2146471 Proving Safe Operation The invention relates to provrng safe .

ope ti‘on of electronic, particularly solid state electronic circuits. 5 It
i's Obj ect of this invention to provide a method and apparat us fdr) L+(' L7 )
con. uously proving correct operation of such electronic circuits and to -
ensure failure to safety-of electronic cir€uits and systens in 10 a

rai l way control arrangenent | st _avoi ding conventional parallel
redundancy arran&&ﬁﬁiﬁﬁ—ééﬁéﬁéﬂﬁﬁﬁﬁkﬁﬂ|s particularly useful in systems @
where a deci si on con@reniimy exdfistry nslabaeyectmppmowmg Eafe orptelrpu:tlosu gifal ,
so that incorrectgq ﬁa&d 3§ H&h qccp%sdangz FletUilon s Rr oduci ng
| rect af’f éct” t

that signal can the system For exanple, a
mass transit sysﬂ%HﬁCQﬂﬁﬁw as an underground rallmay, havi ng an automatic
train protegction systemin which a 20 coded srgnal representing saf e

maxi mum train. speed i transmé}ﬂedto#lr‘%tra the train

r. o)
and conparison with 1g';nzi'ln ErSserft %%é%é‘sd?é’d%%@é&"éﬁet Re train.
If the coded si gmethicsl ianshmpeariatuwe doted ant iinsousiliyuprotibgf spgrect

conpari son then g QNG o of sIRMH %1%%@ wl%utﬁte ARgl FeMenBaed at
which it is safe far, the train to tr | he the result. Also in the
railway signalli @ gyt 152 erRYer?tfrac‘Fﬁ' OFd Cy ALt aBGe§YELEER 10

circuits inpgwhich a'aad.dm? 2ontrodi @rraang%ntetﬂﬂﬁrhmﬂtsedabehﬂeﬁg a track
circuit transmti V%qu:ltorn%%.kg%trraq. el "efa%' ‘é%rncy irtrg'ﬁéeﬂgglt:?g rails. Wen

the section of rai rack ‘sec unocc he signa
reaches the receiver, but when a train is present in the section the ralls€

3% are electrical Prheshem@:mqtsheraﬂdi%m&wemswm in systems

where a decision concerning safety is based upon the

15 output signal, so that incorrect operation of the
signal processing circuits producing that signal can
directly affect the safety of the system. For example,
a mass transit system, such as an underground railway,
having an automatic train protection system in which a

20 coded signal representing safe maximum train speed is
transmitted to the train for analysis by the train and
comparison with a signal representing the measured
speed of the train. If the coded signal is incorrectly
decoded or is corrupted before comparison then a wrong

25 decision concerning the maximum speed at which it is

W safe for the train to travel may be the result.

Also in the railway signalling field, the invention

may be useful in coded track circuits in which a coded

30 signal is transmitted between a track circuit
transmitter and track circuit receiver via the running
rails. When the section of rails, i.e. the track
section, is unoccupﬁed the signal reaches the receiver,
but when a train is present in the section the rails

35 ¢re 2lectricallyv shorted together thus preventing
propagation of the signal along the section. The



propagat-i on of the signal along the section. The -2 present invention
may be applied to the receiver apparatus in order to verify its correct :})
operation at all-tinmes. Arailway track circuit receiver of this type .
whi ch the invention may be applied is described 5 in Applicant's
published U K  Patent.  Application Serial Bo-~ 2,114,342. According to the
invention there is rOV|ded.a net:hod of co |nuousiéﬂ£rOV|ng af e op eration

of wan el ectroni c RFESLT c TV CHR e Y prievi of outPut LBF ghEF eTver
containing a frequepmrampoienbrderr évporet ifly tntanconpmt poperagisngatl

havi ng a predEterfyﬂedtﬁ;ﬁlsgueﬁcyrﬁ’ i} Sich ko SIS OF 882! 01 ehis

continous proving S|gna sai d pre ermned Tre uenci SUpEer i mposi ng
said 15  provi ng &iRghdo sh ther FRVentigp: may PRecabPiedt s gdeserihgdin

t he -out put of5 t he jgi rcmpfalacsﬂﬂts nowbiugnaa NAX.Ng Patdrtk pApptiesviord

frequency, and p ducisn p to detection of said signal a
control signal q% 2p&ﬁ%tgzﬁﬁans connected to 20 - pass or inhibit

t he out put fron]the electronic circuit in a sense to pass the output only

~when.and for. as long ag c%o?dg.?@ %a%hggla% tQBHVFHSEé'QQ b £4LENE Ymné Bhod

i dentified in the output one tTormo e Inyention the sieps
of searching for aﬁdqoa@mwsa@ PrOVARgy FAbesPRREALLANOPH 2R BbEF HECR He

out {out di gi t1:c03| n]gtltml&armdpa&l%ndfuwbmahﬁg] af 5t1apﬁt nglgmfplcammumg he
S5 U8 e & el SSBRRRHE ShorBBBRA L LA R RO <
-caliying out the msdignads daviing a predetermlned requency . comprising
ST ' the steps of generating a continous proving signal
of said predetermined frequency, superimposing said
15 proving signal on the normal input to the circuit,
' detecting in the output of the circuit a continous
signal having said predetermined frequency, and
producing in response to detection of said signal a
control signal connected to operate means connected to
20 pass or inhibit the output from the electronic circuit
' in a sense to pass the output only when and for as long
as a signal having said proving signal frequency is
identified in the output.

25 In one form of the invention the steps of searching
for and identifying the proving signal involve sampling
the output, digitising the samples and using them as
starting level data in the evaluation“of a fast or
discrete Fourier transform algorithm by means of a

30 digital mlcroprocessor

L

. - Apparatus for. carrying out the methods of the
invention is also provided. ‘
The 1nvent1~on and how it may be carrled into practice
35 "will now be descrlbed by way of example only, with reference
- to the accompanying drawings in which:



“invention is also provided. The invention and how it may ‘be carried i.nto
.- practtee 35 w Il now be described, by way of exanple only, wth reference
“to racconpanyi ng drawi ngs in which: 3 Figs. 1(a) and 1(b) < -
'SC ically illustrate two aternative arrangenents in whjch safe _ .
ope Il on of signal processing circuits Lgipnpved by use of a proving
signal. 5 Fiig. 2 shows a schematic bl ock ditfagram of a jointless track
circuit receiver enpiig$ngl G3kiand rkdvhaahamati e i riddrsdasder thoack
signal processi ngt&tagLtive dfrangementsiNith wHEldWGd e RYddaUloA lof usef ul
.for continuously provjng the safe operation of ele%%ronjc circuits which
are difficult ofSTERRLORIISSETHEICA IS b RRAY G M &iRe £ B saf o
characteristics provivereigdals wi shed to avoid the expense, for exanple,

of resorting 15 - to parallel redundancy techniques. |In railway _
signalling t here are_ numerous instances where advantage may be derived by
~adopting ni croprocesE8- ¢ rthAMS & ¢ ghamaiif Phadudiagnam ofr dcessing
functions, versajéintlesfdagddipididdtiant eIV dnlploydhg2@yclic |
standari sation tQ r%#on just three. - In artlculg£ i Cr Qpr.ocessor.s
 because of theirt ‘ge rb‘fy_olﬁéraat“f]o‘iforwcfa%%f qifcSefagie o PRECeP 3RS
~ wi t hout inCurHrnﬁreuﬂt;ine penal ties in -connection wth the basic
function 4g5 .. o THI¥GHAhodid PAGRAUrYy BETUIOFoll LRnelifBbus]
solid-state electronjc circulits arée not, normallly constructed to conp
fail-safe desi grRFQfig the safe operation of electronic circuits whic
' are difficult or too complex to design to possess
~inherent fail-safe characteristics and where it is
wished to avoid the éxpénse, for example, of resorting
15 to parallel redundancy techniques. In railway
' signalling there are numerous instances where advantage
may be derived by adOPting'microproceSSor-circuits-to
perform various signal processing functions,
versatility, adaptibility and economy through
20 standariSation;to-mention just three. 1In particular
microprocessors because of their speed of operation may
carry out several other tasks without incurring real
time penalties in connection with the basic function.

%tely-

25 " However, microprocessors in common with other
solid-state electronic circuits are not normally
- constructed to completeiy-fail-safe designs and
~additional brecautions-have to be empioyed-where a
possible output failure state is-pbtentialLyrunsafe,
30 - this is normally referred to as a potential wrong side w

A/

failure state.

The method is particularly convenient, although
‘not exclusively, for proving safe operation of a
35 microprocéssor (or like circuit) arranged to carry out
a frequency spectrum analysis of the normal input



state is- potentially unsafe, 30 -this is normally referred to as a
potentiral” wong side failure state. The method is particularly conven
although not exclusi.wvely, for proving safe operation of a 35

m croprocessor (or |like circuit) arranged to,arry out a frequency spectrum
anal'ysis of the normal input =4- signals. " In such .circunstances the
sfegi al search ‘st epignabri atlad spath aifrcumsdaneg ssithealspesisdr gedraht Atehe

processing oper at i o4k SONPRIA IWILH %é‘gﬁ:‘mﬁn@ gri@lnalsest taa& Eﬁew'i‘é’ﬁ the
operations are perforined by the sa ara h an epbodi nment

as this finds applFc¥THH %1%Rﬁq?ﬁ%ﬁq\ﬁﬁFcFF§6 8cit EuPPrWé e?%é?é safifl in
automatic train prthaxmnhn1Emanayenmanemmemse ﬁhefsrgealbyeahehsamearatus

. need not hgmever fééégﬁéﬁransgg%%ﬁ %&gogghgnilggakhggtglndgor i nstance in

a railway track cir Search processor
forms a circuit tN%RRﬂiQﬁﬁﬂRﬂﬂ%&jhﬂthhrﬁﬁéwﬂyaﬁ§ﬁﬁktéﬁréuﬂﬁutegegﬂarsand

operat es to prove #af 6 ORAIYNaY] Oft e preedcRIonl E§Ykbmutbbisiogst he 15
carrier frequency as the proving signal. One of the fmajor safety factors of

an a.c. track circuit, in which the basic track signal conprises a carrier
signal the frequency &meMﬁﬁQMaﬂsssakehta@phranuEOneed aeuehaWeaéfefuahive

f requenC| ei i's C?’Jgﬂtctoﬂ%%r ﬁltallﬂn Sq %@eﬁg@hr | eg-og.r ?gg@gﬁm i ncorrect

- frequency could I to the receiver acent trac bei ng

energi sed and its % %ﬂﬁ&&cFr&éKCBé6u$£HE§mFEF8y bEhAgPEP¥kREl- 8hgna By

deS|gnat|ng the caygdrh Protelssdx forms a circuit branch connected with
N

the transmitter output signal and operates to prove
safe operation of the encoding circuit utilising the
15 . carrier frequency as the proving signal.

additiohal precauti ons have to be enpl oyed where a possibfe out put feﬂéfwe
i
nt

One of the major safety factors of an a.c. track
circuit, in which the basic track signal comprises a
carrier signal the frequency of which is selected from

20 ~ several alternative frequencies, 'is correct generation

of the carrier frequency. An incorrect frequency could
lead to the receiver of an adjacent track circuit being
energised and its associated track occupancy relay
being picked-up. By designating the carrier signal as

»

et e+




-5 - the proving signal and checking the transnitter oufput,-not onty-are
the pransmtter nodul ati ng and encoding circuits proved to be operating

'-_corﬁ y but also the carrier signal generator is checked. 5 The invention

wi | " be described in further detail bySreference to several exanples
Jillustrated in the geavingssignifi sHd dRecking ke trdfn AP RAduof 2
circuit which used gs a rgcgiggr for a,c%%eﬁn§aﬁ?%wu/%§€§ﬁ<'C|rcLU PY%he .
'receiver'is'diVP85d°Ph¥anﬁpEPebEF?EFmEFF%IH@@ﬁ4¥ﬁ%ﬂqﬁﬂ@3§-%¥9ﬁdﬂﬂﬂorocessr54;
in block 2, andcbutpiitsbpféeedctocbetsperabiwgkedrredtlsy daim d1NIILHY

recei ver signal -Lap i track gircuit conprises a carrier
~signal which iscégf?%?ugggﬁ%%uggﬁgggggga?§rC?ﬁék? ‘er identifying signal .
frequency. 5n the exanpl e -being described the input buffer 1 contains

‘anal ogue-to-digital Tﬁ@diﬁ@éfﬂi:?éﬁ“ﬁf?'Ho&iﬁétﬁéécxzﬁ;{&’ ARG ST Ng

operational -anpl,ifiers, and other proprietary i1ntegrated circuits which have

i nherent |y unpr88F8i4pPE FeFerpRCROBRsSeVerdhiexanpkes |idduntnateast iany .
- individual conpohendrawingé ihewhiehal! circuit cannot be predicted in

.- advance and these are 25 conventionally classified as "non-safe". The

m croprocessor 2 is programed to performa frequency spectrum ahal ysis, '
e.g. by nmeab@ of a Fagt Fo(a)eshdwsnpint nofipore itmidatzhicdmusesi psoduced by -

(the sampl e-and- pobgiget CoESa dBEe@ Uiyl FILIORIGAERIC! Qe 15 1N the
formof an electron|c histogram conprising a representation of the signa
| evel s found i nt@gehver is divided into input buffer circuits in block
- 1, a microprocessr in.block'Z,.and-oﬂtput_buffer : \‘j
circuits in block 3. The data input or receiver signal
15 input 4, in a coded track circuit comprises a carrier
signal which is amplitude modulated by a transmitter
identifying signal frequency. In the example being
- described the input buffer 1 contains
analogue~to-digital and sample-and-hold circuits
20 constructed using operational-amplifiers and other
- proprietary integrated circuits which have inherently
unpredictable failure modes so that the failed state of
.any individual component and of the overall circuit
cannot be predicted in advance and these are
25 - conventionally classified as "non-safe". The )
microprocessor 2 is programmed to perform a frequency C AL
spectrum analysis, e.g. by means of a Fast Fourier
Transform upon the data samples produced by the
sample-and~hold circuits. The output of microprocessor
30 2 is in the form of an electronic histogram comprising
a representation of the signal levels found in each of
a multiplicity of frequency spectrum bandwidth elements
or frequency “bins". The output buffer 3 may contain
circuits responsive to signal levels above a
35 predetermined threshold in predetermined ones of the
frequency bins.



a ml tiplicity of.f réC]Uency' spectrum bandw dth el ements or frequency

"bins". .The output buffer 3 may contain circuits responsive to signal Ty
| evel s.sabove a 35 predeterm ned threshold in predeterm ned ones of the {Téﬁf
frequency hins. -6- A proving signal cohgising a signal of fixed o

frequency and anplitugde | evel is.generated by, a proving.si |, generator,
i ndi cated at bl ock 5,*aRE%ip&r? W TR ﬁéélg“%ilr 8%{1%1?‘@61@ ver

ingut or 5 datafreguéndyiandrateplithade itevely id genetavedcdysadprpvihg

i nput buffer 1 an?i ‘Fg L Gk OPL PSES S di%aﬂ@rwgaltob:% 3i rg idts receiving the
"microprocessor outp %h re 1s nowalso arranged a cicuiit responsive to
the frequency of $RRepIBReS$Ed UpFmIthe tyraak CHTFUH FecerFesur ApRt3eTwhi ch
i's connected §0 c@at40oinpEENS {NUVridOWhat At WdY RillsionGet BeoeElBEl 9? the
m croprocessor or %us end] Perqﬁlon_of the cirfcuit. In gperation of this
arrangement the pF iﬁ%"‘é’féﬁéﬁ 9% | and, fhe, ;IGToRTOCesS0x; fangfBOPESSense
the proving signathéreimencys wewkiring dibeg md cyiopraicessorhoatpuequhaey and
having greater thah o SHES GG I $3M ATRIEEHHAG VS cdethat ed the

m croprocessor et¢c. 1S permtte continue opération. However, should 20
the anplitude at EFRARERSY Rf sihmaraviaguedepatal e -Bel vhthhs pr&aster ni ned
threshol d Z hemnt rl‘}t%lffei' MEdiRied i d raastrmet&teqr lc%u?.%m%wﬁ,saﬁkl Q?°ﬂ1 the
receiver. An outp | arr nent suitable for. carryi.ng ou is
function is descriiei] £4hd e Bk S0e SURmAL OfcdiRoHi FEQPEBRCEEDS 146
470 A Referring oovsuspdnding (dpedatiwin oif Ithiee ciacud thave -

7

'\j

In operation of this arrangement the proving signal

15 responsive circuit is arranged to sense the proving

~ signal frequency, and providing a signél-of_this
frequenéy and having greater than a predetermined
threshold amplitude is detected the microprocessor etc.
is permitted to continue operation. However, should

20 the amplitude at the proving signal frequency fall
below the predetermined threshold the circuit -
immediately inhibits or suspends operation of the
receiver. An output gating arrangement suitable for
carrying out this function is described in the

25 Applicant's published Application GB 2 146 470 A.

Referring now to Fig. 1(b) in which like parts have
like references the circuits of the input buffer 1 are
of fail-safe design, by which it is meant that the

30 ﬂfailure states of all the circuits included are
predictable and are known. Thus, the state which the

R input to microprocessor block 2 is known and may be

- arranged to ensure that the consequential- output.

) occupies the most safe state. Howe#er, the

35 microprocessor itself is still of "non-safe" design and
for that reason the proving signal from block 5 is now
superimposed upon the input to the microprocessor 2 for



like references the circuits of the input buffer 1 are df farI-safe;dengn,_.

by pech it is

(gerocessor
consequenti al .
m-cr opr ocessor
~provi ng- signal
m cr opr ocessor
.circuit arrang
be realised in

meant that the 30 failure states of all the-circuits:

igd are predictable and are known. Thus, the state which the input tq

bl ock 2 is- known and may-bg arranged to ensure that -the-

out put .. _occupjes _the npst fe state, -However, the 35
PEOSSEFING 88| PPIBFSnBNSCaFRe FERRHRCSHPT offd HBITTehEon t he
afrramgleheak. 6pesabew sspbefopesed upon the input to the )uf
2 for 7 processing as before, also the remainder of the
enent operates as before. How the proving signal circuits may
5 Hewatheceravingnshgpaldeszenbed may peaxezliveediinwi th

reference t Figgac2ieedydili RolNBeCABEE¥ibOE PR SHEHFEE i detd A NPEPL €CiON

system sim | ar
‘Patent No. 2,0

- there i s shown

tQ-that descri.bed.in th i cants above ntioned U. K.
£5Eouence0tRaF LBE| AuPRBSr oL BaF RS $OBLeRbIORAR (o) of Fig. 2
aatbhaticdtagianpobtackbont bgssemr e Tax cto ttherei ver S

The track si gnt F@?fi?e?ﬁgﬁi-??é?ﬁgs??ééﬂgﬁ2%5%%3?%@%183@%# W EPBAEGE N o

" is connected t

la and a liygt
‘desi gn, i.gﬁ b
. 20 a steady st
connected to o

15

20

25

30

- 35

‘consequently have unpredictable failure modes and

Yot.hd sPAguB98% the receiver 1 connected to a band-pass filter
ing anplifier 1b which are both of traditiona fail-safe o

ate BeEeTripeaRRvoRPpREE Eankadat bl FRONShAY S B 1s
nheirepis shoennaxblobk diagram of a jointless track =
circuit receiver similar to that described in the above .L‘;
mentioned co-pending application. The track signal &4 S
conprises a frequency modulated carrier signal which is
connected to the input of the receiver 1 connected to a
band-pass filter la and a limiting'aﬁplifier 1b which

are both of traditiona fail-safe design, i.e. both

circuits have predictable failure modes which result in

a steady state d.c. voltage output. The output from

amplifier 1b is connected to one input of a mixer 6,

ﬁhemother input of which is a continuous proving tone

signal derived from a crystal oscillator 5a and

frequency divider 5b. The rav input data for a _
microprocessor 2 is collected by analogue to digital o
circuits and sample and hold circuits generally - A
indicated by block reference 2a. The circuits of mixer

6, microprocessor 2 and block 2a are, in the example

being described, large scale integrated circuits which

therefore are subjected to testing during each
operational cycle of microprocessor 2.

h

There is also shown in Fig. 2 at (b) and (c)

respectively the amplitude levels if mixer 6 output

signals of an unoccupied and an occupied track section.



the other input -of which is a continuous proving tone signal derived froma
crystal .oscillatar 5a and frequency divider 5b. The raw i nput data for @25
m cr.oprocessor 2 is collected by analogue to digital circuits and san-@)
and hold circuits generally indicated by block reference 2a.. The circw-ts
of mi xer 6, mcroprocessor 2 and block Za8are, in the exanple being

descri bed, lar Q%f%rﬁﬂdﬁe@rﬂieeip%ilri@éintts sV"Biu%ﬁi_§ﬁeﬁ°ﬂ§ﬁﬁ§€QE5‘.¥nhaVe ,
o ober ati onaltRych ol%h, 61 o ACREERRS 2 4 THALIRG FEEARBRRGRT 1 EOE, |3
at (_bl)' and (c) Jmititsinsintg velry &heqaabifyimig |aavelomtifutn sed tabdet pfior ]
the Appl i cant” s qj%ﬁ%??éﬁ%ﬁ?{ﬂ*&%’*&%ﬁfé‘ﬁ% S, BEEHRRE, s R TRRYSTE
arrangenent 3 f orffamhifvnthey oinfiorgasiiony ngefarencput 18ui daveetedr t8e in
‘conjunction wthpe (¥ dspRU1ngNpeB1iR2t2BH. 0fF th&Ohent U6hEET

information, reference,is directed to the corresponding publication of
‘the nentioned afRRIIEEHPR-10 15 20 25 30 35 | :
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- 9. * C L M S * CLAM 1. A nethod of continously
pro correct operation of an electronic circuit capabl e of providi ng an-

out( n\si gnal containing a frequency conponent cor .
proving signal having a predetermn ned fr “mlﬁlll”' g the

- inpl
- st epsTof generating a-continuous’ proving-s9gnal of
frequency superbﬂRfﬁsng sai d proving signal on the normal input to the —~
- circuit, detectifg—rtrthe output of the circuit a continuous 10 ,..,,«,
si gnal havi ng sai - prAdaethafined ceafiBaRyly PEOBERRIROFRLEH PREPIHERN tQf

detection of sai gnSidnalt et échﬁign%lap(‘a%ll'éecéﬁdpkerEQﬁgt QnTEANSput
connected to pass.or |nhibit , the om the el ectronl C ‘gcwt

fr
in a sense to paigRAé GAYRALLMS an eqHEEE, ca?§'ﬂ°6‘ﬁ§' LB eSPPNGHTE 5|
having said5 progingn sigpat pregimncysignali dhatmﬁgedar rptémemmnedz A

e 201 ek QLY GmdRELELF LA, JL0R) RSB O aPhuuone

corrprl ses an alteéern avl n
pr edet er ni ned fpequeneysaaaahng i $3Hd. pue w:mmﬁﬂ a%l&ﬁlmwx FUREEinpPSing

wherein the st eps@idSﬁ%thggsl R&1LHR @tﬂ@r@ﬁx@é1 singst Ofo tdife R¥OMUE 25
si-gnal i ncl udes grocess. of ransform outgut signal fromt he time ¢

domain-into the EHRg doaf ar?d’t(?é’ttec 1% uBe FBVARURYS
frequency ba@dw slignelemingosaedppnddetgermuérk forequertay | stid gradneimgy .

.30 .4. A nethod %COIEQC‘F‘Q“GAQ Qdal 3 M8l No tfhesaPId)C%?% ngh tgal l.pcrl'trgaitron
of an out put signal erro caIIy sanpling t ut put sig

forma finite nubgrabfcanapeted tsi @mratgamaé@ cannqated i R@eﬁ-*'d or o

. san})' es and uf5| nﬂnﬁ?bﬂtsaﬂﬁéeso@@p@t Stfyidal Nghleeveledttonie tmaht in
evaluation o g segge tgrpaglssghgtgutgggrerﬁy vgl{eannsafnocf@ gaos“]:[oq{g as
15 a signal hav1ng said proving signal frequency is

identified in the output.

%

2. A method according to Claim 1, wherein the
superimposed proving signal comprises an alternating

20 signal having characteristics of predetermined frequency
and amplitude. |

3. A method according to ' Claim 2 wherein the step of
searching -for the characteristics of the proving
25 signal includes the process of transforming the output

signal from the time domain into the frequency domain
and detecting the amplitude level of a frequency
bandwidth element corresponding to the characteristic frequency.

30 . 4. A method according to Claim 3 wherein the process of 3
transformation of an output signal includes periodically z
sampling the output signal to form a finite number of ' -5’.

analogue signal samples, digitiéin'g said samples
and using said samples as a st:arting level date in the

35 evaluation of a fast or discrete Fourier transform
algorithm. '



5. Apparat.us for ~perf’0rm' ng' the method of Cl_ai ms | "MW

proving correct operation of an electronic circuit ¢ of providing an
out put . si gnal containing a frequency conponent corr Jg@” ’ﬂ I put -
signal =conprising 5 . means for generating continuous ﬂm]gn (‘)f \)
havi.ng said predeterm ned frequency, neans cg%pected with the out put of
' generatlng means and the normal input of thé electronic circuit for

ri mposi ng the ﬁrovApgasagual Hor parfommingraheinyrhtd ofeChriminy toeang 10

con ected with th lectroniy ti ans
bei ng -responsi ve FOBF%RB %Is nce c?rﬁgc%u ef%t&‘&# Cth 2‘%@8?‘?%‘% ?V’c It of
a signal having swadalpireedﬁtln'bmdmg ary eqtmxtcylgma mtaglmgea aﬁreqtmnt:y pr oduce
an inhibit control camgaﬁéntaadrﬁéspoﬂmmgs tesgoniRipie tsd ghaild ciompirtiisting

control sign to ok . Lnhibit the o ut fromthe Ci rcw onl,y when and
for as |ong Zi a s‘?%%g? ﬁ% BT RENE 8%%?8‘“%’1‘5&%’1‘ RrP¥ shayarg§add i n
t he output. 20 @redmmme@; Exeqneanar, tmﬁanmlqﬂ@amdewn thh&heeans for

détecting the Char@ﬁ&ﬁﬁtséfcéh@f éﬁ”@raoi kst 0d itheORRrdlallveidfut of
transformthe output signal uc.ed the el ectr.onic .ci r%gﬁet fromthe
time domain into thRefPEYGER g@rl‘élo‘f'f'a“f“i’i1 of superimposdng. tieiing to O ai m

6°wherein the neanpropingisighatlcompesdiat rndﬂtm]l Haypaftgr detetinge sieanans
arranged to eygl ualg @eé@é& Pf el S Bt fld L Iprld AR @;na'cgeatren@c 30 8.

Appar at us accor di ng any one of o er.at connected in a
railway jointless Qah@kdetecnng means being respons1ve to the presence

1~; in the output of the electronic circuit of a signal
' having said predetermined frequency and being
operative to produce an inhibit control signal, and
15 means responsive to said inhibit control signal to pass
or inhibit the output from the circuit only when and
for as long as a signal having the proving signal
frequency is detected in the output. '

20 6. Apparatus according to Claim 5 wherein the means
for detecting the characteristics of the prbving signal
is operative to transform the output signal produced by
the electronic circuit from the time domain into the
frequency domain. |

25 _

7. Apparatus according to Claim 6 wherein the means
operative to perform the transform comprises means
arranged to evaluate a fast or discrete Fourier
transform algorithm.

o | 8. Apparatus "according to any one of Claims 5 to 7

¢ | ' operatively connected in a railway jointless track
circuit transmitter to prove safe operation of said
transmitter wherein the apparatus is connected with the

35 output signal path of the transmitter.



~circuit transmitter to prove safe operation of s.ai'mm“n t he

apparatus is connected with the 35 output signal tter
) Appar atus. according to any one of d ai nsam""”m,m ,ﬂﬂm s -
connd in arailway jointless track circuit receiver ¢otLpreves '
- oper a&iOn of neans for detecting conponentgjof- a conplex received S|gnal
wherein a proving,signal is superinposed upon a received track circuit '
signal . 10. Apparat u@BREFHH GG gorFé’ gmyocomen® fs Glgimspgetat fvely . — .
~ connected -in a r opewytiadlynatommdot@id it a ridwagt ijod nteeeisverakr prove

- safe operation of f e d|n a.train_.protecti.on

signal . 11. Appar a{?&ﬁ’fsto r%(’:aé;lsl%ﬁjn\ggoog’tr%&%e% ggcrl &3 hern8d Waﬂﬁoﬁ’ﬁg
correct operatio Metigrting icompenses tée ofr imbs¢mpl ex wieckiveteiséguelt o t he

accorrpanyl NG dr awHigfein’& Pro¥dn3d signal is superimposed upon a

‘received track circuit signal. -
10. Apparatus according to any one of Claims 5 to 7
operatively connected in a railway automatic train
10 protection receiver to prove safe operation of means
for receiving and decoding a train protection signal.
11. Apparatus for carrying out the described method of - o/
proving correct operation substantially as described
15 with reference to the accompanying drawings.
20
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