MULTI - SENSOR | NTRUSI ON DETECTI ON SYSTEM FI ELD OF THE
I NVENTI ON This invention relates to an intrusion
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di fferent wavel ength ranges of the el ectromagnetic
spectrum It enploys an intrusion behaviour analysis
using signals fromthe differgnt detectors to mnimse
false alarnms, particularly in protecting hightraffic
areas. BACKGROUND OF THE | NVENTI ON Conventi onal

i ntrusi on NRJLEN{SENSORSINTRUSION BETECTION S¥STEMes of
human or dangerous object intrusion into a designated
restricted area are often fraught with false alarns
when i nappropriate alerts are triggered by nonvalid
objects straying into such restricted areas such as
Wﬂﬂkﬁ@&ﬁﬂﬂbﬂhﬁ%r clothes, stray animals (e.g.
dogs, cats and birds), etc. The susceptibility of such
intrusion systens to non-valid objects is further
conpoufTddinventias relatasetd an datsusion [dedeactioni $ysbgmt usingdwo or

R0 TR IR —
di spRekanki 1P 8nipley® dmetiusiinnBehavitit driadysiteasing signals from the

i-nappropriate alerts or false alarnms may cause . .
urshiéeresis geteciars ta ghingnise ofalseaplamaer 9?'3'&@'.3”01” tpretesting fhigh-
ha{F‘c‘?ﬂcéﬂé‘ésJ ntrusi on system nust be robust and accurate

to trigger an al arm whenever a valid human or

dangerous object intrusion occurs. Mddern train

systens are often autonmatically operated w thout

drivers or platformnasters and, despite the safety
"VBACKGROUND @E{THE INVENTGION saf ety cl earance strip of
about 50 cm al ong the platform edge, passengers can
occasionally unwittingly breach this yellowline to

get cl @xmwvehtoridheinprusibh odetectips. s¥stemsi foreslediriglinojdences of

conmon upon _seei ng_an approachi train hu har,p
e PR P RE e Rer PRUPRT o pr bl fpapRirenta are
S UsftenOFaugh€ @ith Talee rilarmsheitert inappropriats alertsletetriggered by non-
system has only secands to vvarn.a{néi St%P t he B

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



approaching train fromrunning over the fallen
passenger. One solution is to physically separate the

wopb@iezvm fromthe rail tracks by a wall proviPpdedcaiaswoooss
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doors which will only open when the train has safely
berthed, with the train doors corresponding to the

pl atform doors. This solution2requires costly

equi prent to be installed so that the platform and

train doors are coordinated to operate in tandem and
preddgss e This ishesrpciallyt SRINMPACURSE SeeipE s @Pprachtgr aigs thus
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No. 6, 42{cBSchrmars H@/é:’éiltsﬁ'b'éehl@seéa@%@tétﬁ&s%f'irﬁ‘trdéldﬁ d&dction

effectiveness in inmage processi n%@o vi deo
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t o changi ng weat her and ‘dayl i ght conditi ons.
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Pafa@@rt 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
susceptiblle to changing weather and daylight conditions.



No. 5,825,412 the video canera detection system count
the nunber of pixels of the intruding object and is

wao bnos/0z2524+ di nensi onal capture of the object. PCT/SG2005/000088
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Accordingly, a piece of newspaper may. be thought to
be a | arge object apart fromthe other inaccuracies
which a canmera is susceptibleato such as changi ng

weat her and fluctuating daylight caused by clouding in
the external environnment. Any discussion of docunents,
devi ces, acts or know edge in this specification is

i ncl uded expl ai n ntext of the invention. -
shoul dﬁﬁéié)l?@t‘{)'ﬁa% é\gg%!ﬁg‘é'\ reQ; GNGTRRArE pedf 'Phlés Patent
MEN@r' 5,825,492 e ﬁd@@rcbn@ra Haﬁedﬂbh %S/st%H cORRRNE MubfbRr of pixels

common general know edge in the rélevant art in
Si qutﬁsom&ruwg &@%@%@mfé iphhys apéfdimensinaalpeapire wf diag ebject.
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i nventi on endeavours to overcone the above-di scussed
probl ens by a conbi nati on of novel hardware

config t I I p e
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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
electromagnetlc 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.



fifth object is to provide a data processing |logic
flowchart or algorithmthat validates two or nore
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intrusion alert to be generated. A sixth object is to
determne wthin certain tine-frames if the intruding
object is transient or at resf on the tracks in order

for the systemto trigger an alert. To achieve the
foregoi ng objects, our intrusion detection system

provi des for a basic enbodi nent conprising at |east a
first detector of a first el ectronmagnetic spectrum

r ange; Aafourtbaghjedt is ée pravidrefasca Srdigtensionet sean of the intruding

t
o SE5ch SR8 s M S B 3 et B A s el e A
t difthesisjestds rtogpevitle vee detee ptavessiggdogic fewshart ooalgedinth that
dopltes e S Trars b atas dond T saarors, betore allowing an
| aptkusidn bR 16Shb@GeRéritdd. € Al Sixisshigpes tésdélémlﬁﬁé Q¥ihsh certain
reference; and el ectronagnetic wave detected of

| rﬁm%ﬁ'ﬁ@ﬁs kbfythGUﬁ“él&'BQ Phleét ST @Sdfé!ﬁler?étr est Qi e teacks in order
TR SR e A i8R 9 O N wher eupon
ge: ec:i ng a predeterm ned vari ance, generatldng a ito

ec | X Si | e
fece vaOBpRRPe rd Tnddhe PROSERT A FRARGS BRRISY, htem
{ prodgtstr abasimmbodmeat compdsing| y processed such
LE oPtlear st desor s A el el RO PR e o

f rom bat heddtr §tscrdfld Sestetdr dsft & céedondeldétromaghetic spectrum
|ntru3|ré)n detection at about the same location in

wherein the first and second detectors are disposed at different

positions to receive 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 detected of intrusion by objects into said
designated area are compared against said background
reference to determine if there exist variances, whereupon
detecting a predetermined variance, generating a detected
signal;

- a signal processing means disposed to receive detected signals from -
said detectors, wherein the detected signals are integrally processed
such that an intrusion-alert signal is only generated upon said signal
processor validates that detected signals from both first and second
detectors marking an intrusion detection at about the same location in
said designated area being received at about the same time.



sai d desi gnated area being received at about the sane
tinme. Preferably, the designated area conprises the
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first and second detectors may include any one or
conbi nation of photoelectric point-to-point,
multi-level beam detectors ich may be m crowave,
radio wave, infrared, |aser and visible |ight
detectors. Preferably, the first detector is a
2- di mepedfendly, |tﬁé%s@ﬁ§l'éﬂeére9rc@n&§rts'e§€ihé‘ r3fl frheid ar‘{éﬁblatform
parallel to and defining at |east part of designated
areéﬁe of pdraimslation.s dbh ﬁfﬁ%@déeﬁﬂéééﬁt%*orﬁ imay ipellde any one or
S
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stergo ,canera i is tr ed with their

> FERR0E e st Befibaris, ¢ - tanbiondy e @R Projeging 2
| ViRl wak pardiel ® dlbdenvindaskast Bart 8NMBesighfted BPEELs perimeter
di vi ded verti cal I% into two parts, nanely a platform

p&teh Hiad apreacieef Higwall f@eeﬂr%a@tept?@ $19R8lf or m edge
appears as a single line in the conposite i mage. The
stereo conposite i mage captured by the stereo canera

pai r mabe secoond rdgteaterdisopreferablyr aycapierpi kel 8 still phetographic

ar&gmgr?égﬁ pa]C gtd%S Sc%%% Wit i rrf?)sg gl'%ﬁ < i)ﬁ 3 (Baﬂgoffgtgl@o cameras

["on orm edge spannrn trac
alvd'mg1 isdraineul with drein oﬁk&ahamse;ﬁaaheﬂdoéln&npkﬂztfmbdge 8o that the

rusi.on_det ect | S m further,
pOUTET SRR FRET A ISV ETERRY 1 HemRPEis Riesivigeg vericall
| inta tRe PaktsphambBta p&tfapﬁrp@a«:éhdﬂa trdaerﬁalnn egcrothdt aayplagorm
the platform and., rafi a SI acco |n
OB SDBRS, Aa SO N BRSOEIIII iWedRe. ThE FehB cREtPosite

asnasgé cﬁf)tu@é’d by IN& Btdred caHéﬁ?a %'a!}rmb¥ Fb"e%‘d?ﬁ&ét@g ofea @rray of
col |l ects background reference data fromboth the first

amikeseRoRg Arefet ¥ i8S &0 eSPRRHERg s Arighedengpg from along the

?ﬁaﬁfo‘?ﬂﬁ eldplafRingdne traferScks'2Rd §&d fpldtfrmand second
det ectors retrieves said background reference dat a,

conpar es the detected signals against said background

referenge Sr%ﬁ‘élTéd)eﬂBBé‘iHénY%dr%‘t?@s:&%@tecﬁ&?@%tﬁﬁu rﬁﬁy %d-ther

vari ance data agai nst predeterm ned variance threshol

areclude position sensors for detecting the presence of a train in a position that
is approaching, berthing or leaving the platform and generating a signal

accordingly to be processed by said signal processing means.

In another aspect of our invention, the signal processing means
collects background reference data from both the first and second detectors
and stores said data for reference. Detected signals from the first and second
detectors, retrieves said background reference data, compares the detected
signals against said background reference data to obtain variance data,
compares said variance data against predetermined variance threshold and,
upon detecting said variance data .exceeding said predetermined variance
threshold, triggers a first intrusion alert.



upon detecting said variance data exceedi ng said
predeterm ned variance threshold, triggers a first
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detects a train berthing along the platform it wll
indicate to the signal processing neans to ignore
detected signals fromthe first and second detectors.
Wien the first intrusion alerf is triggered, the
signal processing nmeans may preferably initiates a

routi ”9réf8ré&ﬂ§ (\:nfriegn{{ﬁla pBEﬁﬁﬁ@%%bE%rs'B’éﬁéﬁs taqfafi‘rﬁ‘ Bbﬁ@iﬁp%ﬂ?‘ng the

intrusion o zeé"us mensi onal™ geo
f yhatformn itodvillsiadicate the thex signal porgessimgotneans todgnore detected

i nst t i ned t hol d A . .
v B hed A At AR YRbET TR AR idfusion,glort s
2 thiggeres, hefdgealtgrbegsing theansanap reRirabig iisitatds & foutine in
r intrusion detection system nay be confi gured

Qu . . . ,
nﬁ'@ﬁllsiﬂﬂai/ PEeESEINGt NEABS ﬁ@o@ﬂaé%s%ﬂ'iﬁ BHrysipn abiest stzg using 3-
C ; 'gfé?)% ; f r | |, S
rmﬁﬁ?léﬁ@%cloacheéshpmﬁuen? g%q{fh%cghogu?%é&gﬁe I n Jgr%@gﬁ \t/%ume
f lageinsba pasdeteryipead threaheld fuoturae t and/or validatesnf said object has

PRl eficlen ATl 2t BEA L EE RS psand inysion alert

means. Qur intrusion detection system may al so be nmade

SCADA- bl ed . I.nternet Prot | bl f
cont 1 2t hE BN SOERSTE ey STegh oPey B “oritialiHc: moduarly and

StraltisIe médulés hitly bé eistalRR] fetdrirkhe AbhGhNGita Yatform or train
intrusjon detection systens may be configured b

efBMPsiNG MUiPIRosachES prhereite modelesnarg iBtvegf%égég(gunction
t Q5B SREAUNItTDr S URf Stafion AP r&RERS, digHdIs' floRbthkefedors are |

desi gnated area conprising the steps of: operating at

| depssmitting rwirelgeshectooithef signali psecassingt movaisnet Owr intrusion
S Rfetdctigh srg?fégﬁ m&\! %ln(lis‘?)o ﬁé Ghady EADRAHabfeE BF Memet Protocol-
detect or a second el ectromagnetic spectrum range;
wesebled foheentralised andnitaringnendl eoeitelopfsmaltipledfreinostgtions of a

dirgﬁ ?ér@f&[e nrég%ﬁ(i ons to receive respective
el ec ’

romagnetic waves from said

Alternative intrusion detection systems may be configured by
employing our working principle which may be reduced to a method for
detecting an object intruding into a designated area comprising the steps of:

- operating at least a first detector of a first electromagnetic spectrum
range; and
- operating at least a second detector of a second electromagnetic
spectrum range, _
wherein the first and second detectors are disposed at different
positions to receive respecﬁve electromagnetic waves from said
designated area, such that
- electromagnetic wave detected of said designated area’s normal
or ack-of-intrusion profile is assigned as background reference;
and

- electromagnetic wave detected of intrusion by objects into said



desi gnated area, such that el ectromagnetic wave
detected of said designhated area's normal or
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10

15

20

25

30

reference; and el ectromagneti c wave detected of

i ntrusion by objects into saiddesignated area are
conpared agai nst said backgrownd reference to

determine if there exist variances, whereupon

detecting a predeterm ned vari ance, generating a

detect ed si gegifnated r afesd Vang endiparedC eafinyy daidediaskground
signals from sai d detectors, whehei n the detected

si gnal s ar e"SfFERER O PelnrpiRg J&dheig: Ipxishatarignces, whereupon
i ntrusi onal ggfeci PN predeinihedCVafiah&s Hemdtaifg da detected
signal processor validates that detected signals from
both first gigdalsecond detectors marking an intrusion

det ect i ; . ' j ' .
dosi gnig it BR8 BladeS8ing e Yk fiompl detegtors, yherein
Fur t hethes defeeteaf sigpalsi ar@bintedralpprédessed esemtithat an intrusion-
invention wll .become apparent fromthe detailed .

descri BIATLROBFVE RN ISRaREdiPoN IR Signal PRoCERRRT aligates that
under sidestdd aignale fidet adtedfirdeahti 8édoPd a8@ctRe Thhfking an
exanpl es, while indicati nlg Rref erred enbodi nents_ of

t he i nireRisiandetgetionyal,abp \thesamss locatiens iy said slesignpied area
since YRlHoGgeivbRaoas ANk BBkl tntat i ons within the

spirit ang scope of the invention will becone apparent

to those skilled in the art fromthis detail ed

or esent ‘TEAFPGh O TOGEC Nt PL S g Sl oL it Wil become

r efppacant drano theh detaded dpacrjption givemihegsnafted. tHawever, it should

s rERE b codp B erior 308 SRR R RGRS while
eXadiphtiyy @refetredisémbodiovents rofwihiec 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.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood with reference to the
accompanying drawings and the detailed description that follows hereinafter
wherein specific embodiments are described as non-limiting examples or

illustration, in which:
Figure 1 shows a plan view of a schematic configuration of an intrusion
detection system for a train station platform according to the present

invention;

Figures 2A — 2C show in side elevation view of a schematic configuration of



Figure 1 shows a plan view of a schematic
configuration of an intrusion detection systemfor a

WO e@60225b4at i on pl atform according to the presePtT/SG2005/000088
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invention; Figures 2A - 2C show in side el evation view

of a schematic configuration ofthe intrusion detection
system of Figure 1 wherein Figure 2A shows a sensor
configuration for a platformw thout a train berthed
thereat, Figure 2B shows a sensor configuration for a
pltiae frtrusionhastectibnssystgre -of Gaguret T whereirs Flgerd BAdhows a sensor
thereat, .angd Fiqure 2C shows, a, sensor, .confiqurati

£ GONOURIET B @ RIAEYTE! WGt € Al pahec heeah dgyg 2B shows
t RehSE comfitflirdticBUf® 8 [Saguen awvlargi & dingebadt tiin is berthed
al gorithmof an intrusion system according to the

i WerRel @nd Mgye 2EshorsarspTsancanfigpratipRRED platform where a
EMFOL r§1n3§'b§ﬁhc¥d tHeiEat; Bh&“s' on detection system

for a designated area according to our invention
basically and generally conprises of a first type of

detect for scanning.a first ectrso- netic .
SSE0P & et 2 R et Bl RbR ot BBERRH istem according
seg thglinekstiint omagneti ¢ spectrum range. The two types

of detectors may be di sposed at different positions to
recei ve the respective el ectronmagneti c waves from said
desi gnat ed area such that a background signal is first

collected as reference and intrusion signals are
c QEEAILED DESCRIRTION QF P j IMENTS
there-in-between to generate a detected signal. A

signal processing nmeans integrally processed the
si gnal 8rieflprthe lirtrusien detestionsystemetor @rdesignated area according

o 6 P 9B Rriesicag A deheRdlty CHRER S e Bhstagtor for
byscbonihg t  fst efecttetreagrmtic apecthonitranpe, sasecdnuc detemtor for

2 eeling S Seebh SBRForu et Rebilh 28, | 3" W8 ypes of

unigtscidreotlap ybe disposed gt tdiffériegtipesitions ta rpcaterthe despective

GRSl S0 RS20, Elorel Rt Sfe s etprouns

alsiyral 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 location and at about the same time.

The intrusion detection system of the present invention may be better
understood by referring to Figure 1 as a preferred embodiment wherein the
system is employed for detecting intrusion in étrain station, in particular along
the platform (10) and the railway tracks (20) along the platform (10). Given
the fact that intrusion into the track area (20) is most likely to come only from
the platform (10), we reckon that our detection perimeter should begin with
the platform edge (12) running along the railway tracks (20).



the platform (10) and the railway tracks (20) al ong
the platform (10). Gven the fact that intrusion into

wo b@otemek area (20) is nost |likely to come onP@T/BGmINT/000088
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the platform (10), we reckon that our detection

peri nmeter should begin with the platformedge (12)
running along the railway tracks (20). Sensor type |

| aser scanner As shown in Figlre 1, a pair of well
spaced- apart |aser scanners (14, 16), as a first type
of detector of a first range of el ectromagnetic
spectrum may be nounted overhead the platform edge

( B2nseotypbdtlasdreschaser scanni ng beamis directed
downward and sideward. For a typical train station
such as Singapore's Mass Rapid Train (MRT) system the

pl at f opgn dHRaAWnSiRFigine ﬂ%%a‘rfﬁfwélps;%édeépaﬁ*nlésér §tdHHeds (14,
such | aser scanner woul d be sufficient to cover the

eriB)ras peiigt peroftdrsegpaef 8rfirst 1ande plopleriprgagnetic spectrum,

Lot . | .
590 S8 B e O oA 35938 o scarin
s teaneissdifetisd doyvnwary andsislenary. far a hypical tairestatiomslich as

' , . l. h i ncl
¢ RahHAer b 1Rs PR T im MR R slsit She AN ipk AP RS more
Gaqumg?)m%tvéﬂ aid af dirgle |sush lasdrestianner waglg?t?e; am:ﬁcieng to cover
r | ap|, e etection even er_the nost .di | C t.o
08 PRVRRRGT ot grmipeiama TGy drarderom aiations. 4 Babp Such costly
| . _ .
B SR L R e oo

"sensor. This device periodically transmts |ight
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pul ses Tt BkBr dcHferk A 4! dEyemal Qerablg/ b8ethBUbS | ensional

hit an obstacle or a person, theée [aser Scanner Wi
r scenning ttyre. r & mogekal sughiasgngcanngradneude therhdS-291 laser

S , C i . .
SSEER FRUE My YR AGSVEBRI Rt S ohfions qopecion
t mangessand reliaple detectien wivemiundehéhepmogt difiicudt efoeravironimental

S ill signal an alert or initiates a safe
sﬁcﬁﬁg@éﬂw Clearly, other |laser scanners, not limted

to LNVSARBtheamwbdsl GUIREr 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 eVaIuate it. The scanner calculates the exact coordinates of the
detected obstacle from the light propagation time. If the obstacle/person is
‘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-4, which provide a scanning filed of view of about 180° and at a minimum

rate of 25 Hz may be used.

Preferably, the beam is directed to about 2 cm from the platform edge
(12) so that it does not pick up intrusions into yellow line zone (18) by



LS-4, which provide a scanning filed of view of about
180 and at a mninumrate of 25 Hz may be used.

wee@boemhl y, the beamis directed to about 2 cpPeT/8GIN05/000088

10

15

20

25

30

the platformedge (12) so that it does not pick up
intrusions into yellow |line zone (18) byrecal citrant
passengers and passengers bugped into the yellow |ine
zone (18) by the packed crowd that m ght trigger false
alarms. Wth this configuration, an intrusion wll not

b gecdiditearit @dssen s ahl apsaring bumpedtsto dad gellowrie/zone (18)

close to the platform,ed 12 The ap.fro the
© DY iFe PACKSIE Lok Mg g lse mierr e Wl BYS Gomguation,

( %ﬂ intk@3ionl il Mot e HbRclal 8Resd thd HasSerjed Hahfesk Bé’fﬁerously
the train as it noves into or | eaves the station e

2 cosede die plationeredaac6i?)+ Hdhep? oM gam fue dlee platiermedas (12)
d anni , o . _
9 oS0 0 BEPLOSohS 1387 16) S AL RS 980 it
[ sugualstfrcmmmtram asntimoeéseirm ooleaveetheastatiapr esented in
Figures 2A - 2C with and wi thout the presence of the
trains. Fromthe above configuration of the |aser

scanneTRe 2-b laSePRBaNRIE JCAA! theUpladomh arehe iffom | ‘t@&:ﬁ)wn
of nmonitoring the platforms me@oowllne zone (1 and

t Qingha iseanniag Geld ‘éffV'?‘Hé’f BRPH i apg REa (29 raaswﬁg‘rqrne% -
4@tﬁdzo ;mveli %@Sg.ﬁ/ﬁ%@% 5&% shév%ﬁr.n sieiR UMV atioh Libw Q@}eﬁres?nted

bui | al ong the platform edge (
t in Bighrase2A h@ Gwith @ad emth@ﬂt theeoresende eftbetraivsbe
protected; thus reducing the area to be nonitored for
i ntrusion by taking advantage of the fact that
i nt r usFrooms trhmabowm'eomﬁgalmioar@‘atheZt@eri wanoers, Itikepyareat that

RIE o b ST B bR A L By e g anc
fj thelentire length mme)raﬁlvwayttmckﬁ (Qa)raim#g threeplaf@@) (19, We nse the
Ao SR M4 1R PO Rt BLNeh L2 A belsttom Sdge (12

ﬂwidéﬂrﬁ@méipdnmbﬁrmﬂthertramk areasortse pesedtegdthuerretieing the
Sensor, e |l:

S@?éagg}goqes m@nﬁq%cﬁ) d‘af é’EJtFHSéO"b %Aé}ln% qgé/ggt_aagcgp %et yfgg't 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.

Sensor type ll: camera

As for the second type of sensors, a photographic camera is used.
The camera may be a photographic still camera or a video camera.
Preferably, a pair of stereo cameras (30a, 30b) (including close-circuit
television, CCTV) is mounted above each end of the platform (10) trained
onto the railway tracks (20), preferably under cover of the roof (32) of the
station so that they are less exposed to the weather. The optical axes of each



The canera may be a photographic still canera or a
video canera. Preferably, a pair of stereo caneras
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i s nmounted above each end of the platform (10) trained
onto the railway tracks (20), preferably under cover

of the roof (32) of the statiﬂn so that they are | ess
exposed to the weather. The optical axes of eachof the
stereo canera pair are aligned with each other so that

t hst thé Atdrebdandstl RACEreABRGRISWRR cachi dtBbesd ithat the plagorm-
i mage di splayed while dividing the imge into two
pdrack edggrinrgarg As apsingleding 'ﬁgh? image displavedoxhijeadividing the
[ iFRTRES [ ih i N ;
tﬂ@%pgs@r sca ngtrs ’sﬁgn 1y§:’{43r5e%|§@vﬁ>a§ggﬁ%gg% gf:dtcgdp%frt’ in the
dewmpositedmagea will be fully covered by the intrusion
detection system Any intrusion so detected and

appearing on the CCTV display as an inmage w ||

corr gs Vit ﬁnch arﬁdnﬂgmradbnm@fw(té E;sbr _sb%me@ﬁ!ahﬁ statebgCOMV, the
or apove, t r.al y trag W I , . .

c trpigetad,or aﬁ'%ﬁ‘}é\ﬁ e W e@@\egowa giyet!\%ol,ngr usion detection
EXGERNRT AhY iftRRISH S5 HeRRAEaR Sppéiitly Gt HENECTVadishlay as an

stereo CCTV, i.e. detecting electromagnetic
wdnepe gl 1e9rrgspanskto ars dtr obiechphysicalydying on or above the

r j tituted with detectors
fgﬁm{;ﬁtréﬁﬁg@%@%gs I?EgrﬁéeiH 'ect romagnetic spectrum
as long as they are detectors of different ranges of

ot et AVEOHE) e P SO b fisistlofs hRPRIY dRSGREY above are

mlaseyveraanensaatidstesace COTM, et ddiecliag efectimthagnstid Mavelengths

[ "detectors. .Apart fromthe |laser scanngrs hayjn .
) 8 b dRSa b sl Wohaeh TPsagkveds Sev GARR SRR witn
f adet@sionsyfonrtie O.ﬂkﬁerl ﬁng}eﬁ (Sflotﬁgi éleétgd)ﬁagnﬁticpériécﬂﬁf heekrioAg as
poj ntto- point, i -leve e etectors fornmng a

b iha of aBishes of AierentdARges o Mecsacibbaln BRRRHER e first
ardrin 666brid0 déREIBra: nvay inbhiderahy dHe berembinElient 6 Microwave,
"“phot oel ectric" device here is intended to cover any

elfagdiowavg, inflareddesesangdrviddele ightdetestopt-oduced in the
device (e.g. sensor) as a result. of incident

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
electromagnetic radiation and not just the visible range of the electromagnetic

spectrum.

In a specific configuration, the CCTV stereo cameras (30a, 30b) are
only activated to scan for intrusion upon the breaching of this virtual wall (22).
In the present example as illustrated with the accompanying drawings, both
the laser scanners (14, 16) forming the virtual wall (22) are concurrently



el ectromagnetic radiation and not just the visible
range of the el ectromagnetic spectrum In a specific
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only activated to scan for intrusion upon the
breaching of this virtual wall (22). In the present
exanple as illustrated with t1 e acconpanyi ng draw ngs,
both the | aser scanners (14, f6) formng the virtual
wal | (22) are concurrentlyoperative with the CCTV

Stapepstiveanin &fe CETAL s cartlepasS{30ae B0BR MRS dterdo"&ifiposite
captured by at |east one of the stereo canera pair may

bdmege rCé‘PBt"é‘él by rat deastangy ololhestarepscameraainmay e correlated
Y'd?'?(gﬁ’ ?)B%’i%dinnl‘iﬂgt)@- BndN. é&e%%o‘?fé@ga 9 qg’aaéﬁ’(f‘ @xtending

t he pl a ) spanning t
( Zﬂa)m aloangghe @ilaifqnm:aedgﬂ (h2) spannimy theatajwaly tracks (2@)along said

ir rder_ for an_i.ntrusion
St Ot L ERe tigtrtnt of SUF"sybin, Pl ¥ o presg for an
bylntblﬁéldm HyeRdob mevaiRy, % mustebe albleltea)%tdéwctede)yolﬁoth hybpes of
| aser scannerss%l4 16 and at | east of the

StSONERSe hpredtdea @cyaon% bipe | aﬁ?éscw%rﬁéﬁ‘f aﬁ)cﬁﬂdo@t 'ﬁﬁ%one of
pfth@@cph? stefe?BhRet (60P30BE Tl?é ﬁn;ﬂém@ﬁla‘ﬁ%n%ﬁﬁn%rﬁ]&ple is

a very low rate even under inclenment weather.

prabig tpkeemibe nate atialse/alarme th atvesy ipyeraie even under inclement
chﬁ%é}ﬁ&-coupl ed device (CCD) which is a form of
anal'og-to-digital converter that generates a digital
signal output representing an anal og image i nput. The

hethoa IS GBS i RS SRRy D ulh T s Bf 88 cblfier pvice
a (CgD)dwhiah ds eoform&ﬁmlmtd-dngtthieccgwedemthaa igemvaates a digital
thetralntracks akon alggntformed In.t

arYR WKL TeRERSENINY, ImAge InpHt p e H&P%fe’t‘ﬁestmed
SthafgesCiftRe TTD Previdey metmetﬂﬁtl&ﬁtopletati@h dd1has @EEh pixek may

and at the pixel position corfes to each t

obes Brgne BAGIRAIE CSSRACN Bife G AiGh Cavets getrain
MeyadR§ alirthe thtfdPint et del €n G RIS GRikingemehfl@eh q;pegraﬂ sensors, in
registration to correlate the pixel position (X

y\
orPBsHeUIATIYe Sigren cemeras, et Pble s delact 6t Fame dime and bt the
( A5le@bsifBn thResidtdih tolddch t)Se 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,Yg) 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;, y; ) in the image
with their actual ground distances (X3,Y,) from the camera, every pixel in the
track-region is mapped to 2D coordinates in actual space. As a result of this
mapping, the actual position (X4,Yg) of an object that occupies a position (x;, y;
) in the track-region can be estimated.



achieved by first selecting regions in the i mage that
are recogni sed as the track area. By nmapping the
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with their actual ground di stances (Xg, Yg) fromthe
canmera, every pixel in the track-region is mapped to

2D coordinates in actual spagg. As a result of this

mappi ng, the actual position (X ,Y ) of an object that
occupies a position (Xj, y\ ) in the track-regi on can
begiohhegrsPosi ti on sensors Wth reference to Figure

1, apart fromthe two types of sensors, i.e. |aser
scanners (14, 16) and CCTV stereo caneras (30a, 30b),
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S%‘Iéc%%aq)fcul'reﬂﬂ ak gl Iubéuquété@cmy awbrrb&y o‘i%ﬁferr‘éﬁg%etalllc
by Onron Electronics LLC (Schaumb

wigbiaet hiche fimducer tie| Yapalsabait itp mcgﬁpavﬁ;@odqs uﬁozné of these
1%@ rE(?ﬁcllli’(;’é I?L—'L@Ehe@%%ﬁ@ng@qﬁd@éﬂ\’/ ntE{erI ity sensor made by

(nonferrous) targets er “sensor
O@rprcmb(EI%tmmcsM&LCpl(SﬁmaﬁmlwrgeﬂsoU Svédewbigh Seam effdetive long

WiEEHR SRRt b Jod Bt YSn TR ap e gnon-
s liewous) niafgedsir eArigthérh eemsas t mpdelf isr thed Osipoaxd iimdurdtive proximity

1 REREE%qS by o BaRY PRty oG 8GR ks e B8R, France)

c avhicraad Sffectivd @ehsing distanceofapne@nindOa, 40b, 40c,
40d and 4Ce) are preferably placed spaced al ong the
railway track for detecting the arriving, departing

and be%mrrwvrpmsthuws Qhe tdiwstt;frafdﬁredFembbemélerﬁftsbmpnses of
five such sition sensors (40a, 40b, 40c, 40d and

@)eebtgp% IS§BeYSs é%iv %??AT rof) H@‘qsﬁ‘é ﬁcﬁpp%\'ﬁyml“r 46k and
Wt BV Btete®fcahieesl (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, Iéading out of the
station to sense the train arriving at and departing from the station.
Preferably, the position sensors are placed overhead (e.g. mounted on the
track roof) spanning the railway tracks (20).



(40b, 40c and 40d) are placed to sense the position of
a train berthing on the platformwhile one each (40a,
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10 maway from each ends of the platform | eadi ng out

of the station to sense the train arriving at and
departing fromthe station. Preferably, the position
sensors are placed over head (é.g. nount ed on the track
roof) spanning the railway tracks (20).The nunber of

the position sensors woul d depend on the | ength of the
station as well as to adequately cover the |ength of

t he trdhe nunmitr of dipe pdsitiom semsors wduid depereban fies length of the
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train The virtual wall (22 crea ed by the | aser

sé&ﬁﬁ%’r (41 a2y fd?q%@ ybdeete@nthp ny of A gl Jla-conghdiad (50)
\‘rj‘v:a‘?iggtv&eéér%'o% '4@ef fd?fa W&cw@éﬂ tr§%2€52%°rThe°ﬂﬁUaIU\Rall (22)

ndow zones al ong the wa osl tion
selnwﬁé by4be laxsh scamme)rsd&e‘tﬁ emay he qon&gweﬁatg igrare lseiaches

0 |
e TR RBbSY TSR ot BB BE RO 2B, giong the
rmrvailnm uﬁorpﬂmpngeon; seasodi (@@, a0, ad(lcghieltetged the train has
| W50 At T Pl *SEE il il ol Pk bona
i rm{remer&o@ts eNtheltRAnS @ ROt ament Wpéb%eﬁébr%%@ﬁdilﬁg and
using the established nethod of co

utin
st%‘ﬂ%‘%ﬁ@b%ffqrﬂ ;?”?rﬁﬁ%feg% Rd (ﬂséﬂté'i“i"w cgmg the virtual wall
oqgg,_ned by conparing two i nages taken of t he sane
scene through two different camera positions. Each map
is conposed of a matrix of val ues whereby each val ue

re\{_xt;élg%%the degree of positiondisparity of each
pi . val ue on each elenent is conmputed by first
correlating the sanme point as seen by the two caneras,

det er m..wfmg h@?erﬁ&{téﬁdﬁ’ ethQOsstélEfooE%mgFast gfo?nosé'ﬂ‘% BOirHing by

in each o I mages
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 eaéh 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.



the depth information of this point through the use of
basi c geonetry. Such stereo nethod all ows the

waledoenmsnat i on of the di stance of objects fromP€1eG2005/000088

10

caneras. As such, when this information is conbi ned

with the 2D spatial information provided by the inmage,
the information is extended g 3D. Si gnal processing

and |l ogic Apart fromthe foregoing configuration of
sensors, an essential conponent of the present
|@ﬂmuiggn@ﬁgmggﬁmbﬂxmysten1for train platform and

tracks is a signal processing neans for receiving and
processing the signals fromthe various types of

sensor Apaftofrenﬂetaer fdregoing b@iﬂgdﬂéﬁdfgfdfu BeEngdE £rfN Bsential
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data. For the | aser scanner, the profile of the
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orm edge S ng ItsS I ntrusion detectl n rout
| tralmtgactme wheamo passemgers aiedaliayvedt goto thegplatform yet. The
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c hegegscamneratheeprofilel of thetpiatforan edgsl et eletected by the scanner is

L8R g b BB Y tveéuﬁgé&%p%eo? el ot

datithoahtrbin dsalse dapaired and stohed. d| fference in range

val ues exceeds a

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 regérded 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. [f the position sensors register a train being berthed, the possible or



predeterm ned threshold, the detected signal is
regarded as a possible or potential intrusion. In
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in range profile by the | aser scanners, the routine
will check on the status of the position sensors. If
the position sensors reglster a train being berthed,
the possible orpotential intrffision signal is likely to
be triggered by passengers breaching the virtual wal

o pelatial B 5ioR SRHET I ke, BOBY Heibre by pRESRRiste Brsachify the
t @iried wdll cbfhthys laswérr sdaminersMri bording bﬂﬂfSeﬁnBZﬁ‘kthl rTrhe breach
ons do cor the routine w |l
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WIulalm Qrb@ﬁﬁmg é&.ﬁdﬁ% NEX%hey @PcortelSte, lthe rORMY ﬁ/ﬂFFb%rt to the

det ect ed In the areas outside of the berthing

t bggimning efditep idned by the position sensors, there is

a possibility of intrusion, i.e. sonmeone could have

fallen onto the tracks, in front or behind the train.

The neithéradge; ziIIwMipeqmeiesi tbdhe tnma’ustept e if tlrterbréiadgas detected
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If the estimted size exceeds a pre-det ernm ned
t i YAk insfrort oriehind.the tsinn, The ﬁeéklé’ﬁ'c@é ST&W&W GomPUte the

SGRARRg b5¥8l sizdit rusi on. The exact |ocation of the
|ntru3|on is recorded for further analysis by the
second type of sensors, i.e. the CCTV stereo camera in

Step () -stbps %F%@) tigelqpltr@tﬂ g t's %Qﬁm%&lﬂ: Lﬁg‘é will be

resorts tO usin tereo ca O see
i compsitash hyaymslwngathey nenbst eﬁ:taegu@r ségmentsethat is being

p%i%c’ton onthg fbﬁsﬂﬁ@t&&"@&etéx%gdfggﬂetc,qefteMS I;n?hrelspold size,

pOSI rusion 1s tepor eoout
prthnas ndrdision islédkenmase vialfid sbanrasiled intsusidre iflaerexaa:tdocatlon of

BTN s B Ba T TR RN Y S5 B & consors
Oj.beﬂw GEeTVistredetreta imnSepgB). may be considered as
due to noi se and
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. If 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



the routine will revert back to the beginning of Step
(2). In Step ( 1 1), if the CCTV has not detected any
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| aser scanner to see if the detection is transient or
exceeding a predetermned time-frane. If it exceeds,

for exanple, 2 seconds of tige-frames, the intrusion

is likely caused by tanpering, interference or

passengers standing to close to the platform edge and

t hegger dnee scamet-davel intrusiggealert.ne scanner - | evel

intrusion alert. Accordingly, the routine will trigger

an Alert Level 1 which may generate public warnings
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routine will use the inage capture by the CCTV to

conpkasean eeenidédqht and width of the object once it has
settled down on the tracks. This is based on the

assunption that it is nore accurate to estjinmate a

sett | eBtemj@e) 'is execstadapopneonfiaiatios et ithe presense &f the
f i n i ' LéHpture by th
oty obEct BY T CRTN. TG RaTe il ioc e nitge! ipture by the
of CET¥ tolspeputd thedeeighipand wigth phthe efjegtpncetibhappetded sown

size,. a ti j Ik S i

31 el e TR £es0 ¢ el pelihRRAP gk % EREBYY Sfourate to

t | entinfataree settled objeettt sizenthians ooapthat del . still  flying: opfplieg, for

si ze exceeds re I [ : r j :

A SRS 2 ettt o3P oS (GRS 5 B ERL uBRa 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 normai
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
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program fromcontinuing to run, alerting the station's
security and the railway network's central conmand and
control, etc. It wll be appr§g| ated that a nunber of
t he above-descri bed features y be made nodul ar,
nodi fi ed or adapted accordingly for other forns of

Utnhddd dhoBllaf @BTthatwa bOfMord Aodereyag b MStalled and configured
configuration of sensors may bemade nodul ar so that

t W wnctipsy dntegw@lly eas nnsystem nior &PVerd aalarge ofidin gaﬁa&sqn ter an
f ‘fr'i‘t‘éFthH%é.ntﬁ\%.r é}!tqnhéfis Froni the/ %ﬁé&& %%ﬁﬁ@rtra?\shﬁ%&?tc} fid Sgnal
statl on r an iIn

er change.
sepmsmssingamebes Myanmdess amkans. t Hl'besntymmon pletandaxt sygfem may

rrens ere|§s means. Thet'cgt a ndeteted Sp\é%l?
mAP% P WRIHVRYY FOME § ?89”'%2 3%t Gpabiiies or
a@@ADAIen@bleaambudtémeespﬂfto&waébmawoedooenélﬁléebeﬁtransed
Pr ot ocol -enabl ed so to enable centralised nonitorin

areeniteRng @nd spntpl qf; 'B'i”BP'?r“éi’l"hS@[“QW 8ha rajt sg[vicgnetwork.
service network. It will further be appreciated that

t he above-descri bed intrusion detection system may be

f urt helt adlticfarther heotanprecigieds tiat dlee sabaverdescribed eintrusion

‘?él:?SB gSteh-nga‘?' atgdt RirfieP 584 EG LN othr ﬂ;ﬁe?ﬁ'&@%é&g to further

intrare or con resen
ofenhahee the iawanlbtm@decérihodye gnby rtavrr@ lhf/najsedt mrahﬂei detectors

dctriie e riseRte s b, MeBodibedc X BRRY SHr il Biiwey
anchck9gte. processes may be re-configured, nodified or

alternatively based on the same general concept,
features and working principles of the present

I nvent itaeuld akecbey ablisls ena skm@dadér%m&tdt‘é@me of the aforesaid
enbodi nent s é be used, in sdubstltutl on of th
afSSPEYEi Y SFRPRET CRUigyERioR N M%Pr%e§sessf'@p!sbeofe configured,

PIrRédifet or %ﬁeﬁia‘h@él?adds‘éé Pt aHmRt g@rﬁlﬁap&orﬁﬁb@dﬂeméé? and
not specifically described herein but which nay stil

bevaskieg prigcipiesed the, Brapenbinkentiad. concept and wor ki ng

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
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the letter and scope of the following clains. Wile
this invention has been described in connection with
speci fic enbodi nents thereof 9it wi || be understood
that it is capable of further “nodification(s). This
application is intended to cover any variations uses

OlknoWaA R 2LisRfarP prachite WRMhieGdH fd)hhi@wm@mv@nﬂ@ﬂgéﬂéms and
the principles of the invention and i ncl udi ng@_%uc

d@sanaybe grplisshirithe epsantiahtealiires hgeqinkefare e

wi t hi nknown or customary practice within the art to
whi ch the invention pertains and as may be applied to
t he esséertheagresenitiovegionemaiy nhe feortodiast inf sevdral fsmishwithout

BRBD e it B E5Sehtef PR e Lior ¢ Jfventon. i

Ch.gbaldtlﬁf gﬁd&gﬁ@odﬁhéth&elabogétd&ﬂgb%d eftbodinedte are not to limit
under st ood t hat .t he above descri be iments are
ndhe (Ryepent {NVeRton, Buess: athrnving &@e&ﬁna gw&t rathel should be

SF&%ﬁétf'd&fjbroQHEl Withilfe SPRUEY Rpetthé iianbérPasddkfined in the

he spirit and scope of the I nvention as
d@ppﬂ@@sd glaime. aYwavsemodifigatiens aadi Qmsvam| arardenoenfs are

: nCFﬁ%éﬂd\f@!tfeﬁnn cLe@n%HﬁnE a%gﬁ‘itiemoegg ? th@ lnv?ntlon and

e spiri scope of' the 1nven
argpeniexhdaiing | Aheneforg hiheefpeciic erheodimeotst are to be understood

TR AR B, P BV 0 B8 hiod B e s
i mrmmt:bmrmambéapramtua@d i cmdthdarmzlto:mﬁrt'ngé cdéd;msi myearisaplos-function

- pl f
D EHIRES A8 RS O eyl S g b omed T, hhed, gunction
Otﬁinﬁ AbY @ﬂtyuﬁﬁhct&mulécah\fﬁnér?if bt aﬂé@aecﬁwalefm StAdictures. For
struct r ex a ou n
&, Blinaigh 2 Fif 3o Giper oM Gotbe Srstiral pdiivalents n that

ermhawanalogy bldyﬁ’rlidrﬁzal siffideae&ecQreswbddén PardsiRiyeldr! Whereas
t oget her, whereas a screw enploys a helical surface to

s GO BTBVBIIRIONS (ahelical SHHRSR IO SPRUICHWORHGA PRREAZSBET. in the

f &l REMAENMBOHRIENRY Wood8n Firs, @ Haff ahell §WcPéw are equivalent
eqsltjrlu\ét%lre%m 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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the presence or addition of one or nore other

features, integers, steps, conmponents or groups
thereof ."CLAIMS 1. An intrusan detection systemfor a
desi gnated area conprising: < at |least a first

detector of a first electronagnetic spectrumrange; at
| east a second detector of a second el ectromagnetic
spectrum range; wherein the first and second detectors
alCd-AlMSposed at different positions to receive
respective el ectromagneti c waves from sai d desi gnat ed
area, such that el ectromagnetic wave detected of said
ddsi gnAhdnirasicradeteotiormsystem fora kiesijnatetiransa oomprisihg] e

[ i k d_ref : d

crect rEIAgRtA frot Geloelont & SrLEas S TASMGLY SReRTOENGS s

i 0t 0 saf tbdesd BeabRdl dteGoRIdT §O0sERNEdelaBRdMagnatRl dpectrum
background reference to determne if there exist

var i ant#ge; wher eupon detecting a predeterni ned

variance, geRaeR hB%irét %ﬁ}i SELsifl §6QRRs afk 8Eg8§édgﬁta Figferent

processi ng nmeans di spos to recelrve detected si
f r om spositiatest dot tacejvewrespsative heledtromagpetics i waness frone said

i ntegrgll. S ch that an intrusion-alert

si gnal 8{9%5%#F§%gézan§g3$wupon sai d signal processor

val i dates tdlattraredgnetie dvaiegtetestet rad aidoddsidnated amats normal
second detect.ors Eﬁrﬁ'@ﬁﬁ an_i ntrusi on detec

2bout the soireoRs Oy 581G S P ckp@ung dpfqence:

recei ved atgmpout the sanme tine. 2. An intrusion

det ect i_on Sglgct:t%pngé:nce%rcdvivan e Eigtegce%i g? i%ltr\é\@iga %iynott)jggts into said |
designated area are compared against said background
reference to determine if there exist variances, whereupon
detecting a predetermined variance, generating a detected
signal;

- a signal processing means disposed to receive detected signals from
said detectors, wherein the detected signals are integrally processed
such that an intrusion-alert signal is only generated upon said signal
processor validates that detected signals from both first and second
detectors marking an intrusion detection at about the same location in

said designated area being received at about the same time.

2. An intrusion detection system according to Claim 1 wherein the
designated area comprises at least one of rail tracks and platform edge of a

train station.

3. An intrusion detection system according to Claim 1 wherein the first
and second detectors include any one or combination of photoelectric point-
to-point, multi-level beam detectors.



desi gnated area conprises at |east one of rail tracks
and platformedge of a train station. 3. An intrusion

waledosorison system according to G aim1 wherei nPCT18G2005/000088
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first and second detectors include any one or

conbi nation of photoel ectric pointto- point,

mul ti-level beam detectors.454An intrusion detection
system according to Claim1l wherein the first and

second detectors include any one or conbi nati on of

m crowave, radio wave, infrared, |aser and visible

light dete rusi on ction s

2Bor afghTSien defecionn afte sierdif 36 Gk Yhefin ghe fis

| %ﬁ@rséi:@)ﬁﬂﬁﬁtect@rs iNeludet anipiope elete@binalios Ftidtowave, radio
according to im5 wherein the scanner is a

r dave) infraegd. &Sﬁﬁﬁéﬁ Visile ighti daipefSTn det ection system
according to Claim5 wherein the | aser scanner is
2-di mensional (2D)l aser scanner projecting a virtual
vvﬁ | panaintresion dledectiodesystemaacrordisgdo @laim lowvherein the first
t. erl nmeter such that a breach of this
%&‘% \%vgll%re?% é%‘i $§ a detecting signal. 8. An
| nt rusi on detection systemaccording to Caimb5
erein the | aser nner i.s nmounted over head
st { o SIS G ERAP g YRSRTBPEP g dO < Bilap diperein the
j %%énﬁé?%'b réétdihesr ddmngt.at form edge. 9. An intrusion
detection systemaccording to Caim5 wherein
sufficient nunbers of the | aser scanners are placed to
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boarding area of train Station platform
i ISCanRAras 2dtimensipoal (@D3lasen %@@oedpn@ectmgca urtnalmall parallel to

V"%%Hedeﬂnﬁwgeﬁt ?’%a%g??F%?tgﬁgpﬂétedsﬁ]r@a%?@fr@eteﬂ Q%]hutﬂépé’ bpéach of

| east” one ogra aner a

c dnie virtuall wall Kiggers a ietestindestgrpat.i on system according to

Cl ai m 10 wherein the canera conprises a pair of stereo
caneras.12. An intrusion detection systemaccording to
Clgai m AD intmesien metdation system according to Claim 5 wherein the laser

scanner is mounted overhead the platform edge projecting downwardly and

sidewardly just about inside the platform edge.

9. An intrusion detection system according to Claim 5 wherein sufficient
numbers 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 system according to Claim 1 wherein the second
detector is a camera, including at least one of a still photographic camera and

a video camera.

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

camera comprises a pair of stereo cameras.



canera i s nounted above the platform edge at about
roof level at |east one end of the platform 13. An
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wherein the stereo canera pair is trained with their
optical axes parallel to the platformedge so that the
stereo i mage receivable thergﬁﬁth show a conposite
i mage divided vertically int6two parts, nanely a
platformpart and a track part, such that the platform
edge appears as a single line in the conposite inmage.
14. An intrusion detection systemaccording to Caim
112whefBi trusion edelgctiemeayatemai accodingistoalClaim 40 wherein the
e f
adamels s FipBhRL Al -tk bhYS o6 300G BRY 1R1 S iefone
sEademﬂEqﬂpmmnte I mage captured by at |east one of the
stereo camera pair is correlated on an array of pixels
in the X- and Y-axes corresponding to a grid extending

f ngm ahAamgrdsich @étatton @@&ﬁ%c&@mﬁ@ oClalie 1t idrein'thglstereo
al ong said platform 16. i ntrusion detection system

a63BeE RAIr ivtraingd with their M&cal axeBRiRyelde the platfyrm edge so
PRt tthO"d st Sh?i%ﬂé %cé*@étﬂ&ﬁhé‘r%wﬁtﬂ%ﬁbﬂ;@% d%f te"’} @l fvided

in a position t I'S approaching, bert cgn Vi ng
t Nertpa%u ity twcanaﬂsgmeiy arpatéorsi gearalanacactm pagt, ySUth tb@t the

%ﬁﬁ%‘?ﬁgg%@%% Sy 9% I ARCRY Egmﬁﬁéﬂ%ma]gm 16

ru5| on i"on sys em accordrn
mhereln the position sensor nonitors the berthing
pqQsitiqQn.of the trajn so that berthing,si | fromth
pddi ti 1 By dplectioh BVt MCarePding Q1T BE ddtiqrgi & Stereo
meamera péir isAnstaliéd diséauh éhet eftthe @ty em according to
Claim 16 wherein the position sensor is an inductive
device.19. An intrusion detection systemaccording to

Chai m AR iMfgdien Aefechbl fs?bﬂeh)/a@éorﬂmgltbl &My &@él@pmam@ 13 and
pl aced over head spanni n?ﬁ)t e train track al ong

p|1étwfaﬁrﬁm§b¢ 1eEe@ RomPS T IASs Caniirac iy #1825 g af the stereo

C@HRIcS YhiCls «RAeRfsd Wi g afn‘é&t Bf?rpnﬂéﬁ' ihi e SENgRd W—axes
pl aced after and before the platformto detect arrival
corresponding to a grid extending from along the platform edge spanning the

train tracks along said platform.

16.  An intrusion detection system according to Claim 1 further including at
least a position sensor for detecting the presence of a train in a position 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 system according to Claim 16 wherein the
position sensor monitors the berthing position of the train so that berthing

signal from the position sensor is sent to said signal processing means.

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

position sensor is an inductive device.



and departure of trains. 20. An intrusion detection
system according to Claim1l wherein the signal
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fromboth the first and second detectors and stores
said data for reference. 2 1. An intrusion detection
system according to Claim20 gherein the signa
processi ng neans receives de@ cted signals fromthe
first and second detectors, retrieves said background

r qber epRaniRich dERETEH §FstehtadtRrding ¢l CHiaNE whadh B lurality
sai d background reference data to obtain variance

d&f ostigRpanserss iy alagefi evpfbearhisRanrag ibe train track along the
pr rai viar | r I d d ' :
PR laent B nBA%E i FORS Enaf eofiitad ol §5dRd with o
v duriheen posttionessinebrs, placed) géies and biefee the plaiformrtoadetedt. arrival
Zz.aﬁn i‘r_}tru i,on detection systemaccording to Caim
1#N40EPaIH & 9d4¥%i t i on sensors detects a train

berthing along the platformand indicated to the

signal processing neans to ignore detected signals )

f 28m t AB ipfrisien dripciar syatearpecarding tofFaimd whrrelisthensignal
IBFQEsEY MYSHCIREECbAIKIoUrR (drdrefitd diaH &bt Ak iRkt and
triggering of the first rntrusion alert, the signa
pseeeukdeigctormand slorey saiddata fosueferancen t he si gnal
processi ng neans to anal yse intrusion object size

usi ng 3-di nensi onal geonetry function of second

detlect An;intcurigradetectipre system asverdingio€tairm 20 wherein the signal

redeterm ned threshol d vpl c.and/aqr - yali.dates,if

P RRarRsEng. o "[seaf s S pBAIR sicHY Hor, 48" Aftd) 880 ' Second
bektectors 're(g@jaltjxweis?{aidl b@ek?mdnd néfw?wd?be bbmﬂéresﬂthfe ?ehtected
i ntrusi on det ec n stem accordin any, one q e

o Poat pgetrhir RACRIOMEY, Bikiehce de ol tdtain: Vagese data,
| soimpated] s41d Viafiafew datd BgaihengredeRiminedl airfiape8tRfeshold and,
train conprising nmujtiple coaches wherein the npdul es.
ateon rfi:eéga@ﬂeﬁa'go"qf@ﬁe i%ﬁaﬁcsegvgtwtmﬁﬁetﬁmmsd variance
t trreBh$Il 2ig&érs a first intrusion alert.

22.  An intrusion detection system according to Claim 17 wherein the
position sensors detects a train berthing along the platform and indicated to
the signal processing means to ignore detected signals from the first and

second detectors.

23. An intrusion detection system according to Claim 1 wherein upon the

triggering of the first intrusion alert, the signal processing means

- initiates a routine in the signal processing means to analyse intrusion
object size using 3-dimensional geometry function of second detector; |

- compare object volume against a predetermined threshold volume;
and/or

- validates if said object has been detected in at least 2 frames

before triggering a second intrusion alert.



25. An intrusion detection systemaccording to any one
of the preceding clains wherein the signals are
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means. 26. An intrusion detection systemaccording to
any one of the preceding clains which is
renot el y- enabl ed for centralé%ed nmoni toring and
control of multiple train st&fions of a rail service
net wor k, including any one or conbination of

S%DA' E g of 'der&dtfRnN&) tgﬁloéc‘aﬁf:&mgﬁg?%b??onnteggfatré preceding

etecting an 0 Intr
d@ialrgaatmm armadularrpndsnuigpleheomw@s iostalpd tacover the length

st a.first detector. of a st _electromaagngtic

SR PRI e, s, Pl bo R RTRIO R Fodules are
demtegrtamd toffuRctRecaNd sgstent unitiog aatdic siafiest r um r ange;
wherein the first and second detectors are di sposed at

different positions to receive respective

elBCt I aRBARGdion dY@RN! SIRM ALY Wahebr §1athe3?r%|§edmg

that el ectromagnetic wave detected of said desi

arckims whereialthe signalskaref transmitlisg avirgiessiy IOethe§lgmé prpasgsing
a kground reference; and el ectromagneti c wave
detéctéd of intrusion by objects into said designated
area are conpared agai nst said background reference to

ern ne f .t he Xl st arl ance er eupon .
G2Bee Mdnirhsibd dlefedtinn s, Sl Eo J5 R0V e the preceding
del@t eghish g9 abmotéig-endbled @ncbeﬂtrarms ritditeehe enddcontrol of

.r&qal s fromsajd de{ ectors, whereinthe detected

rle %Rl siateps aPf A JPBCeRINIcE BEMPrkndfcluging any one or
| RbbHHBAIP SCAD AIRARDICY P Mhtkrrze PRSBEGCEHHpRY. Sai d

si gnal processor val i dat es that
27. A method for detecting an object intruding into a designated area
cmnmEhgmes@psof
- operating at least a first detector of a first electromagnetic spectrum
range; and
- operating at least a second detector of a second electromagnetic
spectrum range;
- wherein the first and second detectors are disposed at different
positions to receive 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

- electro'magnetic wave detected of intrusion by objects into said
designated area are compared against said background
reference to determine if there exist variances, whereupon
detecting a predetermined variance, generating a detected
signal;

- receiving and processing detected signals from said detectors, wherein



detected signals fromboth first and second detectors
mar ki ng an i ntrusion detection at about the sane

wo oman2sm i n sai d desi gnated area bei ng recei vBdI/a62005/000088
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the detected signals are integrally processed such that an intrusion-

alert signal is only generated upon said signal processor validates that

detected signals from both first and second detectors marking an

intrusion detection at about the same location in said designated area
5 being received at about the same time.



