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- 1.- METHOD AND APPARATUS FOR | DENTI EYI NG THE COVPONENTS OF A SI GNAL Thi
invention reélates to a nethod and apparatus 5 for identifying the a
frequency conponents of a signal and, in particular, it concerns a met hod

and apparatus' of the type for perforning a fast Fourier transformon real

time series sanples of the signal. Techniques for performng discrete and

fast 10 Fourier transforns, 'and suitable aI orlthns for the|r calculatlon

by nmachine, have \h&s '

exanple " Communi O ¥ - :
Bergl and 15 &uﬁ!_ﬂﬁhhenatlcs of Cbnputatlon 19" (Aprll 1965) by
Cool ey=Tukey Probably the greatest pr obl em encount er ed |n usi ng Fouri er

techni ques for signal analysis is caused by the 20 Ieng of time required
to conplete all of th&Heteluupntian grinatess to menehBedrand apraratisr m

especially the C@er}’iduhw.ﬁa}ﬂﬂél the fraguey té&ﬁb&h&&éé‘nbfab s of
time to be achi eve%d r}é{ oirr:mﬁt ation process by ell rrbe%t %[ unnecessary
and 25 useless ul 342 HEPRGRTRS fhBeE

process that evewof thlestypen £grl penﬁermingohvfastl G‘du&-t:l.lerna:nﬁnéfmmamy

conponents come g |n n.effect this renders
t hose cal cul ati o% |r1nvo Velz%e‘} ree%q(ljsé‘?'{?&i $ %f‘%@t ﬁélg?(?:ﬁ ‘owest present in the
signal to be useless but neverthel ess tine consun1ng According to the

present invention theﬁ:eeéﬁnawésie@@r einiafge' 4 d9ratd WRE: fa¥ethe
pur pose of - |q%nt|fy|n Its fre uency onent s
Fourier trans orms, suitable algorithms for their
o B calculation by machine, have been described at length
\_ ' in published literature, see for example:

"Communications of the ACM" (Vol. II, No. 10;
October 1968) by G. Bergland
15 ~ and _ _ _
_ "Mathematics_of Computation 19" (April 1965) by
Cooley-Tukey
- Probably the greatest problem encountered in using
Foorier techniques for signal analysis is caused by the
20 length of time required to complete all of the
necessary calculations. The fast Fourier transform,
especially the Cooley-Tukey algorithm, has permitted
substantial saving of time to be achieved in the
: | computation process by eliminating unnecessary and
- 25 useless calculations. It is inherent in the Fourier
transform process that every transform cycle must
involve caloulations-of frequency components commencing
at zero in every instance. In effect this renders
those calculations involving frequencies below the
30 lowest present in the signal to be useless but
nevertheless time consuming.

According to the present invention there is
provided a method of analysing a signal, for the
purpose of 1dentifying its frequency components, by



rtormng a fast Fourier transformon real tine series sanples of the
I ncl udi ng, in conbination, the steps of filtering to exclude alias
cies of the signal and digitally sampling the filtered signal at a 5
bstantially | ower than the mininumrate required to unanbiguously
fy-the frequency of the signal. The result of using this nmethod is to
"under sanpl e" the nodul ated signal, that i<®<he data sanples collected are
so relatively widely spaced that 10 their values may be consistent with at
| east two har noRPEAPFPLRG| &t £@sdi Femrimere fransiarm onrres) dximeryarhes s
simlar to that sampleeeddythehalignadyni icRidngndifl icombinatd onyPathy_J,
si deband frequenEies. h%.&@yentio al so ﬁrgvidfs apparat us for 1%F 9
performng sucf8PRePhod YTty FRSHAAT oPLED8I FALARG S 1PEs CTFIS er
transform al gor signalaanddatiaggicdlkyrt samphibags ther fdlteredngigrall tatra

out put comnest el ey BufSEapttdidy LORE WA Hi IS f4td Tedifit "
filtered signal tat unambiguowsdyaddentify dhe fxeapreney mhithensianal.

required to unanbi guously identify the frequency of the signal. The
anti-alias filter could be a band-pass filter having a bandw dth equal to

hal f the sanpling 25THeedef YLt | P Ehiusddigecthife PalhPiDNLis &Rf ul
i nt an ?rran]g_elrrfﬂﬁnﬁefsaﬁlgmbi"f w’tm :?ownutedediqmuj ,tertltsiaﬁlni’:ﬂs tﬁhe data

antl -all as | er Vi n ce s requency.at .,SUsta Yy e
frequency as 'thﬁ?mBithg@‘m%des?ﬁ%a?q gélaﬁ;ive he utﬁ?qﬁf}ﬁ%tof
the transfotth pthedss waylwessisayofbe heonsdistentd wicthl afgovkeash daoh of
a nunber of -adj geRbnt EEIYG Ve IHAEEE" WIA LI e fiediPés. The final

effect is similar to that achieved by a heterodyning

O

step and eliminating upper sideband frequencies.

The invention also provides apparatus £for

15 performing such a method, inciﬁding means for

evaluating a fast Fourier transform algorithm, and data

collection means for obtaining real time series samples

of a signal, which comprises an anti-alias filter

having an output connected with digital.sampling means

20 operative to sample the filtered signal at a rate

substantially lower than the minimum rate required to
unambiguously identify the frequency of the signal.

The anti-alias filter could be a band-pass filter

having a bandwidth equal to half the sampling

25 frequency. In this respect, the invention is useful in

an arrangement for identifying a modulated carrier

signal, the anti-alias filter having a centre frequency

at substantially the same frequency as that of the
carrier signal. ' ”

30 The computed result of the transform process may
consist of the calculated total power in each of a
number of adjacent frequency spectrum'eléﬁents or bins,



- 3- each of finite wi dth. The nunber, of points in the algorithm enployed,
by the transformtogether with the sanpling rate determ nes frequency
resol ution and the upper frequency limt. Thus, any and all signal 5.
coh.ponents having a frequency lying within a partlcul ar bin contribute t
the total calcul ated power figure for that bin, However, the
characteristics of the transform process gige rise to a spreadi ng effect so

that a signal frequency conponent, in addition to its 10 primary effect,
producgs perturbeacbnofi rfixdj ee ewtidthequeThe mumbes "of ndodnfuscinokhesuch

25 2 58t ng i g9 iRn WndB e BPPEhE] ddd¥ipl SogaERLES ubEROLhe! MY

are e ered in a a nenor I rst the ranst ornati on.

Thi s hasvthe eff§etnpé1ing5rgmeeaimﬁfmme%eﬁ:equensﬁ Fescatienctand thet

reduci ng the sidgpgdeseredhendy CUERHIDY, COMMigIeSa r‘EutxJieaqﬂ.”téEgnal
frequency of a transformresults bin, there is nQ Iea age into adj,a

bins, but if PheCPRRRAERES havipg. éeﬁ?ﬁ@“ﬂ‘&m AYdRg: W & H&& “l
ei ther 20 adj aceblnbbanﬁﬁﬁibhhe toegneneptalf caabua@téaepmfaﬂ&ti@mte for

cal cul at ed. nn function .each ,data nul t ed b
a fagt or obt ai neghlf_ar‘%on#’ cor 33 8%&1’1' :'19 c}'faﬁaﬁ&r% :e%:ﬁogﬂp{:h d
squared functionthansfigra Ipa:lobqssrlgnﬁleaqna!set &ot lee Qﬁreadpngn@ﬁﬂd:écsloon
period. One formcﬁage' AU ) ffe%s?ﬁgge@o&ng Reht, MY 484PELGRS bl 4TS

circuit receiver recel ved si dcK circurt si Each
track circui10seBFABRLY aflfsgatt.edpﬁoépm PﬁE&@é‘M"—iW?hiﬂb 2 asent

adj acent sectiongrBgubfegy! BEngaNe A rYAURIEW  FUNEELonr® U88Eh! ast RaMEAninRd b
the track circuit transn%tter via the track rails, Th r(‘gﬁ?tted S|gnal
prtg’@e F

i g preferably no &Pgexy Byngtion. Jpay Fprlied Fo
fr\e,quenc.y si gnal befdbe thdgdaziegentered in a data memory for the first

stage of the transformation. This has the effect of

15 spreading the centre lobe of the spectrum, but reducing
the side lobes. If a frequency coincides with the
centre frequency of a transform results bin, there is

_ nb,leakage into adjacent bins, but if the frequency is
off-centre significant leakage occurs into either

20 adjacent bin and the frequency off-set can be
accurately calculated. In a Hanning window function
each data sample is multiplied by a factor obtained
from the corresponding part of a normalised cosine-
squared function having a half period equal to the

i . 25 sampling collection period.

- One form the invention is employed in a railway
Jjointless track circuit receiver, the received signal
being the track circuit signal. Each track circuit
section is allocated a signal frequency, with no two

30 adjacent sections having the same frequency, which
signal is transmitted by the track circuit transmitter
via the track rails. The transmitted signal is
preferably modulated by a selected one of several
predetermined code frequency signals. The coded signal

35 may. be received by a suitably equipped railway vehicle



“NO\_8 i n an unoccupi ed sectlon t he S|gnal 5 propagat es as.far as
t he opp05|te track section boundary, where it is received by a track
circuit ‘receiver and anal ysed by apparatuss4+hich-is the subject of the
present description, and if the section carrier.- frequency is positively

detected a 10 ccmasmaidigwgﬂwtmckssgehb@m edint whichk-aasen tslee,tsbgnal
occupancy relay.g h§n§§ sed Ay e angnak %Pﬁman@u'@ééér%ean inep

code signal and, tijon or al ternatlv carrier_signal %
nodul ated by a @r&}?ﬂaﬂ-cia r 8preReRePREng of - Brafa ken ko ARRM Gakiome ‘beed

As a further chexsq $bato J hpult aghk cahcuir_tod:éu u@algab&goﬁprtnét |94 pinglLi s
not subjected to unaccegiable | egel s of gé erence, . for Ie %g ot her
track sectior sPFRPEIZTAP eIV §A%VES tBEE r%?p&?fp’éﬁcﬁ m %8
checks can be r@mhﬂ@argnﬂuhbnetﬂﬁiiszmgpeheeaubpfauhr&nhlwiqnthced
by the apparatu sgridbe a n e i a
feature of a fas%té%%grgl Celﬁ're lrha(tirjls (r)lran]i %‘ciegag L?%%t'%féﬁ%bnt‘&( &tl 9_%1 gﬁgall
track circuit h®subiect mf the memttdeeceﬂptélem.l emd Wi rtlwrseatiqnal |
mej Or respects. cféfffiwswée;r Encgl 18 OBYSLE fyed Pr aleteidy ggd 4rack

circuit freguency and t an e’ nee to standard” receiver
to a partic ParQH§£%§HQH§%n9SPQ¢RP§eF§CEP8ﬁrGFe§nQR)Q&ﬁ#rﬁﬁlﬁtﬁec ion
anti-alias flltejbcuyae;dyn\t@ltaﬁn and how.it may be carried into

The basic carrier signal may be modulated by an k“J
identity code signal and, in addition or alternatively,
the carrier signal may beiquulated by a signal

15 representing, for example, maximum vehicle speed. As a
further check that the track circuit is functioning
correctly and is not subjected to unacceptable levels
of interference, for example, by other track section
signals a threshold level test may be performed. These

20 checks can be readily carried out utilizing the
transform results produced by the apparatus to be
described. One advantage of the invention, and a
feature of a fast Fourier transform processor in this -
context, is that all track circuit hardware may be Q\j

25 constructed identically in wvirtually all major
respects. Each transmitter is set to operate at a
predetermined track circuit frequency and the only
change needed to match a "standard" receiver to a
particular transmitter is the selection of an

30 appropriate anti-alias filter.

The invention and how it may be carried into
effect will now be described in greater detail, by way
of example only, with reference-to'an embodiment
illustrated in the accompanying drawings, in which :



effect will now be described in greater detail, by way of exanple only, -
with reference’to an enbodinent illustrated in the acconpanying draw ngs;
“in which : 5 Fig. 1(a) shows a frequency spectrum di agram of the carri.g
frequencies of an exenplary track circuit relative to same frequency

mul tiples and an anti-alias filter response; 5 Fig. 1(b) illustrates
the effective folding of the frequency specthum of Fig. 1(a) caused by
"undersanpling”; Fig. 2 illustrates the nodul ati on frequency spectrum

relative.to the transFdgm rtéalt she¥SeAc\fueausnay spgctzum Adagrafeof he
ef fectrve spreadithe dal¥Mer Prequéhdied! 6EURINIT YeXeitplHey ctdhcRdicageiithi ns
in-thdtransformresuylts; .and Fig. _4 shows a _f tiLonal__hl ock di;agram of a
track 1% circuit® ﬁn}qrﬁ?W%v%ﬁ?$B%9°¥h8“§§3 - i4ﬂ§ﬁ'{;l?%e

i nvention conpri £ddterr xelsponsierzack circuit arrangenent, the equi pnent of
which is illustrated by Fig. 4 and will be described in detail bel ow.

Know edge of the basic form20 of a track circuit arrangenent is assuned.

In the enbodi #ent, th&igraddbdi dddiustapdes dhausfifpctinglfickding of the

audi o-frequency ¢ardhefe §icipals pblteE ¢ e S8Verdlgdl t PN Vead i by
frequencies and no two adjacent circuits operate at the same frequency.
There 25 are al soUS@e&sMPIING 1fati ve nodul ation frequenci es which may or

may not change, fromtinme to tine, dependi ng upon application. The

nmodul ati on frequenci eg, can gf ed to_convey iinfor PN, .€.g. 22 _maximum
speed linit, to a rmv% tr nf;ﬁ.uﬁt{:ﬁgeﬁ Ihe%tmg?"ﬁ‘?ﬁﬁriaxg frequency
' spectrum relative to the transform result fregquency
10 bins;

Fig. 3 illustrates the effective spreading of
' power of a spot frequency over several adjacent bins in
the transform results; and

Fig. 4 shows a functional block diagram of a track
15 circuit embodying the invention.

The exemplary embodiment of the invention
comprises a railway track circuit arrangement, the
equipment of which is illustrated by Fig. 4 and will be
described in detail below. Knowledge of the basic form

20 of a track circuit arrangement is assumed. In the
_embodiment, the track circuit operates using a
modulated audio-frequency carrier signal; there are
several alternative carrier frequencies and no two
adjacent circuits operate at the same frequency. There
25 are also several alternative modulation freguencies
which may or may not change, from time to time,
depending upon application. The modulation frequencies
dan be used to convey information, e.g. a maximum speed
limit, to a moving train or in the simplest form merely
30 represent an additional and constant identifying code
for the track circuit. |



30 regresent an additional and constant identifying caode for the track

A rcuit. The available carrier frequencies for main line track circuits

apge: ) 1699. 2Hz 2001. 6Hz 5 2299. 2Hz 2601. 6Hz The

acﬁ"rable carrier frequencies for nmetro or nmass transit line track circuits

ard : 4080Hz 10 4320Hz 4560Hz 5040Hz 5280Hz

5520Hz 15 GOOOFE'QEnerain metro line track

circuit carrier frequ nci es | ativel her tha tho for, main Ilnes
" because of the gener 31§ §H§l ?aeﬁqﬁﬁé gr&ﬂ?F& |Bain 3dne

The avail abl e nithddi icirduitgiensa es for track circuits mnth fixed

nodul ati on codes and for main.line track circuits are : 13.2Hz 15.6Hz ?g
18.0Hz 20.4Hz On nmetro line track circuits, a greater nunber of nodul ation
frequencies is permtted in the range 1699.2Hz . '

2001.6Hz
5 L . 2299.2Hz -
' 2601.6Hz

The available carrier frequencies for metro or
mass transit line track circuits are :

o 4080Hz .
10 4320Hz \
' - 4560Hz
5040Hz
5280Hz
5520Hz
15 | - 6000Hz

Generally, metro line track circuit carrier
frequenciee are relatively higher than those for main
lines because of the generally shorter track circuit
distances involved.

20 The évailable modulation frequencies for track L.j
circuits with fixed modulation codes and for main line
track circuits are : '

13.2Hz

. 15.6Hz

25 18.0Hz
20.4Hz

On metro line track circuits, a greater number of
modulation frequeneies is permitted in the range'



operate at ;a pdrticular nomnal carrier frequency and is shift-keyed 5 b '
sel ected nodul ation frequency. The collective frequency spectrum of tracR_
circuit arrangenents for netro Iine use and having the above carrier and -
nodul ati on operating frequencies is iIIustrﬁted di agrammatically in Fig.

la. 10 A bl ock diagram of the corresponding track circuit equi pnent

is shown in Fig. 4, in which a railway ééapk ii lndicated at 1. A track
circuiﬁ,signal generator 2, conprises %e %@Eshift-keyed si gnal
generdtor in whi at tincexwvadisalofodaizl.l ators are switched alternately, 15 to
provi d€ the transmtter signal, at a nodul ation frequency defined by a

third ostillator or by an external code generator. A track circuit signa

transmtter 3 is conndcttagcko ciromitnframsmititersie mat Lo aneratai at ane
end of a track ciateioulae! imdiindl SArierORRAeh RN drd By Sl

simlar tuning unit 5 is connected _to . the input” of an anti-alias filter
whose out put i c5Whéc@@§QH§th§wﬂHﬂGFi8P £xegnenSyue to digital sanpling

circuit 8 The circuit 8 is operated at a predeterm ned sanpling rate set

b ol i 25 I 9, ,eff Vel | | e se
Y 2 SamBlLng rate 2 el 0ol eaSebovElon o, Sacl Tl 35 SSSUE ke

sanpl es of a recerzxhgegentswfiaxh metrpaliind use and yhaving &he above

i Cr Opr ocessor, ggf f@iyéi@iﬁ@éﬁhg%igﬁﬁgggégqu%iQy%&&%dyﬂ' mgnpry

30 conprising a random access nenory m'cr opr ocessor performs an

anal ysis of a reddilpsratedadipgrapmaticaddyaimafigroldd-er transform

-71,28Fz to 80Hz at intervals of 4Hz. A track circuit transmtter is set£Z;;2

t

\,) 10 A block diagram of the corresponding track circuit
equipment is shown in Fig. 4, in which a railway track
is indicated at 1. A track circuit signal generator 2,
comprises a frequency-shift-keyed signal generator in
which two crystal oscillators are switched alternately,

15 to provide the transmitter signal, at a modulation
frequency defined by a third oscillator or by an
external code generator. A track circuit signal
transmitter 3 is connected to a tuning unit transformer
4, situated at one end of a track circuit section. At

20 the opposite end of the section a similar tuning unit 5
is connected to the input of an anti-alias filter 7

~whose outpu%is connected to the input of an analogue to
digital sampling circuit 8. The circuit 8 is operated
at a predetermined sampling rate set by a sampling rate

25 clock 9, effectively a clock pulse generator. The
digitised output samples from the circuit 8 provide
real time series samples of a received signal which are
passed for analysis to a microprocessor, generally
indicated at 10, and loaded into its data memory

30 comprising a random access memory 11. -

The microprocessor 10 performs an analysis of a
received signal by evaluating a fast Fourier transform



- 8- aggorlthnl for which the digital data sanples stored in,nenory 11
ew'de initial data. A received signal is transformed fromthe tinme
gorreijn to the frequency domain and then the frequency conponents present in
B signal are determined by applying a threshold test to each of.the
ency bins in the transformresults ang determning inter alia, if a
vatid carrier frequency is . present and if~d valid -nodul ation frequency S

Dl ook in Fio. ateanaliRy FoE TR cRE RE8LERY Bafe’ sdfpnd° sk atdrn: or

frequenci es comtemdrlenlaﬂ gps:amide oinhtiahcﬂabacupamclyeccei‘agd 191gna1ni

for relay 12 tq.k ? URron - EheCREf Ml S g?‘aaﬂg Ii._gustﬁ q@édlecgn 15
ck section, a va _

unoccupl ed tra the correct carri.er requency
nodul ati on codelomatn b@n%o%hwvt%hy faeﬁpenpzdcomppnepﬁé eseseet: dar ther

frequency ig nCHiéi?éPCEEd amrt:mlédasy 5991 ofigi @ dafrEshdIa beegeckpy ed

and the track occypangcy ed of these
checks and test®®§ Li’ﬁ ﬁ t}E?a ﬁe‘méﬁ%??&egs'gﬁu?' ngﬁg iEaf‘ﬁgoFUI Hegf’i§§
det er mi ne whet stermininghe imtank aktd ) onfmanivaiiall carntenpftéqaency

o Er e T cpt&lane | B Pk SOLRTLORREMAAR Bh O bR i
constantly nompnnsentklnEbgsatﬁeﬁtsrﬁr%ysepneaﬂdteﬁebvbyppgppréaﬁeﬂue
safety of ad a|I rgglfg ﬁﬂb&ngt &woag si-de failures are

di scovered V|rtu y |nstantaneous the equi prent itself and w thout
I nvol ving the presence of or conpron13|ng the safety of a railway vehicle

and its passengers. 7igd UF85QULtBOBS Ctlé Otelsts t B8 FABEECYarQsSIENSEnd
modulation frequencies control energisation of a track \-)

occupancy relay 12. In order for relay 12 to be

"picked-up", i.e. energised, and thus to indicate an
15 unoccupied track section, the correct carrier frequency

and a valid modulation code must be positively

identified. If the correct carrier frequency is not

detected then the track section is deemed to be

occupied and the track occupancy relay 12 is not
20 energised. '

~ The purpose of these checks and tests in the track

receiver equipment is two-fold: firstly, to determine
whether or not the track section monitored is occupied \,/
or unoccupied, and secondly, to check correct operation

25 of the track circuit transmitter, and signalling
equipment connected to it, so as to constantly monitor
the integrity of thé_system‘and thereby maintain the
safety of a railway vehicle. ' In this way wrong side
failures are discovered virtually instantaneously by

30 the equipment itself and without involving the presence
of or compromising the safety of a railway vehicle and
its passengers.

Returning now to Fig. 1a, the frequency response



- 9- or . transfer characterlstlcs of an anti-alias filter 7 for a 4080 oy
.carrier si gnal "i s shown superinposed on the frequency chart of the metrp
‘carrier frequencies, and multiples of the sampling rate of circuit 8, ile&?/
5 the frequency of clock 9, are also indicated for conparison. The sanplyrfg
rate is 1920Hz. The filter 7 has a frequency bandw dth of 960Hz, equal to
hal f the sanpling rate of clock 9. It is igportant to have an anti-alias
filter in the signal path so that any signal 10 which could produce a
frequency conporsint transferakchazractieiriiistiidse o gml aaneehuuasoffﬂntteef ept is

excl udéd. Cbnve |onal in or a sa ua

at ledst to tw fh% ﬁ°§§n2{ $EEE£5F¥EZH§% ﬁ&' I ?%éfq oo
accurately and lthe uﬁaebugnonslcytamprqfsethettnetsogmalrrielm fmms case
t he sanpling rat S n I | 1%1@] qu o f
It wergpnot gfor ﬁde %Jr’\fléipiggag?? '{htée%lhgy\ﬁzée??{e%t %E)Ef%t 'S wou % %/
fold the freduerkhesfiredauanevue s r 6406k podRes 2488l iﬁ)d-?gatﬁ*él t§PFres
of half the sanpidmphrfddn. Mheé éablsllmgeféeetigfw@@nireqme%ﬁ@sftvum

about hal f nulti Ies of. the samplin (car r SI 08

B0%0ke and Go00MAS, 2 fasaneRaTL e ntusath, of] BEbHe: aaraloho TALEsbbey
alrfe sgpe:i'gppse?awﬂmg gf?ts of €36ekz :\nd 26 5§4thpoaltantupﬁ|hmﬂ§edhfls
| ustrate I nNn.KHl r C, r n nu e a
256 point Fouri ear ra% jfavo% r#‘%’%’e f’g E%%V\%i%ﬁ%{ g%é? %% giflgt'h% ¥m ?g?lfon
frequenci es Tith tvheich armilsd rproduce o fxeqeeRey reomp@denttheoraani akiasgnal
i's represented 'ﬂé}{f‘rﬂ%ysﬁ#r{hi\'qs é’c abt Pﬁ’ééi— 5€ i'EpéJ:cihé ??”d

nodul ati on conponents are represented offset fromthe carrier requency
bi:ns correspondi ngly nunbered It will be appreC|ated fron1the dlagranlthat

the|eVﬂ1fremﬁmCdeﬁﬁéﬁtional sampling theory states that a
sampling rate equal at least to twice the highest
signal frequency present is required to accurately and

15 unambiguously represent the signal. 1In the present
.case the sampling rate is less than half the lowest
carrier signal frequency. If it were not for the anti-
‘alias filter 7, the effect of this would be to fold the
frequency spectrum about frequency points equal to

20 multiples of half the sampling rate. This folding
effect of the frequency spectrum about half multiples
of the sampling rate (carrier signals'at 4080Hz, 5520Hz
and 6000Hz are superimposed, carrier signals at 4320Hz

U and $5280Hz are superimposed, and signals at 4560Hz and

25 5040Hz are superimposed) is illustrated in Fig. 1b,
with reference to the frequency bin numbering of a 256
point Fourier transform. |

Fig. 2 shows the location of the modulation
frequencies in the transformation results.spectrum.

30 The carrier signal is represénted in frequency bin No.
0 and all possible upper sideband modulation components
are represented offset from the carrier in fregquency
bins correspondingly numbered. It will be appreciated
from the diagram that the eleven frequency bins on



gi ther .side of a carrier signal may contain any one ofithrtpen_
ation signals. As shown in Fig. 2, sone frequency bins may contain an
gation of the presence of nore than one 5 nodul ati on frequency. - Since

t'¥; ransformation results. show only the cal cul ateed total power i'n each
freguency bin, it is not inmmediately apparent which one of two such
modll ati on frequencies is present. Howevt®— as nentioned earlier, when a

frequency is off from.a 1Q bin centre frequency, a degree of spreading
is gbserzed in ?igﬁeal (?g]fi&t of FoRATTIAT ($4AN3} HAENEPNEAAN aNe affe e@f of
this signal poweouspeeadnoguidetiondisdgpallsf.r equency bins is illustrated in
Fig. 3. An offset signal to be identified |lies at ‘a 15 frequency w thim
the limts of bin No. 4. . Due to the signal power distribution curve,

al though the greatesaAsprapown ohnofFtggna2, p@emei Sysgaency rbbhs say

Bies : i bins 3 . e Y 0 =
St onal | requancoontalfsatt il caeiby’ ke Pheadntl, 8k fork. than, onn
amounts of pdweRodnlathenifrpguencyne Bince bliendranafommatizn tresukts
frequency of f seghéRasHlgdtheo Gallltt1etdd tdtaPi Poder 1RE dadh %fél*]\gérﬂ i on,

In practice, is de  usi the sumof the 25 “corresponding conpo of

t he upper and IBSEP §ﬂﬂeggn&9ﬁ) %@?ﬁtﬁiﬂePPBGQEQQnVB&%haﬁ??sﬁ%ﬂﬁWO

anpl i tude nodul ancbnmoﬁﬁ&atioﬁemm@] mxénghﬁgep&@m qu?méﬁéeégt)y dde

letters A, B a ratj LERR] .an - are cal cu ed a _

det er ni ne .prec@%ﬁ&iﬁ‘ggoég?}éaﬁénc@'ﬁ hgrgf’b‘ﬁ_&cyr 3% ?gts?ﬁ &ﬁ@'“ola__n

centre freql@ndyinfcentrd. freguanap,t abliegree ofr ispreadiriop isalatesemga nst .

frequency of fseinagReSARh1ated '68fer for that frequency bin. The -
effect of this signal power'spfeading over adjacent Q\J
frequency bins is illustrated in Fig. 3.

An offset signal to be identified lies at a

15 frequency ﬁithin the limits of bin No. 4; Due to the

signal power distribution curve,‘although the greatest

proportion of signal power is present in bin 4 a

significént.amOunt lies within bins 3 and 5 on either
side.

20 The signal frequency is identified by calculating
the ratio of the relative amounts of power in bins 3
and 5, the ratio being proportional to the frequency \.j'
offset measured from the centre of bin 4. The ratio
calculation,_in practice, is made using the sum of the

25 corresponding,components of the upper and lower
sideband spectra in order to eliminate any slight
amplitude modulation effect. Representing these summed
quantifi?i:by the letters A, B and C the ratios %—E—%
and ¢ are calculated and determine precisely the

30 frequency of the signal relative to the bin centre
frequenqy of bin 4. Look-up tables of various ratio
values against frequency offset are stored in a read
only memory (ROM). The ROM is addressed with a



onl'y nmenory (RCM The ROMis addressed with a nodul ation frequency. - .
nunber and a range of ratio values is read out and these are conpared w thz:
the ratio values calculated fromthe transformresults to determne the /-
of ¥ set frequency of the nodulation 5 signal. The data sanples provided
the output of analogue to digital converter 8 in Fig. 4 may be multiplied_
inadgital nultiplier 14 by a factor suppl4.ed by Hanni ng wi ndow function
circuit 15, and the 10 nodified data sanple |oaded into the nenory 11. The

Hanni ng. circui t moédubytLONPEréguéntPoiiunBetalha hNrhfgd 8R! ¥aFRBOLY 1ue8O0t
cation factors are jndexed agai nst

shown): -i n which, fthe required multinpli i

data safmpl e nunb%a%s%fq 93%‘. %éeﬁglﬁ%waaﬁt_ac%%F@di s"ﬁ"'e‘adtf\%n*'i'éiot he
anal ogue to di givalueanptahgudiattedt :E|3roiny tﬁercﬂr@ﬁewmdlq-ﬁgalwyj the
correspondi ng [ ti aree I Pkl t Qget her, t he u

Wi tteP\ into tﬁ?ﬁg%@y@% 8 r?ﬁfflyﬁltel cgﬁégﬁe 98 eb@";ﬁéﬁs%{:%@& and
controll ed by5 t elgmat opr ocessor . 10.- 20 As previously nentioned, with

reference to Fig. 3, a given nodulated carrier signal has both upper and

| ower si deband frequency conponents. _ It is found in practice that slight
frequency errors in"f"r‘nlééuéarﬂ:ngage’fﬂatltﬁ% REPYidersy %Efs‘é‘!g sfuthat rafk

circuit 25 equia_pmhbgbesluté Hﬁlgﬁrﬁdit@dﬁw@,_dyéglt !3;)njagf gffﬁgugg%‘gybe?ﬁeen
the upper and | it EPIIBS B hEREE =Y, YT RIRII AR nb 4 Pndi GrESEF AC
ment i ﬁn-edf- ear!| |h eﬁupnl_rtkedjmemmnﬂﬂg)vﬁnd;é‘dehmdtf Yot Lnes?<]§ﬁi§a1 s, adﬁadtgzrﬁe

t oget her for 9al3e . r ency, of fset errqr.

anal ysi ng ap1[?ar g%%?fﬁg?e%aréegi %%'éggs&%gﬁg&l g,t%:‘{:r?g %nE‘eﬁﬁrﬁﬁt 33 ‘to Eﬁ?ry

_ Hanning circuit 15 may comprise a look-up table in read
(Y only memory (th shown) in which the required
multiplication factors are indexed against data sample
numbers 1 to 256. As each new data sample is read from
15. the analogue to digital sampling circuit 8, by
'microprocessor 10, it and the corresponding Hanning
function are multiplied togethér and the result written
into the memory 11.  The multiplicatidn pfocess may be

performed and controlled by the microprocessor 10.

.20 , As previously mentioned, with reference to Fig. 3,
a given modulated carrier signal has both upper and
lower sideband frequency components. It is found in

K/; practice that slight frequency errors in frequency
generators and tuning offsets of thé'track circuit

25 equipment result in amplitude modulation of frequency
shift-keyed carrier signals. This appears as amplitude
differences between the upper and lowér sideband
components, varying in time in anti-phase. As
mentioned earlier, the upper and lower sideband values

30 are added together for the ratio test to determine a
frequency offset error. The analysing apparatus
therefore includes calculating means adapted to carry
out the described steps of said ratio test.
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the described steps of said ratio test. -12- However, if the power
® sideband is nore than twice the power of the opposite sideband then
esul ts are unreliable and are rejected. This also ensures that a
l/ved signal does, in fact, possess 5 two sidebands. Means are al so
proaxi ded for this test which may be performed i n"conj unction with a check
of the.phase relationship of the upper andlRewer: si debands. The latter is
performed to discrininate. bet ween anpl i tude nodul ated and frequency '

nodul ated 10 si gnal SlowevEmsd & ddtes pawerheohrane deidiéband nis h@mfthma of

a m croprocesso&vﬁqﬂg haseﬁg?éeald@%hge 6%{5‘8?3%@“ éfaléb% dh:a&sl geban Pney

nodul at ed si gnal the resul tan he sum o
vectors is 15 Gﬁﬁkﬂg’éﬁa?r\ﬂ twnFeddahle cange %séeiﬁcf-ﬁ‘é-carmiér a}s$mal

Howe?/ter , tfor th%n%%&%so‘ct}f&t aarpkebedefaocahaﬁaep ﬁeeal 1hh€faw,sepcs§sé§@t

resultant is_in ase in_anti ase wi ier. signa

Therefore me& nstﬁg’y %W%‘ed Mgapge ?‘ﬁgpfe"laﬁ& &rﬁétth’tﬁ)eﬂ:%??ve

to calcul ate th@hﬂl@hsmayf bélepeuﬁbnheah&nsmmbjambt:mmowﬁthsau&:hreg:lt hef .

phase infor matl cal ted | for mepr S u

cal cul ated on r vé’gﬁ]?\%p tru%leggg'aéﬁgpi S|g]§na fsi(aar aPRSI% {a % 5‘

disqualified, tlisidebandsi.ng That lafiten hbse p2¥ fxmededd r@dhscriminate

fr equency Ngh' ft Pedpgkst! sﬂ.@ﬁ@a&eumamtsanmﬁ 2Rd it | hoduaEoRSeS:
10 signals. These tests may be provided for in the

software of a ‘microprocessor connected to analyse the

transform results. Ku)
In a frequency modulated signal, the phase of the
resultant:of the sum of the sideband vectors is
15 orthogonal #ith respect to the phase of the carrier
signal. "However, for the case of an amplitude
modulated signal the phase of that resultant is in-
phase with, or in anti-phase with, the carrier signal.
Therefofé means méy be provided in the analysing
20 equipment, operative to calculate the phase of the sum
of the sideband components using the phase information
calculated in the transform process. The results
calculated on received amplitude modulated signals are

able to be disqualified, thus ensuring that only those \/

25 obtained from 'frequency-shift-keyed signals are used
for control and signalling purposes.

7



1.* A _met hod 'of analy5|ng a signal, for the pur pose of |dent|f ng its -~ .
ftequency conponents, by perform ng almmmﬂﬂ!““‘ﬂlllmntsform on real time * .
“series 5 sanples of the signal includi the steps of -
fllterlng to-exclude alias frequencies ‘of ‘t h& S|gnal and digitally sa bﬁgg
the filtered signal at a rate substantially |ower than the mnini numrate
required to unanbi guously identify the frqguency of the signal. 10
A nmet hod according to claiml, wherein the digital sanpling rate is no
greater than apgipigately half the frequency of the | owest expected
frequgncy conponent. of the signal. 3. A nethod as claimed in claim1 or
cl ai m2. -15 further I ncluding the step of applying a wi ndow function to
s:gnal sanpl gs 4-I hAppanawmaa'nef}‘arﬂ&ngsm;g net Isd.(ib:télanfdmfeth’e
clainms 1 to Lncl udi n eva t ast _Fourier tr Jsto

2l Gor thm Cand PEFRORS| PEcepReAd G 1R, CrfapRRiny epBPARIty TBY
sanpl es of a S|gaaformhnghacﬁmst|Emurharahrana£oas 6n| realhbimegseniest put
connected wigh di g o] to te

signal at a $ate shgstané #PQ I ﬁ% %hgﬁa?hhxﬁgﬁ|£§ﬂ%%§é§$%?%ﬁée Eﬁg
unanbi guousl y 2steReneff iilherimqtaeneycéﬂdphéléa@aﬁrewenqsmr9{‘» u§h§s

ﬁ' ai med IB cgalﬁr% awnaﬁel ai Heaatmf 's&hipilinﬁ;' |ﬁflﬁ=£ fﬁl@é‘ﬂéhpélﬁénéﬂéﬁ[a
avi ng a bandw ua e sa ing fre arat uys as
clained in clajﬂﬁﬁﬁa%%5§§ﬁp?%ﬁ gb §¢ﬂgt%9n%£0£%¥@dréﬁﬁrégguéFﬁﬁa
wherein the - td4unatibigadbusby idéﬁﬁifyhaﬁe freguéney bfeghensygnal.
substantially the sane frequency as that of the carrier S|gnal

10 - 2. A method according to claim 1, wherein the

~ ' digital sampling rate is no greater than approximately
half the frequency of the lowest expected frequency
component of the signal. |

3. A method as claimed in claim 1 or claim 2,
15 further including the step of applying a window
function to signal samples.

4, Apparatus for performing the method of any
one of claims 1 to 3, including means for evalﬁating a
fast Fourier transform algorithm, and data collection
20 means for'obtainihg real time series samples of a
\,/ signal, which comprises an anti-alias filter having an
' output connected with digital sampling means operative
to sample the filtered signal at a rate substantially
lower than the minimum rate required to unambiguously
25 identify the frequency of the signai.

5. Apparatus as claimed in claim 4, wherein the
anti-alias filter is band-pass filter having a
bandwidth equal to half the sampling frequency.

6. Apparatus as claimed in claim 5 adapted for
30 identifying a modulated carrier signal, wherein the



7. Apparatus as clainmed in any of clains 4 to 6, 5 mhereln'tﬁe dat a

colf'ecyi on neans includes neans for applying a ¥ KB i dgnction to
th zg; a sanples collected during one cycle of n .I '
Appdr Atus as clained in cl.aim7, wherein the neans ¢ort appl ¥ ng a Hanni ng

gOw function conprisesinf}neans for iplying a data sanple by a -
factor deternmined in accordance with a norh@lised cosine squared periodic

function having | f-period; I o] a | cycl : ar gt us
as claimed in aﬁ?% '(?Ilafj%? _-4-f13'gf|§,ert15h %r Zalg@t lgrgé:%/s fng?)giuaee'aéor?gaﬁgl._,
responsi ve to taewbstantislint tbe semel frequencyr asr thad 2f &he caamid gy
determne a fregugpgy. 10.. Apparatus for performng a fast Fourier A
transform substantially as hereinbefore described with 20 reference to
t he acconpanyi ng draw ngs.. 11. A nethod of anal.ysing a signal,

substantially as her gi nbehgpardeas’ aBed1dindd AnCLeRCOH LIRS E Y B Y
embodi rent - wherein the -data collection means includes means for
applying a Hanning window function to the data samples

collected during one cycle of the.épparatus.

8. Apparatus as claimed-iﬁ_claim 7, wherein the

means for appiying a Hanning:window function comprises

10 means for multiplying a data sample by a factor

determined in accordance“with a normalised cosine

squared periodic function having a half-period equal to
one sampliﬁg cycle.

9. Appératus as claimed in.any of claims 4 to 8,

15 wherein there is provided méahé_responsive to the

transformation results for performing a ratio test to
determine a frequency.

10. Apparatus for performing a fast Fourier
t;ansform,-SﬁbStantially as hereinbefore described with
20 reference to the accompanying drawings.

11. A method of analysing a signal, substantially
as hereinbefore described with reference to the
exemplary embodiment.




