; LMe3eJtGLh6 Tt15 -1 a *@00002* The present invention relates to rail way
track circuits. Track circuits are a well-established means of train
detection-and can also be used to provide a |evel of broken- r MWMM{

A fundanental difficulty with track circuits on nodern electri mﬂﬂﬂm
is that they nmust share the railway track with the traction returm,,sglgmd

track circuits have consistently evolveg to provide better |nnun|ty to
interference fromtraction systens. Another key concern for tra

signals is cross-coupling beﬁ mCKN& ﬁ@ ﬁ‘S' d result i n
erroneously accepting a signat TTom anot ner_ t Over recent |s
| ast 20 years) various track circuits have evoI ved t hat use Fr equen hl ft

Keying (FSK) to forma distinct electrical signal that is transmtted al ong
the track. EP-A-0 16S 048 discloses a coded track circuit system using FSK
as a carri dhepesshairingentioBarlafes foRibvaydkackicirouit. s used rel atively sinple
generators and receivers. Further enhancenents have been made to such
receivers to inprove the discrimnation of the FSK signal and to such

transmitt e@aou&lﬂ:@nea@t@w@ll@fa@hmu%@nEsKtrﬁhgméouoE@natchﬂgls'afﬂé P¥atens use
various FSK nodul ati on techni ques to devel op a si gna with sonme | evel of

uni queness pfavioda alsyelotfipeokenrraid KetettianuiA ﬁmddmbnbhd ﬁrmlts(l\lgﬂatrsckgemrtabmd in
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According to the present invention, there Is provided railway tr
appar at us mtanenescmgom traciok systenisi tAnq”cmrﬁmytctoacemrfdr &ratk arrkulc srguaisns
recei ver, wherein t t ransm i(t er ener tes SK nodul at e nal t hat

carries a GfGFrarPl FRERERYEERFACkh THich Fod PRI SO erﬁrﬁfl%wnp? Fping ¢ and
cart | es (st £ahiAeal uhdie (b@&'?&dehé’h@ﬂco?f (ffc 18k %%h‘bus Mgukcarcﬁatgna' s
t | ca t

detected by e recelver e recelver y In e trac
circuit ishave&olvedahathae FrguesyeShik & egingRBRKS mcgfcmln aodistinek Electrent sigmgdl i t ude

and carrying the correct track circuit identit Preferably, the QPSK
signal is &5Hds fransieidtet glopgn Pﬁ&ﬁﬁfﬁé’qée%w @éﬁdmi%ossﬁ dcReded dragpsizeut gnal

with a hig
G 1 or ent S BIR AR SK s LA BT TERTL SRR sty petafysly
recei ver oginyple ngtneaitas dndafecéiherst rlaﬁ'ﬁ'xeﬁldhhmdemeatsCha&r béeavinage decmdlﬁed t he

QPSK signal and checked that the sum of al hase coherent synbqg
anpl i t udes #5951 teRetonBY AR thedissriaination afdhe g Spr e gl i2pd o ﬁ‘I‘Frhe‘éﬁt‘iPHtterS to

generate a more unique FSK signal.

Existing FSK systems use various FSK modulation techniques to develop a signal with
some level of uniqueness from any other track circuit and from the signals generated in

the traction return system.

Various modulation techniques for railway track circuits are also disclosed in WO
91/11356, US-A-4 582 279, US-A-4 498 650, US-A-4 065 081, US-A-4 015 082, SU-
A-1592204 and CA-A-1 149 918.

According to the present invention, there is provided railway track circuit apparatus
comprising a track circuit transmitter and a track circuit receiver, wherein the transmitter
generates a QPSK modulated signal that carries a digital message which is transmitted
into the track circuit and carries an indication of the identity of the track circuit, which

signal is detected by the receiver, the receiver only indicating that the track circuit is



The data transmtted in the QPSK signal could also carry interna
transmtter information to the receiver. Such internal transnitter data
could indicate the. current transmtter output anplitude, which is used by
the receiver to determi ne signal attenuation along the track circuit. Data
transmtted in the QPSK signal could be supplied to the transmtter from an
external system (such as adjacent trackpcircuit apparatus), transmtted
along the track circuit and received by the track circuit receiver, which

outputs th : - ext I i It
appar at us) %léégbg}/lﬁgé%%tl‘%étareg?%kc%@l?\?E%%E%ﬁt %?Rg%‘éﬁggﬁ%%%%g%géﬁwél SO

r ecei vabl e tlagk airtwiaidentisr. ne recei ver. The present invention will now be
descri bed, by way of exanple, with reference to the acconpanying draw ng,
in which: Fig. 1 is a block diagramof a systemincluding an exanpl e of
appar at us [ . I L on. . Fi I c i.agram of
T ansm t fopespnt EPSACSBRACEhd KRR 3 herch e fgsByBally S5 Bt
recei ver ofQRIIC sipaRathus highrfdrrifgctod The a%]mwaucﬂtagéigﬁalflﬁ’efdﬂﬁﬂ ii§a
expl aining the receiver's denodul ati on technique. In railway traci circuit
appar at us, differentad form af PRPSK EPPSKkepdnlptqdrssgalmodul ati on” t echni que
offers the generation and detection of a nore unique signal, offering

i mproved discrimnation between a track circuit signal and interference

from ot her Hréffdoty, dhc tebBiver Y inditatedtibdtThSitadkedicult s £18& havidpedRodéEthe
applications where it is also desirable to carrK information al ong the
¢

track circ@RSK signeandecheekedrthaidhd svm afidll phassabhereniclysibod amphitndas outheons or
track-to-train cammunications g% P%offlfﬁrs an inproved information rate
for a giverPBIRAGP & HT WL HP A B8 hi s while still fulfilling a
train detection role. Wien a PSK signal is band-limted to a narrow band,
the signal has a relatively high peak voltage in relation to the root nean
squar e ( RvBhevdateagansptittedh ifiothm QBEKosignalndotlduslsé orary gitemal pranemitthri ven
into the tragck cjircuit, the signal .provjdes a higher vaql.tage for breaking
down rai | GRRERMORI GF ey Sy HPrel ronprg 45 el dpdiite R puFER 1
desi gnat es t&nkﬁnwrhm%utr% MRMe, ! (AR ANFsddehe RO GBcdiTBloaletérmmbedBadical |y
represents a train having train-carried equipment 3. To provide a Track
circuit, thétesuaon aortgthnsmatk tiecuid coupled with the track 1 via track

interface circuitry 5 and, at or adjacent the other end of the track
circuit, a receiver 6 coupled with the track 1 via track interface

Circuitry Tyl aREARIICH th '@Pﬁ(ﬁﬁgﬂagﬁbﬁd%éﬁf pfisd 9 15U GhndhREK ok GHI t S

along the track 1 each associate a respective section of track. The
transm tt erexternacgstems(sach anadjavpot tr&kesitcaitrpbardaisy temdmatredeaiongfhgttra@kan

indication of the. identi f the.track circujt, The recei ver 6 supplies on
4k B irack h 6

an out put TEFCBYARE Fegevg IR g Egervier, Which QyiRuts g dairio fR&KFERlor not

the track GlLeh hudaClGMenPb Gt UESarMus@n i nput 12 an indication of

track ci rcupt id%lrlltkfztly. E:?4 Tfl1(ec trai ﬁﬁ%rar rS?ed equi pnent 3 conprises a

receiver 13 (typically having a structure the sane as or simlar to that of
[ 6 i di t | dat t put d

recerver )Foe rtr%\éf{ tcl) tr}gmef‘:)émef‘rrl&]nellcatio%, t e?ﬁJS{{l si%lrjlalpc%uh% zﬁsg pecel%gble by a train-

borne receiver.

The present invention will now be described, by way of example, with reference to the

accompanying drawing, in which:-

Fig. 1 is a block diagram of a system including an example of apparatus according to the

present invention,;

Fig. 2 is a block diagram of a transmitter of the apparatus;



indication of track circuit identity on an output 15. In the systemof Fig.
1, there is the option of train pick-up of rail current by receiver 13. The
di fferences conpared to. existing track circuits are the ability to carry
nore data between transmtter and receiver, thus enabling nore unique track
identities and the transfer of other data external to the track circuit
system The transmitter 4 generates a um_que signal that is coupled into
the track | and propagates along the track to receiver 6. The uni que signal
carries a SHj : t is repeated on a
cyclic basi§#£$ﬁixﬁg§g§% %%ﬁ?gﬁﬁgggrggg%EQE%g%ﬁf Identity unique to that
track circuit within a given geographic area. O her external data may al so
be included,_ for exanple trackside conmunications information or

i nf or mat i onf'igo4ds & Vesier dagterelor e cxpleaung theresivartadenqduiation tedwiqueer 6
nmeasures the anplitude of the unique signal and drives a track circuit
clear output if the signal is of sufficient anplitude and the nessage
contai ns t hin ediwagatack kit @pparbtut, thelasd b1y Phéde I «gnedPIR)emsaitetifasi
receiver equi pnent may be used on a train to provide information fromthe
track ci rcutechnifye efferd thegengratienad dgtactien erasmorenaiquesignakiofieting irsprgved be

Cecei ver's wiiGHmiRERE ssh eI EER sEAA SRRk P bt MR one
whi ch has t whctRadetuePPRsdn eFhmier  tha@ard dppHEationk bthefd i Iy Asd @GEhMEI o 8drrP!

adj acent each of these ends; or the track circuit could be the one which
has t hree emdermationhalonghths tredkeicireuit 40 reducedjleec @ned dac ladditionhle trankiidand

such a transmtter communicating with each of the r ivers. The system
benef s frGHPIPHSAUNE Por GEHETEE FARTBIBAES GoodSRalherare TPOIR
potenti al | yinfoin$¥ioh @ Ko %i@bﬂ Bar@ANAth OEBR Facilkik8s BAEWRIN stNHSMing A HRkes
use of a Quadrature Phase Shift Keying (QPSK) nodul ation technique that
offers the geegimmmie.to transmt significant information. This high
information rate facilitates |arger track -5 circuit identities that are
uni que over a large geographic area as well as larger data rates from
transmitter§ihdnG PSR MBI (Handhieddb 4 NErdwWBLRISY akhahadgtralalivegdasi ng
Quadrature Phase Shift Keying and 1ts communications features are’ wefl
known t o t hpeakomitage catdlaios to titusbt mearHmuereeR M) wdtdge ghighfoms &fcéor) and
application, to trai.n detectjon i.s novel, ln PSK co ni cati on systens, the
[ nf or mat | onte8 4T EIVEn BORGeABAN R0 Qﬂ%&éﬂew&ﬁg%ﬂsa%@a 3 TR SHEN BRI The
avai | abl e r apggefk 8 raDaNd8ninSticn radians. This is divided into an even
number (h4array§ Jﬁfgﬂgsé tran@?%?éné, each transition representing a
different information synbol (data value). Common nunbers of phase
transitions .are 2 inary), 4 (Quadratyre), 8, 16 and. 32. The hi gher
the or der  oRCHHEEE st 40 B1E lotieieRfe THOETHL HER Lot eiRel SLap D roRack g en
signal to n%‘f&%né%ﬁﬂe&ﬁf@hen@ﬁ@ﬂ%ﬁﬁePfe@erﬁ%trﬁ%@ngdt?iih-\éﬁfr&d%%ﬁgqment 3,
information rate and good noi se tol erance essential” 1n a trac ircuit. The
noi se per f orfraprogidefa thacddrércudy there dRSK tiassmmittat # caupled evitintht tack 1oiix tack s,
particularly as the use of error correction techniques are not generally
accepted i inger, ST Fredjat §§/§c§ &yfnt eoﬂgfér?éﬁgtrflitwra%@r%pécﬁea@w & he
saf e detect] ; j ﬁp@' [ 1 3G [ [ r
digital si g%%fbl%c?(&tﬁgé;# gélz gg%gﬁrgan ké;%sagg('%{}%%ﬁerg %i%ﬁl{rggfﬂctgi tglﬁgﬁ wgg@c%s%i ng
t echni ques. sédspedtsciofradkedrcaits blpny dteatrackecassh aBsobsddowitk @eespectiwogecpoment
can be utiligsed on trains as is used at the track side; t each track signal
is QPSK encB &&CK-whi ch del i vers good information capacity; ~ the techniques
used to generate and decode the track signal lend thenselves to readily
configuring the carrier frequency locally, and thus conmon transmtter and
recei ver eqUhptrendmittans beeras oh yn mpof § gremd! data prdon aleinpat 9 eumdidagignenci es.
Referring tqQ Fig transmtter 4 congrises a format and encqdi ng

T
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modul e 17, Feddetity@f thestragkqirchy. dhke gicaiyer BavRPLes Anan quirit d Sextsrnadatas ack
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17, as a conplex represe Ion o
an input 12 an indication of track circuit identity.



is applied via a band filter 18 to a m xer 19 which receives a carrier on
an input 20. The output of the m xer 19 passes via an anplifier 21 to the
track interface circuitry 5. The digital data to be transmtted is
constructed in nodule 17 fromthe track circuit identity, internal data and
external data. A parity word is added to the data to provide error
detection and correction. The data is QbSK encoded and band-limted before
being m xed with the carrier signal. The locally configured carrier

and ¢ ranem ol SRR a5 o FRRRSEA LS LR B A b LR, e

enabl i ng eagynCarisiilatth @it OF rdchie e£6Y prb fidirdgl GEIRf@hta ASar@hthutdss dddeard 1 ack
circuit identity and other external data there can, as nentioned, be

i nternal daindicalion of irackesirraiit identdy enmniogtpuédd to transnit the current
transmtter anplitude to the receiver 6. This allows the receiver 6 to
determ ne the attenuation of the signal along the track and use attenuation
to deterning thE sjdien bF AEK 1] BelieMk optibi éfmhgmﬁa&ﬁaﬁaﬁeﬁﬁ&ﬁ b9fedephngue
can be used to renove sone of the signal generation and contfol tol erances
in the trandimetd#erenckiseompandd toiextsting tiadle nircuits, are fteeabilitly tdabay amateidateer nal
data are coded into a .rressacgg?vm'th Sui taghe error det ect]iao(ge and

synchr oni sab§¥ReR: BaREnitieh andrceiy gl thus emiBling Biye PRIGHS (el 1pndites Agd dre
symbol s t haka @i JrRRi SRl 1b MR- Clreasi@dpenect or quantities (compl ex
nunbers). The synbol vectors are converted to arrays of output sanples that
are then filtered giving a baseband representation of the QPSK signal. The

transmtter_4 uses substantial digital filters inplenented in a DSP to
tightly banth§ {IRREMItEE AQpaIeTEY Rafliquhsienal %@éd%gaﬁﬂgg tiBtoatheoliAckyilf 41k ent

bands to be - h o f w ' ] ate
n the. ava PaBrETE Shfiafe bagdklElad e TRIMAREE SanBRallds STHETY MdRldhd -
circuit is mebdagh (elgranhathbols epgatddien hicqclic basi< UTlie miegiage cohtaimgtagtckwor ds,

a relatively high peak voltage in relation to the RMVS voltage of the
transni tt er CIERMHIFENEgwEAue 1 that dragk caguit wgithin fogiven GeoePhisvaea-di@theh into

a1 cont anvianroieet A sPRE il RES b A R AR R DT

m xed with ¢hiefdestioet &atin @ thetegkeieyit.f or the track circuit and
anplified to deliver the power necessary to drive the track circuit. The

m xing with the chosen Garner nakes it relatively easy to configure the
same. producip g,0f oYX atLY el LERE S Rldd Gl LEAHEREEPad Bl N9 TO
Fig. 3, the receiver conpri ses a m xer Ich receives a signal from
the track ansckeciaiticiear o@putdnthie Rignb] 12 3f sufficemirplitudefanfitheaihesddgdd@intdns
applied via a filter 24 to a denodul ati on nodul e 25. The nodul e 25 provides
a data strebimcoaed tek sasmbidaniiy s Ap areatipegd, Hscdame bREC iseivEr prUERINEEINBhe

ext ernal da ut .t ernal .. 0 27 and track circuit
identity on%é;lrllé)e u%p%‘?ﬁgé‘,}%%é@? ﬁgog%a&gﬁg%m &ﬁeg{éﬁ??{rgﬁ% so being applied to
a track state decision nodule 29. Track state decision nodule 29 al so
receives a diverse signal anplitude output froma signal band anplitude
assessnent HodidreatdE, copfigurstigns dhe Baek vieenit ¢ralld bgeae 11 whigh héransmatier iand a

phase cohergnt synbol anpl.itude ut from.de uhkation dul .. The
emodul att ofe e Aat gty S LR o SRR A SR el et e
recei ver 13ueftrdcReirthiiatsule 8k bhe hefitae s endsihipotieciheitadan et exith Bgsh 4 he
track circuit identity, external data and internal data used in the

oper at i on ofeceiier atoaadjaesnt eaghtof thepeenfsier the tracksgirepit gould bgihe ene whieh hahd and
t he nodul es;25, 26, and 30 of Fig. 3 on th her hand coul d be .

ol enent odFFE 26R: WEP sChe el er At adfheBR el LS paL BBER AR Feiriket e ver
6, the incopdmtuhicatKg HiAth bStheQEdRiw¥s.het erodyned at the chosen carrier
frequency and filtered to renove higher frequency conponents. The resulting
information is a conplex representation of the baseband anplitude and phase
information..of the track signal. A suitable synchronising.function is used
to Pocat et REe sulemditpiiancy modhBHoR AR S RO RE S e M o % o e
extracted fgstef@slly; BYIPeHack Theutt @hdtrbBerdhangepicter? Hasmtbat MEeR wensfecut i ve

synbol vectors defines the data, _ ' .
Quadrature Phase Shift Keying (QPSK) modulation technique that offers the potential

to transmit significant information. This high information rate facilitates larger track



_g_ which with QPSK gives four potential values per synbol (i.e. the
possi bl e 360 degree phase shift is split into four areas). The data stream
extracted fromthe .incom ng signal contains the track circuit identity,
external data and internal data used in the operation of the track circuit.
It wll be seen that the denodul ati on process delivers both data and phase
coherent nmessage anplitude. It is essent{al to enforce a strong

rel ationship between the track code and the level of the track signal as
this is cri I t el
requi r enent & C%%'Jl %ﬁlt%%%%%% @}C?noggr E?a[ (%néeog%% N %g%%q;é%ﬁ%sp%rrﬁ”? da3 [#ide i s
the sum of frbﬂl paASRitealE te tcddat sy cMuel@caf B rﬁhqilem&ugnorfl de{ahluxsetgaﬁﬁ@ what
is meant by the phase coherent part of each synbol. In decodi ng each
symbol , a d@@ﬁ@ﬁa eﬂh%setSé@ff‘ﬁ Keegiogring dts compiicntiges &etiresare ueliraretv(ta)the he
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synbol vectggvelC) Wll lie sorrevvhere in the quadrant and what is required
is the portion of that vector parallel to the nom nal synbol axis. This may
be cal cul ated by considering the received synbol vector to consist of two

t h th h t nbol | I el
&t ne homs Tt 86 AR B R s Somig BB e B35
per pendi cul gy, &fridPayRRIFT A heSHARMe ﬁﬁgéof;ﬁéﬁ Shahpd BONAARES VTR Isubigtde
magni tude [D] of the phase coherent part of the synbol to be calculated. A

si npl er andintio \aar@enaallmhﬂra(M-anayjf ofi phdsanmnﬁwsnamabh ttradeition rapsesertmugra ed
out and use 0ss- chec e coher litude to et
rack el r cufiteE Sy Rai SemRa el vele ! LaeRner PRbs of Bhise dHErLPgH S
based on 1 ecenl (bafhrff 4\0RaEARKEES, 16 ARIAZ] TRUAhGURBbI:Y oFplaRdRANEbSS
signal levels fromDboth Tevel a$sessnent nechafi sns above, a track
circuit sys(MDrﬂieshig]herdh@sndr fate for aigiweaysignahtomast mébi(BNR)L Quadramgea?S@SK
nodul ated trg nal to significant track cjrcuit |den codi ng
and dat a fr@f@‘ffl ‘éﬁ’ﬁﬁ? 8%%’@%6[‘“%? | §9PHI108SP t8¥er%fl§E§S§F@P§ 1 %éraﬂ%e of
band- | | m t eghroiPSKhé AP %ﬁfoﬁ?&cta%m% 1R bifer O6K! AiraliRALe HILEN. oLl

i ncreased peak trac age or a given power. The Increased data capacity
al | ows nuc hpdimngkarlychsgh& ake oberesr dovrebton tecBnmuss @ead)ttgeneraﬂy acéepted mua t

t hus prOV|d|fg %her security of the track signal in the presence of

i nt er f er encBFWHlsEhSSEM ack circuits or fromtraction current. The

i ncreased data capacity can also be utilised to provide for the transfer of
other data fromthe transmtter to other receivers. -10 CLAIMS 1. Rail way
track circuilThe gppattdn) and@gpsdidiynde saferdeodction,r cfUQPSK riahmide tfeasiblama track r ack

circuit recejver, wherein the transmtter generates a QPSK nodul ated signal
that carri eSirepi by maedeve Hgitad signad precesiqradDmPe) aad |aﬁiQ91"tt‘FfE dﬂ%%?ik“%}a fcui t
and carrier of the identity of the track circuit, which
signal is dé@ogg%%%dtgﬂl g&r eceiver, the receiver only indicating that the
track circuit is clear having received a QPSK signal of anplitude greater
than a threshold and carrying the correct track circuit identity. 2.
Appar at us adépeds AtheSYHER 481, wherein the QPSK signal is constrained to a
narrow frequency band to produce a QPSK signal with a high formfactor. 3.
Appar atus according to claiml or 2, wherein the QPSK nodul ated signal is a
differenti ale tiar $ontd bai ROK vELERGhentadn (batuedised gnadainsds iAQpaT atths track
according to any preceding claim wherein the receiver only indicates that
the track ciré¥et is clear havi ng decoded the QPSK signal and checked that
the sum of gl Y. a t i reat er
than a pre dgﬂ éei{j‘f?f s‘f ‘P sedji:sﬁ 004 ed® MRl déiGSrs'gBol Ao RS TR paSity

e the techmques used to generate and decode the track signal lend themselves to readily

configuring the carrier frequency locally, and thus common transmitter and receiver

equipment can be easily configured to provide various frequencies.

Referring to Fig. 2, the transmitter 4 comprises a format and encoding module 17,

receiving, as well as external data and an indication of track circuit identity, internal data



5. Apparatus according to any preceding claim wherein the data transmtted
in the QPSK signal also carries internal transmtter information to the
receiver. 6. Apparatus according to claimsS, wherein the interna
transmtter data indicates the current transmtter output anplitude, which
is used by the receiver to determ ne signal attenuation along the track
circuit. 7. Apparatus according to any.%recedlng claim wherein data
transmtted in the QPSK S|gnal can be supplled to the transmtter from an

external syste th i |t and..rec t he
ok ol r iRl B TR AR IR T4 A b e BRP RSP LS B " 1
Appar at us d@@ﬁﬂﬁdﬂzﬁh i@arﬂrﬁ/ltd@ﬂewghﬂﬁe@%vmh whaeired Ncdrfér o Rgkut 2, tTHRI N
comuni cation, the QPSK signal is also receivable by a train-borne

recei ver. .ONRUASSMeSTRiEr Apassenyiaanananlifer A4 5udee track interface circuitry 5.
4hU| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] c<a] c<"a] ca] cRa] ca! eRV[ -

?" XVOBM 88888 o( qikit&i0aka {0/ B SRhsthieRl GRLGRIa8ka 3h Haddd W@Ho%lmﬂ&adl&%]tc a] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! +q-/e///
0000 1d11255®66ﬁ71@b9ad data and extemal data A parity word is added to the data to prov1de

; 2@\BEBoCt G cal.c ca ca ca] ca] ca
| ca] cal oa] G SFEA A PRAGPEES iy B LR S HESR SRR aRt BRRS Gt FPRYSS 3
J; bein mlxed Wlth the carrjer swnal The locally configured carrier fre uency is mixed
’P@\BEBoCt d vgl ga\ W ca] ca] c”a] ca] ca] ca] €a] caJca] ca ca]c ]calca]]ca]ca]ca

] ca] ca] ca] aal]tlmahc@]e%ﬂicaioo@d:aﬂataa]usa]ml cta] ma])hﬁmmhi) aridl G4@Bh spioh D V&' () -
| 94090 T& Sl 10% 10% $109&’ - 10940 - g9dE .
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109 () - camer%qugrﬁ’c{@ p 110%& ()-Z

As well as the track circuit identity and other external data there can, as mentioned, be
internal data. This internal data can be used to transmit the current transmitter amplitude
to the receiver 6. This allows the receiver 6 to determine the attenuation of the signal
along the track and use attenuation to determine if the track is clear. This ratiometric
detection technique can be used to remove some of the signal generation and control

tolerances in the transmitter.

The track circuit identity, external data and internal data are coded into a message with
suitable error detection and synchronisation codes. The message is then converted into
a string of symbols that are represented as two-dimensional vector quantities (complex
numbers). The symbol vectors are converted to arrays of output samples that are then

filtered giving a baseband representation of the QPSK signal.

The transmitter 4 uses substantial digital filters implemented in a DSP to tightly band-
limit the QPSK signal. This is necessary to allow:

e different bands to be placed close together in frequency;
® permit maximum data rate in the available frequency band;
® the most important benefit to a track circuit is a high form factor for the track circuit

signal. In other words, a relatively high peak voltage in relation to the RMS voltage
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of the transmitter output signal. This ensures that, for a given power driven into the

track circuit, the signal provides a higher voltage for breaking down rail

contamination than present FSK systems.

The baseband signal is finally mixed with the desired carrier frequency for the track
circuit and amplified to deliver the power necessary to drive the track circuit. The
mixing with the chosen carrier makes it relatively easy to configure the same product

to provide various different carrier frequencies.

Referring to Fig. 3, the receiver 6 comprises a mixer 22 which receives a signal from the
track and a carrier on an input 23, the output of mixer 22 being applied via a filter 24 to
a demodulation module 25. The module 25 provides a data stream to a decoding and
separation module 26 which provides the external data on output 10, internal data on
an output 27 and track circuit identity on an output 28, the track circuit identity also
being applied to a track state decision module 29. Track state decision module 29 also
receives a diverse signal amplitude output from a signal band amplitude assessment
module 30, which also receives the signal from the track, and a phase coherent symbol

amplitude output from demodulation module 25.

The demodulation and decoding technique is the same for the receiver 6 and the receiver
13 of the train-carried equipment. The technique determines the track circuit identity,

external data and internal data used in the operation of the track circuit.

The module 17 of Fig. 2 on the one hand and the modules 25, 26, 29 and 30 of Fig. 3

on the other hand could be implemented in software in each case in a single processor.

In the receiver 6, the incoming track signal is complex heterodyned at the chosen carrier
frequency and filtered to remove higher frequency components. The resulting
information is a complex representation of the baseband amplitude and phase
information of the track signal. A suitable synchronising function is used to loéate the
centres of the symbols, which allows a vector quantity to be extracted for each symbol.

The relative change in phase between consecutive symbol vectors defines the data,



U 10% U& ()-Q 10% U& ()-F10% U& ()-3 10% U& ()- 10% U& ()- 10% U& ()

-

dYNC 10 U 10 U 10 U 10 U< 10% U& ()-Y: 10% U& ()-$7 10% U& () -

10% U& ()-4,# 10% L& ()- ?" XWRA&IEYNC 10 U

-8-

which with QPSK gives four potential values per symbol (i.e. the possible 360 degree
phase shift is split into four areas). The data stream extracted from the incoming signal
contains the track circuit identity, external data and internal data used in the operation

of the track circuit.

It will be seen that the demodulation process delivers both data and phase coherent
message amplitude. It is essential to enforce a strong relationship between the track
code and the level of the track signal as this is critical to train detection safety. This is

not a normal requirement for PSK communications systems.

The phase coherent amplitude is the sum of the phase coherent parts of each symbol.
Fig. 4 illustrates what is meant by the phase coherent part of each symbol. In decoding
each symbol, a decision has been taken as to which detection quadrant (A) the symbol
vector lies in. The nominal symbol axis (B) of the signal vector for a particular symbol
lies in the centre of the quadrant. The actual received symbol vector (C) will lie
somewhere in the quadrant and what is required is the portion of that vector parallel to
the nominal symbol axis. This may be calculated by considering the received symbol
vector to consist of two vectors, one which is the phase coherent part (D) of the symbol,
parallel to the nominal symbol axis, and the other which is the symbol error (E),
perpendicular to the nominal symbol axis. Basic trigonometry allows the magnitude [D]
of the phase coherent part of the symbol to be calculated.

A simpler and diverse calculation of in-band RMS amplitude is also carried out and used
as a cross-check with the phase coherent amplitude to meet track circuit safety
requirements. The track circuit clear decision is based on reception of the correct track

circuit identity and adequate signal levels from both level assessment mechanisms.

In the above, a track circuit system is disclosed for railway train detection utilising a
QPSK modulated track signal to carry significant track circuit identity coding and data
from a transmitter to one or a plurality of receivers. The use of band-limited ‘QPSK
improves the form factor of the signal which offers increased peak track voltage for a

given power. The increased data capacity allows much longer digital codes to be

10
+
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assigned to a track circuit thus providing higher security of the track signal in the
presence of interference from other track circuits or from traction current. The increased
data capacity can also be utilised to provide for the transfer of other data from the

transmitter to other receivers.
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CLAIMS

1. Railway track circuit apparatus comprising a track circuit transmitter and a
track circuit receiver, wherein the transmitter generates a QPSK modulated
signal that carries a digital message which is transmitted into the track circuit
and carries an indication of the identity of the track circuit, which signal is
detected by the receiver, the receiver only indicating that the track circuit is
clear having received a QPSK signal of amplitude greater than a threshold

and carrying the correct track circuit identity.

2. Apparatus according to claim 1, wherein the QPSK signal is constrained to

a narrow frequency band to produce a QPSK signal with a high form factor.

3. Apparatus according to claim 1 or 2, wherein the QPSK modulated signal is

a differential form of a QPSK (QDPSK) modulated signal.

4, Apparatus according to any preceding claim, wherein the receiver only
indicates that the track circuit is clear having decoded the QPSK signal and
checked that the sum of all phase coherent symbol amplitudes in the message
is greater than a predefined threshold.

5. Apparatus according to any preceding claim, wherein the data transmitted in

the QPSK signal also carries internal transmitter information to the receiver.

6. Apparatus according to claim 5, wherein the internal transmitter data indicates
the current transmitter output amplitude, which is used by the receiver to

determine signal attenuation along the track circuit.

7. Apparatus according to any preceding claim, wherein data transmitted in the
QPSK signal can be supplied to the transmitter from an external éystem,
transmitted along the track circuit and received by the track circuit receiver,

which outputs the data to an external system.
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