APPARATUS FORPERFORM:NG A FAST FOURI ER TRANSFORM The present i nvent,go(nq, 6 %Z {
relates to apparatus for performng a discrete Fourier transforma

gspecially a fast Fourier transform In particular, the invention 5 is
concerned with apparatus which accepts a coded signal, perforns a fast '
Four i r—transformon real time series sanples thereof and anal yzes the

r esulit ig frequency spectra for the purposes of determning the frequencies
present in the original signal. 10 ThelFourier transformoperation is
wel I known and a dlscrete Fourler transforn1aLgorithn1by Bergland and a

fast Fourier transEshniate R A RAST) RQURE :

| ength el sewhere. . Apparatus for performng a fast Fourier transform based
on the Cooley 15 and T¥ﬁ y al or|t5?1|s di scussed in our- Patent Appllcatlon
No. 2,114, 342A.  For TH® BEPBERE JMYRREHLB. LI bRt HRPRRESEMS £
invention, it is pefformeény &odisewetkaFowmnaratirardsfommerdnd nesgeaibdsy
Fouri er transfor C | r a rand ess. 20 [ X
program st or ed |rr?'lre£%£ §$ﬁrfep QE§;§§P$rm, glg %%éﬁéuf ahstgﬁggﬁxgﬁﬁﬁﬂﬂal
dat a bus. The rdad mgemsdr whbhdgmarahesmvdcie@soacmiasu ag coded
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The di screte Fourier transfor and its derivation t fast Fourl er

transform predi cBeEHRS a SR} ?ﬁoGQQﬁﬁﬂﬁo?ﬁﬁuﬁp%%YFeﬁuﬁﬁﬁt6@%44%%%9
frequency domain fnequenéespegerdofaim the t perposss 0bfC AEYeDNITAMESLRE
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components, from zero frequency -upwards, must be perforned |n every
sformati ong | nevif @0pYur 18T 8 bR FHYRIVPRYa ion is well known and -

a ‘discrete Fourier transform algorithm by Bergland and

a fast Fourier transform algorithm by Cooley and Tukey

are discussed at length elsewhere. Apparatus for

performing a fast Fourier transform based on the Cooley

15 and Tukey algorithm is discussed in our Patent

Application No. 2,114,342A. For the purpose of the

description of the present invention, it is sufficient

to know that apparatus for performing a fast Fourier

_ transform comprises a processor, a random access

20 memory, a program stored in read only memory, memory

addressing means and a communal data bus. The read

LJ; _ only memory holds all the processor operating

- instructions necessary for the complete transformation
process. '

25 The discrete Fourier transform, and its derivation
the fast Fourier transform, predict that a continuous
waveform can be represented in the frequency domain and
in the time domain by the sums of complex series of
terms both of which involve a set of Fourier

30 coefficients. It is in the nature of the transform
process that calculations for all frequency components,

. from zero frequency upwards, must be performed in every
transformation. 1Inevitably, where the fundamental



e early i.e. lower order coefficients of the Fourier series have .zero
Val'ue. Thus rmuch val uabl e conputation time may be wasted in 5 redundant or *
usel ess cal cul ations. Heterodyning of .a received signal into base- band ~
therefore. offers substantial tine savings by elininating these unwagted
cal cul ations. However, the step of heter%dynlng down may i ntroduce i s own
probl ems, not |east of which is 10 inteff’6rence and consequent degradation

égéa: frequency conponent of a continuous signal is relativery hi gh, many of

of results cauged by heat fr uen ne ate ase- ban result of
the sum and di Feer%'%%gcﬁ eaﬁe%’ § %enétheo%tt ép%a)ﬂ‘Fe f e%ﬁgﬁ‘cylgnd
conmponent's of rhéameomwdhs-lggnalmam§ of thecwalily ioceihdopresexder

i nvention thereoéif@ems_hdgd APPAE! #3 el DL LTI h By LT e Oy

transform COFTEI‘ISII’I " means, for receiving an | nput S|gna %;Ee'
conpl ex hetero ?M§rﬂ%ﬁ§ Vel yak 9 spRpuiadidon time . ma&oh%l?isﬁéﬂeﬂédynlng

operation op Spedundawt d¥NEseYBSsCRE1cRlARIONLE fHéﬁéréd'ﬁnﬁﬁQOBQ‘ a
het er odyned si gnal s haying a g aqraéur%é)has relat.ionshi
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frequency of a carrier f source connected to
recei ve may introduce its own problems, not least of which is
' 10 1nterference and consequent degradation of results .
caused by beat frequencies generated in base-band as a \_)
result of the sum and difference frequencies between
the heterodyne frequency and components of the received

signal.

15 _ According to the present invention there is
provided apparatus for performing a fast Fourier
transform, comprising:

a) means for receiving an input signal;

b) complex heterodyne means for performing a

20 complex heterodyning operation on said input
signal whereby to generate first and second u
heterodyned signals having a quadrature phase e

relationship, said complex heterodyne means

comprising:-
25 i) . first and second heterodyne mixing
circuits; '

ii) means for detecting a carrier signal of
a received input signal and producing a
_ . control signal in dependence on the
30 ' frequency of a detected carrier signal;

iii) a signal source connected to receive
said control signal,'for producing a



“sai d control signal ,: for producing a -3- signal at a frequency %
determ ned i h dependence on said control signal; and iv) nmeans connected| @p
.sai d signal source for using said signal at a det er i ned 5 _
frequency to provide first and second | ocal heterodyne signals having t :
sanme ‘frequency as each other and having a quadrature phase rel ationship

wi th ®dch other, said m xing circuits being 10 connected to
receive respective ones of said |ocal heterodyne signals; c) processor
means for performng a fast Fourier transform the processor nmeans having a
real data array for the Fourier transform process 15 and an

I mginary data array for the Fourier transT%?n1process d) first digital
sanmpl i ng neans, connected to an_ou of said first mxi neans f
receiving said first heterodynet™* gl"%nu)tal ata %requencyoﬁi]%?ﬁFﬂé“reggl 1B e
series sanples of said first hedepenjerdesognsaidncohbrdl ngighate sadpl es
into said real data array; and e) second digital sanpling neans,

connected to an output of said second nixing means for 25

recei ving sai d second het et¥lyneeassgmennegtadnity said t-"r*ﬁ?@eﬁ@%rce

sanpl es of said second heterodyped akdfg said |96¢haY Ehess a@m@ﬁﬁaﬁgao

sai d i magi nar data array. The present invention | e cri bed_by
way g Prequency to proéqé Qg Q second

local heterodyne signals having the same
fréquendy as each other and having a
quadrature phase relationship with each
other, said mixing circuits being

10 connected to receive respective ones of
said local heterodyne signals;

c) processor means for performing a fast Fourier

traneform, the processor means having a real

‘data array for the Fourier tfansform process

15 and an imaginary data array for the Fourier
‘transform process;

d) first digital sampling means, connected to an
output of said first mixing means for
w receiving said first heterodyned signal,
20 . . obtaining real time series samples of said
first'heterodyned signal and loading these

samples into said real data array; and

e) second digital sampling means, connected to
an output of said second mixing means for
25 " receiving said second heterodyned signal,
obtaining real time series.samplés of said
-second'heterodyhed signal and ioading these

samples into said imaginafy data érray.

The present invention will now be described by way
30 of example with reference to Figure 1 of the
accompanying drawing which shows a functional block



exanple with reference to Figure 1 of the acconpanying’ dr.awi ng which
a functional bl ock -4- diagram of a code detection nodule.,in a

y vehicle safety system The safety systemis part of an autonmatic

: {n protection systemfor a railway vehicle, the principle 5 function,of-
whitch is to prevent the train frombeing .driven at nore than a designared
nexi mum speed. In the particular system bging described, coded signal s are
transmitted to a train via the running rails and.these are detected by’
ant ennae munt&&q&hxﬁ@ffa 0E6a&f aébecifon thdinle 1dhg FEEBLNEIvEhDEBES are
processed and coded 1 nformation signals concerning the target speed and
maxi mum saf e SFREDISYHPRrain are extracted and conpared with signals
representing the nmeasured speed of the train. The latter are derived from
15 tachogenerators unt e n the wheel, axles, but _thes articul ar,
arrangenents are noﬂ!‘)%f SS% g:é‘ﬁt SXS&E@*& r?'san%a’éﬁu#aﬁé’nta‘%&%tgiﬁmﬁilﬂay be
enpl oyed al t erpratection | systemdforven’ saddiwayherehiicsl o cihelepr inoibplke
selector sw t Ghyd ot epaOECLRICH 43 (e Salelde SYALCRAL Akl Gl perm LS
sel ection of one 0O our al ternative operational nodes: Rut'onat i ¢ Irai n:

Coded Manual : deisten atedioemuhan ancdepigmaked nehmumtspeede tFaiBher
coded manual qReFredeanars §§§E§hﬁ§be£@@p§éb§9mbéa,W%@aehetd!iﬁ'{hl@aéﬂéed

Speed control KRR aca TARLH Yaey Fhe| SUTRIAt tHId 348 sEhete ed. |

conpari son i s amgladdeeéeed byaantednteamountedd omndthe frontinnt réhe speed,

for the th®3t§¥§@n. The received signals are processed and coded L\j
information signals coﬁcerning the target speed and
maximum safe speed of. the train are extracted and

coﬁpared with signals representing the measured speed
of the train. The latter are derived from
15 tachogenerators mounted on the wheel axles, but these
particular arrangements are not of present concern and
equivalent arrangements may be employed alternatively.

In the driver's cab there is provided a mode

selector switch interconnected with the safety system

20 and which permits selection of one of four alternative
operational modes: Automatic Train: Coded Manual: .
Restricted Manual: and No Mode. When automatic train o

or coded manual operation is selected, comparison is

made between measured train speed and designated

25 maximum safe speed and an . appropriate train speed

control signal produced. When restricted manual mode

' is selected, comparison is made between measured train

speed'and a maximum train speed for the time being

indicated for manual operation. If the maximum safe

30 speed in any of these three modes is exceeded then the

train emergency brake relay is released, resulting in

full émergency application of the brakes. Selection of

no mode also results in release of the emergency brake

felay and application of the full emergency brakes.
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i ndi cated for manual' operation. |f the maxi numsafe 30 speed in any of .«
these three mpodes i s exceeded then the train enmergency brake relay is y
rel eased; resulting in full energency application of the brakes. Selecti H;
of no node also results in release of the emergency brake relay and
application of the full energency brakes. -5- Also, any failure detected
in tYe safety system which could result in unsafe operation, is also
effective to rel ease the energency brake reilday. The coded signal is applied

to the running rails 5 via the nornal track circuit transmtter. The
signal consists dflSGhe B Hajhure (d9tegted 1hrkher spfedyemyistemniwHch n

the described sydcild afesiOB0t, uds2élz opd2aition, 48@01HA.s D @ HdL L 1928 Mdr
5520Hz and 6000Hz_accor di to a predete ned sequence which is 10

descri bed eIsemhéF%‘ %ﬁ%ﬂeqﬁf4§ﬂ5¥'éﬁl &%fe present invention. The
ei ght carrier frequenC|es are frequency shlft keyed nodul at ed by one of

fourteen nmodul ati on fﬁg&yﬁﬁ@gﬁe gﬂg%S@% 313?&11 tgesgggbgg t{gals

carrier frequency being s The car
frequencj es afe tandeir beermak traék(ﬂﬁﬁﬂﬂ#&;%ﬁﬁﬁﬁmﬂtﬁﬁto aTbﬁeG§E§Eﬂined

frequency and th%é‘ﬁ’ﬁ!'sftté OBffréﬁl@”B'fese@J Ee|£§tt®rﬁﬁc@{@'é19ch(3:£h%r
coded information to be trans dtoé’h”d’ r ai TecodOr FSK

signal is recei vedaIpan ety %Qj§¥ﬁ£eqnuﬁﬁ?@
ahead of the Iead32pnheeusaﬂnzytuaonnz,Tb&&OHmﬁEﬁmaeHane53mmﬂztuidn

he o Lo SO Phod0¥atRYRY e AL ELLEL 0 °sBLARLPWTER! 14
\/ 10 described elsewhere and is of no consegquence to the
present invention. The eight carrier frequencies are

frequency shift keyed modulated by one of fourteen

modulation frequencies from 28Hz to 80Hz at 4Hz

spacing, the carrier frequency being shift keyed at':

15 40Hz. The carrier freguencies are changed between

track circuits according to a predetermined frequency

and the modulation frequencies are selected according

to the coded information to be transmitted to the

train,

20 The coded FSK signal is received by two antennae
. 1L and 1R mounted over running rails ahead of the
L/ . - leading wheels of a train. These antehnae are
connected in series anti-phase so that any'common mode
interference signal present in the runnihg rails, which
25 have substantially similar amplitude and”phase, will
therefore be cancelled in the antennae circuits. The
signals carried by the running rails are arranged
generally in'anti—phase so as to be additive in the
antennae circuits.

30 A duplicate set of antennae is also provided at
the rear of the train for use when the train'is moving
in reverse, and the forward or reverse antennae are
selected via switching means 2. .



ave substantially similar anplitude and phase, will" therefore be
lled in the antennae circuits. The signals carried by the runping

egfnae circuits. 30 A duplicate-set of antennae is also provided at
nefrear of the train for use when the train is noving in reverse, angihe
forward or reverse antennae are selected via swtching neans 2. -635ﬁ

Det ection of the signal carrier frequency'ﬁﬁd nodul ation frequencies is
carried out in a code detection nodule, which fornms the major part of
Figure 1. The nodul e functions in two stages and enploys the 5 sane fast
Fourier transform inDetectioneof thetisddnalkt carager t frdgueinfdyesane
carrier frequengyapesefbni & rad 8640 Stk e Ao ANS ECIGET S Wbde

i nternedi ate frequency 1 n accordance wth the gétectgd carrier signal and,
in a second sta@EtBthﬁérQpﬁgﬂﬁvhﬁméﬁﬂhﬁﬂﬁﬁﬁiﬁh?rﬂ?]%%ePQEH af gRagussun to

basel- band, ]perfon 0B q-h%eﬁ@adllba%uéiawdng itd f]m; cgdﬁalﬁgi a”fﬂ?' ¥RgloyHethe
s honnd |78 HERRR, e HRL AE, BTN, [RILER R HsleneY phgeert
may be pre-anpl £first byageeitaifientiflesi thai tarfiher fhegneheoy prdseated by
e 3" ContBChed Mol QIR LR i 180 BN OB gog Do
operates to anpfregumncy own @etorsdgngiess whtht &he nfletaiqted grainr hesve a
predeterm ned t§5gak9l nd]henbh08de8ABUsBAGEC0f operation, hetercdynes - \
10 the received signal down to base-band,performs a second \_j
' fast Fourier transform and analyses the resulting
frequency spectrum to determine the modulation
frequency present, and hence the designated maximum
safe speed.

'15 The anteﬁhae signals may be pre-amplified by pre-
amplifier circuits (not shown but indicated by AP) and
are connected via the forward/reverse switch 2 through
a broad-baﬁd noise rejection filter 3 to a threshold
limiting circuit 4. The limiter 4 operates to amplify
20 low lével signals and to limit all signals above a
predetermined threshold. The broad-band noise \J
rejection filter 3 in:front of limiter 4 prevents out-
of-band interference swamping the limiter and ensures
- any received éignal is compatible with the dynamic
25 range of the code detection module.

The Signal output of limiter 4 is connected

through an anti-alias filter 5 to the analogue input of

an analogue to digital (AD)'converter 6 operated at a

predetermined sampling rate fs of 15360 Hz. The

30 digital samplés are read-out from the AD converter 6

onto a databus 7 and into data memory means which, in

the drawing, is included with the block 8 labelled "128
point complex FFT".



?ejection filter. 3inm front of limter 4 prevents out- of-band interference
swanping theYimter and ensures any received signal is conpatible wth gfe
dynani ¢ 25 range of the code detection nodule. The signal output of Iini

4 is connected through an anti-alias filter 5 to the anal ogue input of &n-
analog;? to digital (AD) converter 6 operated at a predetermnm ned sanpling
rate "% of 15360 Hz. The 30 digital sanples_are read-out fromthe AD
converter 6 onto a databus 7 and into data nenory nmeans which, in the

drawi ng, is included w t 0 I |1 . P Qi it o%@$ T}
-7- This block 8 Ls_tn%ﬁg%pgﬁgghsqtﬁgiheggr?ggﬁg%%%g sggfﬂﬁo rléérﬁgrthe
transform and iste8theFPa&heRs orBsite Rl ra 2BAdONS ades® ehdlyehorashe

data storage, a reafpPDs¥ngeavEynfon QE68E8MMEMBEROCoradHEcaatAdsBopPRERS, @
processing unit and_th necgisar t|n1ggrand seguenci.ng circuits. etc. hi s
dmﬁﬁ

apparatus is of khoMi*ForMt AT Y intBF stRIRE* 2R Lt ai PERRESBLNEI on
of a suitabl e Sleshganspyaberdaesfisimyg ounitoapdntheg reademdarAppt imiidg oando.

2,114, 342A. It i £ L £l ' . fo t
thol & appar at us beedtencEnd"pitlnit8" SUESCTmPL’ BERER AP £80Hs thBrp .
of the draw ng. Ié@rﬂféﬂ mwietilornfleratoodnor b Meomes detpiledsenpeaitiionys

which for the purgesgs RfitalAld HMed It mdy bdAlPad Ok rdn aShr FeWifdnding
transformal gorithm are callfd thg r'eal arraﬁ and the 1 magl nary arrax. In
this instance as YTRERBY ARRIIcatdony Neset bl 4adfdRrpoi itts, 18 heughigieat
| oaded i-nto oh@ afanyptﬁsbﬁhepmtﬁOSeéSteepresent this whole apparatus by

_—

P : - a single block so as to avoid unnecessary complications

k/:

of the drawing.

The aforementioned déta memory means comprises
data arrays which for the purposes of storing input
15 data for a fast Fourier transform algorithm are called
the real array and the imaginary array. In this
instance as there is only a single set of data points,
the data is loaded into one array and the other is set

to zero. |

20 Upon completion of the 128 point transformation in
block 8 an output is produced comprising the frequency
L,/ S spectrum of the received signal. In at least one of
the eight frequency bins corresponding to the eight
alternative carrief‘frequencies there will be a
~ 25 sufficiently high level of output to positively
indicate the presence of a signal at the corresponding
ca:rier-frequency.' 0ne 6f these is selected for
further processing. B

In response to selection of one of the carrier

30 freqguencies present in the'reqeived signal, a
programmable'oscillator 9 is set to produce an output
frequency:equai to twice a heterodyne frequency
required to generate heterodyned products of the



to 7zgro. 20 Upon conpl etion of the 128 point transformation in block
8fay putput is produced conprising the frequency spectrum of the received
In at | east one of the eight frequency bins corresponding to the *
alternative carrier frequenciés there will be a 25 sufficiently high
| “of output to positively indicate the presence of a signal at t
correspondi ng carrier frequency. One of these is selected for furth
processing. In response to selection of ong.of the carrier 30 frequencies
present in the received signal, a progranmable oscillator 9 is set to

produce an out phdddYLEweENErd eshibtt titeyad Ceréqiiei@ioslye £RE0NLEEYbaRAYI I ed
to generate hetf%odﬁggd graducts of the -8-.23%%La ed‘ggd shift keyed
frequencies in ThE pkehafdner i aTLensyyntst A c%ois Suie et

sel ect ed carri ezarrisspiefwagguengy ogr anmabl e oscillator is a circuit in which
a 5 binary nunber, which is provided externally, is connected to an input

and is used to control an arrangenent of source frequency oscillators. and
di vidi ng counters. Ahprogvampablecoseillatby dsf mecimguiithgimwhichbaat or

the frequenay ofswhi-Gh hamide #5t QFH 88D Py %%@Q%d"UQ%efﬁalﬁg,i npgt .
The out put of R&ﬁgrannable oscillator 9 is sSupplied to a bal ance
denodul at or 10 BRCKES oF P el RBRH exnRet P oRFRA0 &R atiodHt T Phe DUt put

of anti- alias drrheigémbatcosfied@drice t He eigifuth 8yofo §6Q 1lba thaisal dwd
mxers 11 a”d3%3&£h£§?“98h§£8£s}0'Tﬁﬁ“hevice is effectively a free
running multivibrator the frequency of which is 7 |

10 determined by a binary number at the input.

The output of prograﬁhable oscillator 9 is
supplied to a balanced demodulator 10 which performs
the complex heterodyne operation. The output of anti-
alias filter 5 is connected to the inputs of two

15 parallel mixers 11 and 12 in demodulator ‘10. The
heterodyne signal inputs of these two mixers 11 and 12
are connected to the-oﬁtput of programmable oscillator
9 through respective divide-by-two circuits 13 and 14,
the' circuit 13 being connected to oscillator 9 through

20 an inverting circuit 15. The divide-by-two circuits 13
and 14 are triggered by the leading edges of their \\)
respective input signals. Thus, circuit 13 is
effectively triggered from tréiling edges of the output
of oscillator 9. As a result the heterodyne

25 frequencies supplied to mixers 11 and.12_are produced
in phase and in quadrature relationship with the output
signal of oscillator'Q and at half its frequency.

The outputs of mixers of 11 and 12 are connected
through respective low pass filters 16, 17 to analogue
30 to digital converters and'sampling circuits 18, 19
operated by a Sampling clock {(not shown) at a sampling
frequency of 512Hz., The digital outputs of converters

18 and 19 are also connected to the databus 7 and are



het erodyne signal inputs of these two m xers 11 and 12 are connected to
out put of programmabl e oscillator 9 through respective divide-by-two
gircuits 13 and 14, the circuit 13 being connected to oscillator 9 thro
20 an inverting circuit 15. The divide-by-two circuits 13 and 14 are
trigg2;§d by the | eading edges of their- respective input signals. Thus,
circurt 13 is effectively triggered fromtragjling edges of the output of
oscillator 9. As a result the heterodyne 25 frequenci es supplied to m xers
11 and 12 are prqgyiLdhs nel,i gt e i hi p wit.h.th

out put signal of osciﬂ?%?%?@géiﬁg g? %ﬁﬂgﬁ%égkﬁéﬁﬁméé%iggﬁ% gﬁt&hﬁgqﬁi

m xers of 11 and CPRAVE&rESSrect ed t hrough respective | ow pass filters 16,
17 to analogue 30 to digital converters and sanpling circuits 18, 19
operated by a sanplinq,clo&i %not shown) at a sanpling frequency of 512Hz.
The digital outputs of RSnA?Far sEI8MnaoRy eF EeZissol BormBEt ehi%t Mate be

databus 7 and ar selectdvelysedd enitoetlye i Sonpigate! duthhazprak@oeE trT

di gi tal - converdt er . converters 18 d 19 b el ectively
read into the cok rtj%céet-ge;%cfgfi a@a%ég%ugfeﬁﬁng S?‘&%‘ggﬁ’P ?C{T%e 3&3&&&@1’1
execution of thefast Feunieradransfiann it asiear rha reanstarudto & aostplistte a
conpl ete frequen@¢ sggehtym Hhe LB uRASSE DIRG Oﬁaégr-%.%t‘?{ egeSigng celbr(;'efdthe

results of the tragnsfqrmafion process conprise a digital cal culation
total power 10 - wi fiien %%EH1#18e£n§9ee|msfermrarteiqmneyosmsrof
the whol e signal capeptisem ahaiguitpil 6h1RuAGASESR &% i Eheha¥t£LPUBLLREL O
aq-%naly3|s ﬁ%ncikggegkp%hf%&n'each frequency element or frequency bin
N of the whole signal spectrum. The output of processor
20 is shown coupled to an analysis function block 21,
the construction and operation of which is not
necessary for the present description. Suffice it to
15 say that block 21 detects”the frequency components
found in the received signal spectrum and, subject to
pre-ordained safety rules; carries out certain safety
functions.

«



the construction and operation of whi ch—s—not necessary for"the present

[ption'*: Suffice it to 15 say th ts the frequency
pents found in the received signalEE“ inbject to
dai ned safety rules, carries out al etsy Functions. -1 0-

5 1. Apparatus for ‘performng a fast Fourler transform conpri%idg:
a) means for receiving an input signal; _ b) conpl ex hetero ne
means for perform ng a conpl ex heterodynfhg—operatlon on said input signal
whereby to generate first and second heterodyned signals having a
quadr at ure pha$&AIMSt i onshi p, said conpl ex heterodyne neans 10
conprising:- i) first and second heterodyne mxing circuits; ii) means
for detecting a carrier signal_ of a received input signal and produ0|ng a
15 1. %ﬁ eEIO it FRT R P
detected carriebmynmyﬂngq i) a S|gnal source connected to receive said
control signal, for _producin % gl,nal z%’t ! fre uenc% gtterm ned in 20
dependence on said nt r 812 g ﬁﬁfii\}) Irédhs N & gé}f]to sai d signal

source for using said signal at a det er ni ned frequency to provide first and
second Iocmsfmnerqune %dﬁﬁ&éxhﬁﬂﬁg¥5&§héam%ans for performing a

complex heterodyning operation on said input

signal whereby to generate first and gecond

heterodyned signais haVing a quadrature'phase T

relationship, said complex heterodyne means A\
10 - comprising:- o

i) first and second heterodyne mixing
circuits;
ii) means for detecting a carrier signal of
a received input signal and producing a
15 control signal in dependence on the
frequency of a detected carrier signal;

iii) a signal source connected to receive
said control signal, for producing a
signal at a frequency determined in \\J
20 - dependence on said control signal; and

iv) means connected to said signal source
for using said signal at a determined
frequency to provide first and second
local heterodyne signals having the same

25 : frequency as each other and having a
gquadrature phase relationship with each
other, said mixing circuits being
connected to receive respective ones of
said local heterodyne signals;

30 c) processor means for performing a fast Fourier



e

5 « frequency as each other adrature phase
rel ationship " th each other, said m xi ngl ﬂ lﬁﬁlﬂbﬂ“onnect ed to
* L Sy*

feceive respective ones of said |ocal het 30 c) ‘14

-

processor neans for performng a fast. Fourier -11 - transform the
processor neans having a real data array for the Fourier transform proc®ss
and dM™i'magi nary data array for the Fourier-qty-ansform process; 5 d)

first digital sanpling nmeans, connected to an output of said first mxing
means for receiving said fitsanhébempdyhedp&b@@sbproFkagmlnaﬁfﬁﬁ égﬁﬁal
series sanples of said firs t n si.qnals an oadin ese 1

sanpl es igPo sai d real data&%?%aggggﬁd%e éﬂ%ﬂﬁé&fﬁﬁ%ﬁﬁgﬁégéﬁﬁWiBﬁoﬁﬁﬁﬁs,
connected to an out put of sand f&cokmRIindry debasatyayr dogi Vilng Baudier
second heterodyned signal, ePiREPLPAR pPBLelite series sanples of said 15
second heterodyned signal '‘and | oadi ng these Ssanples into said imagi nary
data array. 2. Apparatus as clained in aim1, wherein said detecting

means for det ellati ng a @lﬁrriﬁir§fg@$¢iﬂilbaséﬁﬁﬂiﬂgdm%£ﬂ§§ é&:ﬂﬂé&té&ﬂ@éi&ﬁs f
further digital 20 sanpling_nean or. obt ai ni real ti series sanples o
the received signal and'fur?ﬁglpup_ 0 é"ssBPa}ﬁga%g,r§€r "ﬁe’fnfﬁﬁm'ﬁﬁaé‘?a or
Fourier transform on ;m(jreabQ§m®nmy$Qtds£ﬁx§5 bk tiemoderedved gnabal .
3. Apparatus as clained igh@ ghihd Lea? t¥if €drf@:dsamples of said

first heterodyned signal and loading these

oS 10 samples into said real data array; and
-~ |
e) second digital sampling means, connected to
| an output of said second mixing means for
receiving said second heterodyned signal,
_ obtaining real time series samples of said
15 second heterodyned signal and loading these
samples into said imaginary data array. '
2. Apparatus as claimed in Claim 1, wherein said
detecting means for detecting a carrier signal of a
réceived'input signal comprises further'digital
20 sampling means for obtaining real time series samples
L/;. of the received signal and further processor means, for

performing_a fast Fourier transform on said real time
series samples of the received signal.
L 3
3. Apparatus as claimed in Claim 1 or 2, wherein said
25 signal source probides said signal at a determined
~ frequency at a selected one of a number of
predetermined alternative frequencies only.

4, Apparatus as claimed in any preceding Claim,
wherein said signal source provides said signal at a
30 determined frequency as a signal at twice said carrier
frequency and said means connected to said signal



25 signal source provides said signal at a determned—frequency at a
sprected one of a nunber of predeterm ned alter s gnly. 4. .
Appglatus as clained in any preceding daim vvh E‘i!&mﬂiﬁ“}mmﬁ source v
prlovf des said signal at a 30 deternined frequen nal at tw ce sald

' i er frequency and said neans connected to said signal -12- sowrLe

Jprovides said heterodyne signals at half §§|d determ ned frequency. 5
Apparatus as clainmed in Ctaim4, wherein said signal source includes a

square wave Si gRahrcee cﬁiﬁesS 3893S Rt FRAYRC YMATL B ©E S U Sis@na

source is trig ered y Ie% edges of the square wave to provide said
first heterody gtergined, 1°l i ng edges of the square wave to provide.
sai d second heterodyne signal. 10 6. Apparatus as clained in any

precedi ng d ai i n,a e S f ehj cl [ S
encoded carrier °si g#ﬁ r%%es{?n% g?'gi %&’ #% ('::Iel irr“pus%"\hbgﬁ‘ceo’ry ect I° %rld
recei ved and dsdg@mifanunqﬁucmelogesaauﬁqua;exxavmusignhbr@emenm&pr
recei ving ”%anggﬁl éQ@FaMﬁéu%&ﬁxé§E§BV%tEgiﬁn@ﬁéﬂai' Wehras qrglnput

signal, there g safety means _cou to sal rocesSsor neans and
responsi ve to ftﬁeigr%{ﬁ@s)%% o%lﬁééé"c%e?@ﬁ?s ot t&?paﬁ&t"tkr?orwap‘é?f&‘?n ng a

fast Fourier tp¥esfiddn sauldst 8Nibal hettroBad | §8ghal t Andebyr aeeiTind-i gure

1 20 of the acc%gxuwogr%%e square wave to provide said second

heterodyne signal.

10 6. Apparatus as claimed in any preceding Claim, in a
safety system of a vehicle, in which system an encoded
carrier signal transmitted to the vehicle must be
correctly received and decoded for vehicle opération to
continue, wherein said receivihg means of the apparatus

15 receives the encoded signal as an input signal, there
being safety means coupled to said processor means and
responsive to the results produced thereby. '

7. Apparatus for performing a fast Fourier transform,
substantially as described w;th reference to Figure 1
20 of the accompany drawing. '

(:f




