VEH CLE PROTECTI ON SYSTEM 5 This invention relates to a VEE§$L6C735]I
tection system It is particularly useful in connection wth a t'
ection of railway vehicles, especially those with which .conmunication
“mai nt ai ned through the transnission, for exanple, of track circuit 10
signals. In a systemof the type referred tto-the vehicle is provided with q(

safety system svgglgggagRg@gtggngysbgqhg which is brought I nto operation

autonaticall en._an unsaﬂg gacion is lby cont rol, neans
carried on t vehrcFBlsTﬁpge §°Haﬁﬁgﬁte§oF°e?aﬁﬁ g Cle Profectd ol neans
ceases to recerveyatEmackItrnsuparsngnah;lgrusefeﬂvea mbmaemhamnom&tm gnal

[ Ci Tounst ances Ykl 8V peavse: 38R B b ZAyPuRBLRTRsca Bk s |

such arrangenents due to etweerl adjacent tracks
which may | ead t&hassgi yakh Bbigh §9WWP§§CB§1QH"ﬂﬁoﬁglnﬁééﬂe@rt@ﬁ@@mh and

its possible mstpbetpaRbRLE800RY §025e¥8ﬁF§b$ '8¢ &r4eki divicanal . According
to the invention theriérs provi ded a vehicle protection system

conpri si ng: -‘%) 19BAi€re confined to nove within the system (
30 vi a pat hways, whi ch pat hways conpri se: - b) first and second

pat hways each of whi g LS EPeH'MEdEﬁ CFgBeS?EEéP g EBeEﬂebggﬂgcq%a@§

wher eby commruni cati on bet en the ve eac of the said sections is
est abl i shed by 3Brovided;VikrBnRsSpERtYr 8KFERB, s8EENOASORNACBREASNCHaVi ng a

predeternined frpgarecywhibhcisfbeougneyinbangperbe@bhonatsnationllq the
next accardig t9n 3 PhEUThEL L NSd, 5EYEACES Ohel LEUENE) Eohl 83 Rehs! "°
o carried on the vehicle, This may happen, for example, (“
- if the control means ceases to receive a track circuit N
signal, or receives more than one signal in
circumstances which may cause ambiguity.
20 | |
Problems can also arise in such arrangements due
to "cross-talk" and leakage between adjacent tracks
which may lead to a signal being carried by a "wrong'i
road or track and its possible misinterpretation by a

25 vehicle as a valid signal.

According to the invention. there is provided a
vehicle protection system, comprising:- -
a) a vehicle confined to move within the system ' (
30 via pathways, which pathways comprise:- i
b) first and second pathways each of which is
sub-divided into sections, there being means
whereby communication between the vehicle and each

of the said sections is established by

35 transmission from the section of a signal having a
predetermined frequency, which frequency changes
from one section to the next according to a
predetermined sequence of frequencies in each of
the first and second pathways; and



- 2 -_' c) a further-pathway, internediate the said first and second .
pat-hways, whereby ,the vehicle may pass. fromone of the first and secor@f;_

Pat hways to the -other, the further pathway conprising a further sectio
t here being neans whereby 10 comuni cation with the vehicle and the
fufther section is established by transm ssipn.of a signal which has a

furfher frequency, wheceia: fudihdép Pt erm ned sequence of frequencies
P ﬁgﬁmeﬂ&emedﬂ@te the daiel|FanEes,

of the first pathway cgggrég‘?s 43 first
the predset erm ned sequence of o171 eRffdHEa®RSs, thetﬁwysw@e@ﬁ@l‘@a)&*ay%ri ses a
second sequence of frekiRMORs ofarte &fi ddhe Jygequencies of the trr$ss

m each cof'dt Rathiaysetoi eseof 20

sequence of frequenci asthg hg i fderent from each ;
t he second sequence of_ fre 'uer?égl effsu?rt d PRéhyaydcoupthetngr aaggpe)epei ng
yet a different f requesr?éﬂﬁl @ng) thiegevbkiabembgnpr Qxéggg)éwl th a signal

recei ver andl@ontrol eommunieaReBsi ¥t} 0.fhe, sequence of 25 _ _
frequenci es of recei vedegijgpaks to eF’ otr:h?av%bdf‘élr? indcthenfuntkée event

that this sequence is not a vaFfi 8SEaBlisked HYIetf&WQﬁéé){bRQ/iAé Jow be
e acc

descri bed by way of 3619néiawbiehomég,a\/\fﬁptm&f efence tot onmpanyi ng
ot 1 9¥oc fherpimae 35

drawi ngs, i-n which: Fag dnél by . ong schene -
railway track circuit cartci egr) ?é%%@ﬁﬂ_ee{;s%‘tf@a ldfusiriedfuem ilee logyout of
signal loops in the vaanﬁ-??bfP@h’ew:y osamgvids Of; Fig L q'i'q%.;:f’-, (a) » (b) and
(¢) show a fldw chartfrequemding, the predetermineg sequence of =

_ . | o
e | - Second sequence of frequencies, each of the

p. | . frequencies of the first sequence of

20.. ~ the second Seéquence of frequencies a
; r

25 B frequencie_s of received'signal's: to perform a
not a valig Sequence,
The invention Will now be de

O 30 example only, with reference
: drawings, in which;

scribed by way of’
to the accompanying

35 rav . 0 » .' : )
_ _ ilway track circuit carrier frequenciés

the viciqity of the -'cross-over of Fig .l- |

Fi | ' ' '
Fig 3 .(a)f (b) and (c) show a floy chart outlining



-5 t he Ioglcal deci si on paths of a vehlcle borhe receiver for
'|n the scheme illustrated in Figs 1 and 2; and Fig 4 shows-a bl ock
dic4gr am of an ATP system 10 enpl oyi ng the present invention.,

Referring nowto Figs 1 and 2 of the dramﬁags there are shown two parall el
railway tracks, |abelled "up line" and "dowh tine" in which the normal 15 '~

direction of stravel ofna n8yhvay aeaisisnl§atn§hs§tsdveﬁle§ehbsaﬁ@ by an >
arrow. These"two tracks are elﬁgtrlcall¥ ﬁéVIde |nto rack éCUItS u5|ng

jointless track secti 5RSEBYCEORPENEFBN SnECheng opt ?ﬁtfﬂ%e tnfi95o0f a

cross-over where speclahnd@02; andangenents are enployed as will be
described below. The track circuits are distinguished one fromits adjacent
nei ghbours by the use of different carrier frequencies upon which nay be
superinposed an 25 BdgoAmehewsrai hlpelbt@tagoamsegmar ARRrYakemer

referred to f§ an ATPeﬁbQB?L%g Eh¥6p§@§éh@r1ﬁ6@ﬂyﬁﬁgles are enployed as
folloms fl ="4080Hz 30 4560Hz f3 = 5050Hz f4

= 5520Hz f5 = 6000Hz 35. On the "up line", frequenC|es fl and f4 are used
in an alternating seqRefieerinbi he¥ oo Fhes "Hoamd | 2 nef fheodeawiegsf2 and f5

are used in a 5'”LhéEeaLESr?ﬁ&&ﬁgtégggngfleﬁngéffWé% didcidde H§&§¥}4§ 'S

reserved for use as a_ tran requ cro over ocation
of different frequggclége" and ”down 11ne" in which the normal

15 direction of travel of a railway vehicle is indicated
in each case by an arrow. These two tracks are
electrieally divided into track circuits using -
jointless track sections by conventional means, except o
in the vicinity of a crose-over where special

20 arrangements are employed as will be described below.

The track circuits are distinguished one from its
adjacent neighbours by the use of different carrier
frequencies upon which may be superimposed an

25 automatic train protection signal-(hereinafter
referred to as an ATP signal). Five carrier
frequencies are employed, as follows:

f1 = 4080Hz |
30 | | £2 = 4560Hz N Y

£3 = 5050Hz

f4 = 5520Hz

£5 = 6000Hz

35 | On the Fup line", frequencies flland f4 are used in an
alternating sequence, whilst on the "down line"
frequencies f2'andgf5 are used in a similar
alternating sequence} and the fifth frequency £3 is
reserved for use as a transfer frequency at the
cross-over. This allocation of different frequencies



tracks and al se increases the overall systemsafety. In the ATP system

bei ng described, and to which 10- the invention has been applied, the
carriers are frequency shift keyed by + 40Hz and the rate at which the
frequency is shift keyed is a nodul ation Faﬁe'tonprising a coded :

r rEsent ati cmh of to sedch reExi yAEM TRk Irierautcefsorelre:&erﬁ&atn eultaﬁ:fseelhbgln of
track. 15 There up t inet A e .y tion,rates _available in
all- sections, pl usbae:)tﬁ"ee% atgkglctlr}?accgg%[] a@@ﬁéﬁ%@néﬁ%&%ﬁgﬁgdﬁf‘gt ?’g%?é?e.’ whi ch
may |ie wthin thes¥steuaafietyange of 28Hz to 80Hz, but the latter is not
-directly concerned with the present invention. 20 Referring nowto Fig 2
.there is shown a track circuit arrangenent of the ATP systemin which each
“track circuit (TC) hasttarFBRITE SYSFM Redme descrikpd i AnfhEoe¥hafhe bei ng
descri bed | oddl ed tihe dnvntdion?has beleay appdieda thei egrudetsnaveted in the
"four foot" near t |t e ect,l en, t ynisn ni I ed in
“the "four foot" neégeqq{gencﬁ%slalﬁg:etk%%&%o%&t ﬁe4g§gt ?gﬁ gﬁg ggfgagg %?ghlt
recei ver (Rx) agaithd domauencyndiselspiift kieyedeligyar podulFhéonunphg units 30
at the exit and enddyGeigidSs @odele ragtbisentBRicH bReaOBLPHE mekihiR
transmtter and the i t. of the receiver respectively to_the ippedance of
the running rails %ﬁeégii%ﬂﬁﬁiQQ{.t§§ part1c§ﬁ rsé?ﬁ&féﬂ @Er FFafkt requency
for a track di¥cuithdre garcngt ¢d nineleenr arencbtier maddlasidbnegaeasy shift

keyed by a sel ect eg, yypdiyl ii‘?:“.a]‘i‘id%fe%%h@t,Obiulh'bﬁestEQQL LErEOEP code
transmtted via the running rails o
: generator modulation rate, which may lie within the

-4- 5 to each of the tracks reduces electrical interference between thEr'\’

-

N _ _ frequency range of 28Hz to 80Hz, but the latter is not
directly concerned with the present invention.
20 |
Referrihg:nowlto Fig 2 there is shown a track
circuit arrangement of the ATP system in which each

' track circuit (TC) has an associated transmitter (Tx),

in the example being described located in a remote
25 relay room, a tuning unit mounted in the "four foot"

" near the exit end of the section, a tuning unit also
mounted in the "four foot" near the entrance end of
the section and a track circuit receiver (Rx) again
located remotely in the reiay room, The tuning units

. 30  at the exit and entrance ends of the section match the
~ : ~output of the transmitter and the input of the
-receiver respective1y'to the impedance of the running
rails of the section.

35 . The selected carrier frequency for a track circuit
is generated in the transmitter and is frequency shift
keyed by é selected modulation code generator. This
signal is then transmitted via the running rails of
the section to the receiver,'which is arranged to
filter and check the éarrier and sideband frequencies



--er and si deband frequencies - 5-5 of "a recetved si-gnal and,

4im ng these checks are correct, then energise the track cireuit relay.
The track circuit relays of all the track circuit sections are therefore _
normal Iy continuously energised and, "picKéé—Jb" providing that a trainis -
not present iS5 10 of an)rexxitviean, sn%mlm,cmmnhmgsmgnade icheichkat agecti on

S caobr nT ch s SO, MG e 1Tl R RLSKRNIAT AT ARG Nerhe

recei'ver, which refeases th cate ésence of
the train. 15 tragfercinaarid gedays t‘:>|fa|ar3rsa’L téhet &R Gkn CGrrCélpﬁr sashilngsa

track section, theQOrRSRAHGdrimRAK yCidofitiihueliglye end ryiGedl awal ch
contains no coded Jnformatiqgn for the train's ATP system "but nerely

carries the basic TRHNELTUR uRT WWiGHAT a&nér&F?é"tHé PP&cPrEGe"thPCU|t
relay. SincdQ he Wi ssigdialn,cdm aihichalcalseathensdigmamh ipeedaltl sektion

| nfior mation [t ended i P AU HABARG, LS AHESH9R%koksa

i njected i.nto the circurt in th ate vi‘cinit ocatlon
of a train. As a tirmh rgashdachdden recadvers whieht |r@rleta|$@5t thek tEreckui t

signal is changed diG & Gy o lihQAicadd bedsthBecodednsi gralin, Wien a
train enters a track section it receives the ATP signal via S|gnal pi ck-up

means | ocated ahead 30 of the | eading axle which, as is well known,
shorts out theé signalWmanmuher&har&raoktmannauteumaaxnﬁhter'apgrbachﬁngr

| eading to the traaCK:r%c%slgetctrl%l n3Y t’?x%' %r%sm@%@e@rgek' e gaie the

presence of the t i ons ere NS may cross from
"one track or rcmuiQQfﬁﬂﬁﬁI@eﬁ19&§1aﬁhéﬁbs§°6@é#§s §Pe69daﬂelﬂﬁﬁéﬁat1°n -

for the train’s ATP system, but merely carries the o/
basic track circuit signal to,energlse.the track
20 circuit felay. Since the ATP signal contains at least
maximum speed limit information intended for one
particular train only, the ATP signal is injected into
the track circuit in the immediate vicinity of the
location of a train. As a train apbroaches a track
25_ section the track circuit signal is changed to one
carrying the required ATP coded signal.

Qggasection to the receiver, which is arranged to filter .and check the
S

When a train enters a track section it receives
~ the ATP signal via signal pick-up means 1ocated ahead
30 of the leading axle which, as is well known; shorts
out the signal between the track circuit transmitter
and receiVer leading to the track circuit relay being
de-energised to indicate_the presence of the train.

~r/

35 In sections where trains may cross from one track
or road to another, as at cross-overs, steps are taken
to avoid putting ah ATP signal onto the "wrong road",

- As shown in Fig 2 for example individual loops 10, 12
are laid in each of straight ahead route directions
and a separate, third loop 14 is laid in the



~to avoid putting.an, ATP signal onto the "wong road". As shown in Fig

exanple individual l.oops 10, 12 are laid in each of straight ahead ro
directions and & separate third loop 14 is laid in the - 6 -5

cross-over: itself.
loops 10 and 12 in those parts at either &nd of the cross-over~section

Whi ch are s

of

track circu

The cross-over | oop 14 qverl aps the strai ght ahead

trel"ays rnorna rack CiTcu nal s

red wridsst-owest iasghf,ahthd cpukesovdp loop 14 Theeplapence of

a train in the traslc 3860095 LRCUR! S6b80 GATYEANIoNER! VnbYo dgspOET gl sation

conducted by the ﬁ&ﬁh@rb@mﬂeeﬁ thacRrQSchvertsaﬁbn¢nt@hschndree%baneds as

Is well -
strai ght ahead routesare insul a

known. Thegilp th%abk§a9%hEhShSéQS§09¥8§; lyi ng between the two :
fromthe rails of the other sections by

i nsul ating block joints 16, 18 which effectively prevent cross-injection of
signals fromgne roadThe pbhesehberofia thainubni tigeratask ecthens ais

Strai ot ahead T oue o8 <8CLont bR FhA21 90 pa"8RdL00D: 30, 00, 12 0N Ve ks

» energised and carries t

e correspon

sequence aIIocat|GnrtéﬁtthélﬁYﬁenoﬂnel YOBSCbQ@TUPo@b 25traqll ¢Erowit

energi sed and car ijghale SbaBakted B&'thébMEYfé WEEle én CF PSSk VEFcdpute s
and transmits the ATP coded S|gnal

superi nposed on tﬁéaeépﬂFEFrFré&ﬁeﬁgﬁeﬁbeéfl6ﬁa}%dw?%} KRR 0vERS, that
frequency f3jsandralidssbfatpbt cabeadoveopsliingnise ideer etisev twhed of f and

carry no signals a 3lihne TQRe P SIULONEPL £ALEI£COYeLAR LRQ fuifiEldpes

set,

the cross-over loop. 14 is ener

20

25

the other sections by insulating block joints 16, 18
which effectively prevent cross-injection of signals
from one road to the other via the running rails,

- When a straight ahead route is set, the straight
ahead loop 10 or 12 only is energised and carries the
corresponding ATP signal in thé correct carrier
seguence alloéation for the line. The cross-over loop
14 is not energised and carries no signal at all,

However, when a cross-over route is set, the

"chss—over loop 14 is energised and transmits the ATP

30

coded signal superimposed on the carrier frequency
allocated for cross-overs, that is frequency £3, and
the stralght ahead loops 10 and 12 are switched off

and carry no signals at all.

35

The ATP equipment carried by the train includes
Signal pick-up means positioned at the front of the
leading vehicle ahead of the foremost wheels, the
output of which feeds the received signél into a -
recéive:'and_then into a decoder. This decoder
extracts the maximum speed signal and compares it with

. the measured speed of the train. If the actual speed

e correct carrier

S



35 signal pick-up neans positioned at the front of the |eading vehicle-
#amad of the forenpst wheel sthe out put of which feeds the recefived si gnal
iﬁ?aearecelver and then into a decoder. This decoder extraets the maxi mum
spéed signal and conpares it with the neasured speed of the train. If the
actual speed - 7-5 I's greater t hanh % e pernitted maxi num t he -
energency brake iSg hgoduddr | tHan Opas d ikt L mrmﬁn%&r@%@&gmyal so be
actuated in other circupstance detqgted as, belng Eﬂﬁﬁntlaluy gﬁgrous to

a

the safety of thPi#58 iSRF YD HEHPRE 2R
is detected, or iMayvalsos bmraacisxagmad srarcs:heammnreulmttdnm fded:esn:ted

anplitudes to Preyenie t%é Qi{)hrgeﬁd’if's Gy 8- f@}_zy He the
el n scr| ,

arrangenment of the sys I n which an ATP S|gnal
transnitted only t#ﬁlﬁm@ﬂ@(iﬁﬁtRﬁ%ﬁeQSQq%mrﬁqﬁ? PS5 whan ng AP §H&mad not

arise in V\hlﬁﬂ aig adétéayed,ecavleftm G fldrd ifignAlIR Jr@nalerdivted shoul d
this arise, t etralnoﬁeqj% n:entteg%anip ranged to rmt the trainto

proceed at the | YD péFﬁW: (j%ﬁﬁﬁﬂiq imts. 20 The
out put of the deod:dsect:somamedteaobanmusri@nadperatutcmtchfe &Y remgegendy

brake circuit, I I giANg rHERTY ReRke contro
ggﬁgfg ea%ﬁ; déééyldgdq ift Pﬁ@ﬁ

relay in an energls as an ATP signal is 25~ received
and is not exceeded W’tﬁi@qﬁﬁa{%lﬂfﬂd tlr"altr\"esdééi}nlltfy r?(f SudtF adingtdie i s
received or js5 exgpadadion thaod rrfdt ral iaye i lwnm at elra idemaer gi sed and

the emergency brake accordln ated 0 decoder. rrled by
the train incl uddEHis gc&’nfal ing A'r?i> signals % %ouldc%

arise, the train equipment may be arranged to permit
the train to proceed at the lower of the detected

Pars

o/
maximum permitted speed limits.
20 .

The output of the decoder is connected to control
operation of an emergency brake circuit, for example,
by normally holding an emergency brake control relay

* in an energised state-for as long as an ATP signal is
25 received and . is not exceeded by the measured train
speed. If no such signal is received or is exceeded,
the control relay is immediately de-energised and the
emergency brake accordingly actuated. '

30 The decoder carried by the train includes means
for identifying the carrier frequency and its
modulation rate. As the train proceeds from section
to section a sequence of carrier frequencies will be
formed, and the decoder is provided with a temporary

35 memdry means ‘in which is temporarily stored the
detected sequence of carrier signals encountered by a
moving train. There is also provided a permanent
record of all possible such sequences, or at least
those which may be encountered on a particular route
to be travelled by the train, and means for comparing



for identifying the carrier frequency and its nodul ation rate. As the train;"
proceeds from section to section a sequence of carrier frequencies wll ’
formed, and the decoder is provided with a tenporary 35 menory neans
whi ch is tenporarily stored the detected sequence of carrier signals
encountered by a noving train. There is als® pfovided a permanent record of

al possi bl e guch seaueifm: Olofly e Angdioss LR ENEaNRkREET on

a particular Toute to ravel ne traln : nmeans . onpar.i ng
-8- 5. the cont e®f sthf E?@"Q’bﬁﬂ%r‘%ﬁ‘%ﬁ’rﬁbm F%ecrﬁ‘ltnﬁ‘e %oﬁ@@nf@céfl"ﬁﬁe

- permanent nenory tgedigdmidn e 4 fvdlial repiem@, sequence is a valid sequence.

10 It is preferred, in order to permt re-routing of atrain, for
.exanmple to accommodate conflicting train novenents, that the decoder is not
prearranged to expect a particular sequence of carrier frequencies but to

have a reset fﬁgabl|lt b ﬁgn#%hfg¥¥ééxﬂfﬁgdyéer Q%tl%qh&q QQQEGBQEn 0,¢l ear

‘the tenporary henory thus e ing a fresh sequencé of carrier als to
"be recei ved and ch%c?%ﬁﬂ%mtﬁﬂﬁue&ﬁmﬂﬁﬁ'qq“§QHQQm?Q§tﬁrG@Péé&cﬁéﬂﬁg FApBded

or the energency bfickemditisg dtHatige iqecodenerial not. ptleardaagdar tbncl udes
means 20 respon5|ve to reggﬂ%upqﬁpf the transfer fregue@c¥ f3 to _perform
14 t4*5F4

- the reset function PP I FSUSVEE toi’?ecla(ftgﬁ HeBFoSE- over.
" In operation of thHmtddseriases] aamegemmblzaty,c@rmcheupant beingtravel | i ng

in the d'reCtign C5c§§v3§€d VY ¥R e £ oUR 1lelaRe t nieh ¢ g %ary'ﬂe389§0@ﬁﬂéng "

the cross-over it ave encountered a sequence of fregquencies in whic
fl and f4 alternat%ﬁabﬁﬂ?g' Jfifesh sequence of carrier 51gnals to be

-2 received and checked without either the train's
\*/ progress being impeded or the emergency brake being
| ' brought into operation. The deeoder includes means
20 responsive to reception of the transfer frequency £3
to perform the reset functlon whenever a train runs

- over the loop 14 at a cross over.

In operation of the-deScribed.arrangement,

25 consider a train travelling in the direction of the
arrow on the "up line" in Fig 1. 1In approaching the
~cross-over it will have enéountered a sequence of
frequencies in which fl and £4 alternate. The "down
line" will carry a'sequence_df élternating frequencies

30  £2 and £5. On approaching the cross—ovef section and
‘leaving the last section carryihg frequency f£4 the
_traih encounters the cross-over section in which loop
14 carries a signal having frequency £3, Up to this
time the train ATP decoder will have expected to

35 continﬁe encountering the sequence fl, £f4 and would
interprete any other received frequeney not in that
sequence as a potentially”dangerous situation,

However, upon encountering frequency £3 the
decoder is. "reset" and the temporary memory containing



pproachi ng the cross-over section and | eaving the |ast section carrying
requency f4 the train encounters the cross-over section in whi ch | oop 14
carries a signal having frequency f3. Up to this tine the train ATP decoder,
wi |l have expected to 35 continue encountering the sequence fl, f4 and
woul d |ntespret¢hanpethmmerédewm@dfﬂrequemaﬁedotamﬂ ph&paxe@u¢nce as a
“potentially danq&kgﬂg S|t§g&% taqgg%%r g@ R %@%%ﬂ&%%rk%% h@%qgencySfS
e .

‘the decoder is. “Teset” or ar cont ai"ni ng
the sequence fl ldm@ f$hﬁsté@d@bélréﬁdeﬁF9H§F@dstGhﬁeééﬁﬂéeacﬂré@ha§§quence

~Upon reaching thge ndqwn usmabrhmalh@abnf&b@hts@@@@u&heta whe chr egeency f2

and then f5, establishin fresh Sequeac t ecoder wi |l now
continue to resP&fe 4§ﬁ|%iﬁluﬁ?%ic %@ue g rfsﬁg§geﬁggﬁﬂt3Pc§ FaPeher
transfer fnegquerey ift3maghieinsounitersyasifamtiesctreasfies faequeatcy £3.
operation, the present invention makes it possible to interpret accurately
situations which arise through 15 | ess than perfect operating conditions
but which are not i Whdd&hkt theysygten JrgcEdbgdt igi faddysBéepdPnitted to

?Onflnue r?nnln@p@&a&ubuatmQQSpwhe@atohheéWtaenlmawegldtbgoaesaséatw to '
al to safety ar.r n_tnhe t conti nua Yy
seeks to prove &“%Fé&%ﬁérﬁFﬁgéaésﬁg 1§ge§ §8ﬁdkgﬁgﬁsa5ﬁaeo%ﬁ§oﬁﬁg
successful 150 t Riessdddani pelifledtobberhsiogecgsddyibnakbutFwhichyaret is
safe for a trai poho ;pRRFANLE 1yl uﬁxafgl 08AkS 8" § EeathVAdy! Bep¥ahidtéa

sequence for the route belng travel Ied Second, the train may _continue if _.a
m xture of two t© continue runnlng in 51tuat10ns where otherWwise it \'/

-would be necessary to fail to safety.

€§g§|ne will carry a sequence of alternatlng frequenC|es 30 "f2 and f5. On

20 " The ATP equipment carried on the train continually
seeks to prove a predetermined set of safe conditions
and.only if successful in this does it hold-off the
emergency brake, Firsﬁly, it is safe for a train to
operate if ATP signals are received in a valid

25 sequence for the route being travelled.

-Second, the tréin may continue if a mixture of two
ATP signals is received provided both are members of a
valid sequence; if one of those received signals ]
30 belongs to thé valid sequence but the other does not | "
the train may still continue but an alarm is raised.
However, if_both-received signals do not belong to an
already established valid sequence then the emergency
brake is appliéd and the alarm warning issued.
35 _ _
Genéraily, any situation giving rise to more than
two signals receivedlsimultaneously'cannot-be-resolved
safely. 1In such circumstances the train must be
halted and the emergency brake is applied.



ATP signals is received provided both are nenbers of a valid sequence; ifx

-one of those reeeived signals 30 belongs to the valid sequence but the
ot her does not the.train may still continue but an alarmis raised.
Fbmever i f both received -signals do nol pglong to an already est abl i shed

I d sequence then the energency brake is a gﬁéed and_t he al arm wat ni ng
| ss ed. 35 Teneral | yWhgRytBet tERRSREHi ving r YensH 3 tBnF 85t “$Ynal s

rﬁcel ved si mul tgﬂﬁﬁulﬁt‘rdGQﬁﬂﬁme:be iesota@dtlsjaéﬁ ysubsew:qrmmtances
the-train nust be_halt e r - 10 - 5
When the transfeFesPc'ng ngfﬁ%&ﬂi § #gég%%?bé%¥3gﬂgt{§H%NT eqU| ment is
"reset" and subssegguente. mnwaeﬁspnndfrkh¢nﬁqqqnmﬁntf#QQ#iVQﬁ n .%ane,
~walid sequence. f‘P&\&\fﬁﬁméE fP@me&&'fPé‘Fé"Et SRl d iRl dieuisey es from

di fferent sequences’the energency brake 1s brought jinto operation and
an.alarmi @i at’éﬂakeAﬁobr?\“g‘Pﬁel?‘F%lW%t’rﬂﬂ NEATHREIAER ecei ved any ATP

..Zi gnal, for exanl)hﬁti)seaase Alsdpsif ustie etnﬁiqﬁctxafsjr arota pms&haiély\g yard or
epot, then it is rece ve tﬁ%#gesiéff engouny S{Pel(%f fbe%r@n reayency 15

to establish a nﬁﬁf? 5| G e sane sequence
are detected, a muaiadememeél from rmynaxeshaellsdm wand syrerdapadn tdren He train

s permtted. %W&@ﬁ@f&eh@@%é ﬂi‘&d eﬁi&wtse;feraorglcaﬁaflerﬁ@q nces

are encountered an unresol vabl unsafe .condition is detern1ned to

be present ‘ahd tHe @RERRLHRY Ebr%ﬁ(‘é ‘f@’d’pesre(%"éﬁ‘cq n dife EHFHIRG!S of the
i nvention the deﬁtémome Osiithé el wdmue are diaterrtadled i xedricodepr ocessor
mﬁ}h_ alarm may be raised, but operatlon of the train is
\,)- o permitted. On the other hand if mixed Signals from
' different sequences are encountered an unresolvable
20  and unsafe condition is determined to be present and

the emergency brake is operated.

~ In one embddiment of the invention the decisions
outlined above are dete;mined by a microprocessor with
25 . reference to the permitted and non-permitted

combinations of signals stored in a memory in the
equipment. The analysis of the received signals may be
carried out by several alternative arrangements, one
such suitable arrangement is described in the

. 30 _applicants'3published. Patent Application No.

\,/ ~ 2,114,342A in which there is disclosed a suitable
railway'signaliing receiver incorporating a Fast
.Eodriér Transform frequencysspectrum_analyser.

35 Referring now to Fig 4 of the drawings there is
shown, in schematic rep:esentatioﬁ, an ATP-system.
The track is shéwn_diagrammatically at 41 and the
'directiqn of motion of a train is indicated by arrow
'42. The portion of track.shOWn consists mainly of a
track section carrYing a track circuit signal at
frequency £f4, with further track sections on either



f’; reference to the permtted and non- pern1tted conbi nat rons of signals
gkd in a nenory in the equipnent. The analysis of the received signals
be carried out by several alternative arrangenments, one.such suitable

_ arrangenent is described in the 30 - applicanptis' published ' Pat ent
Application No. 2,114,342A in which there is disclosed a suitable railway ;:‘

signal ling rebe€i versldﬂccnépmmng\gﬁ & st Ferflirf reyquisrRuys FRr M frRd uaincak
spectrum anal yser. Sfcuit trdfdm of  the draw ngs there
cul y '{E&% A‘Ir%ézélg’edf 3ffe. %;f' egjssbr%\/\n

I s shown, in schematic representation, stem
di agrammati cal |y atbWwrkarkk 3 ®% éfcﬁﬁﬂﬁ?td-ﬁ’edmn S EFi xed byl thies i ndi cat ed

by arrow 42. The frdquency dff atle Yrawk @aRTugitsS ST@nAlY a@f a %p%%%&&a%%@t'on
carrying a track circuit signal at.frequency f4, with furthe

sections on either 5  side carrying a signal of frequency fl. The
track'circuit1®ransnitﬂ@ﬁstaﬁdnré@@tvshswaneibngtoaﬁeddbwlbh0§k§a1% afd RX

respectively, suff@ﬁ%ﬂ-ﬁﬁ Eﬁﬁl%rQ?Henﬁﬁﬁoﬁohﬂﬁeﬁr§85 gokti %héhgngFP%Ef

appropriate. 10 train FoVvi
pi ck-up coils 43a, °43hfodReednBoRehafhcat 2 ﬁédfﬁénthgffthetleaﬂemgone

vehi cl e, ahead of hhmeﬁﬁanblyxhBOVQHEabH“Bﬂl@BS'Mré@Qvﬁafﬁgh ﬁé %Qe track
rails and in S|gnallggggl elatio 43a,

ying.re T E g F m%th The col
43b are connected to anpl IEyrAg REaRE QEhRPERID FReFeUiEl. at The cahds
construction b thﬁéaanﬁBbfyrﬁgcqeaqsteddtofampblﬁmum@mmaan§h@énéﬁélly

descri bed may be a b o] d u
out put of anpl|fy|ﬁg:ﬁeg%§a4gelgmconﬁggtggnébPuﬁeigﬁdﬁ%.thgg ?m%& %%lng

anal ogue to digit aP€28FpfRAgefetie ﬁ%ubﬁé?% eehis %P%@Q%ﬁbﬁbbe;hmyweratb

for as well known and used in the prior art.

20 The output of amplifying means 44 is connected to
the signal inpﬁt of an analogue to digital sampling
means 45 operated at a'suitable sampling rate for
accumulating real time series data sampiés which ére
supplied to a fast Fourier transform processor 46, of

25 the type described in : Patent Application No.
2,114,342A. The output of processor 46 is connected
to frequency spectrum analysing means 47 operatively

_responsive to the frequency domain output of processor
46 to execute the code analysing function described

30_ above. The processor output comprises a digital o
read-out of the amount of power calculated in each ~
frequency element or frequency'bin of the signal
spectfum, calculated from the real time series data
samples of the received signal prOV1ded by the |

35 sampling means 45. Analysing means 47 comprlses means
responsive to the identlflcatlon of the appropriate
bins of the track circuit signal frequencies which it
is possible for the train to encounter during its
progress. At the moment depicted in the drawing the
output of analysing means 47 wili indicate;'assuming
correct operation and no interference'etc, that signal



accunul ating real “time series data sanples which are supplied to a fast
Fourier transfoerm processor 46, of 25 the type described in '
Patent Application No. 2,114, 342A. The output .of processor 46 is connec
to frequency spectrum anal ysi ng nmeans 47 opengtively responsive to the
fgﬁquency domai n out put of . processor 46 to execute the code analysing
- fuicti on descki bed . VE, Ss | | S igita
read-out of the amf)g%?u?ﬁ?goﬁ%f%g? %%%%?gﬁ leén @%%ﬁ%?éég%% erazvnéejnt or
frequency bin of thdéestihbedspbanalinfreqienshtiol famnt Heikledo tSa%in es
data sanpl es of thggregei ¥esisifiowes PLOMWRERDYid heheS3arawip) | f1 TERAE 45.
.. Anal ysi ng neans 47 COEEFISGS meanps resgf sive to the identification of the
.appropriate bins oPYthd 293tk ¢ cthen 'grﬂsﬂ fF2ffncies which it is -
possible for the train to encounter during its progress. At the nonent
depicted in t drawi n h ﬂ?ﬂl j . 7.wid leqi ndi cats,
. .assum ng corrggt oper a??-%n_s%%rg%gi%{ er er%i'rs]fcltra&etc, ihe;}}c;\gégﬁfa ! qMC' Itgl 5°
frequency f4 is pretenis digifallprasorrdiin mamenahtdd ifar sogparison
frequency [err], agith aMpdcotes SO agRl 8 a5 ddiferld@ideqidiRed &tloradsn n the
drawi ng, followed by {4 again and then f] and sqo on.. 10 . .The sequence
of identified freqﬂ%ﬁ‘aT TMeRorY (qr RQM4% diT&ltsaﬂ%WPﬁr&rs@d’-ilﬁ a nenory 48
for conparison w tiheafeosmwad bfa wdnph fatequaicy ) tduse smayt ackd evied by
read-onl y- menpgy .gqsg : '@Hﬁb rgyﬂi ' r.har. c r.at or
50, and thus rrgy g.%-)ﬁl e 3“bty 15- a‘i&_t yﬁ’%ﬁd c%cl)ﬁ%grbiqs?g%% s?ér?%rs.gllg'tgggl e
regi ster means al tabRAughn P RAAAVLAY 1its iffo frasndb MO T€oPEVIRBALNED el 0y
a@jcroprocessor f@fip1dy Sa AR AIIbJBHEIN] for this decision making
process using software incorporating the decision -
making rules described above and illustrated in Figs

20 3(a), (b) and (c).

4
c 0

The contents of memory 48 are therefore
continuously added to and, the memory being of finite
capacity, it can store only the most recent portion of

25 a frequency sequence and as each newly detected member
is added to the existing sequence the oldest member is
erased. The minimum number of stored frequencies
required to positively identify a valid sequence in
the described example is three, no more than this need

_ 30 be stored, although a greater number may be desired
— . . for assurance. ' '

The'comparator 50 is required to provide no more

‘than a Stop/Go output, in its simplest form, for
35 operating an Emergency Brake Relay (E.B.R.) Control

circuit 51, to which it is connected. Control circuit
51 provides energising curfent for the emergency brake
relay 52 (energised to hold open, de-energised to
close) the contacts 53 of which are in series with the
vehicle emergency brake circuit. If the relay 52 is
de-energised the contacts 53 are released and close,
"making" the emergency brake circuit and thereby



ove.and illustrated in Figs 20 3(a), (b) and (c). The contents of
nry 48 are therefore continuously added to and, the nenory -bei ng of
inite capacity, it can store only the nagg.recent portion of 25 a
frequency sequence and as each newy detected menber is added to the
exi sting sequence the ol dest nenber is erased. The m ni mum nunber of store3¢
~ frequenci 8 re®Fingd nGo abedit @y £l 1 g@Bgroepcy anpldcesdosnod ithe he

descri bed exanm&ezistb&ekesno meraekeeabbhlabaeeduaaer barehqned, al t hough
a greater nunber, %ﬁ% desired for assgran he .conparator 50 is

required to prSHFEEMEEARGEE 1t haft -aYBFBpFERS uFbEF“an pssstapkest form
for 35 operabxngtam1EnmagebeyquakeeBetaypéEthRtheCeBh&ﬁlteirCUit 51, to

the'ener gency BESEsef,ptykllbel 5HLh, *inPhBILACSaER°tH RIS R o
cl ose) théibon996F§°§3céFCHﬁFcﬁlaié Fandétienali eponhmegshreteteningency

brake circuit: steHhﬁoEeb§¥e531h§ depeeeéeéﬁﬁﬂné@emSQﬂhaﬁt§p§§dareAﬁe'eased
and cl ose, circuit an ere 13-

bri ngi ng aboutaﬁpgﬁﬁkuﬁnﬁggeﬂﬁﬁﬁébgP?cg?Foﬁ°5¥eYh%g F?é?n‘g Bl 5Rady As

descri bed abovknowdeinctheéaantcincooshectcion with rhElwayae&htcIeuit
cross-tal k exi y e P he train to proceed at
éﬁéoﬁéfgﬁ ePgih EPbE§€Fi§h1%§QEé Y

reduced speed, case. control circuit 51 is
condi ti onal upon neasured train-speed not exceeding a predeterm ned maxi num

speed. An appar at Ush@nflr é§ebné#iUSpé O r @ NI Yl Ad)i e drSs 247 €84lYalso |
responsive to detection of sufficient'power in the o/
frequency bin containing frequency f3 to erase the
contents of memory 48 to permit a fresh frequenéy

grocess usi ng software incorporating-the deci si on maki ng rul'es descri bed

20 sequence to be ‘accepted without causing application of
the emergency brakes.
25
30 - | L o

35



known in the art i'n connection with railway vehicle automatic train:
protection systens.” 15 The frequency spe t-rum-ar_lmu Is als
responsive to detection of sufficient pé rint mamﬂmlf”i‘mllcont ai
frequency f3 to eEiéﬁE%QG contents of menory 48 t'o fertit®a $resh frequ y
20 sequence to be ed without causing application of the emergency -
brekeés. 25 30 35 1. CleAWERikleApreftiecitd opr syatiengn comprasingorpri si ng: -, a).
a vehicle confined to e Whi-hj e Vi a , [ h S
compri se:- 5 D A D A A e

di vided i nto secti ons patheay shewhd che Rad SelopmMpEARGaA-cati on between the

;/ﬁ'hi cl et and EbéiC_h._O_f thy Firdtsesd @@goha patakb gbeéabh b?aﬁﬁﬂtﬁsignaﬁbﬂw
.the section of a sign Vi redeterm n . [ equenc ich.
frequency changes f?-oaia'ﬁgeéggﬁ%’ﬁsf’g ﬁ@sneg‘?‘eﬁ&Bﬁpﬁgmﬁng ﬁﬂﬁéﬁ’gr ni ned

sequence of frequenci epnmurskest idn ttpetvie:erstthed'vshdoﬂad padhwach efidtbe a
<further pathway, l”te@@%éfEé%t&%%ssibde%h%Egi%ﬁed bgngréﬂgm§§§983 PRALRVAYS,

‘wher eby t he vehicle may pass fromaone of I TSt second pat hways to
the other, the furthethfaSRRioBoRrsr ~sSignals havhse 3cpredatarBiredre being

means wher elyy comuni EaidgRiendlyt, hwhiiehv gbeghenapdchhagésr thek 6a6tsestion
' to the next according to a predetermined sequence
of frequencies in each of the first and second
pathways; and _
_ _ .. ¢) a further pathway, intermediate the said first
N\ 15 _ and second pathways, whereby the vehicle may pass
| from one of the first and second pathways to the
other, the further pathway comprising a further
section and there being means whereby communication
with the vehicle and the further section is
20 .established by transmission of a signal which has a
further frequency, wherein:- _
d) the predetermined sequence of frequencies of the
first pathway comprises a first seguence of
frequencies} the predetermined segqguence of
25 : frequencies of the second pathway comprises a
' second segquence of freguencies, each of the
_ . _ frequencies of the first sequence of frequencies:
% - being different from each of the frequencies of the
_ o second sequence of frequencies, and the said
30 further frequency being yet a different frequency;
and o .
e) the vehicle is provided with a signal receiver



20 . es%ab%rshedfby—traﬂsn1SS|on of a S|gnal whi ch has a further

ncy, whe

(st v

sequence of

sequence of
a different

cies of the second pathway conprises a second
frequenC|es each of the freguencies of the first sequence of <7}

rein:- e predet erm ned sequence of frequencies of the .
I“HH'"“ ll Mist sequence of frequencies, the-predeterm ned

frequencies being different fromeach of the frequencies of the second ~
frequencies, and the said 30 further frequency being yet
frequency; and e) the vehicle is provided with a signal
C L. M S * and control means responsive to the

recei ver .
sequence of

the event that this sequenc

frequenci g 40l &,fe%llvs.gaﬁggggggohwsr&3%@ sabickupgtion in

sequence

A system as

clained in Caimil, wfseauenciessgifdresrives ﬁéaﬁélﬁstPuPﬁﬁéPrWeépons|ve to

reception of a signal ghgeéit
control neans to perfornlt iald saf et
sequence of frequen0|8§ Y-+ _
A system as clalned in Caiml or 2, wherein the said

sequence. 3.
pat hways conpri se, ra” %ﬁk%stéﬁafﬁaé'§ﬁcblaﬂﬁ qomwaégafﬁuiw@ysaaack
e L

circuit sections and

5 § function in the event that the
PERBPYES - signals is not another valid

b&@hﬁdehavinqe&n& taidsfapkheg freqoenvegdtsi gnapate the

accunul ate a serlesl%f da

10

15

20

25

con.aoﬁa%%éa to perform the sald-safety function
in the event that the sequence of frequencies of
received signals is not another valid sequence.

3. A system as claimed in Claim 1 or 2, wherein the
said'pathways'comprise'failway tracks, the said
sections comprise railway track circuit sections and
the said frequencies comprise railway track-circuit

carrier frequencies.

4., A system as claimed in any_preceding Claim, wherein

the said control includes: means for sampling a
received signal to adcumulate-a series of data samples
with respect to time; processor means which performs a
fast Fourier transform using the said data samples; and
means responsive to an output of the said processor
means to determine the frequencies of received signals.

5. A system as claimed in Claim 4, wherein the said

means responsive to the output of the processor means
includes: a first memory, in which is stored a
representation of the sequence of frequencies of

fhhetaahd1huthbeevéﬁequaaeythmspeeqaéﬁcéhessaud :

frequencies conprise.railway track circuit 15
carrier frequenC|§§ntt°¥AmﬁﬁR%HH%s furEheEdrPAPRY I BrebOdi TR AN

the said contro

efein

o



mﬁthirespeCt'to_irﬁe; prGéeséor means whi ch perfornsla 20 fast Fourier.

transformusing t i | es; and neans responsive to an out put_of
t he sai d pnocesstim mnﬂt“.‘mmﬁ'l ne the frgguenci es of received signg

5. A systemas claned tn € atm™%, wherein the said neans responsive tQ ¢
out put of' the processor neans 25 i ncl udes: a first nenory, in wh '
M stored a representation of the sequence of frequencies of recei ved
signals; a second nenory, in which is stored a representation of valid
frequency sequenci es; and nmeans for conparing the contents of the said

- first and secongeotRiivedesiynalellyat eedohar itnory|{ ihewhegnepses®osréd a
frequenci es of Egceived siqnals-is iﬁéahid seﬁuence. 0. ﬁ systgg1as cl ai ned
in Clains 2 and §PRﬂ%§P§Fﬁ Pﬂeogaya Bahs®EBh ggtﬁﬁqPﬁn? %SOU?ﬁ tMB% he
sai d processor feansompardngottbeyeonbentsepfi bheosaddsfinet andi sgcodd sai d

. further frequen ' a nggn ; ts ' ik r 7.
. A vehicle prot egﬁ%%gégt g’rl?]tquelfggt %ﬁt it%t‘l%/)ng:s'ﬁ_ gar%ie'n%?eé_sjc%ibggfdel\?mstgﬁ Jz
reference ot hETRAUSREARPI R TPSRAKGY. signals is a valid sequence.

6. A system as claimed in Claims 2 and 5, wherein the

said means connected to the output of the said

processor means is responsive to reception of a signal

having the said further frequency to clear the contents
- 10 of the said first memory. '

7. A vwvehicle protection system, substantially as
herein described with reference to the accompanying
drawings. ' '




