; e3ehpj | 466 TpEMB APPARATUS AND METHOD FOR DEMODULATI NG DATA The present
invention re w \mwmnm denodul ati on of digital data nodul ated using
frequency sh“m“m m phase shift keying. It is particularly applied to
the 5 denodul ati ggg@f a digital bitstreamcoded and transmtted at a4HP'Eﬁ12004

data rate. In Frequency Mdul ation (FM_.data is used to vary the frequency
of a carrier signal. The Garner signal has a given nom nal frequency and

this is altered (ejppRRATIR £RF t ignal. The
characteristic equ}é ?on of a@ﬁﬁ?gdgﬁgpﬁéﬁg%QWb?@A cos[w, rt +
nf(t)] (1) where, y(t) is the FMsignal, w,F is an internediate frequency

(1F) of the FM 15 Garner signal in radians/sec, f(t) is the nodul ating
(data) signal, mlheprepent mygution ielatesitothedemodulation of dizitahdata modalageli t ude.

For radio t ission, the FM signal kg th . ted tq a high
frequency f BROE PREnPE B ASyng ot RESomBnunnert i edicuimny smmiied e FM r adi o
signal s, 5a_férmetiditfon iTh dRRRAI Bstidith @bded A t&ﬂaﬂ%miit?;qd(’eﬁ%qﬁ%h-r&tz{ ggover the

original signal f(t), the up-converted sig s recerved through
20 an antenna, down-converted to 'give y(t) and then nultiplied by

0 A e P 1)
roaul at o o1k YPF G AR R A P ey BRI AR B g1 ves:

g(t) = A siinéreasetl or flecacdswd) by dieodutadigial] The shathmeristicdqbfidrd dfladFM0 - 1/z A
{sin[2 wFt+nf(t)]-sin[nf(t)]} (3) 4 June 2004 4 June 2004 -2 Cenerally,

cat. i s HL@r isfaYBdY o the frequency of nf(t) so a |ow pass filter can be
used to renove the high frequency termin g(t), leaving: g (t) _ -'/z A
sinf[nf(t)] 5 (4) In cases where nf(t) has small anplitude, sin[nf(t)] is

approxi mately nf () whiABos[wgt + mf(t)] ¢))

where, y(t) is the FM signal, wy is an intermediate frequency (IF) of the FM
15 carrier signal in radians/sec, f(t) is the modulating (data) signal, m is tﬁe modulation
index and A is the carrier amplitude. For radio transmission, the FM signal is then
up-converted to a higher frequency for transmission from an antenna. For
conventional audio FM radio signals, a frequency of approximately 100 MHz is used.
To recover the original signal f(t), the up-converted signal, y’(t), is received through
20 an antenna, down-converted to give y(t) and then multiplied by sin(wgt) to give a

signal g(t) according to the following equation:
g(t) = sin(wygt) A cos[wyt +mf{(t)] (2)

25  where sin(wgt) is a locally generated IF equal to the IF used in the modulation of f(t),

used to separate the modulated signal from the nominal FM carrier. Expanding

equation (2) gives:

A éin(wlFt) {cos(wpt)cos[mi(t)] - sin(w,gt)sin[f(t)]}
2 A {sin[2 wgt+mf(t)]-sin[mf(t)]} _ 3)

g(t)
30
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|l.eads us to: g'.«(t) _ -"h Anf(t) (5 10 Therefore an FMsignal, in which
calFt is large conpared to the frequency of f(t) and nf(t) has snall
anplitude, can be denodul ated by (i) multiplying the received signal 3 tgb%4
sanme | F used in the nodul ati on process and then, (ii) passing it thré é‘PF

| ow pass filter. The transmi ssion rate cz)f the data nmay be increased w thout
adversely 15 affecting the bandw dth by<“nhodul ati ng both the in-phase and
guadrature conponents of the system Data is transmtted on both the
conmponent s dbdnenallfigwitie largesnsrnated torthefrequgnescobmi(isote lawtrass filtetnandane
bandwi dth. 1t |s known to.transmt digit ata using such an FM system
The digital ‘ﬁ%‘i’é’rf"?"’l’q wg&%quqggg%'&eggx a(br %ﬂ”&ﬁ bit stream representing
the bytes and words of the 20 original data. A digital bit streamis a
series of discrete values, unlike an anal ogue signal which can vary

conti nuously. Thergfpr-e,-YeAam[mffty equation (1) above shows t{t the

nodul ated_signal wll swtch between defined frequency val ues: A system
such as this is known as Frequency Shift Keying (FSK). An exanple of a

si mpl e FSK r j : i lters.
neti1ter 5 RuRaRE RIS R Shind, SIRADT BRI AR, 5 T
the frequengaadofis:"1" bit. The output of the two filters is conpared; the
one with the highest anplitude is selected as the current bit value of the
signal . To allow glf® sighah mif)be transnitted efficiently ovetda channel
whi ch cannot transmt DC signal energy well, for exanple a radi o channel,
the digital bit streamis 30 often encoded to reduce the DC content of the
si gnal t@ agheleR€at PMZEEMAL AR WIS i€ lard@édriplsed RORO ANy Of fihlahg are
known, such as Manchester coding or M1l er coding. 4 June 2004 -3 After
codi ng, t henfé) bassigHaimplignde; ¢aneheaitmodulatedhye(iX maltiplying te sehgived sipnak educe

t he harnoni ¢s presenf, cansequently reducin he ndw dt.h.requi red for
transni ssi OEY ﬂ%ﬁa‘g‘e?# pfegrxg@e&apgulggwpcqsg a[?q'l Tt (& PASNG 1 thé‘f‘%ﬁcfépﬁ FM
Modul at or . E&g ﬁthﬁ@nsm' tted signal no |onger contains two well-defined

frequenci es'so the harnonics 5 associated with a step change in frequency
are elinmnated. Fhiktrasmigidnatero thewqEtemay be tncoeaspd withautradipérselpi gi t al  Si gnal

Fequt T od SraRgeatob tBertEET brmogeisaes bates Tedlier B 4dreuE SORPPIER Dpe
W 2 CONSERNEOLL A TR ARG BARANRI) BRTSHIBALODRInE B8 iand i 5, a7

aimof the present .invention to provi rove l'ator Tor FSK or

PSK. It is affwitd dsafiuchidatdin the saimed adwitth.cost of production of a
denodul ator for FSK or PSK. A still further aimis to reduce thed{)ower
Aqcr ease

consunption of aH iFGevaytotrapsmais digital date psingsyehan EMisygemahe digitel _
the transm Es)sa Hocﬁxéx?e%s_%d%g a AR e GR LepRsSXiil: W0 28 wBRN GERR! ¥ af fecting

t he signal
20 original data. A digital bit stream is a series of discrete values, unlike an analogue

—

signal which can vary continuously. Therefore, examining equation (1) above shows
that the modulated signal will switch between defined frequency values. A system
such as this is known as Frequency Shift Keying (FSK).
An example of a simple FSK demodulator would consist of two narrow band-
25 pass filters. One filter is tuned to the frequency of a "0" bit and the other tuned to the
frequency of a "1" bit. The output of the two filters is compared; the one with the
highest amplitude is selected as the current bit value of the signal.
‘To allow the signal to be transmitted efficiently over a channel which cannot
transmit DC signal energy well, for example a radio channel, the digital bit stream is
30 often encoded to reduce the DC content of the signal to as close to zero as possible.

Various techniques for this are known, such as Manchester coding or Miller coding.



According to a first aspect of the present invention there is provided a
denodul at or* for denodul ati ng a received signal representing an original
binary bit stream the original binary bit stream being nodul at ed usi N9 . 2004
phase shift keying or frequency shift keying, the denodul ator conpri é.ﬁ’bﬁ
anal og to digital conversion 20 neans fojr converting said received signal
into a digital signal; a denodulation finite inpulse response filter,
having said digital signal_ as an i np,ub and an inpu{lse response

correspondi ng t o Afis codiagdhedatp sigagliig fltereg te meyedhgsquare cdgghand redugene
origi nal dat ignal . faor filteri ' Ll i . for outputting
a signal cortﬁ%g %"ﬁ&“’tg%“et’ é(S)rn %%c{uﬁ'g% %?Pgrsl lrﬂ%agr%ﬂ hﬁ?t}g&ahg%g)ra denodul ati on
filter oper atinB@iskiontTies Hiterted dhta JipmEl i8 thénited fites eahddrd F&OModnlatdrl Ths t he
signal to be denodulated in a single clock cycle, r eduing the power
consunpt i on.traRsmitted signaleotlhegar gphtains tvawelbrdetiged Geauencies o e dpimeoni¢recause

the conplexity is transferred to the design,stage, The denodul ation filter
can be cr a@é%’c}é‘é%di‘?'@‘%tﬁﬂp Emﬁrfy}fwea?”‘%te&a?‘ﬁ%% circuit. 30 Preferably,
i f the demodul at g{Jslxda&en?darala&&g irhflefheficd Balp_ragm}n%@d)ig_ﬁalrmgﬁau PRi¢eYs shi ft

keyi ng, the deno tor may her conprise internedi ate 4 June 2004 -4
frequency mDSPp) dreiovan Heeeer tHedmiplementationpsiconyplicateddnd irggjuires mangnal , for
mul tiplying said di (I:;jtal si%ﬂal by a sine \év?ve gr a.digital approximation
to a sine waAAP ingiEeetioneyrles This raqties thestseod tast DSBS with g qgnssanentitlye having a
frequency a%pcrr%& o%éfc&?sﬂﬁlpti%ﬂaf@@ g ntermediate frequency of the received
signal; anda Tow s"pass finrte |rrpu(f se response filter, having an input of
said multg plied $iigaahim aftle pregémdnventiontppreside haimptosed démadulator farl t er i ng
said nultiplied signal and for outputting a |owpass filtered signal;

wher ei n, s B FS e RSkl £ Swrther A &0 inmjﬁv%egh? @%sbeﬂgreﬁvqwaf aidemoguiafar, | o ng
sai d | ow pass. fd i WP | i i i npul se
response co??relisé&hﬁfﬁg' {iosgp ﬁ{em?e?glﬁlrgfl %@r@%ﬂgﬁ %ﬁ&%&%@%‘?@@‘@?@qﬁg g filtered
signal to 1Q;PBE defdogulak. Algétfuthmah is tointkhs thakenslisictermdoflat or is
constructed from sinple and cheap additional conponents which are well
suited to nmeomfmanicatien systemwishousndversaly affpeting the,yigpal bagdvadtba 11 t he
corrponentss may be designed to operate in a single clock cycle. In one

pr ef erabl’%e alternati ve, when the denodul ator is applied to a signal 15
nmodul at ed usi ng Wb@&l’dﬁl?qy a St fabpde et thE presbiet iAIE O iRt pidNdddy t her
conprise internedi ate frequency nulti pFi-cati on neans, having an input of
sai d recei vdemedujatat for lemodniatings sgieiyed sigual representiag & epiginaltjnagy ditne wave

in the anal og donpin, .and.outputting a nul tiplied.signal id analog to
di gital cond&FamGH ?Fé%??g%mfﬁf @%ﬁ@?ﬁ%ﬂ%@g\‘}ﬁ#& ugmlgrpg'&%esrlllﬁké’gﬁg Slii mat gl y
equal to theehates RaiRlRAef theduabgMatef coiprisy: Al e digahludabersiond a

| ow-pass finite inpulse response filter, having an input of said digital

si gnal , 20nd nfeans foy canvertingailrecdieadasignat inge adigite} signaly adémegutation finitet i pl i ed
signal and for. outputtipg a | ow pass fi]tered signal: wherei sai d
dlempaul at i ofmpy teBponss fien heviiie S eunt it s 2 PR vl mphits rSBprpe

| ow-pass fil ' e R GHh 588 didifal §End13Y HAGriRthat BRY! S€
response cofégésggrﬁog%l%%qb%u?%g&t@ansﬁLeH; functi%r‘il f?%m sald 25 | ow pass
filtered si gipahl, fo? filfeAn®sdididigihl sigtaharsd fmatpusithgandigmd corsdspondihgether gi nal
binary bit stream may be filtered so that it has the shape of a cosine
wave. The desieipal bt ?tfel%@_-denodul ation finite inpulse response filter is then
si nplifipd becau .dsﬁxg\@del'noﬁgl\éﬁoﬁ Rifthr GiRedtreGh B B gital Ao, HRPREUKAL OF mRY
be furthér sinplitied~by conbining the action of %he . I ow pass and
denodul at i onyehffort alldwalthe sipna te béidgdmodulited id 4 single Thick cyelek edningtle 4 June

2004 -5 corresponding reduction in the cost of lanemantj t he
denodul at or poweneossemetisus Fyrthermerathe implemsniatinp sdelaiiveln simpie.heqatie si gnal

can take at | east two.val ues ai,d at. | olMEgR nin

combi nat i on ‘E"i‘?‘ﬁlﬂ‘éu\g'tl? &?‘f?ﬁq"{ef%%l t}beiﬁeflgg% ?\%pqe}@#?%ﬁsm srsé%nkb of nore

t han one Sywted%ilyta{nﬁ%éﬂplﬁ&@albiniegré:teﬂ/@frb’lliﬂg the nodul ation index has
only a marginal effect on the bandwi dth required. Increasing the nodul ation

i ndex wi30 resul Préferablysifithe demuduiatgds applisdridwisignal mediriodrsinglecr easi ng t he

nodul ati on i ndex w ive & imal [ reducti in bandw dt h. .. Therefore, there
e demgdy) % d

o gi)
is the pot erf{eﬂﬁ?n%’éi“ﬁrk&ﬁ% PIOREY SHTET SRR T A ver sel y
affecting the bandwi dth. 10 According to a second aspect of the present
invention, there is provided a nethod of denodul ating a received signal
representing an original binary bit stream the original binary bit stream
bei ng nodul at ed usi ng phase shift keting or frequency shift keying, 'the
met hod conprising the steps of: converting the received signal into a
digital signal; and denodulation filtering said digital signal with a

o A r * 1 o o o o T



Figure 1 is a schematic of a FSK denodul ator according to a first

enbodi ment "of the present invention; and Figure 2 is a schematic of a FSK
denodul ator according to a second enbodi nent of the present inventi on 252004
Li ke parts are denoted by like references. The theory underlying the® /%
present invention will be now be expl ai ged; a detailed description of the
preferred enbodinents will be given lat€f. 30 In order to design an

i mproved FSK or PSK dempdul ator it i.s necessary.to consider_ the

char act er i stifequensyamplgpkicason means, paviagap inpyt ahiaid digialsigral.ifoe desired 4

Use of dat TR Hesmle g SRR R Have, PPE AAEIRRHE- R SFFI ™ 1"
appreci ate tinak, ddd@uitiicd @h@&ipmd/sigl@ﬁu,a%m 5if€ wade Balifg 4 ARjudney Not coded

using an NRZ code. The discussion w e given in ternms of a signal

nmodul at ed usppgxiasitelylequalte the inthaneguéats aqudocy bEtheireceived signal; tandva lldw-
appreci ate that_the principles al.so be applied to.denodul ati ng data
Dl st e u S finsaPplse FesBORE SHEE SOYE AR P e AP N SIERD A o FSK

si gnal consipgtihRdg 18- ShaPfoRrib@ for Alte@nP8fd AHipIRA QicRCARSH: hitp@findRZ
format can ll)lé{llgg?cul ted, It (rzlan l())(ra uge to derrgglul altggl any al;%‘iﬂ{)rg? FSK
si gnal consiadbwspgssofilteredisignal NReréiny smid denodifatibatfmiteiimpulsé eespase fiieclisl at i on

i ndex. In the discussiqon above it was neptioned that the digital data is
filtered beferfttesiapsaidilewrnass filicsed signaly iskdemqdulation filter havisganimpubse exanpl e
the wave ma ' [ W : ';}% | shape.
Filtering t %Sgg%st%ggﬁgﬂlﬁggﬁe@tuﬂ%h%%%g% 0 ﬁgn@%fsrﬁrﬁgﬁﬁaﬁ%c“ ggnﬁl\;[m&hﬁjgéﬁ@égt he

t ransmi tfeed tadribinkl dhtaBignhl ansm tted 15 bandwi dth. Assuming this is the
case then it can be assuned that the nodulating signal f(t) is a cosine
wave. Wth ref er Bnthis cage thgulemodwaton is coppfauctes fiom singple and chgap addigignali p| yi ng

and | ow pass filteri he receiv Sl will be: g mpen /2 A sin[m
cos(wnt)] (ﬁ%ﬂ’p‘?ne_ﬁ Vgﬁgﬁ’ gregv q?lgsuftﬁcgpc%?’%mégﬂaﬁ Iulltg%%tgg f é%:%llfsl‘ E‘é’ﬂée@{r&‘f’ f)el’) and
wm i s the nagealohipdnbits a9 BE Mediinelie op@aierln ablgte dlegk @RIt i Ng the data.

The nodul ation index mtherefore represents the anplitude of this wave

representing thelreneprefeggblecalietnative, [véhegdhe d¢raedulaser igappliedito gsigneb i nprove
the signgl-to-noise ratio (SNR)..of the .co i cation system W can
denodul ;t%e medulated yising fb"sﬂ“é’?%ss}"&éﬁyﬂ’é’ w?aW%Bﬁg%mt@Q?&yS@W%m t he
denodul at or BliGtioH WRinb, hal o8 RAMRE BPERE rdd¥ived GRaAINe Wave
this gives: lr%%%%i%eb@eﬁg%ysﬁ\%l?%lﬁégSa) ézli Jgne 2%%4 redkived Sigal

for multiplying said received signal by a sine wave in the analog domain, and

outputting a multiplied signal to said analog to digital conversion means, said sine
wave having a frequency approximately equal to the intermediate frequency of the
20 received signal; and a low-pass finite impulse response filter, having an ihput of said
digital signal, and having a low-pass characteristic for filtering said multiplied signal
and for outputting a low-pass filtered signal; wherein, said demodulation finite
impulse response filter is for filtering said low-pass filtered signal, said demodulation
filter having an impulse response corresponding to the transfer function from said
25 low-pass filtered signal to the original data signal.
Advantageously, the orginal binary bit stream may be filtered so that it has
the shape of a cosine wave.
The design of the demodulation finite impulse response filter is then
simplified because it will have real coefficients. |
30 - The demodulator may be further simplified by combining the action of the .

low-pass and demodulation FIR filters in a single FIR filter. This will give a



The operation of the denodul ator can therefore be described in the
frequency domain as the transfer function fromthe received signal, g'(t),
to the output, x(t). This function can be cal cul ated by taking the Fggri%&
transform of equation (4a) and equation (Sa). Transformed equation (%ay"§ 04
then divided by transfornmed equation 5 (4a) to give the transfer function,
expressed in the frequency domain. The Thpul se response of the systemis

then derived by taking the inverse Fourier transformof the transfer
function. AcCPIrEsPppdingredustion Bighe pest abEnisaenting thdemedulster. cor rect i npul se

{he. moaul at i ng. of ghared s {RRBLER oo bFuk Red 8 Gynal O JRPHTRML OT,

real coeffi ¢ieQilses, SnidiaflRast tdo values Whdh takéinkembaeidt vathate &higphivie®Y
sanpling it at a given frequency and feeding it into the FIRfilter. The

out put fr ombithallowing thertransmiskion of gwed thar( one syarhol per transmiteeddtioeck f r equency
of the FIR filte d owl appreciated that th oefficients.of the FIR
filter wiﬁ in gdABHEg L @%@E@Wﬁlwﬁx@%o &ﬁﬁﬁrﬁ’&aﬁ?fgﬁﬁ%wba{l&‘e{ Bitted
data rate. kA hGRadflEK flliflol HEacR Whl st Atttk & 10 _general

the filter co Icrents be set for a given communicatlion system This
fact can bebagiddthoHbwetvdredecreasing dseanddidationandaxi wil give a amell reduation iren

system If a filter is designed to denpdulate a signal with a known val ue
of mthen thendyadgyThereforgithiessisthe Mﬁﬁ{a?se(tfansmcﬁﬁ P%ﬂ@tﬁr data Fate Hathoyla| ue of

m is x(t) ofiS fﬁfe%ﬂngm"@‘%{dﬁy an input x'(t) nodulated with a

di fferent value mis-1Inpu output is not x' (t). The shape of the

wave is fohe SaWEAc&Uiﬂith@aamhﬂhsﬁi& ofithd present irvBntion, tliere isPhevidemh i t ude
differs by a constant factor determ ned by the difference between the
nodul ati on methest obfemodylatingrgceined signal represerfing aneoriging binapebit sireasm, was

designed fof. 25. The val.ue of this co . YY) skne-rel at ed
function as{hfﬁ_gg}% ! ibdﬁsqeﬁ@eg?l%fm?%z&?‘{]n%%gg ﬁlgag §§?§:f€e%|§'m§ggﬁﬁ$thegc¥ he sane
denodul at i 0§hift!kle§iﬁ%,'th§ méBRA. comiptising kleQtéps olfcohvaia giifesreeiivedl sighl thté han one
bit per transmtted synbol by using additional encoding which varies the
nmodul ati on & digésl sigiad; and dlamodulationsijiéaring saigh igital signalhwith Rdempdulatiefesi gned
for me3., W dat.a npdyl ated. wi th ne3 is.30 denodul ated.the. output fromthe
filter Wl I EE‘E c@f‘ﬁ?égoﬁo#‘aﬁa?%l%%iﬁ rg‘clp@ﬁsewth? %cofrrg?o!nlsd 3 g"e@ﬁ&ﬁ%ﬁe@“&ﬁ%‘ out put
fromthe fikb@lsafdt® i%‘é%nhlht@ sGiflotigfhl BiRaRbitteani 1o gdnee Ademctuliiee 2004
~g_ higher anpli tud%a. | f~ data nodul ated with n4 is denbdul ated the out put
fromthe fisigmal whidh con@smondh o theoriginal kitsirsembut with a | ower anplitude. A

bi nary systemusing this principle mght take values of +mand -mwhile a
guat ernary system m ght use values of +m +0.5m -0.5m and -m

A preferred embodiment of the invention will now be described, by way of
20 example only, with reference to the accompanying drawings in which:
Figure 1 is a schematic of a FSK demodulator according to a first
embodiment of the present invention; and
Figure 2 is a schematic of a FSK demodulator according to a second

embodiment of the present invention.

25
Like parts are denoted by like references.
The theory underlying the present invention will be now be explained; a
detailed description of the preferred embodiments will be given later.
30 In order to design an improved FSK or PSK demodulator it is necessary to

consider the characteristic equations of the transmitted data and also the desired



51t will be appreciated that this systemcould be applied to both the

i n-phase and quadrature conponents of the transmitted signal by sinply

provi ding a second FSK FI R denodul at or for the quadrature channel ang 3 2004
quadrature nmixer. Likewise, the mufti-level property created by the #June
controll ed variation of the nodul ati on index can be extended to such a
system thus realising a system sim| art o Quadrature 10 Anplitude

Modul ation (QAM . Furthernore, when extended in this way, the system of the
present i nventnubfrom the deraodulaion Thp discussion bieloy assumes the ushehdagnsadsdcause it

The syot em PR NI S08g SRS el B8 oSO8 Wil Portt 3R Y8 GinleEM Yot om
over an AM s\StREpph&l WHaghads Aetoded uﬁlmnzrzsedwmqnsch%%ﬂ @ﬁi pe signals

according to the present invention is illustrated in Figure 1.

t ransmi t t ed gbiegimterins of & sighal eubdutatesinging FK,dwomicueér, the fiessoarsiiliefliietheby t he
anplifier_ 4 befgre bein sed tq a do onversion circuit 6. This

Gonn- conver A8 Stil@bargA et dis BHRsUReS HEY 1ruFerArse on dorredpiahng fino The
signal then M an |F carrier nultiplier 8 which multiplies the
down- converte ﬁ%?egn%asp{ 0 give a signal according to Equation (2). The
signal fromthe [ffthe#anpulsyrespontd thhi will transfobann FSFVsiphat dondistingaofdinfyi t al

signal by an Anal ogue-toDi gital Convertor f(@ADC) 10. An oversanpler 11 over
sanpl es t heowripguel ¥ ensrandirerosmeoded inan NRL l9paatoan bg cpiculatednit gambe c| ock 18.

12 havi ng AP deoBiupding ioReet PR fehslsnPBP AT ML RARRe "
out put frponydth Rithithé imd Medulaeyiadent s Equation (4a) sanpled at the clock

frequency The next conponent is the FIR denodul ator 14. This is designed to
have an i npul se hethpdissessipprabewsib was myntienedeat thedigital data ip Eiltersd befagen t he

tput of t | ow30 . filt 12 to th dul at ed t put d i bed
Sbove. i t rogine RRmeR qarishs et Fphe ey 1IREHPRIES Rl B pRINREAL L oc
si gnal . Thejngd/4 BiE wWab@Br bprokinfately dind Wage 094, Fifle ¢ dhmtte havekhé hus

represents the denodul’ated signal, sanpled at the clock frequency. Finally
t he decoder fobd afecosies fingtios wghgilve thettianamiited datauminimalgransmitiedi t al  bi t
stream cqrresponding to.the ariginal  transmtted data, .,The decoder 16
decodes (ig heb@%&h‘g{'l" BEBYRE Y 18 H‘%tcﬁ‘%e @%gﬁénnb%?&w&}’haw’ﬁr%?cg&%mﬁanc hest er
coding. If éi%%é?(]?ﬁls.a%o%e Wae. "\ﬁi‘flﬂe‘f&%&'tg@é\latiﬁﬁ‘%)pﬁférbu?ﬁik,ﬁ‘%@?%ﬁw i ncl ude
varyi ng the ul‘ation 1ndex to transmt nore than one symbol per

t ransm t t edmhbltiplyihgendileeeptss filkéring the reveived sigh@dmalldie: t hi s data. The decoder
16 may be omtted if the data has not been coded, but in nost practical
situations coding will be used to inprove performance. 10 An opti onal
integrator 17 an% AC=1Q%IQ§1§[FH|C§RQSBFWH in Figure 1. These ggf) to inprove
t he denodul at or (g formance by corré&cting any small errors between the
frequen@P of the received signal and the local oscillator frequency in the

denodul ator. The jnplenmentation may be further sjinplified by _conbining the
FIR 15 denoWh¢radois thucasmer amplitudsdscalipg fackqr) adwyq s %F’Bdalagpgzgwepm filter.

Brmeama e B Bt BhvelrBeleHER el Thi boldBhlo! fidex T fbQEE 2 0 1D S

enbodi nent, e carri ication takes place 1n the digital

donai n. Thereﬁfb@éﬂiﬂl@lah%ﬂhﬂfs of tifis Wavedptesdmingitie ddie Typieallpa lirgevalbove first
enbodi nent, except as described below. 20 After the received signal has
been down- clonurischesenite improvethe signakigHnaise ralia(BNR)pfithe eommynisatian | ter 20. A
| -bit éﬁc 22te for exanple a conmparator, is then used to convert the anal og
signal i t o3 Eﬂ'gital signal. An oversanpler 23 then over sanples the

out put of the ADRe4dn démbdgatt EREISIBAL by XondiBering|vatek theSoutptex(hFfremrthé er

mul tiplier 24 carries out signal nultiplication in the digital 25 domain.

I n the presdmeodatatercshowld bet Farglatags tgype genresghtged by g qopiae avaye this ve- OR
function of .the output fromthe ADC with an approxi mated sine wave of the
correct freffliehcy. The sine wave approxi mation has the form[1,0,1,0,...J
inreturn-to-zero format and [ 1,0,-1,0,1,0,-1, O,... ] in
non-return-to-zero format. Therefore, the construction of the IF carrier

mul ti pl 36r 24 i sx(¢)i=mpldokiugt) and the nunmber of anal og 3@5@xonponents
required is reduced. . The output fromthe IF carrier nultiplier 24 is then
passed directly to the 4 June 2004 -10 Lowpass FIRfilter 12 and

denodul ati on proceeds in the same nmanner as for the above first enbodi nent.
The above first and second enbodi nents have not described extending the
nodul ation to include both in-phase and quadrature conponents. This can be



5 achi eved by applying the denodul ator described to the in-phase signal and
sinply providing a second denodul ator as described above for the
denodul ati on of the received quadrature signal. The skilled person w ||
appreciate that the above first and second enbodi nents may be applieﬁJP?F
Zero Internedi ate Frequency (ZIF) denodyl ation 10 with appropriate
nodi fi cations. According to the present”invention there is provided an FSK

denodul at or whi ch_gives optimal performance with a cheap cost of
manuf act ure. The TheRBeratien eighe demedulaiorray thereiorebs desgrilmdrnithg frequency o

denodul ati o | L I | e,.~an hus is {deally
suited to a%%@?@a#ﬁ%%@mﬁ?#%ﬂ]cggvn %gnmﬁﬁgﬁe%ﬁglgﬁs@lx%hg K@’Z‘S?‘Pé?f@ﬁ% ?{(tjl'he pr esent
i nvention i Thisancioalcan 86 vankIaee By tiihgathe FoeerithinPRfh 3Pkguaid (hpumaover FSK
applications. Additionally, since all operations can be carried’ out in one

cl ock cycl egequatien (59 s Enansformeslaqiiationi (§a)ab thenativided bygransfdrynedpghatésh t o
conmuni cat i syste utilising a high transm ssion rate, .20.such as

br oadbang ng‘ﬁ%f%gw 8 tans{eh&ngﬁ%gxggﬁg«é ?’h’é‘ﬁ?’éﬁqﬁ%{’\% dgmap. g%‘EFrPB‘éI[S? o radio
comruni cat i ' i: heGl . %12% ' tion
coul d be ap%?llD %Eiogmgﬁq &ﬂ%ﬁgﬁﬁgﬁ%ﬁgﬁe&g%%é ,E¥or é?(%%@g nodens.

25 Wi | st ammamsfdrdonoient of the .inventi on has been descri bed above, it wll

be appreciated that this descrjption does not |limt the scope of the

i nvention, whi chAildRJEer partthem be drsigag é‘ﬁ’é‘éﬁ‘%lt%ﬁ ¢pgrect impulsefaspopemto- 11

CLAI MS 1. r: Lo . at I | r nting an
ori gi nal bf?\eglr%);&%i% Qg £ lélgmglg'?‘ﬁg? %ﬁ%%ahgﬁhg?%gﬁ h%rl?&agéthrggxgdndlu%azﬁﬁ?gr%éul at ed

usi ng phasewsdu Edsitetyvavetnédns theFRAURNRYSs Gy tdal kswfiicients.t A cigdainpdytat or
conprising: analog to digital conversion neans for converting said received
si gnal i nt othen b¢ demedulatedisiniply by shenpbiaglitatiagven frequendyrand feedingit pgas e

filter, havin Ld digital . signal .as_ an i nput d an i | s esponse
correspondi 8gpg%tltﬁléq'lth?gHé’Pgﬁoﬁﬁﬁﬁpﬁ%lsﬁ%ﬁE%%ixﬁ? i@@?‘%%ﬁ? c@?gnal to the
origi nal dag&yush@nétithe FIR fiftérd tering said digital signal and for outputting
a signal corresponding the original bit stream 2. A denodul ator accordin

to claim1, wherlewill beppprenisted that the ceeffigieptstof sher IR filkeg avill in general '

15 depend on the sampling frequency, transmitted data rate, modulation index m and the

2004

f

amplitude A. Therefore, in general the filter coefficients will be set for a given
communication system. This fact can be used td further increase the transmission rate
in a given system.

If a filter is designed to demodulate a signal with a known value of m then the

20 output, given an input x(t) modulated with that value of m, is x(t) as expected.
However, if an input x’(t) modulated with a different value of m is input, the output
is not X’(t). The shape of the wave is the same, but the amplitude differs from x’(t).
The amplitude differs by a constant factor determined by the difference between the
modulation index of x’(t) and the modulation index that the filter was designed for.

25 The value of this constant changes with a sine-related function as the modulation
index of the input is varied, assuming the same demodulation filter is used.

This allows the transmission of more than one bit per transmitted symbol by
using additional encoding which varies the modulation index. For example, a system
could use an FIR filter designed for m=3. When data modulated with m=3 is

30 demodulated the output from the filter will be x(t). If data modulated with m=2 is

demodulated the output from the filter the have the correct shape but will have a



been nodul at ed .usi ng frequency shift keying, the denodul ator further
conprising: 15 internedi ate frequency multiplication neans, having an input
of said digital signal, for multiplying said digital signal by a sing ma%ﬁj
or a digital approximation to a sine wave, and outputting a multipli&dune2004
signal, said sine wave having a frequengy approximately equal to the

i nternedi ate frequency of the received™Signal; and a |owpass finite

i mpul se response filter, having an_input of sai ltjplied 20 signal, and
havi ng a | olighersamplitdea i dafa @Pﬁ?léa%wﬁgim?”ewidﬁgloga\r;&dﬁhq eutpyti fem thegnal  and
for outputt} ol S Il I : i 'g.j;dsg [ j on
finite i rrpurlggr \?%lsh%‘g%g% c?) frfle{:tesbgéegoqlg gx)#tﬂ% ﬁhvteaer,\éi}ﬁ l?t"slg‘la'c'lé ?ilgw- p g@gx‘;};{%sﬁr er ed
signal, sai thifgiaReplt atigto takieivatues oNnamiand -arwhilqustern&s gesiat ndghtgspondi ng
to the transfer function fromsaid | owpass filtered signal to the original
dat a si gnal vala® & +m) HeémaliSatand -according to claim|, wherein said

i gi | _bi it .h beer | i f ; hift keyi ,
orl ial binary bt Sa s o, (Rl o6 Vebog ey LT ki
means, havi pg CTHQ a'ﬂﬂé'f:orﬁ%orﬁﬁts%f Elf'ec'tf’c*l;lk‘xﬁﬁteﬁ' Al by §i9{r?l}“]5‘1|owd?ﬁc@’é Qondi d

received signal by a sine wave in the anal og donal and 30 outputting a
nul tiplied BSKFIR demoduladr forahaoguatimtwte ghdnnk] aminvqragrature mezersLikewisd, si ne

wave having a frequency approxipptely e |, to t.he jnter i.ate frequency
of the 4 SamulBI0R PEpIREEE R GeGARNS HRiPba) 5 SO PR BdefpLl 6
response fi. , | j : 11€k: G Ol a1 &uhihavi ng a
Iowl-o pass ch%a?lgdéteé{ré?és{%% s? g}#% ﬁ“&?’f"ﬁgg‘?%f% %ﬁsﬁ%%ﬁ%ﬂg%nal tg%d fgr

out put t 109 Amplide Msduldtioh€Qad)s Fariesrmovd) evhen Bxtehdeskin dhisleapihe system finite
i npul se response filter is for filtering said | owpass filtered sjignal,
sai d denoduofthe puesent inventionawillhipvea highstimmunibs iogipdse thay QAM BNt o t he

transfer fungtion.fromsaid | ow pass {4l e i i.ginal data
signal. 4. W%f@ﬁg&ﬁf‘eastl%?aﬁlﬁ%'%lrs%lfaﬂlﬁ%fs%e#gﬁ%F%rth(s)#‘%? %%Aéﬁgiz%%?'ﬁgﬂecl ai s

wher ei n t hegyRieRAk NI 1d behBfisfréfaMtheSothéd mmﬁd%mftahmwstaﬁasv&m AMape of a
cosi ne wave.” 5. A denodul ator according to claim1l or claim2, wherein the
characteri sdyseem.of said | ow pass and said denodul ation finite inpul se
responszsfilters are conbined and inplenmented in a single finite inpul se
response-filter.

An embodiment of a FSK demodulator for radio signals according to the

present invention is illustrated in Figure 1. A transmitted signal is received through
the aerial 2, is amplified by the amplifier 4 beforé being passed to a down conversion
circuit 6. This down-converts the signal to remove the transmission frequency.

20 The signal then passes through an IF carrier multiplier 8 which multiplies the
down-converted signal to give a signal according to Equation (2). The signal from
the IF carrier multiplier is then converted into a digital signal by an Analogue-to-
Digital Convertor (ADC) 10. An oversampler 11 over samples the output from the
ADC 10 at the operating frequency of clock 18. Next, the output from the

25 oversampler 11 is passed through an FIR filter 12 having a low pass characteristic to
filter out the IF component. The output from FIR filter then represents Equation (4a)
sampled at the clock frequency

The next component is the FIR demodulator 14. This is designed to have an
impulse response corresponding to the transfer function from the output of the low-

30 pass filter 12 to the demodulated output as described above, with the knowledge of

the transmission parameters of the modulated signal. The output from the FIR



15 6. A denodul ator according to any one of the preceding clains wherein

t he nodul ati on index of the received signal can take at |east two val ues,
said at |east two values each resulting in a different anplitude in %?id 04
output of said denodulation filter, allowing the transm ssion of nor &’ AP
one synbol per transmtted bit by 20 engodi ng additional synbols through

the variation of said nodul ation index.””7. A denodul ator according to any
one of the preceding clains wherein said received si%nal i s_nodul at ed usi ng

frequency sHemedwatpr idythym rapespnts the demoglated signal. gamaledatithe claskponent s and

addi tional | y_conprisi ecaon ! 2B,
Gemdul at i ofnrEepf e dERR5 RERRTR ki 3o A oRpBE RN dial
derodul at or bﬁ%ﬁ@d’xﬂEél%sf)&xdiﬁﬂoﬁhgoﬁi@nﬁﬂf&b&nﬁ&ﬂ(ﬂlaﬁeCOnd | ow pass and said
second denodul ation filters are conbined and inplenented in a single

filter. 30 9. A Tberdehotert Iérdeaadss thti vignal accerding teethe scheme yseddetxampld ai ns
formed as ap integrated.gLrcuit.. June 2004 -13,10. A m i ncl udi ng
the. demodul MasPheSHe: Sdinp L BE dpdige of hersteted Hetal bt shon e ol abel g
received signgly rtﬁ%ﬁx%&ﬂﬁﬁdﬂﬂd%o%dnﬁhﬁ%or@'t}%ro‘ﬁe !@*ﬁlb&tﬂe?%%srﬁiﬂgd Bt gi nal
binary bit st egm el ng nodul ated using phase shiit keting or 5 frequency
shi ft keyi nthe debalents haltlalsoimerpeeit ths ddte Thealesodef 16 amy\beromitied ifltlee dadzei ved
signal into a di gital siggal; denodyl atjon filt ri{]y%l ai d di ﬂ;gtal si gnal
with a denmobasinet Pesm qored, Dbt ey REGti¢R) SKUAFOns FOding, WLk Be peedio HRRIoVh at
corresponds d Or}ngg-etransfer function fromsaid digital signal to said
origi nal bi %ary I "stream to generate a denodul ated signal 10 which

correspgpds to thg oPﬁdeﬁil fddgritbit 1 BadeRAC 119 areAlsveshbod inGigurell.rEthes®aat| ai m 11
wherein the original binary bit streamis nodul ated using frequency shift

keyi ng and toumpnese thndsmeguiatorineeformnanss bycorraeting apy ymal egdrshetivesnithd si gnal

keyi ng dsmalhinprieelosTs A csEretemEt i g
vave havt ngriierSLnE RahEl aBRT ARt M beR drctlas A ERRIC, 27 Cuoncy

of said recgdn®raiédnal , to generate a nmultiplied signal; |ow pass
filtering said nmultiplied signal with a finite inpulse response filter
havi ng a | ow pasBheimpleanentationtnay, bet furtherrsempliedby epmbining the KiRer ed si gnal ;

ow pasdSr deraruleed e o9 s I AL T RSP FER AR g an’ | mpul se
response correspgReioAg ekBodient MRS irvenfisNiill@vafed e FsRKSI2 | 18hipass filtered
signal to said original binary bit stream 13. A nethod according to claim
11 wher ei n ¢rhbodimen thallF barrier pubtiplicationdakesiptace in the digital domain. The
construction of the demodulator is the same as the above first embodiment, except as
described below.
20 After the received signal has been down-converted, it passes through an
analog anti-aliasing filter 20. A 1-bit ADC 22, for example a comparator, is then used
to convert the analog signal into a digital signal. An oversampler 23 then over
samples the output of the ADC 22 at the frequency of the clock 18.
The IF carrier multiplier 24 carries out signal multiplication in the digital
25 domain. In the present embodiment this is done by calculating the exclusive-OR
function of the output from the ADC with an approximated sine wave of the correct
frequency. The sine wave approximation has the form [1,0,1,0,...] in return-to-zero
format and [1,0,-1,0,1,0,-1,0....] in non-return-to-zero format. Therefore, the
construction of the IF carrier multiplier 24 is simplified, and the number of analog
30 components required ié reduced.

The output from the IF carrier multiplier 24 is then passed directly to the



nodul at ed usi ng. frequency shift keying and further including the steps of
25 multiplying said received signal by a sine wave in the anal og donmain
prior to said step of converting, said sine wave having a frequency
approximately equal to the internediate frequency of said received sﬁé?ﬂﬁ%004
to generate a nultiplied signal; IOMFpa§§ filtering said digital signal
with a finite inpul se response filter haVving a | ow pass characteristic, to
generate a | ow pass filtered signal; and wherein, 30 said step of

denodul at i od-o-passiFIR diltex 1 2 deapdplstion pepceeds p Mesamme manerassiog el | sai d
denDduIationbfiléeE h@x}ngmgn i mpul se response corresponding to the
transfer AOJUHBEDTBTE™ unction from said | ow-pass filtered signal to
said original bi rae¥bbie firgt drdabiond4mbOdiiBéMiOrhve GePaskiBed éxtehdingohe of
clainms 11 to 13, wherein the original binary bit streamis nodul ated using
frequency smdduldtieyitminchidd bothanipbakel aatliquadriatwiesorsponentakEhig cart bé east two

defi ned I ., further . i Si t he st, f. dedyci t | f th
modul ati on Freleved ARPDIRE SREpPeduor feERLR b P RS detn gat SR L on
filter. .A : 2 , :

}Ixs ni d_Z] caf%@gﬁ 885. d?gf?g?ga @Sﬁa eél:'l'a caﬁbggﬁag]@éea caoT@i:lga]tlgg]ogg]eca] ca) cal ca
] ca] ca] ca] c adceired @hadrhtosd sigata] cLa! @ X \i W&
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20 such as broadband modems.

Whilst the above embodiments have been applied to radio communication
systems it will be appreciated that the present invention could be applied to any
communication system using FSK, for example modems.

25

Whilst an embodiment of the invention has been described above, it will be
appreciated that this description does not limit the scope of the invention, which is

defined in the appended claims.
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a demodulation finite impulse response filter, having said digital signal as an
input and an impulse response corresponding to the transfer function from said
10 digital signal to the original data signal, for filtering said digital signal and for

outputting a signal corresponding the original bit stream.

2. A demodulator according to claim 1, wherein said original binary bit stream has
been modulated using frequency shift keying, the demodulator further comprising:

15 intermediate frequency multiplication means, having an input of said digital
signal, for multiplying said digital signal by a sine wave, or a digital approximation
to a sine wave, and outputting a multiplied signal, said sine wave having a frequency
approximately equal to the intenﬁediate frequency of the received signal; and

a low-pass finite impulse response filter, having an input of said muitiplied

20 signal, and having a low-pass characteristic for filtering said multiplied signal and for

outputting a low-pass filtered signal; wherein,

said demodulation finite impulse response filter is for filtering said low-pass
filtered signal, said demodulation filter having an impulse response corresponding to
the transfer function from said low-pass filtered signal to the original data signal.

25
3. A demodulator according to claim 1, wherein said original binary bit stream has
been modulated using frequency shift keying, the demodulator further comprising:

intermediate frequency multiplication means, having an input of said received
signal, for multiplying said received signal by a sine wave in the analog domain, and

30 outputting a multiplied signa! to said analog to digital conversion means, said sine

wave having a frequency approximately equal to the intermediate frequency of the
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10 stream is filtered so that it has the shape of a cosine wave.

5. A demodulator according to claim 1 or claim 2, wherein the characteristics of said
low-pass and said demodulation finite impulse response ﬁltérs are combined and
implemented in a single finite impulse response filter.

15 |
6. A demodulator according to any one of the preceding claims wherein the
modulation index of the received signal can take at least two values, said at least two
values each resulting in a diffefent amplitude in said output of said demodulation
filter, allowing the transmission of more than one symbol per transmitted bit by

20 encoding additional symbols through the variation of said modulation index.

7. A demodulator according to any one of the preceding claims wherein said received
signal is modulated using frequency shift keying on both the in-phase and quadrature
~ components and additionally comprising a second low-pass filter and a second

25 demodulation filter for demodulating the quadrature component.

8. A demodulator according to claim 7 in which said second low-pass and said

second demodulation filters are combined and implemented in a single filter.

30 9. A demodulator according to any one of the preceding claims formed as an

integrated circuit.
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to have an impulse response that corresponds to the transfer function from said
digital signal to said original binary bit stream, to generate a demodulated signal

which corresponds to the original bit stream.

12. A method according to claim 11 wherein the original binary bit stream is

modulated using frequency shift keying and further including the steps of:

multiplying said digital signal by a sine wave, or a digital approximation of a
sine wave, said sine wave having a frequency approximately equal to the
intermediate frequency of said received signal, to generate a multiplied signal;

low-pass filtering said multiplied signal with a finite impulse response filter
having a low-pass charabteristic, to generate a low-pass filtered signal; and wherein,

said step of dembdulation filtering is applied to said low-pass filtered signal,
said demodulation filter having an impulse response corresponding to the transfer

function from said low-pass filtered signal to said original binary bit stream.

13. A method according to claim 11 wherein the original binary bit stream is
modulated using frequency shift keying and further including the steps of:
multiplying said received signal by a sine wave in the analog domain prior to
said step of converting, said sine wave having a frequency approximately equal to the
intermediate frequency of said received signal, to generate a multiplied signal;
low-pass filtering said digital signal with a finite impulse response filter
having a low-pass characteristic, to generate a low-pass filtered signal; and wherein,
said step of demodulation filtering is applied to said low-pass filtered signal,

said demodulation filter having an impulse response corresponding to the transfer
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