1 ‘ 1. ' 2114342 Railway Signalling Receiver The present
I nvention relates to a rail way S|gnaII|ng receiver for electrical signals
rried by rallmay 5 | i nes, which recei'ver perforns a discrete FourISY
C}‘ansform Such a receiver is useful for exanple, faor track circui (4342
Slgna|Saﬂtl|ISEd for determ ning the preseﬁce and | ocation of trai
autonﬁ{Lc train protection systems which relay safe maxi mum speed
information to novi.ng trains. Discrete Fourier Transformtechni que vi de
a quantitative anal ysis of the frequency spectrum of signal by sa g the
signal in the tine RobhwayaSdghglling Remedfverri ng those tinme-domain
sanples into the frequency domain. The process involves the collection of a
set of time donmamin data sanples which forman initial set of data points, a
nultiplicity of el PhetRreseatcinyensionarelates teor ni sdidwayt sizhalling
produce a new set OEeéé‘i'@éﬁf‘ﬂbi‘tElé@%%balaQQgBE\QQe%QEQQeHhBg“ggl‘iw%‘i‘zr' es

of levels or_iteratjons to a,fjnal new set of “outputs resul
frequency ddmai n. nes, whic nFFF&FV§EtPSFf8§F§ 2aApsETekgy EopgdrTyal ues

in the tinme dowmrnﬁt&hsfmrﬁLnaSuehtaoEebeiubtslbaueeEﬁQ| fakue&amalbhe
f d [ res cQ
[ equeney,domaln 214Ul e BLgtBEdLGhE oT808V el LR GOMLY e

i nt ernedi at e t er ns RRRSence handel podtipnyofxbirbinedaby ahtomapiretirain
function in the tr%E%ﬁgéﬂfaﬂasygﬂem§5wh1ch relay safe maximum speed

10 lnformatlon to moving trains.

Discrete Fourier Transform techniqués pfdvide a
quantitative analysis of the freguency spectgum of
'signal by sampling the signal in the time domain and
15 transfgrming those time-domain samples into the
frequency domain. The process involves the collection
‘of a set of time domain data samples which form an |
initial set-of data points, a multiplicity of
. ‘elementary calculations are then carried out to
20 produce a new set of intermediate results and
| proceeding through a series of levels or iterations to
a final new set of outputs results in the frequency
domaln. '

25 The initial set of data samples have real values in
the time domain and the final set of results have real
. values in the ffequency domain although the
‘intermediate results may well be compléx. However
there is a substantial amount of redundancy among
30 these intermediate terms due to the periodicity
exhibited by the exponent1a1 function in the transform
equatlon. - -
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2 In order to reduce the nunber of individual- calculations-involved in the

trang mation to a realistic level various algorithms or famlies of

al g¢ 5 have been proposed. The Wnogrand 5. algorithmis one, ‘;k
anot\q i.s the Cool ey-Tukey al gorithm and another is Bergland's a[gorlthnyq
whi ch™ s a nodification based on the Cool ey-Tukey, and with which the o
particul ar exanpl es descri bed below wi || be concerned. 10 As in other ¥

e

fields diSCfFH18 éentagféaﬁ&enehéenaﬁseknbfriﬁ&@@iaua§ a constantly .
present proble If not effective th in the rallmay context -

can serlousl9a&FFééFlPﬁ§ 5&?8%Veeflph5h¥aFFﬁB§ 9§§?Eﬁ?n1§° Anal ogue
el ectronic eﬁéamﬂsﬁicdE&vemSvaﬁ$6333al§erLﬂhmseor famédyent afde t hat

I _diffi t h t hat
et Spoi cabt8HEREank! Bavh; bpSH.prbbedSh, THRSCHEhEsEARACT OVE S0 1Al
theySare |iablgordthmi i eneh afother isnpheadeeleydTul§evand each set of
eq“'p”E”t ”eﬁgéogﬂéhM'%g&'aﬁbtﬂggﬁﬂé BEk&l&h&Ysmﬁlgbriﬁhﬁ tWHEcﬁonsun1ng

and costly procCedure ects o resent ven n inc Y ovi di ng 25
‘equi pnent mh%éhalH°§H€%FFB%°Pob6§§¢c8 RBet hes eHTTFﬁEﬁPtPEé pi Eseful in
di fferent SYﬁhﬂaﬁ.théhpdrﬁieﬁeat_ea&mpleagdas&aﬂbéerbebuw wedili bes ni ni num
nodi fication-and_i s Hsefui as the basis of equipnment for different purposes
to which speEPﬁFFEga-peripheral 30 itens may be connected. According
to the present invention there is provided a railway signalling receiver

for electricgk §h98EhérCB£émQ Eiséﬁih!.‘ﬁHtLbﬂeégSQHE{:l fbigesgnai ng neans
for 35 igtgggegéhgg %g a cogstghtYa pregggttgrgggem wnlch if
not effectively dealt with in the railway context can
serlously affect the safety of the railway system.'
15 Analogue electronic. equlpment designs possess the
inherent dlsadvantage that "universal designs" are
'dlfflcult if not impossible to achieve so that each
appllcatlon requlres at least freshly calculated '
design values. Also they are liable to arift with
20 | temperaure and age and each set of equipment needs
individual alignment initially which is a time

consuming and costly procedure.

Objects of the present invention include providing
25 equipment which in addition to overcoming these
difficulties is useful in different systems with
different operating parametersnbut requires minimum
modification -and is useful as the basis of equipment
for differect purposes to which specialised peripheral
30 items may be connected,

According to the present invention there is provided a
railway sighalling receiver for electrical signals
carried by railway lines comprising sensing means for
35 . co—~operation with the railway lines to sense the
signals, sampling means ope:ative in the time domain
- to continuously sample a sensed signal;fdata memory



signal’s, sanpling neans operative in the time domain to continuously sa ;Ie
a sensed signal,-data nenory 3 neans for storing a plurality of s;
val ues, neans f of perform ng a discrete Fourier transformon said s

ééﬂple val ues, data nmenory neans for storing the results of the -
Fransfognatlon means 5 responsive to the final results of the
transformation in the frequency domain to identify the sensed signal, neans

f ok dlgér|n1nat|on be Q go;rgg gpﬁ% §h¢i&r§f @9 OF ;gﬁgygngglﬂggulated

st gnal conpri sing nea ca cu on11n ormafion stored in_the
final 10 - transfor%ﬁ??ﬁn PESHET ﬁ%h%%yat HESERALR EQRF ey cFEangEorB PRe
garri_'er si gnal of thesaﬁaubt?ﬁedssmpwdva/mwr dath rmits%iweansllforo
i scrimnating agai ns id an subst anti a or
180 wher eby: tg 1% §a$§?$§ % %¥mi§ d%ﬁc éhf%ﬁ fq%ﬁgi
confusingly si@lar axﬂ#mmdevshwttfkeybthasl gma&ulum ofh !Ei'xﬂ)dthammfofmt;on
recei ving and detectifng ghd m&g&w Fdda eV {dere f 0 ddiFsd 8581 a1,
ro

is 20 connected to a he yne circult, |OMFpaS neans, |
arranged to pass the Rf3%%r Jcﬂﬂrrhﬁfé*fﬁeé"e?n ﬁ%ﬂ%)ﬁc&hﬁq’e sum

frequency conponent’s uéyédleofleﬁﬁwbﬂm ma&alﬂteﬁllsa@daﬂ omAsEithd Mddes
Sal

nmeans for perform ng ourl r_tr.ansfor nce
iy Fomgnen 1 S °f‘“£§2i§ﬁ“’§;; e
jointless traélk circ

frequencies are enpl et is Ar3er s:. ?ff IefRl i3It gRd! slﬂle fhd vector

assomated track CII’CUIt transr}:)tter fi.ning between themthe track
and means for d1scr1m1nat1ng against signals for which
- 'said angle is substantially 0° or 180° whereby to
‘15~ distinguish a frequency modulated signal from a

‘confusingly similar amplitude shift keyed signal.

In an embodiment for receiving and detecting a
frequency shift keyed transmission the receiver is

20 connected to a heterodyne circuit, a low-pass filter
means is arranged to pass the difference frequency
components and to exclude the sum frequency components
in the heterodyned output which is connected to the
means for performing a discrete Fourier transform on

25 said difference frequency components.

In one application of the invention to a railway
jointless track circuit receiver, a combination of
alternative carrier fréqtencies are employed as an

30 identification signal by the ‘associated track circuit
transmitter thus defining between them the track '
section. The modulation frequency may be employed as
an additional;identification further increasing the
number of possible track circuit identifying

35 combinations or, as a means of encoding, for exémple,
a maximum speed limit for transmlss10n to a traln in
the track section.



section. The nodul ati on frequency nmay be enpl.oyed as ah additional.
|de tkflcatlon further increasing the nunber ‘of possible track.circuit
) fylng 35 conbi nations or, as a neans of encoding, for exanple, a '~
mspeed limt for transnlsS|on to atrain in the track sectfon. Id?J
anonbér application of the inventian to an automatic train protection. e
systema carrier signal is nodul ated by a speed limt designating S|gﬁal‘
and is comunicated to a train, on board the train the signal 5 i
sensed and sanpl ed, the sanple values are tenporarily stored and used as’ ..
I nput val uesg_f S { # fs e final results of -
whi ch vyi el df g{m%hg#‘ gli)%tﬂéé (§J atflto rlg{q‘;ugéir%%?%hgrlbndl cates a speed -
linmt. 10 Tmtomgm smaisnerehRatiomBRtemd (SAFT IR IR cES will now
be descri beﬂo@ﬁl%&dobféa'EEJe%dMltzJﬁuﬂﬁfﬁ ﬁlcm} fyaigaxfa:prmemyigg drawi ngs,
in which: 1 g§ shows .a schemati.c {Hntless #rack
circuit, Figompuspgased. 5Po@ktd’ad-d\"alﬂrbfb°<ﬂﬁ£ %st‘?fc?tfbr
lnveetlon f 08 seﬁéaamang aadupa@dat &Heo wamyle2Gzalued rafe;formto identify a

recerved <! plgbecklin, S50 Bl MUY Sl SBRREYERY vcle of e

~apparatus o ecei 4 shows a
fl ow chart discnetepEparn@matn@nﬁﬁQRM Hﬂn&%ﬂﬁXNthankﬂa1ﬁ{FSQﬂQSed i n.an

Automat i c TE@'QhEEﬁt9§EﬁQn htetMalia, the modulation frequency | .
' ~ which lndlcates a speed limit.

10 . |
' The invention, and how it may be éarried into
practice, will now be described by way of example with
reference to the accompanying drawings, in which:

15 FiQ, 1 shows a_schematic diagram of a jointless track

circuit,

Eig. 2 shows a block diagram of apparatus aceording to
the invention for performing a discrete Fourier
20." transform to identify a received signal,

Fig. 3 shows a flow chart of'the operational cycle of
the apparatus of Fig. 2 used in a track circuit
receiver,
Fig. 4 shows a flow chart of the operat10na1 cycle of
the apparatus of Fig. 2 used in an Automatic Train
Protectlon System, _ '

30 _Flg. '5 shows a graphlc representation of the frequency

domain output of the discrete Fourier transform
apparatus in an A.T.P. system. | e
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30 - Fig.- 5 shows a dgraphic representation of the frequency domain out put
of the discrete Fourier: transform apparatus in an A T.P.  system 35 The
resent i nvention utilizes-one of the nost efficient discrete Fourier
transformal’gorithnms so far proposed, i.e. that by Cool ey and Tukey whj

ccan besfound published in "Mathematical Copputing 19 (April 5 1964
A furthér refinement of this algorithmwhich has been found particul arl

useful "with real -val ued series was subsequently described by Bergland in
"Conmuni cations of the ACM (Vol. 11, No. 10 Cctober 1968)." The

al gorithmtakes as ,ﬁ{he&.éégt l]gm\,/e tléx{'%&ﬂ[{] Ougveal&_eq: té ri-R ries

corrprlsmg the N di'scr ues an a series o iterations
whi ch makes repeat effikcient discrete Fawlem| tranaiom daauitthms (#o fan

and i magi nary par t spd é’é‘df'{‘aé RHEE Sy Cé&ilféf'ﬁﬁ spi¥ey SiHicH ey 15

el sewhere. Lstﬂﬁ?éﬁé%ﬁ% A S Bl e Al s 0 8 (S

publications5for riggeduUs" expaditther ofefimendforet ittals b&@dtﬂﬁhﬁlwhlch

glcggpdlt Egst oztoh-(la-he 1Fpagé)%él&kgéy ‘gﬁlﬁﬁm | ni\%gelgscésﬁ{lte "59: trJI an I nr’I

array of data poi nt%erleﬁ tWa e %&ﬁmermlsordmmmd chm@‘ergm@dallgbrl t hm 25

'the_n proceeds to CalcEdpmiri SHELEES | g tHd M iy sari,es of ifegralg ons

nt 1 eventual Iy the Jal Jeg], # il '8 QAP LR L TR sdlqy 2 ed

_ 10 input a real-valued time series comprising the N
discrete sample values and, through a series of
iterations which makes repeated use.of a standardised
calculation, computes the real and imaginary parts of
the final Fourier coefficients of (N } frequency

15 terms. Full theoretlcal descrlptloﬁs of these
algorithms can be found elsewhere, as noted above, and
reference should be had to these publications for

rigorous exposition of the theoretical basis of the

algorithms.
20
The process of evaluating the Discrete Fourier
Transform according to the Cooley-Tukey algorithm -
involves setting-~up an initial array of data points,
in time sequential or natural order. The algorithm
25 - then proceeds to calculate successive arrays in a
series of iterations until eventually the final level
array is obtained in which the calculated frequency
domain results are in a scrambled order. All of the
. intermediate data calculated for the intermediate
30 iteration and final arrays are the result:of
computations using only two data values from the
previous array. These calculations are performed
in a "butterfly" operation. Since each calculation
produces two results

35



domain results are in a scranbled order. All of the internedi ate data -

calculated for the internedi ate 30 iteration and final arrays are the
resylt of conputations using only two data values fromthe previous array.

gda\cal cul ations are perforned in a "butterfly” operation. Since each - \-j
calle¥\jati on produces two results 3% 6 fromtwo i nput data points and as
eactL¥s only used once it. is convenient to wite the results back |ntg€yhe
same nenory address | ocations thus, saving 5 greatly on nenory si .

It is not intended to give further or nore detailed mathematical analysis ' 3.
of Fast Fourier Transforns here but. the manner in which these basic tools = -
are adapted and applied in practical_ use in enbodinents of the invention
will be descrited—t6- from G dppukefata PQinsH - aodt B8 saebnpanendy

drawi ngs, Figsed ghews ftor‘ sa cbhﬁr%hz.%%m&bew%l%éh*&ﬁ&t resdmgr aEckl - a
jointless track c referenced

K IECUIt I n_whi ch %gg runn& E %ﬁ
at 1 and 2 akQtOr kBR ERPEPEMPEY-RPEFesR| LOFRk ﬁP?t uFfaﬁ?V&Fﬁérs 3a and
4a, rﬁspectlgeb;tlyrencmanetyeézhetweem iseno&i iaténdedd. &b gawe di st ance

apart, thereps f.ﬁ(el-.-” BImbBe ha%sﬁ ga@neaa@gagosﬁg%pxﬁghsfc@gebcet ed

‘track circui orner uni formpart of the
track circui ¥ §U§FeFT§§Rn§§@Fm§n§e§eah§tc shecmanaersinewbichy 58RS8cction a,

are connect egdaggi-aessl st aaesaaa éa éﬁdaaé dedl sﬁpgeabtsbm aked
relatively short g atanc % eorx ag racti, deS|gn and
_ in embodimen s ven ion will be descri

10 below.

Referring now to the accompanying drawings, Pig. 1 =
shows for a first example a schématic~diagram;of a
jointless track circuit_in-which the running rails are
15 ‘referenced at 1 and 2 and'trackxcircuit_receiver and
| transmitter transformers 3a and 4a, respectively, are
connected between the rails 1, 2,.at some distance
apart, thereby defining the track section a monitored
by the completed track circuit. TranSforme:_units_3b
20 and 4c, which form part of the track circuits of track
sections b and ¢ on either side of track section a,
are connected adjacent transformers 4a and 3a,
respectively, at a relatively short distance
therefrom. The theory and praqtical design and
25 positioning of these track circuit_transformers is
well-underStqod in the art and for present purposes
- the units referred to will be assumed to be according
to the prior art.. |

30 The transmitted signal comprises a Frequency . _
Shift-Keyed (FSK) signal employing up to four carrier
frequencies at 1700, 2000, 2300 and ZSOO:Hz,'with up

. to ten low frequency modulation rates, in this example

35



25 positioni ng of these track circuit transformers is well-understood
in the art and for present purposes ‘thHe units referred to will be gssyred
to be according to the prior art. 30 The transmtted signal g \
a~frequency Shift-Keyed (FSK). signal enploying up to four carrier
frequengies at 1700, 2000, 2300 and 2600 Hz. with up to ten | ow f{ .
nodul & ion rates, in this exanple 35 7 there are three nodul ationTates
at.12.5¢ 15.0 and 20.0 Hz. The chosen conbi nation of -keyed carrier
frequencies identify a particular track section/circuit, that is, a
particul ar pair of {HEEd Sre thr&blAdhh1AL0ATHAEEESaR" 2l 8CCIYCRS ALY
arranged to operate W th a particular conbination of carrief requenci es.
Thi s does not perni40<? 8% ge Th@behosent eamRinatiant of deayedi earrdmr, but
does ensure that tvgtéqﬁgﬂcﬁegti@gﬁthgyiggpigﬁiéaggfiggQ&kf|catlon_are-lo
sufficiently far apart_io prevent,an ossibility of the receiver in ope
section "pi %:/ki ng- u%eca?fo" oSHEFREEy %é%f)ohﬁf nd P%rPﬁ‘é“r?ﬁnEﬂ??FtEF Frack
anot her and 3w ong sEict¢wit tSansmitféestandsretetvedsfbedanganged tbé track
section through tr o da i 0 Fi Qe y . c ‘type.
according to tg he pﬁb:)ér!q{a{r? vé’r'\ wlglﬁ?é’g%%é%leg?u?‘%ﬂg?{lggls‘%éi%gd.gagggw At
the opposite end offieguenciesn Thig deessnot npermitfaclargacnuskeri gfial

into a track CirCL”ﬂrddX*&i%ﬁufkVWHéﬁhffE%é@iéﬁsIhSuﬁi&%@% éRs@raatgaganner

i ' rel 7 providing the sign
and ener gi ses tracl%wsoecézl_a?c seec iong hav:g.ing'-gthe samg fdentification are
10 sufficiently far apart to prevent any possibility of

‘the receiver in one section "picking-up” and
positively responding to the transmitter in another
and wrong section. . - -

15 The transmitter 5 feeding into the track section
through transformer 4a in Fig. 1, may thus be of such
known type éCcording to the prior art and will not be
further described.

20" At the opposite end of the section, the transformer 3a
feeds the FSK signal into a track circuit receiver 6
which "detects” the signal in a safe manner and
energises track section relay 7 providing the signal
is present and correct. '

.25 _ _

Fig. 2 shows in block diagram form the hardware. of the
- track circuit receiver 6 comprising at 11 a pair of

analogue input terminals to which the received track

circuit signal is connected. The input signal path

30 feeds through a noise and overload protection circuit
12 through an anti-alias filter 13 comprising a
low-pass analogue filter, the object of which is to -

eliminate signals above half the Nyquist frequency of

fs/2. '
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is present and correct. 25 Fig. 2 shows in block diagramform-the hardware
of the track circuit receiver 6 conprising at 11 a pair of anal ogue input
al's to which the received track circuit signal is connected. The ;;

[ /A gnal path 30 f eeds t hrough a noise and overl oad protéction = )
ciyguig) 12 through an anti-alias figter 13 conprising a | ow pass anal ogue

fi the object of which is to elimnate signals above.half the hwdylst
frequency of fs/2. 35 8 The theoretical dynamic detection range of e "

receiver is-.42 dB but |s restrlcted to 30dB by digital noise arising. inthe.
arithnetic ocC S|n 3 has a flat
transfer '91!; E@ﬁgf 3?‘5? a;\’lomra%% aq’%ne{ éJné ﬁlee}] falls by nore
than -30 dBrad:evatlz:.so42th h@tsn@masmr@dqam 3048 dmigikak equency
wll be detﬁsisg ?Iggé hgPih %.Jhlagaﬂn'tméﬁref dels A 8% Gl Gl d 10

circuit 14, x contr ol al on li'ne 15, for sanpling |n
the time do%ﬂﬁ apta-g éélﬁeﬁé)lw hag, a dFARFRRE are then

di gi bi Se]g” bﬁh&f‘a&:ék&s%ﬂ.&' Egrom wlc dicgiz adazcmméi athekb.fallhe By bi Ei bi ?ary
out put of the copyerter gixes a st. det.ect &t 1 tude o

[err]  th T9F® g‘?ﬁﬁ) ép ﬁ af 3h2‘§z gﬁplt?\\%dé‘o tsfﬁltqrs%apgow%g the recei ver
wWith its priealfuthe senmplingd fodpguency atidd dfe dat@ct@sdhwerter 16 generates.

eight parallel binary digital 20. dat a blts at its output 17 which has

to be "l ogged”,
The input slgnal is then fed to a sample and hold

10 circuit 14, operated by-a sample control signal on
line 15, fOr-sampling in the time domain at a
frequency of 9.6 kHz. Sampled values are then -
digitised by an 8~bit analogue to digital'convérter
16. The 8-bit binary output of the converter gives a

15 lowest detectable amplitude of _1_ th (or —42dB) of the
highest amplitude, thus prov1dlﬁa the receiver with
its previously mentioned dynamic range of 42dB. -

Converter 16 generates eight parallei binary digital

20 . data bits at its output 17 which has to be "logged”,
i.e. temporarily stored, for later retrieval in
preparation for evaluation of the FFT algorithm. The
parallel data is received by digital input and address
latch circuit 18 the output of which feeds into an

25 8-bit parallel multiplexed data bus 19 which
interconnects a microprocessor Central'Procéssing Unit
(CPU) 20 and various co-operating units (11, 12, 13,
14 and 17.) The sampled data is "logged™ in a Random
Access Memory (RAM) 21. The control program for -

30 contrdlling.operation of the CPU 20 is stored in a
Read Only Memory (ROM) 22. '
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i.e. tenmporarily stored, ‘for later retrieval in preparation for evaluation
of the FFT algorithm The parallel data is received by digital input _ag
address latch circuit 18 the output of which feeds into an 25 8
pafallel mul’ti pl exed data bus 19 which interconnects a m croprocess
,Centrah’Processing Unit (CPU 20 and vari @us co-operating units (1f
13, 147and 17.) The sanpled data is "logged" in a Random Access Meniy®
(RAN}‘Zi The control program for 30 control ling operation of the CPU -
20 is stored in a Read Only Menory (ROM 22. 35 Al so connected to the
data bus 19 are g feréahReatednts’ LAECAALAPEARS ] 332280 46, pehd pheraa'

providing an interface with a_"signed nplenent Mul tiplier” 25 which
is used to perforn%?ﬁﬁ?f%ﬁ?c%@PBﬁgrﬁtZﬁhéng 24, thenfRameF erovidiag amg
execution of the Fﬁiﬁ:&ﬂ@éetdairtthe"sﬂgﬁéaaaesZeomplbhahtt hﬁQ&ﬁleélr@h 2she

final digital outp .S delivered. The.oper at enc CPU is
derived froma crﬁghﬁﬁhoiil??ﬁ g defgggﬂaﬁPiggpi get|n1ng 10
signal s whi 6h contcanmandrofi CPUa2d dynmhgoaxeeutmnnobfathetBETbo operating

units is prov'¢““h§¥g6%$?ﬁsanp¥hé igéﬁg?gkhpbﬁxig gg&%bEﬁrgﬁ h'Uhich the

control s operatio rcui hroughoconti ol signal
25 and al so oper atfiabidigital ioutput is dedjiyereds 2BhgnAPE¥atdad | atch

or ograim i NSt et Qg T ﬁ’éL‘?ﬁ' *‘S%J'E?"fgs' g Lo, Eﬁ?“?lf‘ the
Brogrannerstouzo %E%ﬂb% 5?%3?5“? §P§né? ohézgo ié 1@35@ute t he
10 " signals wh;ch control operation and synchronisation of -
all the co-operating'unitg'is-provided by timer 27 via
the multiplexed databus 29. This also controls -
- operation of the sample and hold circuit 24 through
control signal 25 and also operation of the A to D

15 - converter 26 and address latch 28.

The control program stored in ROM 22 is directly
written as a\set-of-program instructions in "machine
code" thus making it possible for the programmer to

20 compose the program instructions so as to execute the
FFT algorithm in the most efficient way possible
having regard for the capabilities and restrictions of
the particular-microprocessor.

25 ,_Thé programmable read-only memory 22 contains a set of
digital instructions specifically adapted to control
the microprocessor in .a sequence of operations which,
when taken as a whole and in sequence, implement a
discrete Fourier transform on the analogue input

30 signal 11.

In a complete cycle of operations in one such
transform, the digitised waveform samples are stored
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FFT al gorithmin the nost efficient way possible having regard for.the

capetilities and restrictions of the particular mcroprocessor. 25 - The
pr-¢ abl e read-only menory 22 contains a set of digital instructions o
spea cally adapted to control the mcroprocessor in a sequence Of f'{
ope ons which, when taken as a wple and in sequence, inplenent a

di screte Fourier transformon the anal ogue input 30 signal 11. In %
conpl ete cycle of operations in one such transform the digitised wavefForm -~
sanpl es are:stored 35 10 and used as data-points in an initial |evel of .7
cal cul ations, .the results of the calculaiions roet he data-points -
for a furth8hd 598d & qﬂﬂgﬁﬁQ) St fﬂ%&%%éhﬁgvégpggted severgl'tinEs

5 t hr ouglaleudatdens ,orthe rexultebfitthéss ctal oilaticosathen which

descend to Epgmfka I Q%JHB{' ES%I EJEEKEEW4§$é? bgansfornmation. As the
eac

initial sanplés an results are on used in_the next |eve
of cal cul at ceAsulatipnsne Rhis )Pr%ssf slicrepeamos%&e{:éﬁpﬁ%’&F? st or age

brodced | n o O s or v po.Langer. urt h
Iroeqw red. ﬁ&Pﬁ?tlﬂ?e “Yq"r'r'}i Lé?eéiﬁﬁ i ‘H? fﬂ?‘é %i‘é{fe?% 3 ng?u?Erﬁns?{)r me:a_re
r ead- out th&augheouknmuemid transﬁnrmatzqnumwkéIgheeinzbﬁakd at 24. The
8 3risees P B AL T o Sl A A,
correctly next level of calculatlons, only one memory, 21, is
10 used as temporary storage which need only be large ': )
enough to store the largest amount of data producgd in
any one level. Thus, data is discarded when no longer
further required. Finally, the final results of the
discrete Fourier transform are read-out through output
15 circuits, generally referenced at 24. '

The discrete Fourier transform effectively produces,
as a final result, a digitised spectrum anaiYsis of
the received input waveform 11. When correctly
20- interpreted, the final set of output data points
represents a measure of the éomponeht frequencies of
adjacent "frequency bins" spanning a frequency
spectrum starting at O Hz. The required signal
detection is achieved by monitoring or applying a
25 ‘discrimination function to the appropriate frequency
bin. The lowest frequency component in the output
results of a Fourier transform has to be zero Hertz.
- For the detection of PSK signals the need to detect a
relatively high frequency has thus required a large
30 number of samples and very long computation times in
order to achieve adequate frequency resolution. A
smaller number of éamples'speeds-up the coﬁputatiqns,“
" but causes a consequent.IOSS'of frequency resolution.
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20 - interpreted, the final set .of output data poi nts represents a neg
of the conponent, frequenci es of adjacent "frequency bins" spanning a
fir equency spectrumstarting at 0 Hz. The required signal detection ig

achi eved by monitoring or applying a 25 di scrim nation function t\Q
approprgate frequency bin. The | owest freqqepcy conponent in the output
result&,of a Fourier transformhas to be zero Hertz. For the detection of

FSK- sighal s the need to detect a relatively high frequency has thus
reqU|red a |large 30 nunber of sanples and very |long conputation times

In order to achieve f. uenc resolu lon. A snaller nunber of
sanpl es speeds- up tﬁggggggggétigg % 8§E§e§agec8ﬁ§é&é¥nbeﬁaePeaﬁormed
frequency resol uti ohdat3beisute” Tbarebcbcdeﬁhdataaﬂatggﬁsthahenggugglé been

performed "at |ei sugppe®n recorded data rather than "in real tine"
To overcone this problemthe FSK input signal is "heterodyned down" to
produce a lower intermediate frequency sideband at very |ow frequencies,

whi ch si debagd is tTmeverﬁémédtHﬂgnppabigﬁ éhécﬁ§ke E?HE g% ér nsformto
duce th to 1 782 8f" of the
broduoe the reqwIwzyégg?ﬁéé#%§q$?%§u259|B§°§B°5eacb?V@édlntermédgate shows

original carrier
a flow chart of th EﬁgﬁﬁnEXEsﬁdebEMMSatnvéhys1@@efgé &ghcﬂgg whidh the.

| ar enbodi het er n opefation is
EZH: gg out digi teﬁiﬁ%ﬁ?ﬁscr% %gg%?o%’ ﬁ'ﬁﬁ é&%l@b&??ﬁ%k’z"@m’eeﬁ
© produce the required spectrum analysis to
10 enable "detection” of the original carrier and -
modulation frequencies to be carried out. .PFig. 3
shows a flow chart of the sequence of events in this
operation. .

15 In the particular embodlment bezng descrlbed, the
' "heterodyning” operation is carried out dlgltally by
..steps described below. The received track circuit
signal is modulated by frequency shlft-keylng,
therefore, it contains a band of frequencies centred
20" about the carrier frequency fc. The input signal is
passed through an 1nput noise filter, of band-pass
type, which has the effect of limiting the frequencies
present to a well-defined band.

25 Consider an example in which a carrier frequency fc of'
nominally 1600 Hz. is keyed between 1600 Hz. + 10 BHz.
at a moedulation rate of 12.5 Hz., 15.0 Hz., or 20.0
Hz. In this example, where the modulatlon index is
less than 1, it can be shown that the signal frequency

30 ‘Spectrum consists of a component at fc (1600 Hz.) and
pairs of sidebands spaced at multlples of the

- modulation frequency fm e. ger if fm = 20 Hz., the

sidebands are 1600 + 40 Bz, etc. the amplitudes of the
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sigRal is nodul ated by frequency shift-keying, therefore, it contains a

nomnally 1600 Hz. is keyed between 1600 Hz. + 10 Hz. at a nodul ation ;

of. frequencies centred 20
signal is passed through an input noise filter, of band- pass type,

has the effect of limiting the frequencies present to a well-defined -

band. 25
of 12.5 Hz.

spaced a

about the carrier frequengy fc.

Consi der an exanpl e i k2which a carrier frequency fc of

The

Y3te

, 15.0 Hz., or. 20.0 Hz. In this exanple, where the nDduIatlon
index is less than | '|t can be shown that the signal frequency 30
spectrum ¢

‘H#%ﬁﬁﬁ 6§dér09£@ebaﬁah aéctéaéEGQQoUtebsanélgaamayof S|debands
t | pl es of the

dul ation.freguen f = 20 Hz.
t he si debarﬁ)‘é"’&r‘@"em%“uﬁogo qQUEREY {Red ﬁﬁﬁé W e@s%o%ht 1§'§r§ 12 hi gher
1&E5dehﬁeaéssgleSancehpnamathmQMthe @@mgﬂsﬂququency in

order si

accordance wth %$$? r %%gd @Xﬁgeggeb BUﬂQtIgQ Bkt iigs. Frequency B

bétter, In5 order to provide

dgbandg akinds of

resol ution,*gS %
di sc§i mi natorﬂebetmepmgldebdnasramlﬂét!@ﬂz betweens s

de

hi gher Or doy3 193 | Nnd) 15tpas8 . at ts%!bahaé e hh.@h’erra@rdwdﬂxarsarrpl i ng

t heory speci
hi ghest fr

Hz: theref ofigeofy spdcifbes 8R4EG khe Al admuin. slaepl]ings fmgmm er

frequency -bin

fs = N [erf§®
10 fmax = 1600 + 20. 0 Hz. f-lszo Hz:
therefore: f£s é';‘fmax= 3240 Hz.
Also, if Af is the Fourier frequency bin width and N
15 is the number of transform_points,'
| then, £s = N. ¢§f
and N = 3240/2.5 = 1296. _
Thus, if the 1nput waveform is operated on dlrectly,
then a minimum of 1296 transform points has to be
20, calculated, and computatlon tzme of the discrete
Fourier transform is proportlonal to N.zlogzN but the
FFT algorithm is proportional to N.logZN.
However, if a heterodyne operation is carried out
25 using a locai oscillator frequency fh of 1280,.then'in_
_the dlfference frequencxes sideband
fc - fh = 1600 Hz. - 1280 Hz. = 320 Hz.
The highest.frequency present is now _
320 Hz. + 20 ﬁz. with yields fs = 680 Hz. and N = 272.
30 'Therefore, the computatlon time for a transform of the

35

:heterodyned waveform with the same frequency

resolutlon_ls considerably less than for a transform =
of the unmodified input waveform.

V\Eg t@w:.ce % hlghes% tfg'gqﬁ%%‘irr c%pUn@ﬁ%f 0'd8 RGiaYs, then,

i'es That fhe ninimim sappling frequenc th
e%hﬁen%yr%‘én%ﬂeﬁ#e%afﬁat% %\%‘ _e 1620
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and N = 3240/2.5 +-1296. Thus, if the input waveformis operated on “5
directly, then a m ninum of 1296 transform points has to be 20 “J!
cal cul at ed, and conputation time of the di'screte Fourier transformis q‘ﬁ’/
bwbportlonal to [err] but the FFT algorithmis proportional to [err]
-However,; if a heterodyne operation is carjiged out 25 using a | ocal
oscillator frequency fh of 1280, then in the difference frequencies
5i,deba®d fc - fh = 1600 Hz. .- 1280 Hz. = 320 Hz. The hi ghest frequency
present is now 320 Hz. + 20 Hz. with yields fs = 680 Hz. and N = 272. 30

Therefore, the co atjon, ti transformof the_heterodyne veform'

nehthe: same f ot FaL heFet Ry RihG aBhERELSh 1HCaOERRRTANRR] K9S

transformof the usuidipleingnthe sawpledninptt watéfﬁrM|gmthlaheampméﬂnlng
eration acco ﬁr%ﬂe I I t ef.o with a

ggnpleh eqL?vaIen?Q%* t exp%ca %ggl g?%r8$?293§£§€ fPEgh % Bg]

| ocal oscillator SRAGIINERG Yy loeakaecil atormawenélnhanana #réqﬁéﬁey

exactly fou tinmesedverobmidnd &aFPed ﬁ@néztéxaéhﬁysﬁaﬁfeélméguthél gnal can

aPpropri ate co-of (AAIAL OIS SFRES EEHE CPARD Ko of RRPF S BHO0AT cFBPPRny
be assuned for 10 digitdillyinetesedymediperebyi by mbhtipbdyingeeéchst sanple
TV B by Y el SO AL Lipa Lol ge it et e B csaTHLe
r epeat ed agaln amyaveform. A normalised waveform may be assumed for
10 the simplest multiplication that is, the first sample
“is multiplied by +1, the second sample is set to zero,
the third sample multiplied by -1, the fourth sample
is set to zero, and the cycle is repeated again and
again in that sequence. The operations involving +1

\J

15 and -1 are trivial multiplications, that is, for
multiplication by +1, the sample is unaltered, and for
multiplication by -1, only the sign is changed. ‘The
calculated values of those heterodyned samples are
‘then stored in the temporary memory 27 ready for use

20" 'in the discrete Fourier transform. When completed,

- these results represent the levels of frequency
components found in each of the corresponding
frequency bins. By applying a straightforward
amplitude'discriminator or threshold detector to each

25 bin, in turn, the frequency profile of a received

' input waveform can be checked for presence of carrier
and modulation frequencies at the end of each complete
transform cycle. ' '

20 . One of the dangers in safety equipment employing
signal transmissions which has to be guarded against

is accidental interference from other sources. One
type of interfering signal -difficult to discriminate
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agaln in that sequence. The operations involving +1 15° and--1 are
+yial~multiplications, that is, for nultlpllcatlon by +1, the sanple is
= Affed and for. nultlpllcatlon by -1, only the signis changed The \;,
fM.at ed val ues- of those heterodyned sanples are then stored in the -
ary nenory 27 ready for use ipgthe discrete Fourier transform \Wen
compfeted, these results represent the |evels of frequency conponents fgund
in each of the correspondi ng frequency. bins. By applying a strai ghtforward
anplitude discrimnator or threshold detector to each 25 bin, in turn,
t he frequen I r edel 9 f e ¢ or.
presence of égﬁ?g%é §%3£%%%u?f$§%ng?r ﬁ%ﬁ@?ﬁg gﬁg]ﬁﬁBlgguﬁ? ggg conpl ete
transform cyfkaxed8or ASKnesignahewhinberayi hesaeneyatgdi pyesemenpl oyi ng

si gnal transgyssd B é‘f&@i&-i‘ésdi-ﬂvéﬁ eyaiseéraeeiaﬁt cbﬁt%Q' dent al
I nterference ron1other our ces. nterf F ﬁF gnal difficult
e

to discrinireguipment and, as the; ﬁu9ﬂ¥89cF%§L5 Fagy € 8fe Anplitude
ﬂuftsKeyedeartuviéturquwthGMadalﬁtgnbb ganeenteﬂsb;upewﬁmpppeﬂ of:
el ectric-driyen, o] equy p. d h lNg rails
can be usedéﬁrggéEﬂfhéﬁfgﬁfggﬁgngiéﬁéléd gﬁ}g@u?F%%Fglgegéggrlnposed
on the tracWhﬁrﬁRﬁthﬁkﬂﬂﬁspomspreﬁl@n1h$Ks%sgb§baasd epatysdon a

response of cuh A5 44 Gifkn 20l CARbYIEAMe (8P £hié SFeuliEhelNEnBiRl | Lude of the

received inpyt signal is varja so t hat ite th e fferences 10 -
bet ween ASKSHRHSHESAEiable ?%et%?ﬂeﬂﬁﬁal¥§ E%?r?é# erences _
10 between ASK and FSK signals of the sideband to carrler

amplitude ratia it may not always be certain which is
received. One way of distinguishing between the two
signals is therefore to measure the ratio of the
carrier and sideband amplitudes. o
15 ' S o o
However, there is another difference between the
sxgnals, which is potentlally more rellably detected.
In the FSK signal the sideband vectors always produce
a resultant orthogonal with respect to the carrier
' 20. vector, in contrast, in the ASK signal, the sideband
vectors produce a resultant in-phase or anti-phase
with the carrier vector. The final results yielded by
the Fourier analysis contain both phase and amplitude
information for all fréquency components. Thus, by
25 using trigonometric formulae,the angle of a sideband
resultant vector can be calculated.

So, as a final safety check, the magnitude of-the
resultants are calculated from the final Fourier

30 transform results; if the resultant is too small (so
that errors are no 10nger_1ns;gn1f1cant), the results
may be inverted and the "opposite" vector calculated;-:
the angle information is calculated and a
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anplitude ratio it may not always. be certain which is received. One way of
di sti ngut shing between the two signals is therefore to neasure the rat

the carrier and sideband anplitudes.. 15 However, there is another @
»3

dif:ference between the signals, which is potentially nore reliably
detecteg. In the FSK signal the sideband vefg ors always produce a ré
grthoggrial with respect to the carrier 20. ~vector, in contrast, in
ASK si ghal , the sideband vectors produce a resultant in-phase or anti-phase
with the carrier vector. The final results yielded by the Fourier analysis

contai n both phase d |itude information for all frequency conponents.
Thus, by 25 usi ﬁtglﬁ‘% Naii cc}?%ﬁ%]r‘t% Yh@esidiivelyt daoatke an
resul tant vector carF$e Sigmal at®fl tiis aredk ffdidls,Saliy 8K addifrea
magni tude of the resydd@nte & | At f amthe final Fourier
transformresults; if the re_su{ctiiﬁiect#s 92‘%_15@-5 i 5!14:531%%@;1@,1:@%0
| onger i nlsi glni f i--gantﬁ%’é@ﬂlﬁﬂ S5 W.dwqpn\télatbel dlsaniﬁmefé@kg@&ir@'{.é:
vector cal culsat ed; - dei Tttty Y i¥ noS +33/kY'A! gk n443 '
di scri minati on CheClge%%%U (acj t Q:E%itti vely | gcate é:%tr% %sgé‘ﬁélr’i MRSt hi s
check fails, then it Gs 4 r?é’%t topeks fedpvedssidgnenerrgisgi.and t he
calcul ated information is rejected, that is, the track circuit 5 .
recei ver reacts as ith RO skkdnl O Is Lognal was received and the track
relay is de-energised. In a sec%&r?%&eﬁ shenShe f‘ﬂgef’ﬁi’leﬁt gaﬁmﬁopﬁﬁtpaﬁ asf
an - | Automatic Train Protection (hereinafter ATP) system
10 - which involves the transmission to a moving train of a
. frequency signal which represents a maximum safe speed
limit, the comparison of the actual train speed with
that limit and, if it is exceeded, automatic operation
of the train's brakes. Speed limit information is
15 transmitted to the train by means of
amplitude-modulated carrier signals in which the speed
limit signals are used as carrier modulators. Prior
-art ATP systems have employed analogué filters for
decoding the ATP signal but these require one filter
20 for each frequency signal of interest.  This
embodiment of the invention is effectively an FFT
'digital filter of non-recursive type, i.e. it has an
open loop design which processes only sampled values
of an input waveform. Execution of single FFT
25 - algorithm performs all the code frequéncy filtering
required. . -

30
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Automatic Train Protection (hereinafter ATP) system 10° *whi ch i-nvol ves

th:‘!ﬁi:snission to a noving train of a frequency signal which represents a

rrax safe speed limt, the conparison of the actual train speed with ' \J

- that mt and, if it is exceeded, automatic operation of the train's . .
brakes. Speed limt information is 3% transmtted to the train by

nmeans of anplitude-nodul ated carrier signals in which the speed limt ‘ngy -

signals are used as carrier nodulators.. Prior art ATP systenms have ~~ . .~

enpl oyed anal ogue filters for decoding the ATP signal but these require one ™

filter 20 for each frequency signal of interest. _This enbodi ment of

the i nventi offihef PEBRTFEER s&ﬂeFf$1%F§iF§F famee FFR alannidhm sive type,

i.e it hafs m@ge bﬁﬁaedefﬁﬂ!ﬂfﬂiﬁ'bﬁg $&g@ﬁ%ﬁ%§r Q{lﬂb@aﬁmr@-i}tﬂ ues ﬂ‘ an

i nput wavef o ecut of sinale. - . algorithmnperfgrns all the

code frequedé£}$?FF3£ihSBrgaﬁiF@g.wgﬁﬁ onQy minor %%angesr{o thd ' -

16 I n the noseftwareivehhs)t thet Hdgidmd ERTtelrgbardwares desmribedr ocess

diffegent frggisncysak h QNE b Ll _ eNs. mi y m nor

chang‘ges to tlﬁe ;sof?a'/a%{el.%%%%g E?Eeq&?“ﬁ'&?%ﬁ?ﬁ?ﬁ%&&dmr@%&% bed 5

bel ow i s suiba®ie hardyanft ilyuptsated ép. Figne 2sdfe used oitdh dvare

i |l ustrated dirféBendesSoH39din thedisbfewarecprodrim Rdnt@isfd Way € program

contai ned in_the Read only Mnory 32. 10 . The ATP digital filter has to

performtwo FRART s?ngg ¥EPPF¥ed%n the flow chart of Fig. 4. Firstly it

has to determnmine that a received carrier signal is
10 The ATP digital filter has to perform two functions, -
as outlined in the flow chart of Fig. 4. Firstly it
' has to determine that a received carrier signal is

within its permitted frequency band and'above minimum

_ threshold amplitude énd, second that there is a code.

:15 . modulation signal present, it is above minimum- -
threshold amplitude, what is its frequency and, that
there is only dne modulation signal present. In the
arrangement being described the carrier signal has a
frequency of 1953 Hz. and there are four alternative

20 - modulation codes as follows:
Code 1 = 23.3 Hz representing 15 Kph
Code 2 = 27.6 Hz representing 40 Kph -
25 f L } _ R
Code 3 = 32.6 Hz representing 65 Kph.
Code 4 = 38.6 Hz'representing 80 Kph.
30 ~ A carrier frequency resolution of approximately 150'Hz 

is demanded of the system: Shannon's sampling theorem
suggests a minimum sampling frequency egqual to twice =
the highest frequency component and, in practice four
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withinits -permtted frequency band and above m ni numthreshold anplit
and, second that there is a code 15 ° nodul ation signal present, |

above i ni mum t hreshol d anplitude, what is its frequency and, that t
My one nodul ati on signal present. In the arrangenent being describ
-carrier signal has a frequency of 1953 Hz.1&nd there are four alternative

20 - *nodul ati on codes as follows: Code 1 = 23 3 Hz representing 15 Kph
Cade 2”“ 27. 6 Hz representing 40 Kph 25 Code 3 = 32.6 Hz representing 65
Kph Code 4 = 38.6 Hz representing 80 Kph. 30 . A carrier frequency

reso: ut i onhof appr ex Fave \eikds Hes Iﬁbtﬁﬂimmieie ddviEalksle) erfusShesmn o’ Sh
sanpl i ng t heorem suggests m ni nu s n ency to.twice the
hi ghest frequency 8%%5&& n%?ﬁﬁ?eq oé? aﬁﬁf%ﬂgfﬁiﬁﬂﬁﬁﬁﬁ% S
found to be advi sabife9.PhikHZ was cimsem.r 'Ecazg]um & tmmercXHz a

sanpl i ng frequency T %?Hn \g%ébff I on
[err] of 150 Hz wi %'%anggﬁ@j% rdgaﬁl:’?gyﬂ iy ol 1&‘?%5‘9&%

of time don&in sanpfedi-® b N i%fré?lé'!% dqmain sample Hen e
algorithmis a radepr audt0dd WHaddmramei ol fffmmﬁ.s s ﬁn:e keep@ bi nary

(r:n(;ljgl Flrnggxgrlo aq \élrti‘\é\lgl%{ [t he C’L‘%ﬁ%sﬁoac’ﬁﬁ t{g}acode re%’%nm es]Sea
necessary. The fil has ltei bg ceddmaxmyd niud tiplen cavhbenr.. usevzlevaroﬁmhael ng
ATP system in a CQEB.LSt Ps%cfirxﬁsrbf the code frequencies a code frequency
10 resolution capability of approximately 2. 5 Hz is
necessary. The filter being described is intended for
‘use in an existing ATP system, in a completely fresh
_ _design the code frequencies could be more cogveniently
chosen. | |

15 _
Also in order to achieve minimum computation time and
maximum efficiency it is preferable to use the same

- FFT algorithm and, as far as possible, the same

sampled data points. By using every 65th sample

20 » starting with the first sample_ell 64 samples for use
in the FFT are collected in a total sample acquisition
time of 442 mS.

_ Wlth reference to operatlon of the digital filter the
25 sequence of events of one operational cycle is
' 111ustrated by the flow chart of Fig. 4. In normal
train operatlon a coded ATP s1gna1 will be received by
the train; at some tzme_xn a continuous series of
events the digital filter'of Fig. 2 will commence an -
30 operatlonal cycle. The rece1ved signal 1s sampled at
the 9.6 KHz sampling frequency, the first 64 of these..
time domain samples are digitised by ADC 16 and. saved™
in RaM Zl. When sufficient data, i.e. the 64 samples,
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de5|gn t he code frequencies could be more conveni ently’chosen.: 15 Also in
: to achi eve mini mum conputation tine and maxi rumefficiency it is o
‘able to use the same FFT algorithmand, as far as possible, the sane \_y

ed data points. By using every 65th sanple 20. starting “with the -
first sanple all 64 sanples for usepgn the FFT are collected in a totaL\ .
sanpl e acquisi.tion tine of 442 nS. Wth reference to operation of the L .
digital filter the 25 sequence of events of one operational cycle*1s : .
illustrated by the flow chart of Fig. 4. In normal train operation a coded
ATP. si gnal

b , .
erios o efan DR AT (R A6 P Ao SO ELLEELLR 8rC0RH MU
-operatlonalGdypbantﬂﬂimwpnngmamsﬁtpﬁ#d|snSBQMI%@oaIAshth 6 KHz sanpllng
~frequency, é%r%ﬁﬂ’te %Ai.&.{ﬁﬁg s suf élﬁ%éipé‘ﬁl &éef@ggﬁea{:ﬁedl gitised by ADC

16 and save |C|ent dat a 64 sanpl es, 35
18 18 has bddgitdimes: =ampim) VAl yes (358 ceerieved ofrem RMM 8k #BAnt FFT

progream st opgdd AnRE¥1&hlatng hﬁmtéﬁﬁs’aid@e pf@§@15§s vahibﬁ afegr am
progresses the digitised sa ‘% es are retrlev %% and 5
used i n cal EEMROFARFLLY qﬂig ?H?%??WW%WPEXe b?ﬁ?l red in
the sane nmefdry Emc&henﬁast1iﬁ&t&ﬁ;onIthefﬁnﬁa&tresu&h5|anetagainna
results are agRokabd P 'ddea L itk | dhrhd'®1 SEABL SRS LA ONS. T 1 -

preparatlon for retrxeval by ‘the output interface unlt 5

10 24. B I i

Identification of both carrier and modulation
frequency may be by means of sequential operations in
which the first operation searches for the carrier'and_ '

- 15 execution of the second operation to find the
modulation frequency is subject to positive deﬁéctioh
of the carrier. Alternatively the ;ﬁo transform search
operations may be performed simultanébusly but the
results are examined for the carrier first and only

20- for the modulation frequency if successful.

As the carrier éignal has 100% sqgquare wave modulation

at the selected code signal frequency it is necessary

to sample the ATP waveform for a time period equal to
25 | the maximum modulation period and perform 64 point
transforms on consecutive blocks of 64 time domain
samples starting with the first time domain'sample.

For the modulation frequencies quoted this'¢orre§ponds

to sampiing the ATP carrier (8 x 64 =) 512 times-at a

30 sampling frequencf of 9.6 KHz. Providing at leaét one

of these FFT computations produces a valid carrier

spectrum the digital filter program moves on to its

modulation code detection phase.
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4

preparation for-retrieval by the. output interface unit 10 24.
| dentification of both carrier and nmodul ati on f.requency may be by meang
equenti al operatlons in which the first operation searches for the ca
\éﬁd 15 execution of the second operattgn to find the nodul ati on
frequency is subject to positive detectioh”of the carrier. Alternativel
¢ he two transform search operations may be performed sinultaneously but the
'TesuIF§‘are exanmined for the carrier first and only 20 for the.
modul ation frequency if successful. As the carrier si gnal has 100% square
wave nDduIatlonaﬂIﬁrnpsﬁﬁnxiQxiQkﬁkablbﬂafoﬁﬁéq%eﬁ@?rt%ersoﬂﬁcegsb#ydfo

sanpl e the ATP W@#¥H¥ﬁ“fé”ré&ééd“hﬂ&”tﬁ@ 8&#9ief0585rch cyéfe”§§'ﬁum
nodul ati on period and petﬁsrn164 oi nt. transf £$ on consecutiye bl ocks of

64 tinme domai n safRREEL8%y ¢ QR e PHIRF thaR e oRRFRI€EndPe. For the
nodul ation frequedatectpdttie tdigi tal r£5pear sptogsanmmhovgst hatdThegarri er

S enst hi ot ¢ MERufadhelf code SAERMLORASEREETY R4 g SFfect T8y 9
‘the digital filtesanpddmgnratesnawm needs stMImq:mnlm orly¥cevenyphase.
35° 19 If no Ca%@ﬁﬁ'd&éﬁ%&séé;ééﬁﬁmh Céﬁéé&”lﬂnﬁA@fzPa“dﬁhéhaéﬂ1?Ethe

rai sed and the carrier s€arch cle repeat ed On the ot her hand

carrier is detect é’t!‘%e’sadf%ﬁsal ave tléﬁe'br?%}]aﬂﬁ#ﬂf%e’éh? %4 Peint FFT

‘nmodul ation code deatlgei:lzamwhﬁeﬁ;raxﬁsls Tegin enteotedrand nthe af fegaenogeds

to be mmhdmmroMJ ry

ctrum provided by the final results is examined for

a modulatlon code signal which, if found, sets the
maximum speed limit for the ATP system. This
interpretation is graphically represented in Fig. 5 in
which signal amplitude is the vertical axis and the

.15 adjacent frequency bins are laid out along the

horizontal axis. For completeness the results for

signals containing each of the modulation codes are
superimposed on each other in the drawing. .

20. The ffequency spectrum is also checked .to determine if
‘only one modulation code is present in the received
signal. If two or more codes are detected a "mixed
modulation® alarm is energised and the ATP system
reacts in a fail-safe manner by adopting the lowest

25 speed limit indicated by the detected codes or calling
for the train to be halted. |

In the carrier search phases data sample collection
occupies 53.3mS and execution of the FFT program 25mS.
30 Thus, the filter detects and identifies a received
carrier in not more than 196mS. Further data
collection for code identification occupies 442mS in =
tgtal, if some of the carrier search data points are
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65th digitised sanple is saved in RAM 21.. Wien 64 of such sanples have been

col | Nt he 64 point FFT algorithm programis again executed and the

freg 10 - spectrum provided by the final results is exani ned for a \J
nodul™] code signal which, if found, sets the maximum speed limt for \
the ATP~system This interpretation pg graphically represented in Fig. 5in

whi ch signal anplitude is the vertical axis and the 15 adj acent b N
frequency bins are laid out along the horizontal axis. For -conpl eteness~‘t he I
results for signals containing each of the nodul ati on codes are - : _

- superi nposed [ 2 q y spect-r-um i's

al so checked r%c}:a}"if %’g{?faef*]yd%g&inggb? €°tﬁlc-8rzgplgégptrégg%nt in the _
recei ved si gigwever t'%b efonomise ceRrsmemerylesbzecirashnilasa Asdul ati on”

alarmis ener&ﬁe&@é&i ddeary Ptﬁé‘%@ﬂi@f%&th” alﬁegl ai»af @3 8rARakalY
adopt| ng the | owest limt_indicate ected codes or -

e
- calling for t#e %IW? cP’EfégﬁE)%IPt edthe nF??lePE‘a?F?’érZgéé’r‘cﬁaiﬁﬁ&sa?ﬁat a
sanplge col | eddd @xenst®iss ERadnd wdee«iagnal oﬁsoidéhe:.EEEdpliﬁgham 25nt. 30

Thus, the filter t ect ece dyC i ot m)rethan_
1965,  Fur t hEPAR b T o Tops RGPt FrERH BRebBEnPal “hazms i n-
total, if somyaife ttine xvf | appresinately copsi seeoadedeszng @Bicht ai ned,

thi.s period sg]gl? ,!—Q%qgg wl c JOByTENOI

si'ze Pr esh d\gi&a%&ljstge ‘%‘?hgéce%(gg fé?:% earli1er aigg& gﬁﬁﬁégr eB |scaréed
in the FFT pi§ &iltemaich nisable amummk%ez%’s these tasks |

10 - as cycl:.cally cont:.guous operat:.onal phases. '




5 - to -execute’so that a code signal is identified in not nore than
80nB.. This pernits a total operatlonal cycle tine of approxi mtely o _
{ﬁcond during which data is collected, stored internally and anal ysed | t;%é
6 filter which is able to conplete all 2hese tasks 10 as cycl ilced’
~cont|gupus operabnyrms phases. 21 CLAIMS 1. A railway signalling '
‘receiyer for elegtrrcal als carri rising sensing
heancFor co- opeat i oatwied 1ong FAERagy: Rk E8cedLs,ERE T T ERE S L
sanpl i ng neans opdigaiailee carriled byneaddwaynlivesonompudashy sempimga sensed
signal, data menpoyJEeaRs QLo?EQEtQSnaw@EHrEhht¥a?iw§9”Pi§e¥aE€e§en ans
for perfornlng a screte ourier trans ormon sal ¢ stpored sanple val ues,
data nenory meandheosignatisngsemelingureanss opaEaLi¥Asi Br ke BHMe neans
aesponSI ve go th?owaﬁal tbe&bgH:SnQBuhm9 kmpséoarraénsadlsugﬁﬂ réqeency
omai n to-identi an neans
frequency shift Eé?@%% &ggpg Eéﬁcﬁgﬂsaﬁga?e Fagé?yc%ﬁ%?séPﬁ Yéiﬁ%sfor
-cal cul ati ng fronmﬁnn@rﬁarlonrﬁpcmeagua dhecrenal Fovnheformamsbormesnl t s
menory the phase sangl ecb%at b!ﬁpl@ %quearraseasmgﬂak Ohedds £&sul tant
si deband vector and neans cr| g 3a%nst sl nals for which said
angle is substan?F&FP?gOtBP fSFPi eB et raRStPFBAF LA a R92RBency
nodul at ed si gnal rfeB@msnawentusthgl fmam i'asuawl of udbeshriﬁsmmﬁo:gnal
2. A recelver S Ia ' . PEa f for
het er odyni ng opera |§n g%@guggﬁgegb naF8 géﬂ@; €%$ & &éﬁ ééﬂ%g | ower
het er odyne means for dlscr1m1nat1on between a frequency shi
keyed or frequency modulated 51gnal-comprlsxng_means
for calculating from information stored in the final
transformation results memory the phase angle relative
to the carrier signal of the resultant sideband vector
and means for discriminating against signals for which
said angle is substantially 0° or 180° whereby to
distinguish a frequency modulated signal from a
confusingly similar amplitude shift keyed signal.

2. A receiver as claimed in claim 1 including means
for performing a heterodyning operation on a semnsed
signal and means for selecting the lower heterodyne
sideband frequencies.

3. A receiver as claimed in claim 2 wherein the
means for performing the heterodyning operation
comprises means to multiply the sampled values of the
received signal by a factor equal to the corresponding
values of a cosine curve of f0ur,£imes the sampling |
frequency. '

4, A receiver as claimed in claim 3 wherein the
multiplication factor is equal-to the value of a
normalised cosine curve at its quadrature points.
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sidehand frequencies. 3. A receiver as_clai:med in clai'm2 wherein the

neg r perform ng the heterodyning operatlon conpri ses nmeans to nultlply
t he™ ed val ues of the received signal by a factor equal to the
co gndi ng val ues of a cosine curve_of four tines the sanpling

fretency. 4. A receiver as clai med2¥n claim3 wherein the
mul tiplicatyon faktnecexwexuzs ¢l ineed vigt e fprecrding icaimosi ne curyﬁiat

| s quadr atgy ﬁﬁk "{ife meart? respo ondi V€L e aﬁ&!f":’@%‘i}w FYeny ecedi

clai mwherein nmeans responsive to the final, resu
t ransf or nat $6AR$ H’kﬁs‘?‘a&?v‘é (APETAIHVS £ Het 9D de d‘-freél‘te&l*crﬁ er signal

and a modul of i predreipeneigndl and A mRAIMeti s fdejuettyn claim 5
including means for performng a first transformation operation for
identifying the carrier_signal and a second transformati on operation for
i denti fy| ngﬁt he rodtgcaiver fasqiaimed drdialiaimls Ul wshiing imeams fying a

carrier Qf@rﬁ é'ﬁnfﬂésé mesrtatﬂx‘%{hsﬁormatfor{ féq‘.rl(ﬁts £gral med in any
c

pr ecedi ng apt ed use, as rail Wal‘%i trac cuit receiver. 8.
A recei ver bRt |W%rﬁﬁfiﬁ€%fskﬂ%]ﬁ§ % 56 ted for use as a
Ctrain born&fﬁtﬁdﬂaummmmm Edr diderridyeiaig Theyridrbation A
dn

recel ver SUIANLAY | o (RIS RGN Sa1P TR Y TelarRes o the.

- acconpanyi ng;
: s1gna1 1n the f1rst operatlon

7. A receiver as claimed in any preceding claim
adapted for use as a railway track circuit receiver.

8. . A receiver as claimed in any one of claims 1 to 6
adapted for use as a train borne recexver in_ an
automatic train protect1on system.

9. A receiver substantially as hereinbefore .
described with reference to the accompanying drawings.
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