; e3endj] | 4*6TdEML APPARATUS AND METHOD FOR DEMODULATI NG DATA The present

| nvent| on rﬁ ‘ﬁ mﬂwmmijm denodul ati on of digital-data nodul ated using
frequency s r phase shift keying. It is particularly applj®hoba
t he 5 denodul at ks@fiee®f a digital bi tstream coded and transmtted at a high
data rate. In Frequency Mdul ation (FM“ data is used to vary the frequency
of a carrier signal. The carrier signal has a given nom nal frequency and
this is altered (MHMATH&A@&MEZTG{OB@@&BMD&HATIN@BAEASI gnal . The

characteristic equation of a FM 10 signal is given by: y(t) A cos[w,rt +
nf(t)] (1) where, y(t) is the FMsignal, w, ~ is an internedi ate frequency

(I'F) of the FM e | ati ng
(data) signal, ﬁes%fsﬁig%n%egg ?lia(t)ér?q?m angﬁﬁgflg?gwm@i; ?dlgoﬁf)‘rltude. For

radio tr ansmngsfraqnencylslafdiﬂdymggnpthase shifttkepingpkt ¢Oparticilatl; dppliad b wher
frequen §/ or transmf roman antenna. For conventional audio FMradio

S
signal s,” a SeModwaticn 0 A‘%tﬁ‘bp’&t‘ieﬁ‘ﬁtcéﬂ?fi anggrapspittes] ajedigh data mescover t he
orlglnal S|gnal 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(wat)

to give a si gnaln Bretenag Moddlatiéh , Agtafiobded\th Qﬂ’)ng‘yﬁ’&dlﬁ nfi(at

sin(c.>~t) A cos wat +nf ( (2 where sin(w) is Ioga l'y generated | F
equal to t#engl SWPWIWQL%@M@NOWH&MHPGOW and dhis isalteredgeidtee t he

nmodul at ed §i JURAY FM, c Expandi n uation (2) gives:
g(t) = As \ria\%‘—it coagf bty) o‘ga? igpal, %egﬁmﬂﬂi‘§ |°ﬂf“’}"g’{’)°? - % A

{si n[21W Filgzliﬁliigd,crﬁbyn[nf(t)]} (3) 4 June 2004 -2 Generally c~—~t is

| arge conpared to the frequency of nf(t) so a Iovv-pass filter can be used
to renmove the high frequency termin g(t), leaving: g (t) _ -%A sin[nf(t)]
5 (4) In cases e t S |l anplitude, sin[nf(t)] |s approxi mately
nf(t) which Iea\é\/g&Ls %&%“’%@’)m@? Yo A nf(t) (5 10 Ther ef or@) an FM'si gnal ,
in which c.~~t is large conpared to the frequency of f(t) and nf(t) has
smal | anplitude, can be denodul ated by {i) nultiplying the received signal
by the sane IFVdE@siY(thSMMumﬂa@noﬂatpme@dwmﬁeqmmy(Il()mf)hmqm ng it

thr OUQB cln%@’r 5 Sézﬁ dll'aldltagsr/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

3[‘

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(wyt) A cos[wgt +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 ein(m,,,t) {cos(wpt)cos[mi(t)] - sin(wet)sin[f(t)]}
2 A {sin[2 wpt+mf{t)]-sin[mf(t)]} _ 3
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The transm ssion rate of the data nmay be increased w thout adversely 15
affecting the bandwi dth by nodul ati ng both the in-phase and quadrature
conponents of the system Data is transnmitted on both the conponent sq june 2004
allowing the transm ssion of twice as nuch data in the same bandwi dth. It

is known to transmt digital data usingpsuch an FM system The digital data
is first expressed as a digital bit streamrepresenting the bytes and words
of the 20 orq4gi . LQLtal, bt r | i fediscrete
val ues, _uni (GeBRY. Siflnde Bhfbeld o e b RATM BB sBE0RTRR G SRR o o
exam ni ng egsét to@eméve) thehigh Freghienty térhvin d()cleavidp! ated signal will switch
bet ween defined frequency val ues: A system such as this is known as
Frequency Shift Keying (FSK). An exanple of a sinple FSK denodul at or woul d
consi st of two nartaow_bapd, 25 filters. One filter is tuned to the
frequency of a "08 @i é?f&?’ﬁﬁ@ier tuned to the frequency cfg)a "1" bit.
The outpuf of the two filters is conpared; the one with the highest
anplitude is selected as the current bit value of the signal. To allow the
signal to b ¢aseswlere mdE) fef Smell antplitudeysin[naf(Qhia approxinuteli neféthwhicht r ansmni t
DC si gnal eperg well, for exanple a radio channel, the digital bit stream
is 30 oftencd Bd to reduce the DC content of the signal to as close to
zer 0 as-possi bl e.sNari ous A iques for this are known, suc s Manchest er
coding or MIler gc(ggl ng.}%A@?%ne 2004 -3 After coding, the (r@?a signal is
filtered to renove the square edges and reduce the harnonics present,

consequent | %&r educi ng the bandw dth required for transm ssion. This
fi1tered0datherefprea FM sicnalein whigh pgt 15 larescappared tetheisqueney of f(mnd

nar moni cs SE088EmfEahGRARE g pt hfilale YO pHB A BRR i SMEIUERL P 0 "o
demodul at ortgy thepdngsEMisedlinthe podglatioipiolcessRingithal, (i passig iPHocsgsOlos ( DSPS)

are known. However the inplenmentation is conplicated and requires nany DSP
i nstructi orPaé%/@F@s. This requires the use of fast DSPs with a consequenti al

i ncrease in po%grgﬂ%g%d%pe 3 a@%é‘}ﬁyj"% ih&rfji‘)%dﬁ%{%"gér g{?ﬁ'he pr esent

i nvention to provide an | nprov at or It is a

further 18i mffecting thé Parde/idth By easidul ting Potiothe in-phase fand qklraahid|catn@bndn®y FSK or
PSK. A still further_aimis to reduce the power consunption of an FSK or
PSK denodulofthsrsystemyPatais fransmittesd on bosh the qompongris allensing thetzmsmission r at e of

5 Comn S35 2SS R USRRY < octino the ot el banculdth. 3

' It is known to transmit digital data using such an FM system. The digital data
is first expressed as a digital Bit stream represenﬁng 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.




denmodul ator for denpdul ating a received signal representing an original
binary bit stream the original binary bit stream being nodul ated using
phase shift keying or frequency shift keying, the denodul ator conprignag2004
analog to digital conversion 20 neans for converting said received signal
into a digital signal; a denodul ation figpite inpulse response filter,

havi ng said digital signal as an input and an inpul se response

corresponding to . e Is i el i he
original data si és*tr#aéfmgé'@%% ﬁtz{eérigr% lﬁ%t%g%@ﬁegﬁﬁg%kgﬁ%ﬁ@? r%djlf%ut ting
a signal Cortﬁeﬂ%@_ﬂﬁib@ﬁe&d?&, cOhdegidiftly rediicing thedandwititByquissdfor a denodul ation
filter operating in the digital domain, the present invention allows the

signal to béragemisden. Fhiscfiltenechdats signal ivthea Kediptq astandagliEMigodwatop sy

he: conpl o RgATILoq SRR pe gt i neb e oelRed R lnald o Bt AR °7 1 or
can be crea easil aasg% Igggeq dr@bBgitead circuit. 30 Preferably,
if the deﬁp%%ﬁ%?%?%’% ap I(‘lqle tgx‘geagicdg%%al nodul at ed using frequency shift
keyi ng, the denpHSKaemodulatprs impldmentaboppiogeanmable PigitabSignal Prodassmes 2004 - 4
il t1 pl y1 ngUS Dersigpval HopGHe o relege Bt R peoricte iy T dHr RSB et | on
to @ sine papGeu@RibrERY!Hi0RfirtIthe Wbl bPRASDEAi) 8 Bbledilefifanave having
a frequency appr oxi nat 'y equa qto the 1nternedi ate frequency of the

recei ved si jjorhse iapodwer donsarbptimsandfcost. t'e i npul se response filter, having an
input of said multiplied signal, and having a,l ow pass cGar acteri stic for

filteri g said niisansimed the Ryesent BMentiQs o PP Yida 1 Jnproved ulator ifr; o o

si gnal ; wheggj i _e@plﬂ [ g]-“]gﬁggleim Codu B BRPOSEadmddutiior S for
filtering sgg%grgsvﬁblgésga I &e%&gm gnas, said ﬁn%éﬁﬁat‘?%ﬁ Til ter0 havi ng an
i npul se r espeRSK o PSKe Hpstiltifurtet aim ib ¢o tedans therpovencdnsumptioroofiandiSK | ow- pass
filtered signal to 10 the original data signal. In thjs case {he

denodul at ororRSkedamadulatared yet T 3ip) 16 19 RFreate s tRasmIssign it eltponent s
which are well sujt. Hrgqm C S affeRhifghe LheWidys. Furthernore,
all the coni?g%lé%flésahﬁg?gsg%_ esré%%%??% opee?g?%ﬁxl tﬁ%ga@?ang clock cycle. In
one-prefigrabl e alternative, when the denodul ator is applied to a signal 15

nmodul at ed using frequency shift ke%(i ng, the denpdu] at or ma.ﬁa{ urt her
conpri se i nt er netAcerding tpadfirataspectaf thedIresert Iyenton Ahere ISPIOYIRRE 2n i nput  of

sai d received sigpal. . for 1 L A | LA i ne wave
in the anal%&oggﬁgof R?r dgﬁ‘ad%{%ﬂ%‘gg%%ﬁ%“ﬁlﬁfegﬁ ?éggﬁgfghg 1 oﬁias{aé?gﬁanal og to
di gi tal conyesms]he ofiEiatlbinARbil sséane beinganddulatedjusing pleseishift keyipgooxi mat el y

equal to the internediate frequency of the 20 recei vg&lé}s nal ;. and a | ow
pass fi ni t dragpgney shifikeyingnthe dempelator H&Wﬁ@mgrﬂaf?&}? YeIaOFi t al

si gnal , ,and _havi.ng a | St G400 £ il j j l'tiplied
i gnal 2ia PER R Eafieri AR e AL BEb D e gl ighar d BEPORIGRN TR
derrodul at i gphiséidsponse filtey haing &P aipdtal Sighales an inplibandfdnl itpolse gesporse

| ow pass fil tpered signal, said denodul ation_ filter having, an_ inpul se

response coomesponding tghe ransfer fopetiearfeomsaiddigityh sigpg)fp thiagigngl oy pass

filtered signal .to.the original . [ZelpkeTh ; or gi nal

bi nary bit s&“?tg%%%‘j’n%%mﬁh g‘gﬂ gﬂrsé%%g%@Eat Ruﬁg@%@gﬁaphxﬁlﬁ%&gosi ne
wave. The dgpiddNbiPdtrdathe denodul ation finite inpulse response filter is then
sinplified because it will have real coefficients, 30 The denodul ator may

be furt®®r si npByfusiag aslemodilstion filjer orerating ig thedigita] domajng the presenty g

d dul ati FI.LR fjlt . i nal . | y i i j 4 ]
5004 5 conmusation i bty ot nfalBe i b bkl ULt el e? 4 June
denmodul at or,wARMRRLASRAY Phitherkbf O fHHbRirienttion terelatibely bitnplg betaued si gnal
can take atp | east two values, said at | east two val ues when taken in

conbi nat i onherdanipldxity it ransariet tte thetsiesignastagewi hedamadulation ereands of nore
t han one synbol pe’& tragsnyted bit. tV r M}g t he nodul ation index has only
a mar gi nal cEaed epsilypnd GReaply eRAypfparated crouit

30 - Preferably, if the demodulator is applied to a signal modulated using

frequency shift keying, the demodulator may further comprise intermediate



required. Increasing the nodulation index will result in a small increase

i n bandwi dt h. However, decreasing the nodul ation index will give a snall
reduction in bandwi dth. Therefore, there is the potential to transmjyak 2804
hi gher data rate w thout adversely affecting the bandwi dth. 10 According to
a second aspect of the present invention, there is provided a method of
denodul ating a received signal representing an original binary bit stream
the originalgbinary hi.t..stream bej ng nodul at ed usi.ng .phase_.shift keting or
frequency sfﬁeﬂqu{’gﬁlﬂb?h" ﬂ%“}?é?snhﬂ’q%%ﬂpﬁ ﬂgsafiéggﬁlég’agfwconverti ng the
recei ved_ si Galiphodal SlplsBhait A \ble wald of 2 AR Atk bkl @1d ik Sai d
digital signal IBVI!Y![?% a de%odu%g%i n, 165wfi I’toer esiag;r}?gd to have zlan i npul se
response t hatavecmdenpymttitg 4 multiphed sigmed f said finmwavelmvingafreqiedeydi gi t al si gnal
to said original, binary bit stream_ to_.generatg a depodul ated signal which
cor r esponds 3PRFoximately P@i‘qgé‘? thgjigtergied g‘)’c‘eﬁf’%f’gﬁhl’ Efevph signaleand afow-he

 vent Fon Wl 0 e, AERSHHRE e N o ncd Lok pRAL Ngrd 3 7o €1 ence

to the acc anylng draw n I n° whi ch: elis a 1c of a FSK

denodul at or ha¥ifi@a thviHpadseharattefisic forfitetinpesaid mbltiplied fgrdand forpagitting, . and
Figure 2 is a schematic of a FSK denpdul ator according to a second .
embodi nent afow-pass/filiesedsignatweierain saiddemadutation finife yppulseagenoage filjenis ke

f . .heor. der |y n h i i i | | b
ot ot no. Pt QUEHIE S iRl el slghel RARSERodb ANl anBSipHRK' D2
gi ven | at er resgfhsb Bor¥slBdihIoARS ke Fuhdloh B sditovepad Sitcslermighal & o . i

is necessary to consider the characteristic equations of the transmtted
dat a andOal the originabidata gignal. 4 June 2004 -6 output fromthe denodul ator. The
di scussi on belo sunes,the u of. data_c usi ng NRZ. codi ng. wever)
the skilled permﬁ\ﬁcﬁetﬁﬁa‘?’@% t%"lfﬁﬁ?sqf%geg?ol%%f??ee_ rﬁs’f/a_‘poaedag ted to
data that igninesIsthss Well fiteiits n@teactulb as Eltepedisddiftnityi FukthB@ndib,yen in
terms of a signal nodul ated using FSK, however, the gerson skilled in the 5

art will apgltheicomponents mabe gesigned {9l aperatain afingleslockgpiie.ed to denodul ati ng

dat a nodul at ed ing PSK..If the..i | se respan that ..wi]l_ t.ransform an
FSK signal cons ﬁitopgarei?raglﬁlageraﬁbvegﬁﬁ?ng}ecgeng)ﬁgag)ﬁas ang}l\’\ﬁ:é)nac%% in an NRZ
format qgn Qedfatsilial Bequenty S kbAngSRE dbod@aBehp igtheYordpdet r ary FSK
signal consisting of randomNRZ formatted 10 data wth the sanme nodul ati on
i ndex. |n tihermediataseqemcy boiplicationameansahiingzh inpat ofshid reldeivedsigndht a i s
filtered before i.ng t.ransmtt.ed. Vari.ous filters. be.used, for exanple
t he wave f%“g?ﬁ%@amﬁi Frcgived Ygnal by A sue \g?veanﬂét?%%a@dgw%iaﬂ wave shagg.
Filtering tfemdi ﬁlﬁld}‘flﬁ‘égsitgﬂﬁ té Shidheflog te GgitRohviidibh Mo, Sai@kive t he

transm’tted&ﬁ)ata mni mal transmtted 15 bandw dth. Assuming this is the
case then iwavedaving adeguensy appraximately equalita therintesneginte fiequency of thecosi ne

. Lfh { t ti 4 { VoLt f t tiplyi
and | owebadesHvetloieh god AoV e ol bapbilS bR e halibd pn BchFor LT P! 19
cos(c. ~nt) ]digif’aﬁlignal?&& hai2lEo-aSs dHAGacketistic For fAlfAh bald emdSsIRkisaf act or)

and Wnis the nodulating frequency of the cosine wave representing the
data. The rmodddrautprtingallew-pass filkered sigoal; ayherein said demedulation finitee of this

ti th ta. _Typically. I | f i h t
prove: « hamgiignaparse e fofienn sflon ol et Heploatl doiblo, cm ve
can demodulgyfe thﬁMmer oo onathgoalle thAdSfeP HinBHSn frdfalshid from the

denodul at or shoul e. For ta assuned to be represented by a cosine wave
thi s gi 2&s:loBass{filered sigmab & the briginal(dsdd signal. June 2004 The operation of the
denodul ator can therefore be described |n the frequency.domqain.as the
transfer functi GHVARBSROUEE, tﬁse&*ﬁh@ﬂghﬁﬁ?‘%“?‘Py,geﬁge%ﬂé"gﬁiﬁ&?? x(t).
This functi ted by taking the Fourier transform of equation
(4a) and ecﬁﬁhﬁﬁo%%ﬁﬁe%ggﬁsfor med equation (Sa) is then divided by
transformed equahé design ¢2thg démodyilatientfivtet imgpmist egspbnse diltenis thex pr essed in the

frequency domaj n. The inpul se response.of the systemis then derived by
taki ng t he simplified begagse itavll pavarsalsoptfisientse

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



transfer function. A FIR filter can then be designed which has the correct
i'npul se response to denodul ate a received signal.. In this case, the
assunption that the nodul ating signal 10 was a cosi ne wave neans the ranZ 04
filter has only real coefficients. A signal g (t) can then ,be dermd‘h a eg
sinply by sanpling it at a given freque_?gy and feeding it into the FIR
filter. The output fromthis filter is the signal x(t) sanpled at the cl ock
frequency of the FIRfilter..It wll_.be,appreciated that the coefficients
of “the Fl R ePlPRende ek indhegost of BIEREMEE B dmddiior o T equency,
transmtted dat a ARbftagdt !ﬁ:kh%ulaﬁ&?ihd@k@ﬂﬂhetré&i@%lgnhl%t&e aligkef or e,
in general the filter coefficients will be set for a given conmunication
system Thi $wé siglues; anidlatleastéeo valuéswhenarkdnio cembimatitme withdhstrarmsaiited rate i n
a given system If a filter is designed to dem)tiul ate a _signal with a known

val ue of m PHeHlopriag thy tiapsmission gf mere than enesumbel por trapsmitied i wi t h t hat
val ue of is X . . i j ' ated with
a di fferegr?t val u%ﬂ%@é@%&% n"@%ﬁé%ﬂ?%@ﬁ%%ktﬁ§g%ﬁﬁe{%§hﬁpe of the
wave is theregaired. Ihdtbasidpethe mokdilaticieindét HAll feshlt ia stnall inkreaddia anpl i t ude
differs by a constant factor determ ned by the difference between the
nodul ati on bandasidtbs Hewever, desreasingthewepgiulation index el givess srealbreflugtionrin was

designed for. 25, The val ue,of this con .With a sine-rel ated

function asga{rﬁlg”%d eé?aflf){?nmleﬁed'égmoq” ot élttlgnq}paﬁgrn]?sggggﬂgﬁ%rﬁtaa?ieu %ﬁod’%t he sane

denodul at i oguvtgj,slewffebﬁ?%me@andma&, all ows the transm ssion of nore than one
ol

bit per transmtted sy by using additional encoding which varies the
nmodul at il@n i ndexAcdepding teaargricend aspest of the presghtinverdionntheiers provided adesi gned

f 3. Wen data modulated with me3 s 30 dul.at ed the output fromth
i cor w1 poq bPgemodiing syt Tagel GpEReTNDd o S RURLRINA AP RS out put
fromthe fiht 8figihkepi %Y?it?ﬂ@axﬁ%ihéﬁiodﬁﬁ?daﬁlsmgtph%d slhiﬂﬂﬁé’tﬁx(ﬂ)r freue¢ege 2004

_g_ higher anplitude. ata nodul ated with nm=4 is.denodul ated the output
from t he f ishifekeying, thdvaetbod bemprisingthe stchaipk conmertivig the reckived sigaalphtot ude. A

bi nary systemusing this principle m.ght .take values.of +mand . -mwhile a
quat er nary %‘i}]%‘?*’j.m i ﬁ?‘iﬁgﬁo‘g’;qtgggilt(??ggrﬁ?& aﬁ}tglrﬁxgqag %ﬁ]aa%a?oﬁ??’ﬁ‘tlgnlt will be
appr eci a5 ediifepatsigrhtidto Bl SThipRlkdt tbspéhse fitlt cotleshondiab thd tharsich fisase and
quadrature conponents of the fransmtted signal by sinply providing a
second FSK frinRsalé digital signal td said original bindry bit stecaph g genteraie d demodudatedit ur e

m xer. Likewse, .the nufti:level property created by the controlled
variation &f%ﬁ@“ﬁrﬂ&&%‘?%‘#‘Pﬁ&&f@?ﬁgﬁé@%ended to such a system thus
realising a systemsimlar to Quadrature 10 Anplitude Mdul ati on (QAM .
Furthernore, when extended in this way, the systemof the present invention
wi || have a hi glieprefamed sinbpdinenhef theinvientip 1eve beidesciibedyby way ofier it t he
si gnal %(8 noi s :‘??‘t\’i o.tgen fits of an FM over ,an.AM.system The systemw ||
al so befibf ARG ARk, MNTEeERREl UerrepmRFRdipdratipesit 8o m over an AM
system 15 An emjagll MY scRbmaidotth ISKTREHbAlIAGr 4Rbrdito fikgnal s accor di ng
to the present invention is illustrated in Figure 1. Atransmtted signal

i s recei vedmbhdimeghof the pmserit avetion; anchnpl i fi ed by the anplifier 4 before

bei ng passed to_a down copver si iycuit. 6. This down-converts the signal
to renmove the tP%#gs‘sq% e‘?‘?‘é‘cfarné‘rf?’\}{.S%Odfﬁaéors?cﬁ?féifngtwﬁé‘ﬁei%@ses t hrough an
| F carrier eﬁ‘i%%ihx%{@l"thg %élﬁﬂh@{'ﬁ(%ﬂ.pl ies the down-converted signal to give
a signal according to Eauatlon 2). The signal fromthe IF carrier

mul tipl2%r is then converted into a digital signal by an Anal ogue-toDigital

Convertor (ADC} 10. An oversanpler 11 over sanples the output fromthe ADC
10 at the H@r@ﬁ?ﬁ’&*ﬁ%‘ﬁﬁgﬁz‘geﬁfﬂﬂ"ﬁ%k 18. Next, the output fromthe

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



25 oversanpler 11 is passed through an FIR filter 12 having a | ow pass
characteristic to filter out the |IF conponent. The output fromFIR filter
then represents Equation (4a) sanpled at the clock frequency The nex%
conmponent is the FIR denodul ator 14. This is designed to have an inp g 2004
response corresponding to the transfer function fromthe output of the

| ow30 pass filter 12 to the denodul at ed”out put as descri bed above, with the

know edge of the transnission paraneters of the nodul ated signal. The
out put fr omouiRut fiope the demogiaton dhe discusaien delost aspumes the yse pidataendads t he

denodul at ed . 5§ I he, Gl.ock ney... Finally the decoder 16
decodgs t he @#g@zﬁf‘fl@a{ﬁ%“%‘t Ephl?tSIS(ﬁlg&)%ﬁrrs Iéll; %ﬂg?@% “ tF!tthagtﬂ?e}elgﬂﬂcbpc&?Sr espondi ng
to the ori ginl betdppRediotdatithalad ot coid 1BRPONATRE €odls ThE &schibiforSvane

according to the schene used; for exanple 5 Manchester coding: If the
codi ng of t gtvendsn tairme df & signal imddulatedasingd’Ske hdwavarothe petsod skilled i thg t he

nmodul at i index to tra .t nore than qne s 0 r transmitted bit, the
decoder %g #|‘Ylﬁ£!’8f6°'?ﬁ3§4{1&eé%“"€we§ %ﬂso%ﬁ%gﬁgé%mﬁ?m 488 onmitted if
the data hagdaffatddGR/MePRIED, but in nost practical situations coding wll
be used to I nprove pergf ormance. 10 An optional integrator 17 and DAC 19,
are al so shown i If the impudselrespdiseshatanll tiansfonm aw ¥ 8K signatl esrsibting bOonly

performance by correcting any snall| errors between the frequency of the
recei ved si @?Pavwa?#roﬂ Qngént geraienesied in %Wff?@eﬁ&emge falcylpted.dbeasdi® at or. The

i npl enent at . j j%ﬁg : g{&% b mg:

denodul atorﬁ%ﬁtﬁﬁ%n?%t?%ﬁ£§5@1%l{ El ri X?I%t zf} Sl n6+ e }ﬂﬁf’#—’etder. A
second d0bodhtaredth the satdeemodwkiohiimiexi s il lustrated in Figure 2. In this
enbodi ment, the IF carrier nmultiplication takes place in_the digital

domai n. The consiythediseission ahaye ithasdaentionerd thatthe digitahdata issfiltered baforge fir st
enbodi nent , ' r [ signal has
been down- c%ﬁﬁ?ﬁ%@i#ﬁggé%s@gfﬁg%u%% féilgﬁndﬁ gﬁ‘teiv?ag{l%ir}e{lai nCQShg ?"T%lt er 20. A
1-bit ADC Zgto o shie WPt &pproxiiaipl sitfeGvavei shafie Biltering the datL havt thet he anal og
signal into a digital signal. An oversanpler 23 then over sanples the :
out put of tien pfEcosnefungtina will gijedhe trarsmittedhdaty pipmadtransmitted carri er

mul tipl yer i I LR A i i i aihtal. 25 domai n.
e oF o CERT ot oy RIS ohleh (o aOfhrled el tn BbiBing?, 7O
functi on ofsignabf(f) i Hedsirervaavel Weth Ad¥erentd 1o eqnatip(d ) xhaditpat, gi(eansave of the
correct frequency. The sine wave approximtion has the form[1,0,1,0,...]

i n ret ur n- teltiplyingrasd lew-pasidilerning the reqeivedgignal will be:] i n non-return-to-zero
format. Therefore, the construction of the IF carrier nmultiplier 24 is
sinplified, and the nunber of anal og 30 conponents required is reduced. The
output fromthegl® ca*ri/eA siifintcoflw, 8] 24 is then passed dirgda)y to the 4
June 2004 -10 Lowpass FIR filter 12 and denodul ati on proceeds in the sane
manner 4% for the above first enmbodinent. The above first and second

enbodi nent Ve . ' [ ' Q| bot h

i n- phase arivéll Qgeu‘gcl#r]@% ﬁ%@@:ﬁ%ﬂh g%dgﬁ(%%aﬁﬂg%ﬂ %gdna%%g%dcoﬁpgbgﬁ hg@heglg’gl yi ng the
denodul at oef thee6£ih® Ravd Rpicbdting tHehge The grodulationl imdlexpl thefferei di ng a second
denodul ator as descri bed above for the denodul ati on of the received

quadr at ur erepresaets themmplitydeof this wavestspreaenting dhartate  Typically adarghiwalupove fir st
and second.enbodinent.s.my_ _be applJ.ed t. di ate Frequency (ZIF)
denodul ati 67 P8 v & By BBk G s vt P SR tpist i et
inventiagn §yxedme is provided an FSK denpdul ator which gives optinmal
performance with a cheap cost of manufacture. The denodul ation is provided
entirely by FI RWMedandemodulate thisisigual by iconsidesingtyehat thei antm, X(1), frog tme ¢l ock

cycle, an ddéntxléjdsultlltgr slh((j)&lalble YF osr Lcjilatta%(sjsén%d%g %le Irgp%sler?tga b‘)’lmatcrc])silng "v‘éa@é’ 1sr

gives:

30 x(t) = m cos(w,;t) . (5a)



consunption requirenents. The present invention is therefore advantageously
applied to portable and | ow power FSK applications. Additionally, since al
operations can be carned out in one clock cycle, the present inventi%qdéboo4
al so advant ageously applied to communication systens utilising a hig

transm ssion rate, 20 such as broadband,modens. Wil st the above

enbodi nents have been applied to radi o communi cation systens it wll be

iated that -h i i d lied i -
runi cat 1 on oy StsRPRRE O g SRR a0k i théte e ARBessBbediy &l ¥eapeasnodi rent
of the .invewhiaaad\fs uheed fHRsEs BRGhERVERed isfgﬁgf, Ih*(t)% @Bﬁtﬁ%?@ﬁdi t hat

this description does not |imt the scope of t nventi on,
defined in tlins fapgtéomdead be lcalcwlated by taking the Feud@Gransfbim Gf Ahdfioh.(44) and

denodul ator for, depndul ating a receiyed signal representing an original

bi nary bit §ﬂ?aé'§ﬁ’ﬂ1(g§h'gr38§flpﬁg‘?ﬁ’aﬂq“%}%a(f IBiﬂie%_s‘fllY‘Q%ﬁergbgi‘WﬁO (FAHRRAR usi ng.
phase shis ! (4544 Bive e Parkl-PRIGAY oSdsbd Pine Henulil§ HRARL theRhuge P! | S1 N:
anal og to digrtaf conversion neahs ‘tor converti'ng sald reécerve §|gnal into
a digital siegpedse of tidesystemliathen derfved bl ealiing tHeSaveraspaiie trhnsfér@f of thaVvi N
said digital signal as an input and an inpul se response corresponding to

t he transf efransferdunadions rom said 10 digital signal to the original data
signal, for filterd aid digital.signal .and for out.putting a signal

cor r espondi ng thg‘ ng%bl?eﬁg?“ tg?'? bes‘%?‘@ﬁ?ﬁ?w%‘:h}aaé%cd)ﬁﬁeﬁttlg}puifgéggpﬂﬁ?gtgt o claim
|, wherein gemdsliudité 8idtalvedsipdly Irthis cald, BraBaspliaeRaihe HaauREny Sina

frequency shift keying, the denodul ator further conprising: 15 internediate
frequendé nvis 3 grsineawavemeansiths FIR Glterhpsonly replicoefficierds. b signalighft) singnal , for

mul tiplying,sajid.digital, si | b si.ne wave,. or a digital approximation
to a 5ine Wveee dimctnited Spliby.ainfiod i a MR fehoryad relting W havi ng
frequency aR@FIRENEL Thy o@fitront thid fieeriis HRY i@l ﬁ(%tﬁsaﬁfp%]!-’eﬁ'i‘l@éfcl@ék the received
signal; and a |owpass finite inmpul se response filtér, having an input .of
sai d nul ti frgeencyefshefR filteund having a | ow-pass characteristic for
Gignal : ahor el n bl B eI fF saeritiant np e SR FuGpulifiReel: (< for
filteripg spéhd M@@a&ﬁpﬁﬂglﬁeaﬁ&féy,&}mﬁkuemwm@@ WRRUlagbh ek ik LRI thBavi ng an

I mpul se response corresponding to .
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




the transfer function fromsaid | owpass filtered signal to the original
data signal. 25 3. A denodul ator according to claiml1l, wherein said

original binary bit stream has been nodul ated using frequency shift 5?%&ﬂﬂm4
t he denodul ator further conprising: internediate frequency nultiplication
means, having an input of said receivedgsignal, for miltiplying said

recei ved signal by a sine wave in the anal og domain, and 30 outputting a

reel Sy . | al | : MR
thve bavi no MEWF ambds IEARl Bofabd witndhidls GARMEIAAP. PRl Tod B 0 00
of the 4 JurewlPRAetHecorREEihiRbus wsithad owdn Smplitud¥-A Bitry! dySefnfusidgpul se

response filter, having an input of said digital signal, and having a

| ow- pass chéhisiptimaipls miightftale vialues ef tmgnd aimdwhild 2 qusitéraaty sysjera mightdisé or
outputting a | owjfass fg I t8r ed n?ii nal; wherein, 5 said denodulation finite
i npul se resﬁ%‘HSseo 4|"’I_"t"'¢9' e 15_8‘ra iTtering said | owpass filtered signal,

sai d demogul ati of v?ill%%épx!@@-!ﬁeﬁ'&a@ﬁié tén$ Soul € BORTIRA FPLEHR URARGIHAG t O the

transfer function froms%aid | owpass filtered signal to the original data
signal . 4. sndlprdrhhiretompaeatsrof thegranemitted sigral by sitriply proedagy axgecandai ns

wherein the_binary bit 10 streamis filtered so that it has the shape of a
cosi ne wavelSK FIR dgmaduator %Fhﬁéb‘é@fﬂﬁ%fﬁﬁﬁ%e@“giarﬂ“f & mixst, ikewiser ei n t he

characteri syi f j ' %%B . i I3/ £ | se
response fi%g@&é?%%%%l neréﬁgdﬁbf@?rﬁ?@ﬁrrg&}lt e ?%%‘g‘t’fstﬁﬁg{%%%“%ﬂ e )lyrrpul se
response fitan®e.extehdél toAuclenDdicin ok réal isirg sygteirpsimilyr tor@uadfatirbe precedi ng
clainms wherein the nodul ati on i ndex of the received signal can take at

| east t@ vAmplitide Madylation (QAND. Furtheympise vhew extended in thinway. thesystent er ent
g \ : Cof e : % ; A
? ?gn!sﬁnyggi Io t@?ﬁ%ﬁ%ﬁ‘&%’?}&%@ 'égen%@@g‘gir“?’b‘%‘gﬁs‘%“t°isggh %ﬁ%e%ustg tgodi ng

addi tional wyIThkdri thdWighatbo-hdis 6 bédefitfoDdn B odenmridMBdysem. Thdex. 7. A
denodul at or accordi ng togfa% one of the preceding clains wherein said
it

recei ved sisystam widl algochgn myall thg othes aduagecs pf ar Fiesysigm ayer sAM t he

i n- phase and tglgladr ature conponents and additionally conprising a second

| ow pass fiP¥&™ and a second 25 denodul ation filter for denodul at i ng the
guadratygse conponent. 8. A denodul ator according to claim7 in which said
second | ow pass and sai d second denodul ation fjilters are conbi ned and

i npl enented in dnempdimentiof e FSKggmodulaterdapadiosignelsacesdigtheo any one of
the preced Iprr] ex(x:tl ifven xoxfl PsriHESQra%% it P ig'upé[ £IA Hafilinitted gféhﬁl'is received 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-l
Digital Convertor (ADC) 10. An oversampler 1 1 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



4 June 2004 -13 10. A nodem i ncluding the denodul ator of any preceding

claim 11. A nethod of denpdul ating a received signal representing an
original binary bit stream the original binary bit stream being nod Hateg
usi ng phase shift keting or 5 frequency shift keying, the nethod congrﬁg? P4
the steps of converting the received sigpal into a digital signal;

denodul ation filtering said digital sigrfal with a denodul ation filter

designed to have, an inpul se respopse th cor.responds to the transfer
function 1 ¢ ot filor dbus e Rt he GeraoihlpEF SR Bt heeckor r eam 1 o
generate a dﬁé&#g‘%a i i LOk- bi t
stream 12. A net bgﬁglé}(s:glrgg?énoéjl?%g\@%%?%%%g%ﬁgﬁgﬁﬁn‘? ﬁ%ﬁ)gﬁag{uh%l@gihnary bi t
stream i s nudtdteh@dottespogdifg eathe peiginahiridsmited duaga. and further including the

steps of multiplyi n%scsai d digital signal by a sine wave, or a digital
appr oxi mat i on of hefscodenlb degodes the signaliageordiag do thesrhemeuseddquenaple

appr oxi el { i_ntermedi,ate f. J f said el v si gnal
to gene??% e %an%%%s?%r&%&g&rlglth& %gﬁnzn.glog\g\lze g‘s’%&%ﬁ%ﬂ{aﬁ}egale’&eﬂ‘ifﬁﬁ? &C?Lgiﬁ si gnal
with a finitaryiigpme sRdaBERPNEE {d trirmitiadte MBarfone @YmBaSser eaAMAREERH St i C, tO
generate a |l owpass filtered signal; and wherein, said step of denodul ation

filtering i $hegeppdesd6 mall slap intérpret this data. Theedeeeres il §may, beamitied i thbedatadul at i on

filter havi an,i nmpul.se.response carre ndi ng,.to t transter function
fromsaid | 8 BLeeoEE PufRRest arecich SRS PiheptbPoted W istbrots eam 1.
A et hod acpgshifaicd 0 claim 11 wherein the original binary bit streamis
nodul at ed usi ng frequency shift keying and further.including the steps of

25 mul til¥ yi ng sAndptiowbinegrater thaid DACAl % arealsgeshewn in Figsreah dlhosg atonai n
prior to sajd ste f . convertin sai d,sine ve havi a frequency

appr oxi mat efS M f!gﬁiﬁl’iﬁé‘fam{tp@%ﬂmé’yfcfmé %ﬁ_&i}”&?ﬂgﬁf’ﬁ_b@%@f’&@d si‘gnal ,
to gener at efgnalty bthd Reeivédigtal a+&ﬂfe98§a$ obdildi& frdRerncd il 1l 91 tal signal
with a finite inpul se response filter having a | ow pass characteristic, to
generate a demedndetw. filtered signal; and wherein, 30 said step of

denodul ation filjering is applied to said | ownpass filtere ignal, said
denodul ation fi | t¥%MR %@t‘gﬁqn} : |fughsrs }ﬁ%%’&@@gﬁ%me%dﬁto t he
transfens (fem]ddﬁﬁtogQQﬁnd%-fHMMtJrRQ%ﬁ%&éI@WI@ﬁR&f' Itered signal to

said original binary bit stream 14. met hod according to any one of

clains 11 to 13 A sdvendembddieentrafgheimventionds ylusirated i Eigunei2s Imthikul at ed usi ng
frequency shift, . keyi nd.the nodul.atiqn i ndex can. take 5. at_|east two
defi ned vaIqyg?fmﬁﬁttﬁgfmf’?‘gpﬂbcapﬁ’ét&eﬁBgﬁ? m&gﬁg‘@ftﬁdﬁf’f@'mue of the

nodul at i on doRgdaktibs OMtht BEnGHIMtbE ke Qind AenOIBRE Fird bmballithede %g&?l Alion
filter. .ASh.A .AL2. A A AS. AS. AE: A. Af L. Af skE. AY. Al . A0, xm) DHE#{ H

LY} xsni d_Z]desdribed belpwa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca]
ca] cal C% ca] cal ‘i&le? g‘legggefvaeh %;’;1 s a%%%éxgdoven-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
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-10% & () -, , 10% Acdoydingtbab® fresont thvehtion thefddyBrdvided BAFSK demodulator

which gives optimal performance with a cheap cost of manufacture. The
- demodulation is provided entirely by FIR filters, so demodulation can be achieved in
15 one clock cycle, and thus is ideally suited to applications with low power
consumption requirements. The present invention is therefore advantageously
applied to portable and low-power FSK applications. Additionally, since all
operations can be carried out in one ciock cycle, the present invention is also
advantageously applied to communication systems utilising a high transmission réte,

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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10S, 810%&’ ( igjt )Sr\ﬂ"fbw&' ()-y)M10%& ()-!=y)M 10%&' ()-s' 10%&' () -] 2v2w223033dE
SH= 10, 109%& () -4 Bid)fi @Bie B nbding said

2109 () - 3( mL0%& (S SAkA A4 ng%gs/ R ( yaving s digital signal as an

input and an impulse response corresponding to the transfer functlon 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 multilﬁlying 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 interm.ediate 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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the transfer function from said low-pass filtered signal to the original data signal.

4. A demodulator according to any one of the preceding claims wherein the binary bit

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 ﬁlfers 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 ina 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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F**10% &3( ) frequehOpaiift kyingahe metod Bémprising the steps of:

10

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 stréam, 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:

15

20

25

30

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 rebeived signal, to generate a multiplied signal;

low-pass filtering said multiplied signal with a finite impulse response filter
having a low-pass charaéteristic, 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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modulation index from the amplitude of the output of said demodulation filter.



