TITLE: A BROKEN RAI L DETECTI ON SYSTEM FI ELD OF THE

| NVENTI ON [ 001] The present invention relates to the
wo p@badedrsoken rail detection systems, and norePCT/US2005/044884

particularly to detection systens that use voltage

and/ or current signals circulating in the railway

track for detecting broken rails. BACKGROUND OF THE

I NVENTION [002] In order to ensure the safety of

rai TrayE: ASSRORENRAANDETECTHONSYSTEM | nportant to

keep the | oconpotives in good working condition, it is

al so inportant to keep the railway tracks thensel ves

iN BRSD B IEQNWIUI\"”' Due to excessive use, and

environnmental conditions such as extrene tenperatures,

railway tracks can deteriorate and eventual |y break.

t is.therefore i rtant t ' he condit.ion of
neloP: 1 lsypripciBRhn Stet & BRdA ok P (el fefi ana
i[ ggﬂgiiﬁgpﬁﬁaﬂ&ﬂ% tth aigte@mﬂ Gymb Gi:(at hes ‘_idlltagce atiﬂl’ﬁﬁfcﬁrrent signals

stens for detecti roken rails are known in
t heC“é’P{a%/mg\@ a2y Fia‘?iif@rd{l%’“ir}g ks ralsst ens general |y
conpri se waysi de-based equi prent 10 that is positioned
in proximty to the rail vva}i_ tracks 12. The
wayBAGKGRQENDQR IFHE INVENTIAN| n comuni cation with a

ransmtter 14 and a receiver 16. The railway track 12
that is being nonitored is divided into sections by
pl a®02lg Isbutet & dBuachoméety bierailway ansByrtasion,dbismgt onlj énportant
rail rack 12. and the shunts 138 create a.cl ose
Contnuts Ve Bedthnte 4038 Pk Sprdlie™ fah 51 o PRATEL Lo kecp te
ei t Rgway@ tatks’ @bhsdVes an (bl agekisg @oaditio tDud eextkaseduse, and
| oop, .such that the signal is able to circul at ,

t hr BYgAnmenta! cgpditien spqhops exyeme tﬁ@a?quser,aﬂ?’%tr%cg& gAnflgperiorate

156 SRNVEQLSlyhdag. $i90RlefGE ifipdr@hi 0 8ndnitbPHe Botditondr@ieadilway
| oop of the'railway track 12. Wien a break occurs in

t hetracks innerglent to gafurg that thigw dp petgikclyglg breghstthat capd caype them to be
pathof the signal, thus preventing the signal from
reaching the receiver 16. Wien the waysi de equi pnent
10 detects the absence of the signal at the receiver

16, [0‘)5}6 Systems for detecting broken rails are known in the art. As shown in Figure 1,
20  such systems generally comprise wayside-based equipment 10 that is positioned in
proximity to the railway tracks 12. The wayside-based equipment 10 is in
communication with a transmitter 14 and a receiver 16. The railway track 12 that is
being monitored is divided into sections by placing shunts 18 across the rails. By so
doing, the railway track 12 and the shunts 18 create a closed conductive loop. The

25  transmitter 14 then introduces either a current or a voltage signal into the closed loop,
such that the signal is able to circulate through the railway track 12. Meanwhile, the
receiver 16 monitors this signal circulating through the closed loop of the railway

track 12. When a break occurs in the railway track 12, the break will interrupt the path

of the signal, thus preventing the signal from reaching the receiver 16. When the

30 wayside equipment 10 detects the absence of the signal at the receiver 16, the

wayside-based equipment 10 determines that there is a break in the railway tracks 12.



waysi de- based equi pnent 10 determ nes that there is a
break in the railway tracks 12.[004] Unfortunately,
wae emh/oki7eken rail detection systens are pl agueRCTMIs1005/044884
nunmer ous deficiencies. A first such deficiency is that
a significant amount of wire is required in order to
connect the transmtters 14 and the receivers 16 to
t he waysi de equi pnent 10. This is not only costly, but
is also difficult to maintain. [005] A further
deficiency with existing systens lies in the fact that
whdf04]r dinfertumptelys suehi bigken ﬁalt fidectipn systensipge plagwesiwithy pymerous
detci%ﬁ%tex?cn Sﬁﬁ?ugﬁﬁmﬁen@}t WaR aREnHRES - anldah€of wire is required in
specifica [y, en atrainis travelling on the
r ai drd@ryo cormedt thretranemittershld and desadetversr161tq tlmttaytstde equipment 10.
e ver shunts. As such,
Sr Cﬁn P nOtlonqy Cosgy’tbﬁ glrsgg@éu?ttsto %.‘%f‘ttﬁfz hort out the
sectlon of track between itself and the shunt .
Ref r|ng ure 1, and assuntn a. tr S
ol BT Dt sty Vb PR VRS it I b i i s e
r ai thSnide on eirdck 2ih8 broldx |rAB ddtbdtion @fmmt eirfot Mevagd BSEsdd. More
| oop, such that the recejver 16 wi continue to
r ecepefealliewhangnigin isfsavellise en thepibyayigrck Reieen thjtyagsmitter 14
1d egﬂ%ﬁ%een%cc‘el‘gefr 16 I}g {rﬂﬁts akf@?ﬁct Lo ﬁfuﬁts' Rs ﬁxchrl?ﬁlfrainrls bihe track, it
rails just beyon e train's axle. Therefore,
depeiticshon oohtht: Ise:tlph at eadkrietveden tithalf endathe slainy. Refaming tefigure 1,
the recei ver he on of r.ai Lt > .
peyBd TRY T URH Bhor i ar Fafontd B R ol BE B g B e i
t r a2 tigarnats dxdes ol tcmt;ﬂ?de thisclssed Hooft, h&ch/\fc’hyls thdereceiver 16 will

equi pnent W l] not be able to accur erf

o1 RGP Feceise SE TR DR 6 LA 41 ety Frapesy o the fact thar
14 ' ah&e id & 8Mak hid Mg rhiRkga&BRyond ke #AAE a&ream&eﬁatwtie@h@ing on the

running on the track, the | ess the s¥$tentcan

ac ducamenyof g traspeivse bk ansl thaFaceiert16e e partiog;of dhe reiffepositioned

t J 5\? Pél}]dct‘ﬁg ?Srtt?})ﬁ ld)@ttﬁenlgacﬁfthéq)s aRd ‘BS: the'Gaih & éﬁ%t bé ngmtored As

hi ght of the above, it can be seen that there is a

neewch,nthe heayside tpstumyleﬁtowﬂhnou bprbleeld dscekisly perfdrm broken rail

?ﬁtéﬁ:? #18:12 cl)n: %1% itraglfén v} g'tlﬁe? argyrm%g ﬁ%ellﬁlt %e?&%t Thgmefr"ertta’u%s that are
200V efafwnihg ei theataekalye lefs thé @s&ysd;ae ﬂscur&l@t/b’&@l‘nﬂ?oﬂ'dﬂ&all detection,

I NVENTI ON 007%§ H acco danc first broad

as pee thet 5] ‘tnttnﬁ\‘? Y %ﬂﬂtﬁ}f& s a | oconotive

for travelling on a railway track. The | oconotive

conprises a receiver for , _ )
rT[I())06] In light of the above, it can be seen that there is a need in the industry for an

improved broken rail detection system that alleviates, at least in part, the deficiencies

25  of the prior art, and improves on the overall efficiency of the systems.
SUMMARY OF THE INVENTION
[007] In accordance with a first broad aspect, the present invention provides a

30  locomotive for travelling on a railway track. The locomotive comprises a receiver for

receiving a track signal that is circulating in the railway track and a processing unit



receiving a track signal that is circulating in the
railway track and a processing unitthat is in
wa@eomnes7e@mt i on Wi th the receiver. The processi PQI/URL0D5/044884
is operative for detecting a characteristic of the
track signal and for generating a signal indicative of
a potential broken rail in response to the
characteristic of the track signal circulating in the
rai ey hl deknuhQ88] With &6 GRS CeheVpioBesBing Afbit! isMdpeialide for
enbodi nent, the | oconotive further conprises a
t r adetneting eeharasterisicaeldhe tr@qkr@nﬁlr?éldtf?ra&ﬂeergﬁlmwgnahtI@lO@h\é’« ofa
ra t t
grlna I%Ial%r a raﬁ E)el%l néd %egt uce%ﬁpdﬁﬁglgtt?c h(gq}rl%{l??& d glr %%E&Eng "
bythedmm&gnemn IoconDtlve, or by track-side equi prment.
4009] I n accordance with a second broad aspect, the
present invention provides a systemfor performnm ng
br olees) MaidccstaiRet with Dhod-lidiidghashbbdiaels, (b elosytsdtee further
conprises at |east one |oconpotive and a nonitoring
entdomprisep tRpRERitt foy drapspfiing dag tack sigwtlvate ?hsrraﬂway track. It
F eCRLYH @plieea&h tRALAR@ kradkN@fnal Sarf b6 WL BhitdMcddNint e railway
railway track and a processing unit that is in
cortrashby adifferenpiocometive, erdwdiagieside Twipipmbcessi ng uni t
s operative for detecting the presence of the track
signal and generating a signal indicative of a
pot[eoa]i dh abcroedaﬁme withla sienorrdel&'pm:hmecttothefmeﬁinsiammeiomfprovides a
the trac |rcuI in the.rail érac . The .
| NG 0 e PG SBEior g § BiIEY P Abf A ey omprises

f Oratdagisn@ilddotnodvd Hf anlnGﬁlﬂerg Batitg atHeMecoafotitte pOhEtes Akeceiver
broken rail over a w reless comunication |ink. The

rorfPt SEFIHGE 8 esk Sjenabifpt is seilating it yaibvap fack Ede RFpSFeping unit

14 henal 9@l conlingatiby Svi@f the BQhwpt Tid plkeswsgﬁ an is @a{%uae for
processing unit for detecting a broken rai | east

i n getacting thet presepess pE thef trackesignahard genetitivata sdenaéfmcacatwe of a
gm %@et h%l erlEe?x Eln 1if %sﬁonsé RN gﬁsehé’ec&"iﬁ& ltr%ﬁc m#r%‘g r%dleﬂmg in the

cdordance W th anot roa aspect
[ nvmm/apmcprm loesncgiverbmihtoroimpgiseatwitgless Uanspmtérdorrtrangmttmg
en. r det ect.i on noni toring entjt
e SendungiGhE 0L p Wisrtl PR ok % Rl p G RBERER tnk
20N| I'Ellc€Bi6nifoRiBg ity dosnpaPRIAtccsiGerf fof rdfcexﬁﬁxlg\/thdﬂ glgﬁalslh@&aive of a
fromat | east one | oconotive; the signha

i narodeatiphhsoken rail gskagHeqeatinggiidend Geesfipe a lméerbriag @blegyt fipart on
uni e baisQR A Y Eindietivd SF £ 55t BroRérAk# Fromaht IRSmotive.

[010] In accordance with another broad aspect, the present invention provides a

25 monitoring entity for performing broken rail detection. The monitoring entity
comprises a wireless receiver and a processing unit. The wireless receiver is operative
for receiving a signal from at least one locomotive; the signal being indicative of a
potential broken rail. The processing unit is operative for detecting a broken rail at
least in part on the basis of the signal from the at least one locomotive.

30



| east in part on the basis of the signal fromthe at

| east one loconotive.[G ] In accordance wi th another
whemadeaspect, the present invention provi des BCHYS1005044884

for perform ng broken rail detection. The system

conprises receiving nmeans for nounting onboard a

| oconotive that is travelling on a railway track. The

recei ving nmeans are operative for receiving a track

si qoad] Ih hRtortisnce i withl bidthed Gorbddl hdpect) atiel payent rimektionl povides a

system further conprises gr ocessjng neans in

c ormRIF S PRIPTRNEH DA Tk gFSHoRg Thresiem AmPrispsoicedpg greans

neaf@§mb§nt91@%@$dr&' 8 1dcOhothRi Bt @&eflﬂﬁ? oR eS8 Araek. T @eceiving

track signal and generating a Si i ndi cative of a

potmenns ate operelenior ecpiving ataghygnpd thapiscieulatingdn the r@lflway track.

h

T 019 FEn TANZLafbLEbAL Ol ol VF LR Pt reccving

pr esens. Theyprotéseing widahs moopekativorfer éepgaing rthe pes¢ngeE thof track

or di. na k||| in the ar revi ew he.fol |l ow n

e iR tiaingpta ser il SEPEE RYSTH Sroktm Pl B ppEhedo e

anchbkdi@e EHO FRANYdnalciduRuhd g She BRVEHrdESCRI PTI ON OF

THE DRAW NGS [013] In the acconpanying draw ngs: [014]

Figure 1 shows a schematic view of a broken rail

(ﬂetlﬁﬁlh‘?@seséfﬁto@ﬁ@r la§heftS QR ﬂ:ﬁﬂ?e@ ofhtleprédeRt 1ﬁ{rén95n @4l now become
015] Figure 2 shows a top schematic view of a

| ocwnoehtve thnge eflondmeRrveskill mithe greupasntievaw ¥ shecailowing description

accqr

it epan ety e B oA Bping frgies

3 shows a schenatic diagramof a |oconotive in

?ﬁ;ﬁ%hemg§mp5ﬂ)gﬁg {Lﬂelﬂ?“ﬁﬁ?,%ﬁ't |eo(r)1],c travel ling

1opver a portion of railway track; [017] Figure 4 shows
a non-limting schematic di agram of portions of a
r ai I0Y0 theResomNIRYBY EEVHPSt he | oconpt i ve- based br oken
rail detection systemof Figure 2.[018] Figure 5 shows
a bl ock diagramof a | oconotive in accordance with a
nor{DMﬁHigung 1e>sh<mﬂ @ srheinatyyl aipnohta drokeh maiedgiectige rpystem  in

'nVa%chr'dé)nQ g norgxgtlre 6 shows a schenmatic di agram of
thern accor de W th the pr esent

20
[015] Figure 2 shows a top schematic view of a locomotive-based broken rail
detection system in accordance with a non-limiting example of implementation of the

present invention;

25  [016] Figure 3 shows a schematic diagram of a locomotive in accordance with a non-
limiting example of implementation of the present invention, travelling over a portion

of railway track;

[017] Figure 4 shows a non-limiting schematic diagram of portions of a railway track

30 surveyed by the locomotive-based broken rail detection system of Figure 2.



i nvention; [020] Figure 7 shows a non-limting exanple
of a flow diagram perfornmed by a | oconotive for
w@emwenet7sng a signal indicative of a potenti al POT/ORK®N5/044884

rail in accordance with the present invention. [021]
O her aspects and features of the present invention
W || becone apparent to those ordinarily skilled in

the art upon review of the follow ng description of
Speﬁvlﬁr K& 0oWBR Y Blotf diab@m HVEMcbRBtvd)irC Mebidakdel Wifth a non-
W th the acconpanyi ng figures. DETAI LED DESCRI PTI ON
[ 02thitigl ewamiple oFimplaneenatips ofthg prgseahinyefitionget ect i on
system 20 in accordance with a non-limting exanple of
i npl enentation of the present invention. The broken
r ai [019)efigat i cOshawssd echeRBtic dimgrains ef the wavicordancegwidnthet gresent
2 that.is in comunication with one or nore
ocONBt®Pes 24. For the purposes of the foll owing
description, three | oconotives 24a, 24b and 24c have

been included in the schematic diagyram of Figure 2.
shol928] Figaaek growsp QRN B PlaST arfipvh digeam afrformeé by a

| ocRERhLLWRSfoR fereAnP S sighAl|ikiSfvasT P6kntdl bidkEn BAiOkK@Bcordance
rail detection systen1f0, wi t hout departing fromthe

spi with thefpreshes invepsert.i on. [ 023] The nonitoring entity

182 is responsible for nonitoring the condition of the
railway track 24 in a predefined area or region in

or d@e1} cotiet sspadtnend feamrny obttieepreteni myentionheillheacomé epparent to

rails in that region. include a break. The. predefj.ne ,
L elboes oty Pk e BB e o 255 SV n AP SF specii
r ai LeodithémE s the infentib@Gh &8njudstiddf with @6 KecomPhnyiieafiguks)

or based on a certain geographical area. [024] The
nmonitoring entity 22 can be a track-side device, such

as waysi de equi pnent, or can be a renotely | ocated

devi ce, such as a conmputing unit that is |located at a
control station, for exanple. In use, nonitoring

entity 22 is operative for detecting a broken rail in
the railway track 26 at |least in part on the basis of
signals received fromthe | oconotives 24 travelling on
the railway track 26. As the



| oconotives 24a, 24b and 24c travel along the railway
track 26, they are operative for surveying a portion
w@boobhes7s@i | way track 26 in order to detect a POL/Es100EI44884
break in the rails. The surveying is perfornmed by
nmonitoring a track signal that is circulating in the
railway track 26. As will be described in nore detail
bel ow, the track signal can be introduced into the
r ai DERXILER DESTRIPTIONe | oconotive that is nonitoring
the signal, by a different | oconotive or by track-side
equi pnment. [025] Upon detection of a potentially
br o§es) 'shbwvn iif Flgl PR 4 broRerCfail dBiektiedysykte@CI0 Reich&dance with a
surveyed, the |oconotive transmts a signal indicative
of nengimiting iesammle Ok amplepientaEon HfethATESER MKRNtieRt They brpen rail
£ Wltillon LRERIRH BP0 Bidhiinhe ity ¥2! HASS i o REEARon with
celrving the signals from't oconot 1 ves
24a;n62#hn®mdo®¢mt1vm’] 4.aFqrtbe gsnppwg ofirthe f®wirgy description, three
?ﬁtlgéorénn gllfvnig%éqa?%ne%goﬁ@a\{/\: l{yFIQ %clu&gscr ne egc exhg’tlcﬁ%lgéram of Figure
detailt shell@Wowehe, mBnindastood) tiean tahy yluﬁaexcmlopemémremmmn be
broken rail detection solely on the bg i s, of
si gherdedraspartRidhs peaken FYl FSCHARDEYSFEY @Mltwt dgparting from the
1(;:0 (3 i@ Mvehiidh. convent i onal techni ques (as descri bed
he background) which involve introducing a signal
|nto the rails via a track-side transmtter 25. [026]
n er. vV, :
2ad9%8lq ol bR 2817 BRI 1 oA el ERafGO of he
26, railtagy waokl Ma’yl 4 pedkfii8 arm cn‘irvglokedl pudeotosdatdrmores ampigg other

e gt Sl & S fgeEh Rt e e el diea or eson

1528Qna}2lﬁﬂaasé218ﬂ1 Pdeetaid@engtiodf rilvadyitiayk (i[e00 mill & AGraeN, GidRRAnple)
with non-limting enbodi nent, at |east sonme of the

I oc%r?é%el‘i\?ééc.?‘&%l“ g%%bapgﬁéll‘”é%c are operative for

i ntroducing a signal into the track 26. Shown in

Figure 3 is a non-limting exanple of inplenentation

of [@24lodbaompritorpg ¢mitneoratahe e Watksidhalepegsagh as wayside

I nv%guf%bt%ﬁt OA%GI‘? ?5 Vxnren}olf'e? o%gtgm'é% ([? sagh Llpglcldglﬁﬁtu% un1}1 that is

trar 1Ssui N a sig Into ara
20 ai lbmmgd attraa:ohtrd&mnam dfoaexaexpdaa \Iaeusesmoﬂimring @oety\22ns)opdi@ive for
t ha

S B AR o Pl b B
po%&dlx%ﬁeﬁoﬁntliehﬁ)cblﬁﬁmtzw EravHlirguoh thBatilivheYrack 26. As the
locomotives 24a, 24b and 24c travel along the railway track 26, they are operative for
surveying a portion of the railway track 26 in order to detect a potential break in the

25  rails. The surveying is performed by monitoring a track signal that is circulating in the
railway track 26. As will be described in more detail below, the track signal can be

introduced into the railway track 26 by the locomotive that is monitoring the signal, by

a different locomotive or by track-side equipment.

30 [025] Upon detection of a potentially broken rail in the portion of railway track

being surveyed, the locomotive transmits a signal indicative of a potential broken rail



are set correctly with respect to the rails. [028] The
signal that is transmtted into the rails can either
Wweo0a/063180 ent si gnal or a voltage signal. |n aPCT/US2005/044884
preferred enbodi nent, the signal can be, but is not
limted to, a | ow frequency audi o signal having a
frequency in the range of 4,000 Hz to 10,000 Hz. Such
signals are inductively transmtted into the rails.

[ 028]the M6/t chiignal Abaschbae mndnnbﬁﬁgdmle)dzz fcdenereaéiver 21
the rails bythetransmtter the signal travels

t hrietxgpeiving thegignals dropyge #Péaliﬂ%%\tes Rt 2l 2 andiggirocessing unit
tr azéeéoﬁdagﬁhn hg o8 omﬁthtn%@ qmwev@a Btbak T Oheclt tﬁ@ﬁus As will

ot her ral unt can be a conductive rod that
i s gl deswibeddn oo ddﬁaal béw,sth@fnoelﬁ@rtgr@@w Ppcancperform the broken

| trglrl H%E:cl:tl\érel le’el\)/eqn l‘sllrgtof ﬁ% ng?le pei%elggd ﬁé ?heolf gtf\]/g! 2 or in

rve tr ce t
h a&ohmamebﬂ @dtht damwglbnetl hechaiquest (aR &lesciibed imthel l&ckgimmd) which
towards the, |l pconotive 24 t i ssyed,t he sm&nz%. That
| odBYRYYS pEoducgasianal injodhe 13 waaéfa Ve BIHFNURE AT, such

that a closed | oop is created between the Iocom)tive
24 and the shunt 28. The signal that has
. ntlﬂéﬂué@@rdem«o faciigate thee pbiDG qféO%Oﬁ@HVﬁSb?"ea %b énq @fg & auvey

2&) st fe %Aéﬁlﬁagqg%ge GRNLRMOHSIY 26 lSndltfﬂhé uﬂgr},@&fons via

receiver to recei've the signal as it
CI rsrhulhtafzésThdmaﬂwgshtradke%cﬂwedn Figors. 2 PEIUHW@V%?:humewhwh have

rai I 3 %éeeled'}fxacz%bf %S%'agil% ftolrﬁagl has been introduced

[ nto } So In dtyt he receiver 32
receives the signal such that |t can detect a

characteristic of th The racten

t hel0&{lg i aceeranse YVHE *g%lgﬁwsn%fe Ch?g“%?n@na‘i eaéh éome of the
155t rigatdiived 24ah 24@&1@% aff opRrafiV IR intFBudthg § hl@ﬁﬁ'lnto itatack 26.

can be detect ed by di gital signal processing

t ecHewaue Figuret isangrpimitingyxapple of implemertatingneof glogogiogive 24 in
of Jcb&ﬁzﬁw h@iﬁfe“ﬁf V\ge§etni (fx§ventr1<;}1e A) o%%t 'tlYee logémS@\na 24 includes a

surveys t e rai y track r possi bl e breaks.

[ O3Hnsthittet Bk for aseingda ergaaltlhte arretd: ef therail32y rtn@cl¢ 2ﬁ;ge¢ a receiver 32

recei ves. t he si that s circul ati.n

o Phge i pEaea oo s bl SR P PETREAY 1 26, The
200r eddasihitteD B af thb @dchived 32 dre pbsﬁﬂldnﬁd oh httslocmmtﬁivla Q4 auch that they

short |nth sed cir U|t Alternatively, in the

casaée%é?’éecf}ﬁ&‘tgl”fsé?féf%t 8Filfhe signal has

deteriorated, or the signature of the signal is

incorrect, it could also nean that there is a break,

or [QZQjet’]@mstg,nglt thegris gpnsnyged, igfo the rails cpg either be a current signal or a

voltage signal. In a preferred embodiment, the signal can be, but is not limited to, a
25 low frequency audio signal having a frequency in the range of 4,000 Hz to 10,000 Hz.

Such signals are inductively transmitted into the rails.

[029] Once the signal has been introduced into one of the rails by the transmitter 30,
the signal travels through the rail to the nearest shunt 28 and then travels back towards
30 the locomotive 24 through the other rail. The shunt 28 can be a conductive rod that is

placed across the rails of the track 26, or alternatively, the shunt 28 can be an axle of



portion of the railway track 26 being surveyed. As

such, when the receiver 32 fails to receive the track
WGEe@nabs73or detects a deterioration in signal BCT/Es044884

or an incorrect signal signature, the |oconotive 24

determines that there is a potential break or

deterioration in one or both of the rails that it is

surveying. [031] Although Figure 3 shows only the

f r anbtheNBeehotiveardveltiagoh itheetratit 261 Onsihbl lsignklehas travelled through

understood that the | oconptive 24 nmay have a s

ch;l Sé@[:ll That

t r 2A% phunt €. Beraxgit backdevyds t@éomtw Sfidbptdssug
endoQmdiies|aQEe0MPthtY St ds a Bdcofd SHine Ru&dA BB, 1058 created

| oconotive 24 is able to surveg both the portion of
r ai Holwegen thelotona®ive 4 end e sbnt 28. Biecignplethpidies besm iptroduced into
ai i t

521 | tt %ﬁ%%kt ?ﬁ‘fskth%oseg% gg%dl‘rét t}Lr91§ th Cé{igrégl %R\Hﬁ\{l In this
t hemdme theaxdetveBA42 @fablente récmo@mhﬂ sugml it amlhlaa@sstlnungh A8 closed
in.the a ondu tive rod op .cou o, be.. .
¢ oG AsdOtRS Rl 5 S 8%y iachas BBy SR Bkl Bis s
CasdisoMitdce, bR aEceiveoO 38 NidtditesPMS| stlgran adcib akateie rcah Wiktect a
| oconoti ves 24 (such as jn the c ﬁg} | oconot.i ves 24b

ancPhoeter il ﬂi‘enS‘@ab g charaqigfistic phige sizpaléan pe s Aresence of the
10 or ik, Betnessn Bme Ki gﬁm oaxhlgna%e bhggrfal, Atk cAPSRIBRLieY By digital

and hé front axle o he rear | oconotive. [033] Shown
i n sEnglpwcgssing technigyese Sen exampdh Qf thehlasisoeflt pnsner wpre; pfethese
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[031] Although Figure 3 shows only the front end of the locomotive 24, it should be
25  understood that the locomotive 24 may have a similar transmitter 30 and receiver 32
positioned at the rear end of the locomotive 24. In such an embodiment, the
locomotive 24 is able to survey both the portion of railway track 26 in front of it and

the portion of railway track 26 behind it.

30 [032] As mentioned above, although the closed loop shown in Figure 3 is between

the front axle 34 of the locomotive 24 and a shunt 28 in the form of a conductive rod,



railway track 26 between its front axle and the shunt
28c. [034] Although in the enbodi nent shown in Figure
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the railway track 26 ahead of it, it should be
understood that it could also introduce a signal into
the railway track behind it. In such as case, both the
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portion of railway track positioned between them, such that they are both surveying

that portion of the railway track 26. In such a case, it may be beneficial for the two
25  locomotives to introduce signals having two different frequencies into the rail in order

to avoid frequency collisions.

[035] As will be described in more detail further on, the monitoring entity 22 is
operative for receiving location information from each of the locomotives 24a, 24b
30 and 24c such that the monitoring entity 22 has a complete picture of where each

locomotive 24a, 24b and 24c is in relation to the track, and in relation to each other.



t he basis of the nunber of |oconotives 24 travelling
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transmtters are used, can be predeterm ned, or can be

dynam cally controlled as the | oconotives 24 travel

across the railway track 26. For exanple, in the case
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the co-ordination of the dynamically changing surveying operations will be controlled
by the monitoring entity 22, which is in communication with each locomotive 24.
25
[037] In yet another alternative embodiment, it is possible that one locomotive 24
transmits a signal into the rails, and that another locomotive 24 receives the signal. As

such, only one locomotive transmits and only one locomotive receives.

30 [038] Shown in Figure 5 is a non-limiting block diagram of the components of a

locomotive 24 that perform the functionality of the broken rail detection. As described
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non-limting enbodi nent, this wireless comunication
link is an RF communication |ink, however, other
WG 00bad780 comruni cation |inks could al so be usedI/US2005/044884
wi t hout departing fromthe spirit of the invention hi
addi tion, although Figure 5 shows the | oconotive 24 as
havi ng a transcei ver 42, the | oconotive 24 could
i nstead have included a separate receiver and
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of railway track 26, the signal signatures can be used
to differentiate between the two signals. For exanple,
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where the signal being generated is a current (audio) signal, the signal generation unit

46 may include a programmable selectable oscillator, such that the frequency of the
signal being introduced into the rails can be selected. It should be understood that the

25  frequency of the signal generated by the signal generation unit 46 may be constant
such that it is always the same, or may be selected based on a set of -pre-programmed
instructions stored in the memory unit 48. Alternatively, the frequency of the signal
generated by the signal generation unit may be selected on the basis of a control signal

from the monitoring entity 22. As described above, this may occur in the case where

30 the frequency of the signals is selected in order to avoid frequency collisions with

signals originating from other locomotives. Alternatively, in the case where the

11



[041] As described above, once the transmtter 30 has
i ntroduced the signal into the closed | oop of the

WO 200606873¢ r acks 26, the receiver 32 receives tPCBUS2005/044884
signal (assuming there are no breaks in the rails).
The signal detection unit 44, which is in
communi cation with the receiver 32 is operative for
detecting fromthe receiver 32 the presence of the
Si gB@mdiivesCtdvalling On it Al 26 aiel able (3 kemMiugidak wihtde bhd@ker, and
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. ne . :
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the frequency of the signals generated by the signal generation unit 46 selects the

frequency of signals to be transmitted.

25 [043] In addition to detecting the presence of the track signal, the processing unit 40
is also operative for detecting the location of the locomotive 24 on the railway track
26 as it travels along. This may be done in a variety of manners, such as those

described below.

30 [044] In a first non-limiting example, the locomotive 24 is operative for determining

its location based on track-side positioning devices. For example, positioned along the
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antennas 50 passes in the vicinity of a transponder,

the antenna emts el ectromagneti c waves in a frequency
wamd/06303mhi ch the transponder is tuned, such PEEUSI008044884

antenna's el ectromagneti c waves power the transponder.

This causes the resonator circuit in the transponder

to resonate, which results in the transm ssion of the

data stored therein. This data is received by the

antr@m% REbkaPY] chrS bl h@RkpBhdel @r ts6mé Renes lt%féaéf Q%‘sﬁ@tlhﬁ)ﬁnatlon
unit 44 that is coupled to the antenna I
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[ 048fenhdt badet BT Malicufy QFRadhdpBiter, thd\shidrAe AR bé&rdntagnetic
operative to determne its |ocation on the railroad
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recei ver suc
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GPS.co-ordi nat e t hen otted
OB AR T e 3 Bl ST PRAR, e vty v
48)44 thatGhcdupRt td fhe ame@asssi ng unit 40 coul d determ ne

the | oconotive's position on the railway track 26.
[047] As shown in Figure 6, and as descri bed above,

15 hqoh£)C WL ¥BScL4ah RERxaRpe2de 180onidife 2¥ ShQMSQ aa;e of the

in communi cation with the nonitoring entity 22, such
t haeilvioraskt26hatdagludse an indirsfien plowhdse thrdensronders are located on

Ctﬁﬂgzhfvy g%&ﬁ A gfé‘lp ad %Jrza%goc {.(J?l@d %ﬂﬁﬁa@n@h Ngh;€ %a?t dn be

ring normal operation, t oconot | ves 24a,
an Gt@dtin the encopey atii 4& Afscsnchc dwtprmadlﬂg/umtrﬁhs rwptl'atuwgto process

eI PR TR
20entsutlythdiit ¢ dRwahie & 1ochtonl DGRY lallfdad frackedsh | ocormt ive
24a, 24b and 24c travelling in its region.
[046] In an alternative embodiment, the locomotive is operative to determine its
location on the railroad track 26 based on GPS technology. In this specific example of
implementation, the processing unit 40 would be equipped with a GPS receiver such
25  that it can receive GPS co-ordinates from a GPS satellite. These GPS co-ordinates can
then be plotted on a corresponding map (which could be stored in the memory 48),
such that the processing unit 40 could determine the locomotive’s position on the

railway track 26.

30 [047] As shown in Figure 6, and as described above, the locomotives 24a, 24b and

24c¢ of the system 20 are in communication with the monitoring entity 22, such that
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[048] Referring nowto the flowhart of Figure 7, the
process of surveying a portion of railway track that

wo 3000065760 med by one or nore of |oconotive 24apCRUk20851044884
24c will be described. [049] At step 60, the receiver
32 receives the signal circulating in the railway
track 26 and the signal detection unit 44 nonitors a
characteristic of this track signal, whether it is the
Drheiﬁﬁﬂﬁﬁidﬁfcahhﬁ tedngiitled beles teclogdrotives R 23bgmal2dc and the
the signature of the signal. As described above, th
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22.enfig52y) vidtragsceiversi2. In Hes mpen | theimpritaring eniiyi X2 ig gware of the

ont i nuousl ' hSh LG the track

D Y e i I L
track signal being nonitored has not changed, the

receiver 32 .and the. si.gnal d cti unit 44 _continue .
o T Remnet es RN ST EaRs T okt A6 SMRiad portion
t heorshi@nd tradie thacis ipefforuiel by 4de stah&re oS IdchdbtivelPa, 24b and 24¢ will
characteristic of the signal being received at
r ec¥idgesribed has changed, whether that is the presence
1°f the signal, the strength of the signal or the
signature of the signal, the signal detection unit 44
pr d@¢Hd Attstepile pheGeceire B2 riceivescthe sighal girqulgtingnia the railway track
i ndjcati f enti al r [ The
o Gt Tl GBI uBhRSE D bl il iE QPRI el
br oldesther i ib thegaesdadecrftthasignal, fthosttength dof e digab oo thevsignature of
behi nd the | gconptiye. The sjgnal detectiqgn ynit 44 .
¢ helhe HERAcAS fipabediafRig, hedrapk SEpR £AR bR niapucyd Intg fheail by the
14 habeatotist ep 168 is ddif the aRmsIehMioridg by aabHen loSorhdife 24 or even
signal indicative of a potential broken rail to the

nondtthe mAgtasisgientity 22. [ 052] The signal indicative of a
potentially broken rail can include a variety of
information. In accordance with a first non-limting
exdfple Asf steppbZmeiet @igdnaln detepteonsivgitalt4 i eatitioueuslye nagnitgrs  the
ngt q A tél%:tgrlci) srt{% irog 1 %3*&:? ;gliléna?.g?r{ :t}%‘j\ég%sei V}%%E{@‘g Iglga?{clté\?\%gg 811 thé %ac%%ignal
205 Urbetngl mgnitoadtddhdshies changedhi thé rqpeived 8 amf thersigilal detection unit 44

continue to monitor the track signal.

[051] In the case where the signal detection unit 44 detects that the characteristic of
the signal being received at receiver 32 has changed, whether that is the presence of
25  the signal, the strength of the signal or the signature of the signal, the signal detection
unit 44 proceeds to step 64 where it generates a signal indicative of a potentially
broken rail. The generated signal can include an indication as to whether it the broken
rail was detected in front of the locomotive or behind the locomotive. The signal
detection unit 44 then passes this signal to the transceiver 42, such that at step 66, the
30 transceiver 42 transmits the signal indicative of a potential broken rail to the

monitoring entity 22.
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there could be a broken rail. For the sake of exanple,
| et us assune that |oconotive 24b in Figure 2 has

WO 3®a®e65730 si gnal to the nonitoring entity 22 ipdi/ustonvel4884
of a potential broken rail. [053] hi accordance with
this exanple, the | oconotive 24b includes a map of the
railway track 26 over which it is travelling. The map
may i nclude the |ocation of the shunts 28a, 28b and
28c on the track, as well as the |ocation of the
sw tches and any other relevant rail information. This
nmap0fdy The signal indicative Rk a rastskgllyybrioken gl ¢asy inglageng| wariety of
Th QnffBHadTRY Inaéc%grdg&e%m‘é ﬁ gﬁgn hﬁ’ntﬁ%eexglﬁ%ﬂg "H?tumfﬁm%ﬁltgnon the
prior to Its journey, or emap ca transnitted to
t hesignek oﬁwbtwweothpOfenmhbmi@n mahiadoses e ewniteryng2dtith?2 of the

uch _as nar. e train asse nt.o e
SEO\Pé)Féodl %;tﬁ%radl Wi ?" érrae n%g rlrto‘ﬁ?st Scl)ulrrvle élg’en ity 152"91“ }f gol%on of track

opehé&t icvd the aﬂﬁ@l&ln\tal &onew sakpoff d’x@iﬁiplehht nexgsime tHao fdcoigotive
entity 22. [054] acco ce wwth this example, the .
4@6‘? F‘rgﬁree%'ﬁsfi?“eziza %‘%“a[) F PPPETRg cpity HZ fﬂ%t‘n‘})a{%e ?flr?é"’ten“al
I oqpemhirMe 24b information associated with the rail way
track on which it is travelling. For exanple, the
nmonitoring entity 22 may transmt information to the

ld Oggfl%t Iy gc%ﬁﬂp&@@hﬁ q}tuF %Qan%%e e 1d. 08k boiﬁlclﬁﬁ]ééﬁgmp of the

cation o oconot’ives travelTing on
t r aaikw@&rack%tdver wmcmn 9 radlingt e map enp ,mcgui@hhfabcation of the

© he s A oro e oo e sndl &Pl pr HIRhGEST e Sifiensding any

It dtegetlvemt l‘di)lClafdrmﬁtldmfIstlTﬂzip fay Be et e tlﬁdr mekos) Wt 48, for
transponders (or GPS),

h that bl
cor PR BISR A e ?lf%bep%gﬁliqas?f laiha lﬂésrl?@we Baterionta s jourmey

19 €CHitNESap Ve BhiRifted RHE REbMS VR 4b ABmAAS Hoh Rt entity 22. In
upcomi ng shunts and ot her |oconotives 24 fromthe

rmmut:lo R $rgnasieL Y (heAmin Mashes iptafaoiegian icoYrredsbyt # diffesang mogitoring

on L{anlhﬁ' A thSr c%f)ﬁ#éo% totBceie ahxlégl 1192‘[5306:0%? ﬁferﬁg\ﬁgs,ﬁoggg enﬁﬂﬁﬁd

rmation t onot I ve
conpl ete picture of the thlngsshuntlng the track 26

oclsB 7 o Shinte, Vi R el dnd B niB,5 i gpergpve o

20 herdnghit tomd 1dcbmeliveBibtihdimation iaSsoSited @xyth rig: raﬂ\t/a}almck on which

poi 1? }s t}ageﬁmg For example, the monitoring entity 22 may transmit information to the
locomotive 24b indicative of the location of shunts, the location of other locomotives
travelling on the track 26, or the location of other items, such as switches located on
the track 26.

25

[055] Therefore, as the locomotive 24b travels over the railway track 26, it receives
location information from the track-side transponders (or GPS), such that it is able to
confirm/determine its position on the map, and also receives information indicative of
the position of upcoming shunts and other locomotives 24 from the monitoring entity

30  22. This information is then stored in the memory unit 48 of the processing unit 40.

Based on all this information the locomotive 24b has a complete picture of the things
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[056] Keeping with the exanple of |oconotive 24b, and
assum ng that the | oconotive 24b is positioned in the
WO owah63o80 as shown in Figure 2, based on the PCT/US2005/044884
i nformati on received fromthe track-side transponders,
and the information received fromthe nonitoring
entity 22, the | oconotive 24b would know that it is
positi oned between shunt 28b and shunt 28c, and that
| ochimingMBe #4tkk d6SoRPschd ONEahdIRhMAEN Astsuch) thelIb@nfivaLAb can
28c. On the basi s of this_ information, the pr.ocessi ng
unuatccwemrean% thyPegtion, Of hedpilfparb riqkaR6 thet it ds surveying, at any
;F}é rFﬁ’mE.he portion of railway track 26 between its
e and the shunt 28b, and the portion of
rallvvay track 26 between its front axle and the rear
x| Qconotive, 24¢ c wher.e t
o5 7P RR it o S bopisly oy 3ng, MBSy 'R e
c habassictive b ds kpeslﬁ@leﬂnn ithe rlceduod hseslm“@nml Flgmdi Z; djabedeon the
of .a_potenti al roke k that it transmts. %o t he .
moriPoBRatieg TEeHY ;f“’é'? © “ﬁc g é‘iaPﬁPQ" Farnd fis igfqrpation received

POtfedH iRl mBKiRKER ehdty 22] the 1ABMBAYE DAIWBHId bl Wadt it fs3kitioned
between its front axle and the rear axle of the

| odwstreren vhug 280 apdstpnt Pic, aad Hiel knsemotiie Hcds ettengd between it
10" ki 110 §Huﬂtg%8%)(@m&ba9fs dr MY G Haab, Wy bb&sifk g{ﬁaho would be
I catlve a potential broken rail 1?1 I s sent

f r cabiet theieteocmmﬂtan s Surbeying thh gomioniof tilivay tre¢it 26 Yet@oen its rear
gﬁ%a/arx% atngrtl?(es IugtI s | C%tt'h EOI"P]&H 8¢ raﬁ%?yggaeﬁknrhgtb%gxﬁee{l its frgnt e}&se and
nmerthé mmeailea‘tfdu@momhe 3400 hasgh, 1nrthe:chm abére :Heslbcomdmayzzthedetects
the apsence of the track .sig a decrease.in

1 e RGPE OF (5 CHEGRRE Gt B PRS- il Y of a

150 0SsokAtihil rbl@A rail thatSH@dhsitS iof thdinbMEbrin gla@mp DO EERGitATe that there
performed to determ ne the portion of railway track

beiifig Peignijad peckeniaik in dhq rasiprtfirgibvaysmck betysst by fend agle and the

theregqmeo@meq&og{gﬁl%y%ZZ instead of at the | oconotive
24b. [058] n such an enbodi nent, the transceiver 42

shown in Figure 5 rray Si rrply be a transmtter, since

oy 1 Pk inds Syt Bee) pREFRiR ERRRLY B Mipeyion, e

2022. s@nﬁBlTn&ﬁﬁhvetdﬁ a piotbﬁﬁzmbfrcbl&ﬁ reﬁl4ﬂhatl is s@m Iﬁymahatceomﬁtwet Blb to the
current Iocat|2£ informatio LS contﬁil nual 3/ e of th
serfPORGripRENRHAT BBY FHPLE ‘Pt"fr"z‘?’eo Aabdga e e Cheeidtistic of e

detiggk 8dnal Yeh@NBéhiloRdNAs IeAned iaBHWR)] tHih@dangeSin characteristic may

circulating in the railway
be the absence of the track signal, a decrease in signal strength or a change in signal

..‘(

signature, among other possibilities. In such a situation, the processing performed to
25  determine the portion of railway track being surveyed by the locomotive 24b is

performed at the monitoring entity 22 instead of at the locomotive 24b.

[058] In such an embodiment, the transceiver 42 shown in Figure 5 may simply be a
transmitter, since the locomotive 24b does not need to receive any railway track
30 information from the monitoring entity 22. Instead, the locomotive 24b is only aware

of its current location information, which is continually sent to the monitoring entity
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track 26. The | oconotive 24b is not aware of the
posi tioning of other |oconotives, or the positioning

w@boobhes7sthunt s on the railway track 26. Ther ef BEBUS1008044884

1

1

| oconotive 24b is not aware of the portion of the

railway track that it is surveying. [059] In such an
enbodi nent, upon recei pt of the signal indicative of a
potential broken rail fromthe |oconotive 24b, the

Moot fd (et i§RsIdedecréda bﬁang@ﬁmtdav@mm (A QQi?réélhtH& ih BR railway
| ocation information from | oconotive 24b

contt:nch 26 The loganiotive @4t saat dwne phihe pﬁfathnmg footheh docomnyes, or
I 0GQ ke r -
as Ogﬁgs g;?n\%l%ﬂ’ﬁhe?sﬁgntg ﬁrg hhtegag%gnl%cﬁ ?€ ﬁtehgr%ro(r)%g eolggg?ﬁdthzﬁ 24b is
r ai donayart bhithk p@ion Bithe chiloay trhdksthatnf i suratyimgn, t he

gmnltoring entity 22 is operative to determ ne the
portion of railway track 26 that was bei ng surveyed by

t hepob9)C ewBhdhVeh dfibodaherdtepohi et the signadtindieati?d bf agjdtential
the signal indicative of the pot ential br oken rail

[ 068BpkepoFai tfﬁ%‘nstﬁRéo‘E?Fnoé‘X%nzdPe o enifpyingsenfife 22 Hs roperglive for
| O%BV&Eéane t}1%4lgca<f’1%H qﬁ'foﬁnzﬁiog Nedm 1Qhoatd Y8 &f cémbination with the
potential” broken rail when it is in the position on

t heloqcaaoh waformatéark of Hbewethen Premative. 24B nangy é#e, ganda g, location
he I Qrd t

ocBtorn. tlon aﬁ%m 2l \J&l‘i}ﬁth%\%\gu ﬁt\ag@g%gl?%:a&/éedo fﬁg rallway track 26.
posBatsecbnedhxbehmﬁﬂmohpdmrmmiimdngébtnam tskra)esnlnuﬂto d8brmine the

Based.on this info [on, the rmn or' ent it
carPsa R h TSR 25 et BBt s BRIl GBpesPatieigBin e tme
SUreMesmbwet2aB séd aR¥nhMadidAR e of the b&teﬁtiaﬂfﬁrokén Qent the
signal indicative of the potential broken rail, is the
portion of railway track 26 between the front axle of
§ oc[@@iﬁt 'PY)? hh%%?ke Maﬁlﬂg lEteLﬁrasﬁffAthﬁfthé BE&H&Ne‘Q@b géﬁs a signal
e nonitoring entity 22 is operative fo
detledlmtwpmé at prgeniok brioken il when| IV\@ylnttha@RS@fel pm thmladway track
t here bro en rail I t
t heﬁlaw?er m%la ?oﬁl 0 fltahcél£ pgfgdfmgﬁg%fng regﬁﬁ?’r %a@iﬁ%sémn of
bei loghnsative eytadaﬂalykﬂohe thadocvnidtive 224 s bmtpmed betweeh lwgomotive

t he Ioco e or the nDn ori.n ntity 22, upo
r ecpindothe E‘?tg%@r Bayedi ‘&‘bf}f‘%é" a&"‘go@&ﬂ‘?fﬁ‘f) B 88‘%"% can
20t hedekedinine thzh eh'BeHibO6f RYweP trhdiybedn duﬁve@&ﬁb}afﬂe\l@coh@tlve 24b at

determine that there is a broken rail iIn
the time it sent the signal indicative of the potential broken rail, is the portion of

—

railway track 26 between the front axle of locomotive 24b, and the rear axle of
locomotive 24c. As such, the monitoring entity 22 is operative for determining the

portion of railway track 26 in which there is a broken rail.

25

[061] Regardless of whether the determination of the portion of railroad track 26
being surveyed by the locomotive 24b is performed by the locomotive 24b, or the
monitoring entity 22, upon receipt of a signal indicative of a potential break in the rail,

the monitoring entity 22 is operative to determine that there is a broken rail in a

30 portion of railway track 26 in its region. More specifically, based on the signals

received from all the locomotives 24a, 24b and 24c travelling along the railway track
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portion of railway track 26 in its region. More
specifically, based on the signals received from al

w0 bmeloeszenot | ves 24a, 24b and 24c travel | i ng aPONyS100&044884
railway track26, the nonitoring entity 22 is operative
for determning a conplete picture of the condition of
the railway track 26. Upon detection of a broken rai
within its region, the nonitoring entity 22 may
f orygangt tBhiforingfQAfifedd RropeAtive R MeterthinG@d Esthplé@ipicture of the
(not shown) that is in comunication with nultiple

nonqomémpﬁg @mralkwaﬁéraész% Spen dsteesion ofz brokert ‘iaEJIWII!Hﬂ ifs rggipp, the
det Iﬁ{)mo% ity ty gcﬁﬁgard Ahit GhdAhdtNR! %6 a thRral control unit (not

nDnltorln may i ssue a signal to advise
r ai Shwary) rhat tstle remownisetidaeyich mvkiiple menioring eatifirst22n such|that the

f r 0ke can deq% C%et V\p tcfJ ﬁJoEéegnAﬁngMI}’é gll}]é m}ﬁt& n éétlty 22

WHhREY ance workers
spema;f iseueseetgmﬁintoca‘dvrsalrziﬂmy rhaisehanc el evotliefs ﬂadt anad: lsanpotential

then find. the | ocat t he, br ok d
A A P e T

OpegaikédRarl 85 1ol §etifio GediioR KEAIIWAY trackiiflentified hikUda@ theRffind the
railway track in large part on the basis of signals

r eclefapen of the brakserailpanshferdinies 24a, 24b and 24c.
1dlowever, as shown in Figure 6, the nonitoring entity
22 may al so use conventional detectors 64 for
det 062]i g duciykbampnitdring entity @8 nbopreative foretehtinghsoken rails in the

met hods S d above copyve 0

GorBEER Ry B I8 fee IS, GO OO kialiRt 1098 rom the

rai llﬁwyottvléﬁz%hahlahndhml Hd@e\dar faﬁ |sh:¢th m}tﬂ‘lglﬁb Gathe Ixmnﬂmh@ entity

such. as smntc es, that caus 0CO

1ot By %% b onisrigna PR fricctRe PRkl faifsin combination
18 ef R1th kROmétBods! @ rBed abdVRETROEINY &tionsl Iﬁahédsybf%%teamg a broken

use the traditional broken rail detection techniques

t 0 WBmeytbeseidaportigns of theragliyay peskithas hncafderdafiﬁF%lgb%lﬁééwoutS
bac%%ﬁ WESWitch Py RHhat %ﬁg A 2489mofiSe gﬁ&%@l’d@%%lk@b&?& rall r?admg

round o vention, the traditional
br oRcerexmapﬂe wéctmng tooFlg!lrn\Zo thgemenitoriag sniity 28 rmzafnldie ahe traditional

r eC§I l\(/eenrrall gttei:tu{n)e/tecgjiéu S toccﬁzp t P&r%ﬁe% rgllg i %11: éorttlgn to? ?allwgé track

noni Ing en are connec
2@q uI(DmWéent dhaht 188 ahth e&d iAs desicribed dmnthe bhelgrdund tolfiche invention, the

nmoni tori n In.a first enbodi pent,. as
e Bpgnro ohe kb pet oRale » Fappand a rceivaihat ar
MONgitherF tdhbletddt dife¥tly’® tHBhohiSHHAG eftity2gNé thdt@rd &nected to wayside

| oconotive 24c advising the | oconotive
equipment that is then in turn connected to the monitoring entity 22.

25 [063] In a first embodiment, as the locomotive 24c passes the shunt 28c, the
monitoring entity 22 may issue a signal to the locomotive 24c advising the locomotive
not to perform broken rail detection in this region. Alternatively, in the case where the
locomotive 24¢ does continue to perform broken rail detection in this region, when the
monitoring entity 22 receives a signal indicative of a broken rail from the locomotive

30  24c, the monitoring entity 22 knows that there is a railway switch within this section

that may cause the locomotive 24c¢ to detect a false broken rail. Once the locomotive
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not to perform broken rail detection in this region.

Alternatively, in the case where the | oconotive 24c
wa@lomws/06308E | nue to perform broken rail detecti oPCT/IS1005/644884

regi on, when the nonitoring entity 22 receives a

signal indicative of a broken rail fromthe | oconotive

24c, the nonitoring entity 22 knows that there is a

railway switch within this section that nay cause the

| ocmhésvpasé’e@Co&tadd efabk scticdl s bioakaingr aitlty 20nweuld hse the

| oconot i ve24c has out si de this section the .
non?%?r}twgaléﬂtlﬁpwmz% &Rdf?re&nwg évqﬁlilsr gV it fagtnproken rail within

eqUihB¥ERMHon Sth thid HERF, Thdsro¥Rahd kit LHRE end SohifbringdGhti@ 22 may
broken rail within the section. In this manner, the

pr okse's §p rfgteu bt faksg dstectione raadings and pRmizing infgrpgiopmpgeeived from
?a\@ufu 'd{tffe%nt OsHchI:@' xS Iﬁi et?&ﬂ e rl?aﬁiﬁ({ﬂgé @)fnql locomotive in
conbi n tip

ormat1on received from nu e different
souwcmnﬂsnatmn evithnameerttioaal terheiqhese onoitder/®, detarmane whether there is a

| oconptiv n co wi_t.h,conventi onal
tec ﬁkwgglnﬁﬁorg?rﬂ%élgt%ﬁvoa ttré“r’lfn%‘r:]e whet her there is a
broken rail in aportlon of its railway track 26.

[064] In addition, |l e the met hod of perfarmng. .
br ol&#l rlajadd ‘&@?’e\tf]?‘ieo‘rl?e (gtheg AftreripaRiBESTq B il Br RS oparing the

1M iogorﬁax%@ wWaHE WaNYhilOGeRDlré \ﬂaﬁy iJc@r\ﬁ@Jnl'ds RGvANng BE the railway
railway track 26, in the case where there are no

| oclerest26yiaghe pase whpre REr&Rre ne ktcn@oweﬁSItmglhmg aleng the railwap track
non ity.. ¢ - rai

ot 25 T RSt 7Ry ERBRE DBUoRE Thlel o] BEEioh Ao he
easirdditigar metiiod, avhieh e etsilp serve largaiséotmys ¢firaidway2tack 26 between
bet ween shunts. [065] Those skilled in the art shoul d

app B%ate that in some enbodinents of the inventi on,

1l or part of the functionality previously described
herein with respect to the | oconotive 24, and the

moni0e8) i Hyse il l?‘%/mzt?e atesioWd appRsPiaieehatdn sqwe ﬁfn@odlments of the

Pr OQ &SR dal NG ShARSEhO Tunfcfl(gmrﬁeﬁ&lﬁméts&lb@@ hgrem with respect to
application specific int egratfed circuits

el et ripemdtiye edasap| the pnoytornseblie 2% avay E:P ymnmmeésas pre-

MRkl e SR COTORRIND O e

20 unditaun aI(ASI)Csmf d:llmrldaﬁgormisahles pﬁacgramabw heead only memories
mngEtE?’Ikd’IWS) eer'E(t: j oryother reqafgd comporqy (emented as software

[066] In other embodiments of the invention, all or part of the functionality of the
locomotives 24, and the monitoring entity 22 may be implemented as software
25  consisting of a series of instructions for execution by a computing unit. The series of
instructions could be stored on a medium which is fixed, tangible and readable
directly by the computing unit (e.g., removable diskette, CD-ROM, ROM, PROM,
EEPROM or fixed disk) or the instructions could be stored remotely but transmittable
to the computing unit via a modem or other interface device (e.g., a communications
30 adapter) connected to a network over a transmission medium. The transmission

medium may be either a tangible medium (e.g., optical or analog communications

19



consisting of a series of instructions for execution

by a conputing unit. The series of instructions could
wheooshei7ed on a nedi um which is fixed, tangi bl BCEIS2005/044884

readabl e directly by the conmputing unit (e.g.,

renovabl e di skette, CD-ROM ROM PROM EEPROM or fi xed

di sk) or the instructions could be stored renotely but

transmttable to the conmputing unit via a nodem or

ot h@fes)i dHta8héAGR ifipMémemed Bsify wirdleaeohtiguesaleigqgicrowave, infrared

adapter) connected to a network over a transm ssion

e dir@HcT FrsMissioRSAieESlon medi um may be either a

tangi bl e medium (e.g., optical or anal og

comuni cationslines) or a medi uminplenented using

wi r[@6Ys Astshotvniim Higure( B thy. progesuriovwlE) of the lagpagtiver 24 includes a

ther tr s ssi € [ h | r

Pty AR Y RO S Rlcpicunt R e Sl retion

i nalnitdes ba aremIwicdBore bmn eThe thetorybek may hiscledegdwed and program

t it 46 d th t ect it 44 b
o OB Ba BT WL T hoRgParayh e B 4 e Pberam

an dnaﬁ@gér@mhlcn&érrtu Ritfent fﬁh&ne{iﬁd@ll@tsﬁdrfd@nm@iﬁrolééﬂ faf} detection
a ted to process the data and the program

epertoed gne ppecibicefian ang depigiedindha d r?‘ﬁ’é‘g?ret hod of
@erforn1ng broken rail detection described in the
specification and depicted in the draw ngs. [068
Al t[8681gHAlthleegipthe pessentjinmeatian low beensdaserihed de sansidpralledgtail with
g?gsléa?eglgg?o ¢ Sﬁ ﬁg&lf?rredt%mboﬁfnfeqlg\r}tg?m%f? vgl%[tltoﬁé gnd refinements are
r ef pasgbie Mithoardepgross frévh ehespirh ofithe dezpmdm ﬁ@exfefanenthdseOpe of the

VB Bh KRB B I ol RpeR T atlens

1l ains and their equivalents. CLAIMS: 1. A | oconotive
for travelling on a railway track, said |oconotive
conprising: a receiver operative for receiving a track
signal that is circulating in the railway track; a
processing unit in conmunication with said receiver,
sai d processing unit being operative for: i) detecting
a characteristic of the track signal; and ii)
generating a signal indicative of a potential broken
rail in response to a
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change in the characteristic of the track signa
circulating in the railway track. 2. A loconotive as
waledosnext3o n claim 1, wherein the characteri stiBCT/BES100&044884
presence of the track signal circulating in the
railway track. 3. A loconotive as defined in claim1,
wherein the characteristic is the strength of the
track signal circulating in the railway track. 4. A
| oconRinge as defined in claim1l, wherein the
characteristic is the signature of the track signa
circulating in the railway track. 5. A loconotive as
defj nedy jRombi@ieTortravkitnl B rENVAPEh&ld, BGd RcbmBivt BotrpRbing:
said transmtter being operative for transmtting the
track si grakcdiver ®petaeve B [reggivingr aifkck Bgnah thay dp pisgulajiag in the
s defined [.m5, wherein the track signal is a
OM/frequg%kgwsﬂg%al. 7. A loconotive as defined in
claim6, whpescessingt it ih canmusicgivalwithssaginregaindir,aid processing unit
signal .8. A |loconptive as defined in claim5, wherein
sai d proc®8®eRBEEReF ncl udes a signal generating unit
i N comuniic afidtedtinga charsckdridtié 6BRS fradkisinal; &d d si gnal
generating unit being operative for selecting a.
frequency Udf SENSERting aé%n%Ii%‘H%ﬂ“."e of a poteriiabprgkgn fail g response to a
iflefined in clgingd & hdBekRieRs&Aihd SRR ISNMAKI cirsul MR iRk MSilway
for selecting a frequency of the track signals being
det ect ed. 10tragk.| oconotive as defined in claiml,
further conprising a wireless transmtter, said
W reless transmtter being operative for transmtting
said siAghabmbtingi as dtfined inflaan povtendin the charaitenstic é& the pesaace of
nonitorjn ntity. 11. A l.oconotive as defined in
C1 ai m 10 T aiear S UREPE A A BLEY PRt ter |5
1pperative for transmtting information indicative of a

| ocati on of said | oconotive to the nnnitorinq_entity.
12.3-A 1olosametivees detigrdrip glagm | nwhereip herdarapigrigticds the strength of

CoNpPri shdigack sihiIRieRiatidgaa teeilwdyQfack.

4. A locomotive as defined in claim 1, wherein the characteristic is the signature of

20 the track signal circulating in the railway track.

5. A locomotive as defined in claim 1, further comprising a transmitter, said

transmitter being operative for transmitting the track signal into the railway

track.
25
6. A locomotive as defined in claim 5, wherein the track signal is a low frequency
signal.
7. A locomotive as defined in claim 6, wherein the track signal is an audio signal.
30
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receiving signals fromthe nonitoring entity. 13. A
| oconotive as defined in claim12, wherein said

WOWRM06l06530 r ecei ver is operative for receiving PEI/USEY5/044884
track information fromthe nonitoring entity. 14. A
| oconotive as defined in claim 13, wherein said
railway track information includes information
i ndi cative of at |east one of a location of a shunt on
t heg r aid WRA¥mbHERCKs define@GRtiafh 5O haRRL AT plodsemB lunitEnéliMes a
the railway track and a position of a swtch on the .
rai | wayignplagaeratigg uRit) Bic sorpmpRieatiqn Wil jspid dtrangméties said signal
10, wh NS . i . i .
or okcen Er BT SR By AR teqielt P e bk ignal
portion of track surveyed by said | oconotive.16. A
i 1ot odb YEPBRER ot BEncincaflr Y ParrBBCRL Reffir s gngrative fo
oper at is¥lectin@ra fequiEndn bt iradk sigriaB being demeted.or i ng entity
over an RF comunication |ink. 17. A systemfor
perform ng broken rail detection on a railway track,
sai . SYSIRBmEMEAs &ifiR&d inddlailneBShrtiRN @omPEARDE MMRless transmitter,
conprising: i) a receiver operative for receiving a, . |
track spigrisreleshamnymitter heing| eperatiye fon tiapwnipting| spihsignahgicative
{i1) a b [ HH%HH 4.on wth said

ldr ecei V(%?g%g%?ﬁ lgrrogg%éaélitﬂaﬁ%ni t ggeli:}{r%l' operative for: i)
detecting a characteristic of the track signal; and
S IR T SRRl BRSNSl RO RS cnsmier i
char actoperaitd dooftrahbmittingadkfomiagioal indicativel af i aglocationhef said
rail way track; iLié a wireless transmtter operative
for traffSmos RPrSBPMUIMGFBYY ndi cative of a potenti al

1Proken rail over a wireless comunication

12. A locomotive as defined in claim 10, further comprising a wireless receiver for

receiving signals from the monitoring entity.

13. A locomotive as defined in claim 12, wherein said wireless receiver is operative

20 for receiving railway track information from the monitoring entity.

14. A locomotive as defined in claim 13, wherein said railway track information
includes information indicative of at least one of a location of a shunt on the
railway track, a location of another locomotive on the railway track and a

25 position of a switch on the railway track.

15. A locomotive as defined in claim 10, wherein said signal indicative of a
potential broken rail includes information associated with a portion of track
surveyed by said locomotive.

30
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link; a nonitoring entity conprising: i) a receiver

operative for receiving said signal indicative of a
w@oioensi7zal broken rail fromsaid at | east one PCT/US2005/044884

| oconotive; ii) a processing unit operative for

detecting a broken rail at least in part on the basis

of said signal indicative of a potential broken rai

fromsaid at | east one | oconotive. 18. A system as

defjghedy joRombie s 4éfinedN ERInd 13, ReheFdNREAC B EILSH thansthite A said

presence of the track signal circulating in the _

rai | wayviretese keceiver, ara opgrgtieandos SomeRpisaiEpn Witk [thg poniforing entity

wher ei r l.sti{:6. 1S the strength of the

track gﬁ%ﬂﬁfﬁgﬁPgﬁﬁg%ﬁﬁéh@% the railway track.20. A

system as defined in claim17, wherein the

haracteristic is the sigpature, of .the track sigpal.
Soi rdul 4t PR froReoming BRYH Plcleont e il Seid sytem
defi nedomprisih@i m 17, wherein said at |east one
| oconotive further conprises. a transmtter operative
for transhlletst AR IPFRMAUVEERMRISIHAl into the rail way

track. 224 A,s¥sivendRanidefor RREiving aGtadk Sidal thatiQirBhlRting in the
said wirel'ess transmitter is further operative for

transmttingralwaygad; indicative of a |ocation of said

oconDt | vyt Lo GO L b RGuSBlidoh Yith3aid, e LG i
lddefi ned iﬁl) c g?o?hk%}%%g?é#ﬂrgga%o%vétomlt ive fdrsﬁg?& essing
conpri ses a wnit bdimseperaigeforer for receiving signals

fromsaid nonitoring entjty, 24, system as_ defi ned

in claim 23, I\Ahe?eé?cgin% gf’l&?r%ﬁteinéﬁlce%@h %%Cie(is{%lgl’ fmsde

operative f ol r egakenatiig o sighsaidicatekof af potamial diokenoral in
said nonitoring entity. 25. A systemas defjned in )
clai m 24, wher ei IFSRSG 19 &i9hapgr oy %E I(Ch?rﬁ‘?tf)‘i‘ﬁ’i’ﬁt(?fgﬁe track signal

19 ncl udes i nf or mag;i Qb htailWgy Rickat | east one of a
| ocation of a shunt on the railway track, a |ocation

of anot heiidl ocanbirelges dranymidier Hppiave tfpnckangmifting said signal

indicative of a potential broken rail over a wireless communication
link;
- a monitoring entity comprising:
20 i) a receiver operative for receiving said signal indicative of a potential
broken rail from said at least one locomotive;
ii) a processing unit operative for detecting a broken rail at least in part on
the basis of said signal indicative of a potential broken rail from said at

least one locomotive.

25
18. A system as defined in claim 17, wherein the characteristic is the presence of the
track signal circulating in the railway track.
19. A system as defined in claim 17, wherein the characteristic is the strength of the
30 track signal circulating in the railway track.
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position of a swtch on the railway track. 26. A
systemas defined in claim17, wherein said signha

wo paboet7Bve of a potential broken rail includeBCT/US2005/044884
i nformati on associated with a portion of track
surveyed by said | oconotive. 27. A system as defined
in claim17, wherein upon detection of a broken rail
said nonitoring entity is operative for initiating an
actjpon.p &BtenfasSYHnEANiASaite 17, Mafdrdid the! Bk iérdstic W BleQighature of
said action is sending a repair teamto repair the
br oken theatrdck signal Airpwlafingan thegaibyayitiagk.-sui t abl e f or
perform ng broken rail detection, said nonitoring
entity conprising: a wireless receiver operative for
r ecHi viAngyseens agydefined iochaiat 17,edeteinsed bolastone Weometyafurther

i gnal being indicatjve of a tential. broken rail; a
%r oces §PW§“%FN k| tr&'ﬂfé‘}lg Ti QRETAhge qgre% 8%St“}1!rt11§g atg r%cai‘ﬁlé figpdl; pto the
at | easiilwdy tRgkt on the basis of said signal fromsaid
at | east one |l oconotive. 30. A nonitoring entity as
defined in claim?29, wherein said signal indicative of

a pot et k@ktenPhOKbheli 3h lclaid Ol7Ud@Srein™aRf WREIeQ ransmitter is further
indicative of a portion of track surveyed by the at
| east operativclontrensydttinga signgl indiedtive of s kpceatinmi qfpaigdocomotive to
erfineqiigughah (%%b,further conprising a wrel ess
transni?ger, saitd WMrel ess transmtter being operative
for transmtting railway track information to the at

|8 SUEASERTRAT e Jo 1 B0 BE8 MOl B compriss

i nf or Makifeids tea6ilerdesretanfing sipdalsoffon Beid mahitorig@htitgt
| east one of a location of a shunt on the railway
track, a location of a |loconotive on the railway track

19NhA POSYstehPL RFindl BUILGDI0WNEBR shidivili¥s Fcatk: is Spbrative for
system for performng broken rail detection, said

syst emreasivitd rail wigy: track defpamatign fremrsaidfpnitagpgentityg
onboard a | oconotive that is travelling on a
25. A system as defined in claim 24, wherein said railway track information
includes information indicative of at least one of a location of a shunt on the

20 railway track, a location of another locomotive on the railway track and a

position of a switch on the railway track.
26. A system as defined in claim 17, wherein said signal indicative of a potential
broken rail includes information associated with a portion of track surveyed by

25 said locomotive.

27. A system as defined in claim 17, wherein upon detection of a broken rail, said

monitoring entity is operative for initiating an action.

30 28. A system as defined in claim 27, wherein said action is sending a repair team to

repair the broken rail.
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railway track, said receiving nmeans being operative
for receiving a track signal that is circulating in

WO bmeei7Bmay track; processing neans i n conmMUNPCEUSIING/044884
with said receiving neans, said processing nmeans being
operative for: i) detecting a characteristic of the
track signal; and ii) generating a signal indicative
of a potential broken rail in response to a change in
the characteristic of the track signal circulating in
the29rai | way track.

A mbonitoring entity suitable for performing broken rail detection, said

monitoring entity comprising:

- a wireless receiver operative for receiving a signal from at least one
5 locomotive, said signal being indicative of a potential broken rail;

- aprocessing unit operative for detecting a broken rail at least in part on the

basis of said signal from said at least one locomotive.

30. A monitoring entity as defined in claim 29, wherein said signal indicative of a
10 potential broken rail includes information indicative of a portion of track

surveyed by the at least one locomotive.

31. An monitoring entity as defined in claim 29, further comprising a wireless
transmitter, said wireless transmitter being operative for transmitting railway

15 track information to the at least one locomotive.

32.  An monitoring entity as defined in claim 31, wherein said railway track
information includes information indicative of at least one of a location of a
shunt on the railway track, a location of a locomotive on the railway track and a

20 position of a switch on the railway track.

33. A system for performing broken rail detection, said system comprising:
- receiving means for mounting onboard a locomotive that is travelling on a
railway track, said receiving means being operative for receiving a track
25 signal that is circulating in the railway track;
- processing means in communication with said receiving means, said
processing means being operative for: /
1) detecting a characteristic of the track signal; and
il) generating a signal indicative of a potential broken rail in response to a
30 change in the characteristic of the track signal circulating in the railway

track.
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