; e3eNmdN | 4* 6 TdEML *159159* *C ~0002* -1 APPARATUS AND METHOD FOR

DEMODULATI NG sent invention relates to the denodul at | of
di gital dat aJMMﬂN‘M@l ng frequency shift keyi-ng or phase shlbﬁ/my@’m
It is partic a led to the 5 denodul ation of a digital bits ”//I//I//ll/
coded and transm"t‘-‘t95§'pat a high data rate. In Frequency Mdul ation (Fhdp;.
data is used to vary the frequency of a-icarrier signal. 'The carrier signal
has a given nom nal frequency and this is altered (either increased or
decreased) by the dapaRNEMAND METHODAOR TIEMODUAIRANODLfA2 FM 10
signal is given by: y(t) = Acos[WwFt + nf(t)] (1) where, y(t) is the FM
signal, w,Fis an internediate frequency (IF) of the FM 15 carrier signal
in radians/sec, t(t) is the nmodul ating (gata%”si_gn | ., .mis the nodul ation
index and A is tH&CPESFNARVERHAN r¢lpfgeto the demg l@lano}résﬁaééatamoct%ecm si gnal

is then up- ILghe I Jon &r 1.551.Q0: n
ant enna. _ For g isaahey At Ky EIESy st SRR Rl by pRRRADS BRIC e

appr oxi met eldymd@ilafibizof Sdigiglbitstteant e6dudaind tiagsimitted af@highidgfaghtef (t), the
up-converted sigxiaa . V' %t), is received through 20 an antenna,

down-converted to give y(t) and then nmultiplied by sin(w,rt) to give a
signal g(t) according to the,foll ow equati on: = sin(w, Ft) A cos[wt
Ty %02) 26w FEupRy e Rior R 4R el B it feabigi St dartie” | ¢
used in the gaRal Al @Rie?bighkithas atgwﬁmiﬁm&gaé&ytamu{{pmm@;e%cteﬁh&na' from
the nom nal FM carrier. EXpanding equation (2Z2) gives: g(t) = A sin(w Ft)
{ cos(w~Ft ) casjrediséd o1 decrepsatl) Wy tthesdatd sighdl] Th8 Oharactéristia efjsativndf a FM
w, Ft+nf (t)]-sin[.nf(t)]} (3) -2 Generally, c~ ~ Ft is large conpared to
th? f r eddfen&ipnglis gvepPYso a | owpass filter can be used to renove the high
fréquency termin g(t), leaving: g'(t) _ -'"/z Asin[nf(t)] 5 (4) In cases
where nf(t) has small anplitude, sin[nf(t)] is approximately nf(t) which
y(t) = A cos[wyt + 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 the 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 signa:. 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(wpt) A cos[wt +mi(t)] (2)

25 where sin(wgt) is a locally generated IF equal to the IF used in the modutation of f(t),
used to separate the modulated signal from the nominal FM carrier. Expanding

equation (2) gives:

A sin(wypt) {cos(wpt)cos[mf(t)] - sin(wt)sin[f(t)]}
Y2 A {sin[2 wt+mf(t)]-sin[mf(t)]} 3)

g(®
30



|l eads us to: g (t) _ -'/z Anf(t) (5 10 Therefore an FM signal, in which
cart is large conpared to the frequency of f(t) and nf(t) has snal
anplitude, can be denodul ated by (i) multiplying the received signal by the
same | F used in the nodul ation process and then, (ii) passing it through a
| ow pass f Iter. The transmission rate of the data may be increased w thout
adversely 15 affecting the bandw dth by ppdul ating both the in-phase and
guadrature conponents of the system Data is transmtted on both the
conponent s al.l ow the tr 1. SSI of - 1 i ch_data in.ihe sane
bandw dt .+ Porealf bt BRERSERRE o Vet AT g <8k ot nliiea Fem,
The digital @addordmdvethd highFeqaeRY tétn @ git)Jlehdhgbi t 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
continuously. Therefare, m ni equation ( | ) above shows at the
nodul at ed si gnal Wil s‘vm%ﬁ%@?&@én defi ned frequency val ues. E‘ﬁ system
such as this is known as Frequency Shift Keying (FSK). An exanple of a

si mpl e FSK denodul ator woul d consist of two narrow band ' ' ' 25 pass
filters. Oneld dabésewhdrs ntfhkad snalitdneplitudeg si@faf(t)pfs approXimiely raf(t) wikieh ot her
tuned to the frequency of a "1" bit. The output of the two filters is
conpared; thadmestith the highest anplitude is selected as the current bit
val ue of the signal,t To QLJRWE &e signal to be transmtted effjgiently over
a channel which c ﬁ&t transmt DC signal energy well, for exatiple a radio
channel, the digital bit streamis 30 often encoded to reduce the DC

content of the signal to as close to zero as possible. Various techniques
for _[)t hi s 18r eTherofore ansiesignal,va ndiehswelris dasgl eamparedviol the frequsaicygf f(t) and Af t er

d , the d [ | is fjlt d, t e he s. d d red
the har mont BB atpL gt et o AerBg B WomnBAr SR Fehetrr o
transm ssi ongy Haisgmé i1k LIS tahBdAbEEPProbsss b theh @) pRsthedt fHr [ WM
Modul ator. The transm tted signal no |onger containS two well-defined

frequenci es pwms filter. har noni cs 5 associated with a step change in frequency

are elimnated. FSK denodul ators jnpl enented . on programable Digital Signal

Processors (DSPs) The Eanspuspen nats fhe datp may bsjingredsed pitheutiadvessely| i cat ed and
requires 15‘3”%(&42%5 Santi&idtf By fYcthRfing BBihSthé ﬁﬂfg‘ﬁa&?ﬁn& dP:ﬁfr‘re%f Bafp%fiéntPSPS
with a consequen Pal” ifcrease’ in pomeg consunption and coOSt. PR an
ai mof the pofhesysténVBath istParismitpdon beh e dompoastitsl alttaving thexkisnfigion-SK or
PSK. It is a further aimto mnimse the cost of production of a

denodul at or @fdwigesis reuchmigge inghe same bandwidtBr aimis to reduce the power

consunpti on of amy S of, B9 ASHOMNRLGE uslle¥Elh NS Thi Bigh iig” ease

the transmssion r coniruni Ion system w adversely airtecting
the signal bR etpfessed as a digital bit stream representing the bytes and words of the

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.



15 According to a first aspect of the present invention there is provided a
denodul ator for 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 keying or frequency shift keying, the denodul ator conpri sing:
analog to digital conversion 20 neans for converting said received signal
into a digital signal; a denodul ation figite inpulse response filter,
having said digital signal as an input and an inpul se response

corresponding to }\H?r éog?ﬂrésﬁ aflzyé?%l]iefl ?snﬁlft osrgrlnﬁvgfhg' Q\?’Jreﬁ aa!ndtrg dee

original data signa erl sal | ta or ou putting
a signal cortheapenshicagredat, @bn@qtil@itlybbduc&igrtﬁ@%n@ﬁdtﬁ&fedﬂﬁtdﬂqoﬁ denodul ati on
‘filter operating in the digital domain, the present invention allows the
signal to berasmssidnaibis filtered @tmgg@alcs tbclkfetdynﬂoa stangldrd iyl ModulptoneThe

consunption., Furthe r ment at i ative because
Che conpl ox F3PSTutie SRl mp FeeT EPrFAIES HL G g e AR BHEt || ¢ or
can be creatfd,&asd vath%@e;Pélﬁ h RAuakt éggﬁﬁgpcq_ circuit. 30 Preferably,
if the denodulator is applied To a si gn nodul at ed using frequency shift

keyi ng, the demdﬁﬂlﬁﬂemodmiytofs.mnmanemeﬁrm pogramhablerBiied 8ignal Arokesqtsency
mul tiplication rreans havi ng an i nput of said digital signal, for
mul ti plyi ng @4k a enedqnpml éiodvf—apr the napkemgtamécos&phaataﬁi alilci EQUIEHMARY mat i on

to a sine VWeNEp ft?(%iﬁ vBH:iets' e§ 1! dsg gf %@sfwﬁﬁh(éoﬁéeag?n\égﬁe having a

frequency appr OXI ma € I nterme requenc e received
Si gnal and lacﬂe@slylﬁpaa&ﬁcddsﬁmbﬁomam&dge response filter, haV| ng an i nput of
said multi plied signal, and having a | ow pass characteristic for filteri ng

sai g nul i@plied shteren aigref thopresant puventienmjiopre\ide pninproved daneeiulatomnter

wher ei n, i t|o inite ul se resp ter for filtering
said | ow pas&lg FPS#(& o algbfodnng’érﬁbsﬁﬁ}fea‘i tgcﬂsq;?(;l{cgpn ﬁS@ﬁﬁ‘a"%‘r‘}aiOﬁpm se
response CcorfoeFRRNFPYK. m shhqruﬁtmra&ﬁ & tofrbdifek kRpowep Bdisahiptionwf RASSKS i | t ered
signal to 10 the original data signal. In this case the denodul ator is

const ruct ed drRHK dempdudatandh Eﬂéaphta@dnns torindreaso thporansmgssichi rete afrae wel |
suited to manufacture as integrated circujits. Furthe Il the
conponent s rf&?‘rﬁgnlﬁfﬁﬁngsﬁfétﬂmt%gbfﬁ@Pg‘feésql%atlgecgflﬁ&eélﬁai)g%da}é% . In one

preferabke alternative, when the denmodul ator is applied to a signal 15
nodul at ed usi ng frequency shift keying, the denodul ator may further
conprise inter rredAatwdxhgemalﬁmyspmt dsﬁthb bma&ﬂtmenmnﬁxcrdmpimgdealm i nput  of
said received signal, for multip g sai.d received signal, a sine wave
in the anal d¥f tor fordemedn! ﬁm&q Wgelaedmgrtail fﬂpr@antsr}ggﬂwrl%ali’araay 8Ral og to
digital cony 0 mat el y
cqual to tnetcar heTEE bARL L ELAGnlGHE, BRYAR Rk FRUREN RAREOY 7

| ow- pass fi Fﬂrécﬁlehtm)sﬂlﬁ&eﬁﬁg,ﬂﬁﬂﬁ&nbdﬁlﬁef corlygisinpg afdlog wpdigitaifcoredrsiodi gi t al
signal, and having a | ow pass characteristic for filtering said nultiplied

si gnal aR@ frocarx;lfpmqnﬂ/mggaaqdme@\e@s@lgnal inte edigiplgienal; afmcéiuhahogé‘irmte

dempdul ation finite impu ons ter 4 8 b o fidbarin | ow- pass
filtered si g‘%“&egsﬁp& rrgﬁ %@%Uﬁ%’f |%Sa“$d'1gftal St ngv?snaél lgﬂmlarlrlgu se%‘rﬂzsg f)egﬁg%se

correspondi %rﬁe@;géd@ﬂlgt toaRé fr@sféritfdtioatrdni o4 S%Etﬂl Séndl MhRSiBinal data

filtered signal to the original data signal. Advantageously, the orginal

bi nary bit sﬁngr@é,rfpnﬁpem sand digitalsignal @mtgfor putpn@slgtamgr@hqpeesmmhngﬁm ne
wave. The de%_l&é 3) the denodul ation finite inpulse response filter is then
sinplified KU | have real coeffi CI ents 30 The denodul at or may
be furthes sinpligy %gkngx &mhﬁllﬂﬂﬁit%ﬁ%i T%l?al h@iﬂaﬁﬁﬁﬁ R&nt

denodul ation FIR filters in a single F is wll give a -5

cor r espondi nigversibmctiiows thasiging te bs dermbdulatpd mrfesmglcn glothk ey‘de,lmdiuhgt}mr

Advant ageousl y, the nodul a}gl on |ndex of the recejved S|gnal n take at

| east two valPQhes cossymption. Furtharmoyg thg implemeniglion sJglativel &8456n wi t h
the transmt nbol per
transmtted %??oﬁ?}e’\p} f/% %ﬂs retdhg(ﬁelr(gegl&?ﬁ%%h?hxcq?g{smg% lw%%%%%%& ef f ect
on the bandwirditbd essilyiand dhedphcoeasintggratb@cinaitul ati on index will result in a
smal | increase in _bandw dth. However, decreasing the nodul ation i ndex wll
gi ve a sAfl | redugﬁf%ﬁblydfﬁmw}ﬂo%@?@%ﬁ%a Slﬁh@r@d‘%at?%bm%tentl al to
transmt at r ut adv bandwi dt h.

10 Accordin ?‘B‘e c%%gﬁ(ﬁylﬁ 3‘5 H‘l(ﬂﬁté)r BPX?%@E“X%R‘}BH%"' 181[6“%%1 & is provided
a nmethod of denodul ating a received signal representing an original binary
bit stream the original binary bit stream bei ng nodul ated usi ng phase
shift keting or frequency shift keying, the nmethod conprising the steps of:
converting the received signal into a digital signal; and denodul ation
filtering said digital signal with a denodul ation




15 filter designed to have an inpul se response that corresponds to the
transfer function fromsaid digital signal to said original binary bit
stream to generate a denodul ated signal which corresponds to the origina
bit stream A preferred enbodi nent of the invention will now be descri bed,
by way of 20 exanple only, with reference to the acconpanying drawings in
which: 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_.invention. 25
Li ke parts anedisamsminmiaicianes, i aninoy ol sl SR (o5 ng t he
present invepti W L APWeRE b9 WaR, ofa Seltal e xHRStFdn Bla of the
preferred eﬁ@gg%ﬁ%é&eﬁ%lﬁbeggi \})2n I] ater. ’%0 iﬁtg toréJ(Ij)gr xto desi élnsngn

i nproved FSKwave, BiKodtentitiglaahatipli¢d signaheaebseer watechavingsa fileuendye

characteristic equations of E]he transm’ét ed data and al so the desired -6
out put f r om MPECHBHSE(EARb O the Htermediie ipgienperighe sresivre sienpleante loy- dat a

he-pri nct ol RECAE0C ihisd RASHSE skl sl uh BbuP Y SRl RBRAAAAL B ot

The di scussigdving 4 lothas@ich@ﬁcfbﬂsﬁo&bﬁ'ﬁltﬁﬁngasaﬁ R0Riplied sigh#itagd forsdutgutisi,
however, the L))erson skilled in the 5 art will appreciate that the

princi pl es nalovepass filieredmignakdvheseincssisbidamndutagion dnite ippribarespnss ifmigr BSK. | f
t he i mpul se response that wll.transform an, FSK si.gn onsi sting of only
one pait of 1oF SHEMaREHS B Phs Ul Nl baRpusmosp R Bep B R ey
can be used fg &ﬁ%&%s?%ﬁdiﬁ@l’o Ak Riah&te¥ JnkRh SbHRAL 16WPasSilkdded Sihnslagdom NRZ
formatted j 10 data with the same nodul ation index. In the discussion above

it }]vas nmaft | theedgidahtdata kignali gi tal data is filtered before being
transmtted. Variopus filters may be used, for. exanple the wave nay be
shaped into a sin® se @F dﬁ‘ﬁ‘ﬁﬁ‘b‘%%ﬁt%“é‘i‘?ﬁ%%"@ﬁ&ﬂi?“ﬁ?Iafl‘éllt‘i(’ﬂ@l t he
data to have :}ﬂfcf i L I ok ikte a8 clrf\Gtst F ] d data
m ni mal transm tngg{sﬁﬁ%haﬁgv%ﬁt%ﬁei\s%n?%twﬁiag“% gé}.atheccasest en |th§an be
assuned t hatalt the cohohéits mgy be dasifndd(tb opératedn asitigheclvekveycleN t h ref erence to

equation (4), the output Wg (tz, after nmultiplying and tow pass filtering
the received signHl ongjrefe le glternayive, when the dempdulateis apphed|to asignabo where A

is the cagrier l,i tud i : n i i.ng
frequenc?gofmf)ﬁ‘glg}c%gs‘fls“rrl1 %@g&yesggtefé%ﬁé?nﬁge %od%%%g_ﬁ%@ﬁ%@&ﬂﬁ 1°6n i ndex m
therefore repigaRitate frdifieAdiPhbiltiplieattn rhéting, WRMR anGRfR SEBdild Petelved sibahB.
Typically a large value for mis chosen to inprove the signal-to-noise

rati o (SNR) foF muléplymgrsaidi reesivashsigml by gsingiwave 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 input 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



We can denodul ate this signal by considering what the output, x(t), from

t he denodul ator should be. For data assuned to be represented by a cosine
wave this gives: 30 x(t) = mcos(c~",t) (Sa) 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 Fourier transform of equation
(4a) and equation (Sa). Transformed equation (Sa) is then divided by
transf or ned &ﬁ%@ﬁ 3 Innls i : MG du expressed in the
frequency domai n.6@#&8%@0&3&P%Isc\p())gtn&sﬁgﬁlg;ernﬁzlhg;hs{ em | spd??{én derived by

t aki ng the i nver sadvamadestisly, thasibailaicd indbe of thanedeted sipnal dapnakefutféd3t fi | ter
can then be designed which has the correct inpulse response to denodul ate a
recei ved si gl valyes, said af least svo yaleesashanripleanon combinatipe withdhe wansmjtted gnal 10
was a cosineg . waye neans.the .FL.R filter, has onl eal, coeffi.cients. A signal
g (t) can tﬁ*&ﬁ%ﬁw g PN Q}re@answypﬁgi PEr %“Sgltéffi&étn f requency
and feedi gg it i nygridpanEhRdhiatib®inded As WY Bharkmandttdet §n fHeldaBiwidh t he
signal x(t) sanpled at the clock frequency of the FIRfilter. It wll
appr eci at ed rehuited hercsmifthe medulstiaf intdére will Rshit fit @ small ircrdase pener al 15
depend on tkg’a Saiﬂ;j ng frequéency, transmtied data _rate, nodul ation index m
and t he anpl fandyidth Haweyesrdspreasing thg tionrpdex Wilkgive s ampll ssdustion i 11 be
set for a gi 3 ﬁmﬁﬂm. i : N . . Wrt her

i ncrease the%?)? gﬁ@m Ssi %ﬁltef a reesl|¥?1ﬁe§§%€fn&glr1&)st£ag§%ﬁtl%ﬁfh pg}erlazfq?éértg“é%gégi gned

t o denodul atgivarsslyGiffekting the bandondw val ue of mthen the 20 output, given an
i nput x(tzl modul ated with that value of m is x(t) as expected. However, if
an ynput 1&' (t) nodiedosdieg tovk sa¢ond aipeeteat dha presantnvention, therg ispgevidede out put
is not x'(t). JTh hape. of . t he wave I.s the sanme. but.the .anpljtude differs
fromx: (1) mebog o iaRGnRhinerfie BV el BoedERToe S LPERH PR EGSHT ¢ ne

di fference hatwagihal bifaryReistRbiMRingEetalftd ¥sihg phad hiffietiAR dk frafudRy i ndex
that the filter was designed for. 55 The val ue of this constant changes

wi th a si ne-shift keydog.ftheoethod camprisiag thedugnstaf osenivertiog thef reedieed signal intg

varied, ass uangiirglﬂalts?genaﬁ%nns dgr%gglﬂgtli% fil?er}infgl sla}de c{igftaﬁ sygsngfj with a demodulation

15 filter designed to have an impulse response that corresponds to the transfer function

be

from said digital signal to said original binary bit stream, to generate a demodulated

signal which corresponds to the original bit stream.

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



This allows the transm ssion of nore than one bit per transmtted synbol by
usi ng additional encodi ng which varies the nodul ati on i ndex. For exanple, a
systemcoul d use an FIR filter designed for me3. When data nodul ated with
m=3 i s 30 denodul ated the output fromthe filter will be x(t). If data
nodul ated with me2 i s denodul ated the output fromthe filter the have the
correct shape but will have a _g_ highgr anplitude. If data nodul ated
with me4 is denodul ated the output fromthe filter will have the correct

shape but w r i Dl nar tem. usi hi rinciple

m ght take v%w%@g}oﬁ%fr@%gu&%qm??%pda‘tlggﬁip %‘%‘S{aﬁ%@u@%ﬁgﬁeﬂ?%a W@gdval ues
of +m +0. SMsimONRM BAfg: Aowdvdr! thWiskilled Ber8RPHALApPr@Satt Bask tHePrinciist em coul d
be applied to both the in-phase and quadrature conponents of the

transni tt ed maybaippiied <o degh yhap rsondt dodeg wingend¥iRlZ ksie. AhR denssthn wilbbe f or t he

guadr ature channel and quadrature m xer, Jikew se, the nufti-I| evel
property cr 3YEH3Gm mOPé@t%\sm&fiS&é h@’f’ve‘t’?{ethﬁrlj’ﬂﬁpﬁtskli)lﬁd ihtex can be

extended to : IS : g =T drature 10
Al 1 ade® N ot 5RO ot bR o Py T Aotk ST 1
system of t hgoquiste@nsing PS&ENti on wi |l have a higher inmmnity to noise than
QAM because it wll inherit the signal -to-noise ratio benefits of an FM

over an AM syst ertf thenEpsysstresponic) thatayidldrapsieanian FSKovigral consigingtafenly

d t f . F t AM [.S_Al nbodij t FSK
denodut ot or S ShrE gy SheRRidl o KRS Pttt Bs SRR R eahby &
i I'lustrated jsad i @dmedulate Any mnﬁ.gj{ FSRGighaDEHsisting bERAHMANRY tQHERes he

aerial 2, is anplified by the a ifier 4 before being passed to a down
conyer si b0 clatacwith tl@ saitei modidatroncodexert s t he signal to renove the

transm ssion frequency. 20 The signal then ses t.hrqugh an IF carrier
mul tiplier 8 whi & tﬂﬁ%ﬁf‘ﬁﬁoaég?wga'ameeﬁwgiﬁaéab% lgﬁ% s S‘i“\?‘&dj’e%‘i'fanal
according t el L p i r i b R_RhJ is
Fhen conver ool EirsAfuedt VaribROrReD ARl be B, i bptAhe bale B boRhbR |
(ADC) 10. Arinwmvesisawpleor ddprovieratedpnipt eave bepollipiering tho miatatte hatd3heé0 at t he

operating frequency of ¢lock 18, Next, the_outéjout fromthe 25 oversanpl er
11 is passedommebagpsingiunction wlf give ihe transmitpd-dataypinimaktrangatied eri stic to

i1 LT OF  WhRalyat SURGRRNL s D ErcclPtibn LCARLERRubich i i BBATIERTESEN!

Equat i on sanpl'ed at the clock Trequency e next componen the FIR
demodul at or sighal f{B)is aicBsiflesage OMith eeféranc tarRqudtionl (8 tHeaspoutse (9atfeespondi ng
to the transfer function fromthe output of the | ow30 pass filter 12 to the
denodul at ed rewtiplyingiandiewcpdsy Beranmihe reagiver signal Wl edge of t he

transm ssion paraneters of the nodul ated signal. The output fromthe FIR
_g_ denodul ator 14 thus represents the denodul ated signal, sanpled at the
clock frequency. dFupal ky -hesmeaedsi,Hp decodes the signal x(tapnd out puts
a pure digital bit streamcorresponding to the original transmtted data.
The decod@r 16 decodes the signal according to the schenme used, for exanple
5 nchester_codi,ng., I f the codi of. the received sign has been extended
Lo el ude VHIT A theCamt ATl toshik Hegord i Sy B IR SRR nbo)

per transm tdregk Qisine WAR EFeQMGhe 1R Mitd. The hiRulBbe ilfeRm HRtFodat a. The
decoder 16 may be omtted if the data has not been coded, but in nost
practical sircpmsintnthe@oglingiewfthis bavespteseminigrithe data. Typidably mdarge valle An
optional integrat OF‘ 17 and DAC 19, are al.so sh? in.Fiqure 1, These act to
i mprove t he I9ERDEGNSTB IO HBPOYE H’&r?&gé‘a[iﬁf'{i%?erré‘EPlﬁgRgﬂf/ 5%81’?““8?938?% bet ween
t he frqu;n s, the received signal and the local oscillator frequency in
t he denodul ator. The inplenentation may be further sinplified by conbining
the FIR 15 denoduWatcan déshodulateltinig/signaldsy donkidéring whattRe outpat, a(ty ifrogh theFl R
filter. A second enbodi nent of the invention is illustrated in Fijgure 2. In
this enbodi rdsmoduiater shpuldher Ferdata asspped todhe reprepenfedsbyg epsine wavertBisdi gi t al
donai n. The qg&structi on of the denodulator is the same as the above first
enbodi nment , %xcépt as described below. 20 After the received signal has
been down-converted, it passes through an analog anti-aliasing filter 20. A
| -bit ADC 22, for exanple a conparator, is then used to convert the anal og
signal i#00 a di gibat ms¢ogiwait) An oversanpl er 23 then over(38anpl es the

out put of the ADC 22 at the frequency of the clock I 8.




The IF carrier nultiplier 24 carries out signal nultiplication in the
digital 25 domain. In the present enbodinent this is done by cal culating

t he exclusive-OR function of the output fromthe ADC with an approxi mat ed
sine wave of the correct frequency. The sine wave approxi mati on has the
form[l,0,1,0,...) in return-to-zero format and ( 1,0,-21,0,1,0,-1,0,... )
in non-return-to-zero format. Therefore,7ithe construction of the IF
carrier'nultiplier 24 is sinplified, and the nunber of analog 30 conponents
required is reducpgh op-Epﬁloﬂlngdeﬁﬂdamatté}%ah'ﬁle@&Bfétﬁrdeﬁﬂﬂﬁeﬂmﬂﬁrfre%ﬁleh then
passed directly to the - Lowpass FIR filter 12 and denodul ati o
proceeds i n doneis asrhe mnsier fuastidrofromttbe eoeived Signalf g’ @ivlio tienmmnput, e above
first and secqond enbodi mant? ha n&( descri bed extending the nodulation to
i ncl ude bot hTHiH! H%Caéh'aF & by HHHe Rewies transfpen ebsnon (iwndved by

app! yi ng th t i

providing a econ%gzﬂ@u?&fﬂéh Q?Qé)éggé)ﬂgtﬂ&ﬂdg@ ﬂr F}dmgg(r%%%ét}rgjl’ti on of
the recei yeq4guadivd e erafidfeinfihetioth expsikdskd ﬂﬂtheweqmcwdbﬂnaﬁpmh@ﬁhﬁmethat t he
above first and second enbodi ments nmay be applied to Zero Internedi ate
Frequency (Zesponskeofittiesystérois then deéniveddypakipg thetisverssfi qurientransfisrm afther di ng
to the present nt.ion there is provided an FSK denodul at or whi ch gi ves
opti nal perf@f“ﬁ%ﬁ\é’é‘cﬂf?h a cheap cost of manufacture. The denpdul ation is
provi ded entir el yu YR il birl thei Be deprla A IR RR: fuRGIHBIRG: fon 15 one
clock cycle, and thus is ideally suited to applications wth ["ow power
consunpt i on deempdulaenzereceived bigngdr dis dig casa,vthcm agsomptisn ttiaeﬂ:efrm@laﬂgangrmgeous |y

applied to portable and | ow paower 3 %pp i.cations, Additi on é since all
opey at i ohS ¥ AROSEEYVEANGSHE therFIBrf teg hacqolk g éoefﬁﬁémﬁr‘%§’éﬁ§ V&M i on i s

Fr ansm sai onnose R Sub 6P RIS WA Ray drd Bty £ "

enbodi ment s thaViR fiken Tap phipacfrbm tl‘nacﬁl(ér Bah@sighal a(t) samplys hh® clockwi | | be
appreci ated that the tE‘;esent i nvention could be applied to any
comuni cat i drequgrayearhtis FiyiitaK for exarrpl e moderns. 25 \Wilst an

nbodi t of th t
apprect ared ¢ nar 1t HALBERREPoABT aiE IR O flenR ok PO RE I il ineepiia
inventions \Wep&dl dibthd8hinpRak fr&&h@y,@ﬁﬁﬁﬂﬁﬂd dafadht@Bmodulation index m and the

amplitude A. Therefore, in general the filter coefficients will be set for a given

communication system. This fact can be used to 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 moduiation
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



-1.1 CLAIMS 1. A denodul ator for denodul ating a received signal representing
an original binary bit stream the original binary bit stream being
nodul at ed usi ng phase shift keying or 5 frequency-shift keying, the

denodul ator conprising: analog to digital conversion nmeans for converting
said received signal into a digital signal; a denodulation finite inpulse
response filter, having said digital sigphal as an input and an i npul se
response corresponding to the transfer function fromsaid 10 digital signal

to the ori gimg\lierq fRrudle o dkea xﬁ&{uﬁtéd {vith infgy ﬁfﬂhgxogﬁlgiehfﬂlle mpmiorﬁg% for

outputting a gna corresponding the original bit stream™ 2. A denodul at or
accordi ng t dilek avilrhdye thheorea skaiedbuomithiadawenamplityddiA binbryegsemasitgeen

nodul at ed using freguen shift keying, .the denodul ator further conpri sing:
15 inter rredltbltsé’“FlF’@lfUé\rﬁé‘gtqlfﬁl"?qu’rP tﬂl.aaﬁ "R, 2 ey aYstem sghtossesai d

digital 5|gqphmso b%hplygggmaahp digital signal by a sine wave, or a
digital approxi ma oh d Sine wavé, and outputting a nmultiplied signal,

sai d sineswave hél’t/wlilgbé\aﬁ r@aatemmat fHRPSyRETEI R Ye BSPIRY té Bothe infiRkeedi at e
frequency of the receive gnal ; and a | owpass finite inpulse response

filter, haviang qandrahlpmoroponsais@f ﬁmtranpmntm smnabbjg smlply providime/a sepond| ow- pass
characterlst fil n ai d t|p|ed and far utting a
o pase 1 1155 BE derpdiiaton e ghatiirg @ LR s rer G,

response fi ltﬁ?\tn'u!@ 3168l prbhé&ye&bgtgd ﬁfluﬁ éoﬁ%l@&ﬁ?arifahbﬁ 6 & nfidR@on 1§<Pc'xd

denodul ati on ter havi hg "an 1 npul se response corresponding to the

transfer funahibeextendsd toauch & oyvtqnashbus reblishigealsysteaypmsimilaotd Qeadvatugy nal dat a
signal. 25 3. A denpdul at or accordl 8}9 to claim1, wherein said original

bi npry b s%mglawﬁ%odwéw R qIBIOFRy Whea gHtendsd igthis tvay ete gStemne
dermodul at or nﬁ‘r%en? @%‘Sﬁ gr hdv@ta V%Ig? hﬁ%n{n} ?%%?&Cﬁé?@p{m BbifG8k [on

nmeans, haV|ng a ecei prying said

received si %ﬂ'lnﬂi}é{'ﬂ%@él@&hl%‘ﬁ&sb thiof‘&nélﬂaloﬁgn #8016V an AM sple@UTIL tiNg A
multiplied signal to sard analog to digital conversion nmeans, said sine

wave havi ng sastﬁmeqndieqi%ybe@pﬁtfwmmﬂtt@ gthecasdypntages afaniiM éympa@reanff?xkfhuency

of the
system.

15
An embodiment of a FSK demodulator for radio signals according to the
present invention is illustrated in Figure 1. A transmitted signal is recetved through
the aerial 2, is amplified by the amplifier 4 before 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



-12 received signal; and a lowpass finite inpul se response filter, having
an input of said digital signal, and having a | ow pass characteristic for
filtering said nultiplied signal and for outputting a | owpass filtered
signal; wherein, said denodulation finite inpulse response filter is for
filtering said |ow pass filtered signal, said denodul ation filter having an
i mpul se response corresponding to the tr@ansfer function fromsaid | ow pass
filtered signal to the original data signal. 4. A denodul ator according to
any one of t [ i nay ' mis
filtered so({% O%E%lﬂgg ﬁeﬁ}e té"fﬁ‘é Qgg‘gg‘?ﬁgiﬁﬂg‘ ¥ar9%l%diptg§tcfo gl at or

accordi ng t dreguendy Finally cﬁeadem)c?ar l‘ﬁfmleécﬁieﬂ tHeNggrahatpatdedutits & purfdigiadld

| ow- pass and said denodulation finite inpul se response filters are conbi ned
and i npl emerhitetirepm C@rrgsm@ﬂmgftpmhet@glmmnas@nmeég@tﬁse filter. 15 6. A

denodul at or accor.di n Y, 0on f the prec d|n e|n th

nodul ati on i ndex ﬂ\“@ﬁ%&fz@ F éFs eSHBaal 2T %ﬁ(té' %gg’é’tus? ¢ said
at | east 4§ wovyhd§er &ﬁﬁ{gt iﬁﬁ%&dlﬂ@ofﬂﬂe@ec@ivfeagi Qltha@?s@éﬂ E)#lgﬁieﬂ@o ﬁﬁmeout put
of said denodulation fil allow ng the transm ssion of nore than one
synbol per tvnasynsgﬂhetmmﬂdhattonhyd@(aoemnmﬂlt nrathdn bne sahbalypeb thisntittedbigh t he
vari ation of s% nmodul at i on, i ndex A _denodul at or accordi ng, to any one

of the precdbf Oé?ra]iwll\/ﬁ%‘?’é’it‘?ip@h?hbs 4%3@9@8‘3@%}1@1{“@‘0’?3@683? ifdle dagp ng
frequency shj n ts and
addi ti onal | r&aég%t;%gPg%&ébgtggg%épﬁg\%\fcaggs I ﬁner aiﬁhgfjs{é%ggg@@mg
dermodul at i opeffotrhaicef or dermpdul ating the quadrature conponent. 8. A
dem)dul ator according to claim7 in which said second | ow pass and said

nd dthodul at ihoptianekiniegsater Eownsi PAE 1narcialggl sbﬂ’ernﬂ@&xgune b Hieaghas

f It 30 A d d t t f th n | ai ns
For o e PRSP REAARb R SO0t 300 a0 ol B RORER B
denodul at or fRiuay &&1@&@%0&1 ﬁ%@dl Bhd the-lodl BREINAGE ﬁéq[ hﬁép)ﬂkt{h@t ing a received

signal representing an original binary bit stream e original binary bit
st ream bei nglemodullatored usi ng phase shift keting or 5 frequency shift

ikﬁ%/i)ng, d;[ giet gFt gi 3{%;) el;rllesrxltart]i%ntrrrx]fgl bsetfexptfsler SImpllfonveyréolmrQn}nrg]%h rﬁ(i{el ved signal

15 demodulator 14 and low -pass FIR filter 12 into a single FIR filter.

A second embodiment of the invention is illustrated in Figure 2. In this
embodiment, the IF carrier multiplic?tion takes place 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 is reduced.

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



denodul ation filtering said digital signal with a denodulation filter

desi gned to have an inpul se response that corresponds to the transfer
function fromsaid digital signal to said original binary bit stream to
generate a denodul ated signal 10 which corresponds to the original bit
stream 12. A nethod according to claim11l wherein the original binary bit
s eamis nodul ated using frequency shiftjgkeyi ng and further including the
ste s of: multiplying said digital signal by a sine wave, or a digital app
oxi mation OfL@W—é»%ssSFIReﬁl M8, and AefhodhiRo Br¥Eed ¥ R s?né adH&E N Yor the
approxi mately equal to the internedi ate Trequency of sald fecel ved si gnal ,

t o gener at e aonelffitstghmbodinsdngnal ; | ow pass filtering said nultiplied signa
with a f nite inpulse esponse filter having a | ow pass characteristic, to
generate a | ow pakge gboyve dirg@and s¢pead embadimeptshay e notdeperibed etesdingdhedul at i on
filtering is ) t. I i [ ian .sai d._denodul ati on
filter haviHagﬁﬁ&?ﬁﬁﬁﬂggﬁgig%%2@%8%%??é%%%ﬁ%?%ﬁ%?gFﬁé“%ﬁgﬁ%? ﬁmfunction
from sai ds| owhiR¥e6 by appl¢in@dhs deheduliter GRtkbedth HealphRicWinal Rhd sitdppgm  13. A
met hod according to claim 11 wherein the original binary bit st eamis
nmodul at ed uspragidingergeeond/ dghodulateeas described abewet fhetheidemioddlation ofithest e s of :
25 nultiplying.sa'd recei ved fignal by a sine wave in the' anal og omain
prior to sai'§ ?Y%Aﬂ?ﬂhqggﬁﬁgpﬁ'ng, sai d sine wave having a frequency approx

internediate fre f i i i T, a mult
' ! )3 A SIS Gpe?ﬁin l1llg;ﬁxg%egﬁa%wﬁ%lﬁﬂgh?m;egir&eﬁﬁ séddnd |

| ow-pass filtering said digita Inite 1npulse r having a

| ow pass chasmlsddimensts ntay Heaipghetbtoddezo IntérawdatessErefpudnice (Z21F) degbduldfosai d st ep
of denodul ation filtering is applied to said | ow pass said denodul ati on
filyer hai nyithaprrapriate g10diigabAs% corresponding t~ equal to the d signal
~nse filter and wherein, filtered signal, the transfer -14 function from
said lowpass filtered signal to said original binary bit stream 14. A

met hod accor di ng Aécoadivig @ thePresehEintEntibh thede &provibed &1 FSK emodilgicral bi nary
bit streamis nodul ated using frequency shift keying and the nodul ation

i ndex can t awkiclkgives pptmal mmg)rmemene@ ¥ gheap sostiofj manvfackiempFhesi ng the step

of deducing the value.of the nmodul ati Lndex from.,the anpl.itude of.the

out put of | Sa G SprosEAroi oY Fik B Ap deRRubiafof SRt 50 el
L. ALs. A" 18\ AsseRllock: oyBled&mPrhud isAdeally suited to applications with low power
e|mmnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cajonsiopiiaaieqaivirodud.c Bl praseat invention is therefore advantageously

applied to portable and low-power FSK applications. Additionally, since all

operations can be carried out in one clock cycle, the present invention is also
advantageously applied to communication systems utilising a high transmission rate,

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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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 intermediate frequency of the received signal; and
a low-pass finite impulse response filter, having an input of said multiplied
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 signal 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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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 different 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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converting the received signal into a digital signal;
demodulation filtering said digital signal with a demodulation filter designed
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
) 10 which corresponds to the original bit stream.
12. A method according to claim 11 wherein the original binary bit leeam 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
the

15 sine wave, said sine wave having a frequency approximately equal to

20

25

intermediate frequency of said received signal, to generate a multiplig
low-pass filtering said multiplied signal with a finite impulse
having a low-pass characteristic, to generate a low-pass filtered signal
said step of demodulation filtering is applied to said low-pass

said demodulation filter having an impulse response corresponding tq

d signal;

response filter

l; and wherein,
filtered signal,

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 step

multiplying said received signal by a sine wave in the analog ¢

s of:

domain prior to

said step of converting, said sine wave having a frequency approximately equal to the

30

intermediate frequency of said received signal, to generate a multipligd signal;

low-pass filtering said digital signal with a finite impulse resppnse filter

having a low-pass characteristic, to generate a low-pass filtered signal;

said step of demodulation filtering is applied to said low-pass

said demodulation filter having an impulse response corresponding tg

and wherein,
filtered signal,

the transfer
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