 - a signal processing means disSposed to receive detected signals
from sadsiiEtestots, Whtaelin wspegtistoneidetiaipmidaicgewaraied fopon said

signal p&gg@méa/gpggt%g%%@ted signals from both first and second
detectors as detecting an intrusion at about the same location and at about

the sante timee!egromagnstia sy iceirpfapharid s qisaadirrmal

implemented B aack-of-intrusion profile is assigned as background reference;
and
- electromagnetic wave currently detected of an intrusion by an
object into said designated area is compared against said
background reference to determine if there exist variances
between said background reference and currently detected
electromagnetic waves, whereupon detecting a predetermined
variance, generating a detected signal;

- a signal processing means disposed to receive detected signals from
said detectors, wherein an intrusion-alert signal is generated upon said
signal processor validating detected signals from both first and second
detectors as detecting an intrusion at about the same location and at

about the same time.

2. An intrusion detection apparatus according to Claim 1 implemented in a
high human traffic area, including an urban commuting train station wherein the
designated area covers at least one of rail tracks and a platform edge of said

train station.

3. An intrusion detection apparatus according to Claim 1 wherein the first

and second detectors are each selected from photoelectric point-to-point, multi-
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high human traffic area, including an urban commuting train station wherein
the designated area covers at least one of rail tracks and a platform edge of
said train station. 30 3. An intrusion detection apparatus according to Claim |
wherein the first and second detectord’are each selected from photoelectric
point-to-point, multi -21 - level beam detectors. 4. An intrusion detection
apparatus according to Claim | wherein the first and second detectors are

eRURI RABRIEF 1RSI Fhicrowave, radio wave, infrared, 5 laser and visible light
detectors. 5. An intrusion detection apparatus according to Claim | wherein
the first delggloris dasaicecanner, 10 0 Andniusion defeftion appajallis.,
according to Claim WhETRTh TRBASTARAEr I A fectlinear scanner. 7. AR
irtngsinceiutattiontaispareteschceeiatiieg tooClaic®winacindieewaser igtrarater
I§Zdimensign ﬁapt)d@%gtg,@nner projecting a virtual wall parallel to 15
and defining at least part of designated area's perimeter such that a breach of
this virtual wall triggers a detecting signal. 8. An intrusion detection apparatus
ascordipg tilsion @utbenem sbpdases aeaommigstoCIHIied avreheaditaefirst

pillat{gé Ore;g%q aorénljcgggﬂ eorlownwardly and 20 sidewardly just about inside the
atorm edge. B AT FGSion detection apparatus according to Claim 5

wherein sufficient number of the laser scanners are placed to project a

vistual wall (RRRaNGAARR %fp?é’r%ﬁfgi%@é?d?n f {QIRIRNOB RIAKAM- R
10. An intrusion detection apparatus according to Claim | wherein the
SEERANMPLHHEBFILPsHs@ 38 east a camera selected from a still

photographic camera and a video camera.
7. An intrusion detection apparatus according to Claim 6 wherein the laser
scanner is 2-dimensional (2D) laser scanner projecting a virtual wall parallel to
and defining at least part of designated area’s perimeter such that a breach of

this virtual wall triggers a detecting signal.

8. An intrusion detection apparatus according to Claim 6 wherein the laser
scanner is mounted overhead the platform edge projecting downwardly and

sidewardly just about inside the platform edge.

9. An intrusion detection apparatus according to Claim 5 wherein sufficient
number of the laser scanners are placed to project a virtual wall to span the

length of a boarding area of train station platform.

10.  An intrusion detection apparatus according to Claim 1 wherein the
second detector comprises at least a camera selected from a still photographic

camera and a video camera.

11.  An intrusion detection apparatus according to Claim 10 wherein the

camera comprises a pair of stereo cameras.
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30 11. An intrusion detection apparatus according to Claim 10 wherein the
camera comprises a pair of stereo cameras. -22- 12. An intrusion detection
apparatus according to Claim 10 wherein the camera is mounted overhead
above the platform edge at at least or&2end of the platform. 5 13. An
intrusion detection apparatus according to Claim 11 wherein the stereo
cameras pair is trained with their optical axes parallel to the platform edge so
tH the/Ste FRBURNRY SRR RPBREAMRIIR SFRIAINI Bt HRaybetsinathe
indanteit sidesunastelyarHalatfaro e dreaplidtfotrackigidet stidashahéhend of the
plqtft?an edge appears as a single perspective line in the composite image.
1094"&h intrusion detection apparatus according to Claim 11 wherein a
stereo camera pair is installed at each end of the platform. 15. An intrusion

defectionARRAISIES BERALHAT AB Y08 SREGHANESIE SR 1P1 1 AMEIERS fhe

the stereo composite image captured by at least one of the stereo camera
pelPTRCSABRHRR) BRITaIS reiesr Wikt ihfirteticahAuep-RRER!Al Rt b0 AR T
acyii@ edandinadremralongdge phatinaniedperspannéhgune deposieksmage

alpng said platform. 20 16. An intrysjon detection apparatus. according t
B R Sshga ek RS Ge 20T SRR St e e
trplatidran Bdgp@RREin g5 [Fesinghe perdpeadivg tine fridtfecnrapasijenmeaging a

signal accordingly to be processed by said signal processing means. 25 17.
An intrusion detection apparatus according to Claim 16 wherein the position

séfhsor §EriBrateion HURFIRY SRRAPHEHRERR PGB IR e Hetetifigta

besthing painiandtaest & saichdanalnrecsiasidignneans. 18. An intrusion
detection apparatus according to Claim 16 wherein the 30 position sensor is

an inductive device. -23-
15.  An intrusion detection apparatus according to any one of Claims 13 and

14 wherein the stereo composite image captured by at least one of the stereo
camera pair is correlated on an array of pixels in the X- and Y-axes
corresponding to a grid extending from along the platform edge spanning the

train tracks along said platform.

16.  An intrusion detection apparatus according to Claim 1 further including at
least a position sensor capable of detecting a train that is approaching, berthing
or leaving the platform and generating a signal accordingly to be processed by

said signal processing means.

17.  An intrusion detection apparatus according to Claim 16 wherein the
position sensor generates a berthing signal from the position sensor upon

detecting a berthing train and sent to said signal processing means.

18.  An intrusion detection apparatus according to Claim 16 wherein the

position sensor is an inductive device.
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19. An intrusion detection apparatus according to Claim 16 wherein a
plurality of position sensors is placed overhead sufficiently to cover the length
of a berthing train along the platform with a further position sensors placed
after 5 and before the platform to dete€® arrival and departure of the train. 20.
A method for detecting intrusion of an object into a designated area, said
method comprising the steps of detecting wavelength in a first
electromagnetic spectrum range; 10 - detecting wavelength in a second
elgctromagnetigssfrecietecidra epgeatisbstessialihgdiftererdiforesaitdiesh a
elt?ctr agnetlﬁiggectrum range. evgherelﬁ flrlgft anqls cand

th
efectfomaghetic Spectran ranges are der At OA SOXRIONS Sneiy©!

dedigriaiad tirdéa albegelbe piomomalnatiunteyedsitimct ososicd desid méierd
AL DRI He IraBb AT o ULy SIR0 RS aRRIfNSARs Rarkaround

reference; and - electromagnetic wave currently detected of an object
intruding into said designated area is compared against said background

refigrenge i teie faridetd dhegargisiornopacenjeetwire m srisigihterckease usyld

refqu{nge and currept(lgl (?etect}ed electromagnetic waves; whereupon
etnod com rléll’}% he's %ps (0] . . . . .
detecting a predetérmined variance, generating a detected signal; validating

the de_tea@@@gn@‘iﬂiﬂm@ibthn fﬂﬁrﬁr&l@mn@ehﬁnma@nmti@rg@ectrum as
detecting. R AR USIRR _HERPH DesURE caionfysail rafsinaiedarga

being received at about the same time before generating an intrusion-aler
signal. Sbstentialydifieiendfrastsaimh §ritRlRRBRAREYS ERE Bl HRNY 20
Claim 20 comypiisieig tReginNardEiectnd WrRRIERGNT Ot pktiishandgscard
g'g‘;‘t’;’_'ﬂé‘ Rl SRS RS R0 SIS P Al A8 T3S RACKIgUpg reference
- electromagnetic wave detected of said designated area’s normal
or lack-of-intrusion profile is assigned as background reference;
and
- electromagnetic wave currently detected of an object intruding into
said designated area is compared against said background
reference to determine if there exist variances between said
background reference and currently detected electromagnetic
waves; whereupon detecting a predetermined variance,
generating a detected signal;
- validating the detected signal from both first and second electromagnetic
spectrum as detecting an intrusion at about the same location in said
designated area being received at about the same time before

generating an intrusion-alert signal.
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22. A method for detecting intrusion of an object according to Claim 21
comprising receiving currently detected wavelengths of both first and second
10 electromagnetic spectrum, comparing said detected wavelengths against
the background reference data to obtdfh-variance data, comparing said
variance data against a predetermined variance threshold and, 15 - upon
detecting said variance data exceeding said predetermined variance
threshold, triggering a first intrusion alert. 23. A method for detecting intrusion

opan objesietbedrdirgdetédamian #ArusielicingarOobaiecidegrair agiaim 20
position of a train berthing along the platform and .ignoring detected signals
BT Lt e S camP St G L Epird e 24T reSthod FoP e
deledtiomagnetitospectinrobjeotasionedisgitb ©iairfor@s2Baskgimindipefargnee
triggering of the first intrusion alert, initiating a routine to estimate intrusion
object size with a 3-dimensional geometry function detected with said first
and/or second electromagnetic spectrums; comparing estimated object size

against A prefRierrminadituesholtreéien 30 anddejectlidedigindg atheahjegt
has been detected in at least 2 frames before triggering a second intrusion
alSTR28"95 A method for detecting intrusion of an object according to
CGlaim 2@ceibimgirctineeethtirddéenitd and/at paglitenadf hwihrdirsts dedectecoby

multipleelgm%bqgﬁ%gg&mﬁ@ns in an integrated manner and to operate as
a single 5 function. ’ _
- comparing said detected wavelengths against the background reference

data to obtain variance data,
- comparing said variance data against a predetermined variance
threshold and,
- upon detecting said variance data exceeding said predetermined

variance threshold, triggering a first intrusion alert.

23. A method for detecting intrusion of an object according to Claim 20
including

- detecting at at least a position of a train berthing along the platform and

- ignoring detected signals from the first and/or second electromagnetic

spectrums.

24. A method for detecting intrusion of an object according to Claim 20

wherein upon the triggering of the first intrusion alert,

- initiating a routine to estimate intrusion object size with a 3-dimensional
geometry function detected with said first and/or second electromagnetic
spectrums;

- comparing estimated object size against a predetermined threshold size;
and/or

- validating whether object has been detected in at least 2 frames before

triggering a second intrusion alert.
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26. A method for detecting intrusion of an object according to Claim 20
including detecting at at least a position of a train berthing along the platform
and 10 - ignoring detected signals from the first and/or second
electromagnetic spectrums. 27. A ntefRod for detecting intrusion of an object
according to any one of Claims 20 to 26 wherein the signals are transmitted
remotely to be processed. 15 28. A method for detecting intrusion of an
object according to any one Claims 20 to 27 which is remotely-enabled for
cepiraligednabpdorirgdriectienirahadionubipentrabjestatioosraing rel SRNce3
neperty ipcluding agéé&ﬂea%rd/%?r%'sﬁ OLPRCRRAEEREd e ole
Protocol-enabied: 2

modular detecting means in an integrated manner and to operate as a single

function.

26. A method for detecting intrusion of an object according to Claim 20
including

- detecting at at least a position of a train berthing along the platform and

- ignoring detected signals from the first and/or second electromagnetic

spectrums.

27. A method for detecting intrusion of an object according to any one of

Claims 20 to 26 wherein the signals are transmitted remotely to be processed.

28. A method for detecting intrusion of an object according to any one
Claims 20 to 27 which is remotely-enabled for centralised monitoring and
control of multiple train stations of a rail service network, including any one or

combination of SCADA-enabled or Internet Protocol-enabled.



