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Frequency Modul ation (FM, data is used to vary the frequency of a C&f¥1er-
signal. The carrier signal has a given nlemi nal frequency and this is
altered (either increased or decreased) by the data signal. The

characteristic egrRARATUSt ARDAMESIHORIFORBMONERARYNGINGITAL BAAACOS[W Ft +
nf(t)] (1) where, y(t) is the FMsignal, WMF is an internedi ate frequency
(I'F) of the FM carrier signal in radians/sec, f(t) is the nodul ating
(data) signal, mis the nodul ation index 5 and Ajs the carrier
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the ori 9'ﬁa|str§ér9@@Jledfa(nﬁ)tyans&lhf%dlépa%%%‘aﬁé1%9: Si gnal y' (t), is received
through an antenna, down-converted to give y(t) and then multiplied by
sin(wWFt) to give a signal g(t) according to the follow ng equation: 20
g(t) = sin(wWFt) A cos[oolFt +nf(t ‘JrM 2) where sin((OLFt) is a locally
generated | F equdh Fragueney Mpduseen (M), Wetaribusier e varti thf frequecy ofeerrien
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y(©) = A cos[ogt + mf(t)] (1)

where, y(t) is the FM signal, oy is an intermediate frequency (IF) of the FM
carrier signal in radians/sec, f(t) is the modulating (data) signal, m is the modulation index
15 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 an antenna, down-converted to give y(t)

“and then multiplied by sin(w;t) to give a signal g(t) according to the following equation:
g(t) = sin(ot) A cos[ot +mfi(t)] 2)
where sin{wst) 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) .

25 gives:

g(t) A sin(ot) {cos(met)cos[mf(t)] - sin(wt)sin[{(t)]}

il

V2 A {sin[2 ot+mf(t)]-sin[mf(t)]} 3)

30 Generally, ot is large compared to the frequency of mf{(t) so a low-pass filter can be used



.to'renove the high frequency termin g(t), leaving: g'(t) _ -V2 A
sin[nf(t)] (4) 5 In cases where nf(t) has small anplitude, sin[nf(t)] is
approximately nf(t) which leads us to: g (t) _ -"V2 Anf(t) (5 Therefore
an FM signal, in which calFt is |large conpared to the frequency of f(t) and
nf(t) 10 has small anplitude, can be denodulated by (i) nultiplying the
recei ved signal by the same .I|IF used i-the nodul ati on process and then,
(ii) passing it through a | ow pass filter. The transm ssion rate of the
data may be tb Refi®@asRehightfauéncydyad meal(y), leh¥iagt i ng the bandwi dth by
nodul ati ng both the in-phase and quadrature conponents of the system Data
is transmtted on both the conponents allow ng the transm ssion of tw ce as
mich 15 data in the same bandwi dth. The SNR of a transmitted signal may be
i nproved by. appl yisi) a=f vt #8I{Wbr  exanpl e a.logarithm fundtion, to the
transmtted signal. This can be used to-alter the characteristics of the
transmtted signal and inprove the rejection of additive noise fromthe

channel e j ' SXeqaTo) ; F ' | gi.t.a
Gata usi ny. Shehoan MRl bas SRR REe. st F POl BIBTRALY EARLET
streamrepresenting the bytes and words of the original data. This bit
streamis a series of discrete values, unlike an anal og signal which can
vary conti nuouslyg ®)Ther ékdy mf(texam ni ng equation (1) abddk shows that the
nodul ated signal will switch between defined frequency values. A system
such as this is knowmn as Frequency Shift 25 Keying (FSK). A nethod of FSK

o) oL on A8, BB I el BlnShega g
tank ci [ Uikas srsll bRglidide] dadlbeemoatioRamy g sntlusly Hef the edeivad gi%galtﬂyerhé/@@ne
wi |l output two frequencies, one of which corresponds to a val ue and
t he ot her oflFwhkédin thomodsiptom proc&d and then; () passingeit thr@ugh a low pass filter.

The transmission rate of the data may be increased without adversely affecting the
bandwidth by modulating both the in-phase and quadrature components of the system.

Data is transmitted on both the components allowing the transmission of twice as much
15 data in the same bandwidth.

The SNR of a transmitted signal may be improved by applying a function, for
example a logarithm function, to the transmitted signal. This can be used to alter the
characteristics of the transmitted signal and improve the rejection of additive noise from the
channel when the signal is demodulated.

) 20 It is known to transmit digital data using such an FM system. The digital data is first
expressed as a bit stream representing the bytes and words of the original data. This bit
stream is a series of discrete values, unlike an analog 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

25 Keying (FSK).

A method of FSK modulation known in the art is to send the digital bit stream
directly to a voltage controlled oscillator (VCO), for example a varactor diode in a tank
circuit. As the digital bit stream has two defined values the VCO will output two -

frequencies, one of which corresponds to a “1" value and the other of which corresponds

30 toa“0" value.



. To'allow the signal to be transmtted efficiently over a channel which
cannot transmt DC signal energy well, for exanple a radio channel, the
digital bit streamis often encoded to reduce the DC content of the signal
to as close to zero as possible. Various techniques are known such as
Manchester coding or MIller coding. 5 After coding, the data signal is
filtered to renmove the square edges and-¥-educe the harnonics present,
consequent|ly reducing the bandwi dth required for transm ssion. This
filtered data si gimhllovethehségnal edbd tiinomittedtefificletty det Metart which Tansgott he
transmtted signal no |onger switches abruptly between two well-defined
frequenci es twesmidGaenslincrgyawelbdpraxenpld 2 fadw chaegel cthe digatal bit strequsmdienar e

elimnated.. 10 ESK npdul ators inplenented on programmable Di gital .Signal
Processors (988pef 10 23Rk Hisn SppFEN 2hine Figna! f&wse%%ﬁtatZFWSipgS%glﬁme%aSed and

requires rmntXckB%{ﬁes }aféﬁ&)ro%tsiug}qagmha'fe'ste?%dﬁ%gmhfe?%o&igg use of fast DSPs
power consunption an

with a consequential 1 ncrease In cost. It is an aim

of the present iw&atdoaﬂlg theRIatVdisifal Artilterdd &0 TOHE IRE edRE aRPledRike tHe
FSK nodul ation. It is a further aimto mnimse the cost of production of a

nodul at or f drarm®sks presdnBiconsatpeatly mducidg gteiblahdwideh required foritan$missiedUTigst he
power consug]t)lti on of an FSK or PSK nodulator. A yet further aimis to
1

i ncrease t héiltarethdaia signalris then dedmtea stardand RVciorvlatosy Bhusrheisensirngksignaltrive
FurCher i mIPGed ongre R pLY REVradio T had Bawsnotes Sole ek 20
modul at or. %g&Fzﬂé@QitB? s?epfdhaﬁéfe BASRGEENY ard é'lﬁ?iﬂét%&em Invention there is

u or "modu a

provi ded a no at or ating a digit It stream using phase shift

keyi ng o10frequerksK stvdbifatdee rhplgmehtee on peshiramable CapRali g ProteSREADERN
finite inpulse -response filter having an inpulse 25 response correspondi ng
'to the trangiekndwmctpwavertbammplementatagniaicomplicated andmequiraseanyi SRt r eam

Frequency  SHRFCIRESTTIE MIFRITSIN GoGbPEPS MO fonatcaiiRarast 8 anal og
‘nto an analiy S yAamrFER R Ko, (o on. By modul atng the s gnal using an
FIRfilter, the @@ Him oTVRNpresynt dlveMith tbpRoviidfAImproved modulator for PSK or
15 FSK modulation. It is a further aim to minimise the cost of production of a modulator for
PSK or FSK modulation. A still further aim is to reduce the power consumption of an
FSK or PSK modulator. A yet further aim is to increase the transmission rate of a
communication system using FSK on the transmission channel without adversely affecting

the signal bandwidth. A further aim is to eliminate the need for a varactor diode in an FSK

) 20 modulator.

According to a first aspect of the present invention there is provided a modulator
for modulating a digital bit stream using phase shift keying or frequency shift keying, the
~modulator comprising: a modulation finite impulse response filter having.an impulse - !
25 response corresponding to the transfer function from the original bit stream to the bit
stream modulated using frequency shift keying or phase shift keying, for applying frequency
shift keying modulation to the bit stream; and digital-to-analog conversion means for
converting the output from said modulation filter into an analog signal for transmission.
By modulating the signal using an FIR filter, the present invention allows the signal

30 to be modulated in a single clock cycle. Furthermore the implementation is simple and can



..30'to be nodulated in a single clock cycle. Furthernore the inplenentation
is sinple and can -4- be- created easily and cheaply on an integrated
circuit. Advantageously, the nodul ator may additionally conprise coding
means for encoding data in the nodul ation index, said nodul ati on i ndex
having at | east two values, said at |east two values each resulting in a
different anplitude in the output of saré 5 nodulation filter, allow ng the
transm ssion of nore than one synbol per transmitted bit by encoding

addi tional serdeitad ddsinpughcHeaplywar dndihiegratedf cigaitd nodul ation i ndex. By
varying the nodul ation i ndex (and hence the anplitude of the FSK nodul at ed
ouptut) nore synbddwntaggousty., ﬁhearmgmlaloedlawaﬂﬂitiomlky @mrasgcoding mesnefose: in
t he bandw dt h req i rements r transm s I.ncreasing the nodul atjon

i ndex will re#sedipg fafa %?JW Hiandad, gadmp %HS‘HBWWH aﬁaaév@?st tye R4S ng

the modul ati b 4 A0S oot RRRk b £ AFHEL) plfhas BRSULAR R FhET ST or e

there is theaﬁizft ransm ara dversely

af f ecti ngs t hgolaney flid. alfammé)n@lt}anssmrsbl%nf& ko8¢ tHARYnO LA et M'nﬁﬁed bit by

response corresponding to the transfer function fromthe original bit
streamt o t leactdihg sddigaml spdboblatiedugisihagafisteagusnaid méduldtionlibddseyi ng wi t h an
additional function applied. The additional function may be applied to the
transmtted data Byvargsigshe medulgbon rfé‘jeééftfiddwn%ﬁthﬁém@bwéé@éﬁlel i modulatashel .

Second hspectieBit PRE el hE uResraHel hip Eblvet Boisi) insereeinobe paty St
for modul at'ﬂa@h gmsiengg foftra fnﬁlss%ﬁq g;[g e HRUBADE Yn 2R $r§%pllﬁgsmall increase
(0] r (0]

conpri sing i ng nmeans enc e than one sy rom sail

digital bot istbaeamdreHowevar aearteztseﬁg tlhb ndayila€08 ek §vill g d smdlhedu@miduliat i on
index as well as the transmtted bit, said nodul ation index having at

| east two vdiandwidtiankhetaforeobersus thegptediatitortoisinittat @ highatéata ramwithowtdul at i ng
means for nodul ating data u frequency shift keying with said nodul ation
25 i ndex outJSYErsE e%%ﬁgdthﬁg ‘grb‘d%ans Thus, the transnission rate of the

conmuni cati on rmYOB?odaﬂ?ftﬁ@%ﬁgr Wa§ Hg%tanq%ulse response corresponding to the transfer

function from the original bit stream to the bit stream modulated using frequency shift
15 keying with an additional function applied.

The additional function may be applied to the transmitted data to assist in the
rejection of noise added in the channel. An example of such a function is a logarithm
function.

According to a second aspect of the present invention there is a provided a

) 20 modulator for modulating a digital bit stream using frequency shift keying comprising:
coding means for encoding more than one symbol from said digital bit stream per
transmitted bit by encoding data in the modulation index as well as the transmitted bit, said

modulation index having at least two values, and for outputting said modulation index; and

i oo - modulating means for modulating data using frequency shift keying with said modulation .. ... .- -

25 index output from said coding means.
Thus, the transmission rate of the communication may be increased without any
significant increase in the bandwidth requirements.
Advantageously, the modulator of the above described first and second aspects
may be extended to modulate data on both the in-phase and quadrature components of the

30 carrier.



.significant increase in the bandw dth requirenments. Advantageously, the
nodul at or of the above described first and second aspects mnay be extended
to nodul ate data on both the in-phase and quadrature conponents of the 30
carrier. -5- The transmi ssion rate of the systemis then further increased
with little change in the bandw dth requirenents. According to a third
aspect of the present invention there is-provided a nethod of nodulating a
digital bit streamusing frequency shift keying or phase shift keying, the
5 net hod conpri siTig: trgmemsssiog rat@iod thi systeml is Hieh fottheranoredsed ugth 1atlé thange in the
havi ng an inpul se response corresponding to the transfer function from

sai d di gi t albapfwidth resgirementshe nodul at ed out put, the output from said

filter being the podulated digital bit stream and  converti. sai
modul at ed b gi t al ABOIUGE KERIATAT0RcA AT T BTG SR HIAPD H57° FrPUARLE msfhodefe

nodul ation o i . . i LIl Y Vi 1ginal bit
10 st ream t grafyREIRRAbi AR sEIaDLR P MROVIAG: UiR BlipE B DT
transfer §ungthedcihpmihdPasdhd savd BiZaAN BiOstich thRAgh attBdr Halide ad HEphiSPUl se
response will be fixed for given transm ssion paraneters, so it my be
fixed or calresgoatechragsperiingtoah¢ tradsfaduictivodudnasdid digial it stré@pt focthal 1y, the
met hod may be applied to frequency shift keyi n% wherein the nodul ation

i ndex can’ t dredyated eutppt, theutritifiosysajd fillesbemgpthe madulateddmital bifestrepm; ardp of
15 di th |. of .said digital bit.st . bit of said
odul st ed outpering PR eGP et aRe Ml SP BRI Teant

two val ues. Accor .élﬂoatﬂat?or{&%rﬁéhaﬁéﬁﬂ%tacﬁfevEJ‘ﬁniﬁP&’@ﬁEﬂ;ﬂﬁn&Iﬁ?é’@rjéfiﬁalﬁfipyi ded
a nmethod of nodulating a digital bit stream using frequency shitt keying

conpri si ny tdheamttepdilet withandim@uRe redpormeicorréspendingud ticitansfenfl@xticufrbm that
more than one synbol fromsaid digital bit 20 streamis transmtted per
transmtted it streagatodhemmadulated data hbeimmuse ragpoase wihlba fixegofoy givae gransmission

nodul ating data with frequen hi f evyi ng, usi ng .a dul gation i ndex
esul t1 ng f rgREFS R T o8 et o ey A S e fad ot it e
Comnl.cat I on ”ayo&?odaﬂﬁrtﬁé‘ﬁ)‘%ﬂqo‘ﬁ' I‘ng ap?)mfd to frequency shift keying wherein the

modulation index can take at least two defined values and further comprise the step of

15 encoding more than one symbol of said digital bit stream per bit of said modulated output
signal by varying the modulation index between at least two values.

According to a fourth aspect of the invention there is provided a method of
modulating a digital bit stream using frequency shift keying comprising the steps of:
encoding data in the modulation index such that more than one symbol from said digital bit

) 20 stream is transmitted per transmitted bit, said modulation index having at least two values;
7 and modulating data with frequency shift keying using a modulation index resulting from
step of encoding.

Thus, the transmission rate of the communication may be increased without any

significant increase in the bandwidth.requirements. e e

25 Advantageously, the digital bit stream may be split into two channels, and the
method of the above described third or fourth aspect applied to modulate one of the said
two channels onto the in-phase component of a carrier, and to modulate the other of the
said two channels onto the quadrature component of said carrier.

This allows the transmission rate to be further increased with very little effect on the

30 bandwidth requirements.



.,significant increase.. in the bandw dth: requirenments. 25 Advant ageously,

the digital bit streamnmay be split into two channels, and the nethod of

t he above described third or fourth aspect applied to nodul ate one of the

said two channels onto the in-phase conponent of a carrier, and to

nodul ate the other of the said two channels onto the quadrature conponent
of said carrier. This allows the transmiéssion rate to be further increased
with very little effect on the 30 bandwi dth requirenments. -6- A preferred

enbodi nent of t hea prv¥arid @fbotithént P theliavaheiss Wilhadw Hayev@bedf bewappfe only,
with reference to the acconpanying drawi ng which is a schematic of a FSK
modul at or  aczamgierngply, ovitinreéartrod itorthetacofmpangingrdeseng Wndersta sshematidof sFSH,
the theory underlying the present invention will be explained then a

detai | ed ~ deRRduigiey %ﬁ%%ﬁ@@ﬁ%&i%pf Be ProsentiRVEHPRon wi I | be given. In
order to design an inproved nodul ator for PSK or FSK it is necessary to
consider the characteristic equations of the nodulating bit stream and the

output fromthe FW‘%QK] i g{eor Tlmﬁieﬂpfhgrtﬂe é\a@fﬁnﬁlx{@&mrﬁb@f beséﬂ)%ﬁe%ﬂh% Elaﬁtalled

non-return-to-zero ed 10°d be consi dered owever

ski |l ed per slescrigtibh ofeﬂé erﬁsodlﬁnaht dfhie pvemipinpliibergyenbe applied to PSK
modul ation and data that is not coded with an NRZ met hod. The discussion
above first consilderdsdtq ﬂ@immomm@ﬂat@rgfoaﬂ‘é]((@gF@Ktlalamcmjaﬁ’l\ﬂb and

t hen di scussed % n%]zs' on .of digital  dat h Iat or i ving
rise to FSKeonyiderdagcharactensic eugtiopsRl thgm BlaH@% ‘téf“"% aPﬁ %‘5{0@9

frequency a @ﬁw S
given in equa Oﬁ‘ﬁ;&fj@é &e%?{O%Q I's S%F% ﬁ%g\wel{pﬁ?%argm&é?(?%%ﬂ #ecf of
renpvi ng1@ tha&Qeﬂil BeQdongiderelt, lﬁﬁﬁervbﬁﬂle@]dﬂll%d prs6raiviiDitaiicBattRé hﬂavpl@gsffay be
filter in the denodul ator. 1f the i mpul se response that w IF transforma
si gnal consiappligigodiSKomlogulatien pad datathanis noheoded avitheanoNBAonatball.i n an NRZ
format into an FSK npdul at ed signal can be cal cul ated 20 it can be used

to nodul ate any M.qx%caﬁsyors#gwa irgt sRBTIdarechthe gpserof mrsivlating analogetagisingal M

wth the Saned i ucixs%tulss%g transr(ranssmn of digital data via the same modulator, giving rise to FSK.

It can be seen that FSK has no need of an intermediate frequency and therefore the
15 modulator can instead create a signal as given in equation (4) directly. This will have the
additional benefit of removing the need for an IF carrier multiplication step and low pass
filter in the demodulator.
If the impulse response that will transform a signal consisting of only one pair of a
one and zero encoded in an NRZ format into an FSK modulated signal can be calculated,
) 20 it can be used to modulate any arbitrary signal consisting of random NRZ formatted data
with the same modulation index.
In the discussion above it was mentioned that the digital data is filtered before
being transmitted. Various types of filering may be applied, for example to give the data the
shape of.2 sine wave, or an approximate sine wave. Filtering the data to.have.the-form of a - -
25 cosine function will give the transmitted data minimal transmitted bandwidth.
The input data is assumed to be a square wave. Substituting this into equation 5

gives:

x(t)=-% Asin(hn/2)/(hn/2) (52)
30



.In-the discussion above it was nentioned that the digital data is filtered’
before being transmtted. Various types of filering nmay be applied, for
exanple to give the data the shape of -a sine wave, or an approxi mate sine
wave. Filtering the data to..have: the-Sormof a 25 cosine function wl|
give the transmtted data mnimal transmtted bandwi dth. The input data is
assuned to be a square wave. Substituting this into equation 5 gives:
x(t)=-""/2Asin(h71/2)/(hit/2) (5a) 30 -7- where h is an integer defining
the order ofwiae ABNaCintdddr defirfingd 1he odgRlof hikeheon®d arlde isSElbl amplitudd o€ the dquitdel |
be assuned that A=1 for sinmplicity. Wth reference to equation (4) we can -
derive what whe. bk asfunicighatodial firsrmpjiongnWithirefesgoatoeequatien (4)pud camhoul d
be: 5g'(t) =-"/z mA si ngmcos(u n)] (4a). Here we are assum ng that the
squar e wave defivy vigsths euput phihe fendwiion VeHBisegudra &vave Hut deubdbfont) in

t he output of the nodul ator, applying the cosine wave filtering nentioned
above. 10 The operation of the nodulator is therefore represented by the

transfer gunction,from the,iAnQptns sb@pahy x(t), to the output ul at ed
signal, g (t) inr% Qe frequency d[[glrraél)%.m)]. This function can be cal cul ated by

taking the Fourier transformof equation (4a) and equation (5a).
Transforned equation (4a) is then divided by transformed equation (5a) to
gi ve t he transferHéranstdroassuangy betidd siware eve x@chae hegn m@-gjrmedm thel |y, the
i mpul se response 15 of the systemis derived taking the inverse Fourier
L r At or I oROPRE FERARB B o R 1L AT MDA S SpE e et e e
desi gned \AhirﬁgntP)‘?lg %%;ugvecorrect inpulse response to nodulate an input bit
stream A sigha xil may then be nodul ated sinply by feeding it into the

”52'“ atign filterthd dpebdionke tf mb&Ngbt Is thérefPPierederdte B} iheArah8fet Afction
nodul ated data, for exanple to assist 20 in the rejection of additive

noi se added framittieinpoichigread, edt) stoghabutput mbdulatedsigmlsg(thim thhdienedncy douecdin.a
f unet ! et Car.]T}Pis fuale():Pil):il Se(ljn l?eacsailclu atet:) bctaalk?nuI t%;[: iFQL?rigrtu%nstgr% io? fr: uta{igr? S:‘Iag rarrpdancI
using it to y g q (
equation (5a). Transformed equation (4a) is then divided by transformed equation (5a) to
give the transfer function, expressed in the frequency domain. Finally, the impulse response
15 of the system is derived by taking the inverse Fourier transform of the transfer function.

A modulation FIR filter can then be designed which has the correct impulse
response to modulate an input bit stream. A signal x(t) may then be modulated simply by
feeding it into the modulation filter.

It may be of benefit to apply a function to the modulated data, for example to assist

) 20 in the rejection of additive noise added to the modulated signal in the transmission channel.
Such a function can be applied easily by calculating its Fourier transform and using it td
multiply equation (4a) in the frequency domain. The impulse response is then calculated
and the function will be applied in the modulation step with no extra processing required.

Alternatively, a function: may be applied by. ccovelving it-with the impulse response -«

25 in the time domain. The modulation filter is then using the result of the convolution
calculation. |

It will be appreciated that the coefficients of the FIR filter will in general depend on
the sampling frequency, transmitted data rate, nodulation index m and the amplitude A.

Therefore, in general the filter coefficients will be set for a given communication system.

30 This fact can be used to further increase the transmission rate in a given system.
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,multiply equation (4a) in the frequency domain. The inpul se response is
then calculated and the function wll be applied in the nodul ation step
wWith no extra processing required. Alternatively, a function., may be
applied by.. ~convolving it with the inpulse response 25 in the tine
domain. The nodulation filter is then using the result of the convol ution
calculation. It will be appreciated that8-the coefficients of the FIRfilter
will in general depend on the sanpling frequency, transmtted data rate,
modul ati on i ndex Ifiaditdr ishiesigngal totmustizilAe a siphel eitloa knowh vgleaef al, tHehautputl dieén
coefficients will be set for a given comunication system 30 This fact can
be used to faminprx(i) mathehe kneve valnapsmiis gi(Dres expastddn Hawgyeren agyspusisignaBx(t) f

St v s P e e B R e LB
vy 1Y AR e U BEL X 0 L SESRL R R A o0

shape expectr@hida difRrdnbBiplifiad the value of in the filter was designed
for, 5 but has a different anplitude. This allows the-transm ssion of nore

t han one bit per Thisalsowd the ttassmibidn biymosd then omeddt péraraabmeted aginbgl Whisihg
vari es the nodul ati on i ndex. For exanple, a systemcould use an FIR filter
desi gned f oradgitmnalgnspdigg maichomiies thedneguiationandaxs For example, e systemecoyls yagtan
from the fi wi,ll. b (). T ta | at wit.h me2 is transmtted
he out put - BrilisheeeRdEr 5% Woen 45 e ER Lt A parm S e OBy
di f ferent anpl giwdgi ke $eYiI8Bata hfoddRted WRLH-AGE dandthit ' igfiepd

t he out put m:)%)ﬁ]}tt he”ftlk!léég\zvI Wg?t?higave the1 correlct arés e{pgﬂ @E?u&ﬁ Eﬂbgpt?@m{e?

di f)f er ent( arm¢ hivedhe cdets shapatbat wil leidiatdifierahd ampsitaded Eikeinsel ITelatpbitldtéd of
the FSK signal. A binary systemusing this principle mght take val ues of
in and - m whwitlemg4qs tiemsmitied the optpue fromi the filteswill/adve dee @irrechishape buy witha5m
and -m 15 T mul ti-| codi ng ed easily at the coding

- stage since i’éﬁgfﬁ_ﬁtt ?Bﬁ’\‘itt“%\a/lﬁlh%é’\ﬁfé 't ﬁ‘%ﬁgﬂ#ﬁ@l%‘lﬁgg‘;&g}? amphty e_LRJféh‘f EeKovenah
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15 This multi-level coding can be implemented easily at the coding stage since
equation (5a) shows that m is merely an amplitude factor in the coded data signal x(t).

It will be appreciated that this system could be applied to both the in-phase and
quadrature components of the transmitted signal by simply providing a second FSK FIR
modulator for the quadrature channel. Likewise, the multi-level property created by the

) 20 controlled variation of m can be extended to such a system, thus realising a system similar
to Quadrature Amplitude Modulation (QAM). Such a system will have a better signal-to-
noise ratio than QAM becuase it is based on frequency modulation techniques.

Furthermore, the characteristics of the filter may be calculated once and stored (for
example when the. modulator is. manufactured) or may be calculated wheneverthe ... . .. .

25 modulator is used. Thus, the same modulator could be used to modulate data using
different parameters as required.

An embodiment of a FSK modulator for radio signals according to the present
invention is illustrated in Figure 1. A digital bit stream is input to the coder 2 which applies

coding to reduce the dc content of the signal to as close to zero as possible. Several

30 methods may be used, depending on the characteristics of the individual communication



..modul ator for the quadrature channel. Likew se, the multi-Ilevel property
created by the 20 controlled variation of in can be extended to such a
system thus realising a systemsimlar to Quadrature Anplitude Mdul ation
(QAM. Such a systemw |l have a better signal-to- noise ratio than QAM
becuase it is based on frequency nodul ati on techni ques. Furthernore, the
characteristics of the filter may be cat®ul ated once and stored (for

exanpl e when the. nodul ator is manufactured) or may be cal cul at ed whenever
the 25 nodulsystem, far exasmgle Mhnchesteha Mﬁlfewrﬁdgllﬁik:@bdﬂ(ﬁjdndplhteamy b stream
nodul ate data using different paraneters as required. An enbodi nent of a
FSK modul at oFhiehis supalies 6ithashig register Hi ng to the present invention is

|l ustrated F t al t st to th 2 whi ch
appl o5 codi ng 1 o4 IR o TopRberSPARe s ey RSk 1§ Be seneboRBeih Yoro
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is supplied to the shift register 3. The FIRfilter 6 has an inpuls

response cor r espdrim inomt feeformanvsftey FIRUflteri owhidhrapplies lb$lﬁaquultnttonst> theam
to the FSK m)dul ated signal .. This m@gﬁ se response is derived as
descri bed ab%gfé‘ bppgset ¢ eef&ateamstqrﬁ repeh yalye efim By stermstfterr@effexems in this
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i nproved performance than if a single set of coefficients are used and the

anpl i t udeo ofcatdutatal grindtored invehe iFER fiter 6 Bryidbethienbdveed Bhsnmpdebfecitypiptthe are
pre 10 calculated and stored inthe FIRfilter 6. They are then selected by
sinply specivauef mﬁ@ulrwfeé@emh Pe§unt. et anflof-SBanpl e m 0.5m -m and
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encoder 4 supheesmiining\thtey Syrﬁﬁolﬁ‘aﬁd)subbl@ed:tbanfehédd%f 4 6o aarermiifel Svlﬁlﬂi wile HE'S
15 m is required. The encoder 4 supplies the value of m to the FIR filter 6 and thus determines
the set of coefficients used in the FIR filter 6.
The FIR filter 6 thus applies FSK modulation only fo the polarity bit. The data of

the other symbols is encoded in the modulation index used to apply FSK modulation to the

polarity symbol.

) 20 The next section of the modulator is a filter and DAC 8 which converts the digital
output of the filter 6 into an analog signal and filters it remove the harmonics associated
with the “stepped” output of a typical sample-and-hold DAC. Final the signal is up-
converted by the up converter 10, amplified by amplifier 12 and transmitted through aerial
14 e . R it e

25 The above preferred embodiment has not described extending the modulation to
include both in-phase and quadrature components. This can be achieved by splitting the
input bit stream into an in-phase and a quadrature signal, applying the modulator described
to the in-phase signal and simply providing a second modulator as described above for the

modulation of the received quadrature signal.

30 The shift register 3 and encoder 4 may be applied to modulators which do not use



.the set of coefficients used in the FIRfilter 6. The FIRfilter 6 thus
applies FSK nodulation only to the polarity bit. The data of the other
synbol s is encoded in the nodul ation index used to apply FSK nodul ation to
the polarity synmbol. 20 The next section of the nodulator is a filter and
DAC 8 which converts the digital output of the filter 6 into an anal og
signal and filters it renove the harnonilds associated wth the "stepped"
out put of a typical sanple-and-hold DAC. Final the signal is up converted
by the up cahysinglercyde FIRmbdulatedddyribednhitlid fist dRbaintleditt @hs sordcepidoftargugh
aerial 14. 25 The above preferred enbodi nent has not described extendi ng
t he nodul at itheimogulating indds nirytte appliphtosanyamerudpierdn athieteit soppseibbentios np @ s

can be achieved py splitt] the in bit streamintg .an in-phase and a
quadr at ur e sqeé‘r’i%ﬁbr,nogblﬁﬁl?ﬂ W§g¥-f£‘°%dﬁ$cﬁ-{]%?r HRs kT i"'b"g%g oridigifdhe i n- phase signal
and sinply provi di C . SGEd ko e
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encoder 45 may,iped AL r8sknliSsiOP I8 than YhY §te peatankSfted Hirbyt Ny oL €
cycle FIR nodul ator described in the first "enbodi ment. The concept of

varyi ng thenodhdaticatindex ismderequayd. dtheappid dederitgedampbordimokint atagraldonbemtadtedt

is possible to input-a_ desired nodul ation index. Such a nodul ator may be
anal og or ditgienende apmgrdiffererb nembpy offiymboliepcs gppsifted big by ingreasig aripducing
regi ster 3 Bd enCﬁgﬁ: #Ena% be 5 omtted if the transm ssion of nore than
one synbol 3 f sigr QhUFSPEESESIT by varying the nodul ation index is not

requi red. The above descri bed enbodi nent may al so be extended to encode an
a different nunber of synbols per transmitted bit by increasing or reducing
thg sizejof the S)Q&cfofrdih%gi Gk @reseAlindtiondhdrg istRovitied o ESKModulienivhieh giver e
is provided an FSK nodul ator which gives optimal performance with a cheap
cost of nmanufpictal perforSiance withet adheapitest pbmangfaginrsy iSeieed theempdulatign ksyprvied

filters, denodul ati on_can be achieved in onge clock cycle, and thus is,
i deal |y sui %Wl %ysﬁ%ﬁ?@as@ AERSIAON SaghhedoNEYeciB nae ioek GrelF.caditharis ideally

The present Lt B épcf)ﬁ]icét%ons with low power consumption requirements. The present invention is
therefore advantageously applied to portable and low-power FSK applications.
15 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, such as broadband modems.

Whilst the embodiment described above has been applied to radio communication
) 20 systems, it will be appreciated that the invention may be applied to any other

communication using FSK, for example modems.

Whilst an embodiment of the invention has been described above, it will be
.~.appreciated that this description does not limit the scop= of the invention, which is.defined in

25 the appended claims.



..therefore advantageously applied to portable and | ow power FSK
applications. 15 Additionally, since all operations can be carried out in
one clock cycle, the present invention is also advantageously applied to
comuni cation systens utilising a high transm ssion rate, such as

br oadband nodens. Wil st the enbodi ment descri bed above has been applied to
radi o communi cation 20 systens, it wltllbe appreciated that the invention
may be applied to any other conmunication using FSK, for exanple nodens.
Wi | st an enbodi ment of the inventiondiagsiMgen descri bed above, it will be
:.appreciated that this description does not Iimt the scope of the

i nvention, which is defined in 25 the appended clains. -11- CLAIMS 1. A
nodul at or for m)dul ating a digital .bit stream usi n% phase shift keying or
frequency shi-#t mogghion rﬁ‘?@lgfﬁ‘&ﬂ dea! bloigsAmais g Phgseshifp keing pofiequenry ehift
i mpul se res QNS il el vin n |npulse response corresponding to the
transfer fuﬁ(c I rntcl)% %@r%)rn?péﬁn bit streamto the bit stream nodul ated
usi ng freguency %Baulkﬁa/d ﬁﬁt@ﬁn@ms{esp%mefﬁn&%ﬂgan iAPuldPRY ar{ge frequency
shift keying nodulation to the bit stream and drgital-to-a

conver si on nwarspdndingao mivettdrisfeg fiirveion fioptithe fokigMabbil stremacitel thé bﬂ?@treaﬂrﬁ) filter
into an anal og signal for transm ssion. 2. A nodul ator according to claim1l
wher ei n sai dn¢qulated using fraﬁuqnﬁbamlﬁéevmmmbése sbift keydn fieti apglying fréquencysisifter
function fr mthe o b|t streamto the bit stream nodul ated using
frequency s CVF¥HBQ$H% iRt S @Bhal function applied. 15 3. A

dul d
moans for  encodi N Uar 2y s PR T ARELLHIIR otp A kR MR

hawi ng ato! e imw@nféadalu%gbgnaﬁatda@hlimst two val ues each resulting in a
different anplitude in the output of said nodulation filter, allow ng the

transm ssion of nore than one synbol per transmtted bit by
2. A modulator according to claim 1 wherein said filter has an impulse response
corresponding to the transfer function from the original bit stream to the bit stream
modulated using frequency shift keying with an additional function applied.

15

3.A modulator according to any preceding claim additionally comprising coding means for
encoding data in the modulation index, said modulation index having at least two values,
said at least two values each resulting in a different amplitude in the output of said
modulation filter, allowing the transmission of more than one symbol per transmitted bit by

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

4. A modulator according to any preceding claim wherein said bit stream is modulated using

frequency shift keying on both the in-phase and quadrature components and additionally

comprising.a second finite impulsz respense filter for modulating the quadrature component... ..wi

5. A modulator for modulating a digital bit stream using frequency shift keying comprising:
coding means for encoding more than one symbol from said digital bit stream per

transmitted bit by encoding data in the modulation index as well as the transmiﬁed bit, said

modulation index having at least two values, and for outputting said modulation index;

30 modulating means for modulating data using frequency shift keying with said



.20 encodi ng additional synbols through the variation of said nodul ation

i ndex. 4. A nodul ator according to any preceding clai mwherein said bit
streamis nodul ated using frequency shift keying on both the in-phase and
guadrature conponents and additionally conprising.a second finite
impul s: =.respons filter for nodul ati ng the quadrature conponent. 25 5. A
nmodul ator for nodulating a digital bit sl2ream using frequency shift keying
conprising: coding nmeans for encoding nore than one synbol from said

digital bit gédigaionpadex sutpsSror t4d cbdihg Bytagicodi ng data in the nodul ation
index as well as the transmtted bit, said nodul ation index having at

| east two val ues, and for outputting said nodul ation index; 30 nodul ating
means for nodul ati ng data ysing frequency shift keying with said -12-

modul ati on ihdeROBHRINACTrGRE duFlaing dwﬁﬁelﬁéalﬂsb}t ream Ihpwdriricdusiteciseaiengy t o

claimb5, wheyei i i re ' | Lna. fr n shift keying
on bot bt he i praetn BB FERsE B BRRLER B PEILPRGH sy s
second cogli ngcdRADAIR WeatR @AM YeFRE oaliafbg FRAASTOE Bficod dNHodstidEosid &) 1 ng
data to be transmtted on said quadraturée conponent. 7. A nodul ator

accordi ng t eamnsoitedain dalbquadetadicogpoheat.ns fornmed as an integrated
circuit. 10 8. A nodemincorporating the nodul ator of any one of the
preceding clains. 9. A nethod of nodulating a digital bit stream using

frequency shjft keying or phase shift . keying, the nethod conprising; 15
passi ng sai rdy -t @Pgéllatog?fcoé 1P RmHens A h rF‘Fq%f’}&CqﬂH\?n&ﬂﬁneélrﬁsi RalegEtsdesponse
correspondiqgmhﬁ the transfer function fromsaid digital bit streamto the
nodul at ed output, the output fromsaid filter being the nodul ated digital
bity streagn and converting said nodulated digital bit streaminto an anal og
signal for transmssion.. 20 10. A nethod according to claim9, wherein
sai d i npul se8.rAesypdemenaipaating the Imaeiulataef aeg ponefsht preceding clainss.er functi on
fromsaid digital bit streamto the nodul ated out put

9. A method of modulating a digital bit stream using frequency shift keying or phase shift

keying, the method comprising;:

15 passing said digital bit stream through a filter having an impulse response
corresponding to the transfer function from said digital bit stream to the modulated output,

... the output from said filter being the modulated digital bit stream; and

converting said modulated digital bit stream into an analog signal for transmission..

) 20  10. A method according to claim 9, wherein said impulse response of said filter
corresponds to the transfer function from said digital bit stream to the modulated output

signal with a function applied.

.-.11. A method ef modulating a digital bit stream using frequency shift keying:according.to ..
25 claim 9 or claim 10, wherein the modulation index can take at least two defined values and
further comprising the step of encoding more than one symbol of said digital bit stream per
bit of said modulated output signal by varying the modulation index between at least two

values. .

30 12. A method of modulating a digital bit stream using frequency shift keying comprising the



.,signal with a function applied. 1..1. A nethod!. of nodulating a digital

bit stream using frequency shift keying.,according . to ... 25 claim9 or
claim 10, wherein the nodul ation index can take at |east two defined val ues
and - further conprising the step of encoding nore than one synbol of said
digital bit streamper bit of said nodul ated output signal by varying the
modul ati on i ndex between at |east two Malues. 30 12. A nethod of

nodul ating a digital bit streamusing frequency shift keying conprising the
-13- steps atepseficodi ng data in the nodul ation index such that nore than
one synbol fromsaid digital bit streamis transmtted per transmtted
bit, said nodul attheedingideta i theimefudationgadex suplpthaymiorestban amesysnbod dwinasdidg
data with frequepcy shift keying using a ulation index resulting from
step of encé‘éﬁlﬁgg’tfg?a%%ﬁ%ﬂﬁ“‘?ﬁ Per’ré@&%‘t“ggg“asaéﬂ gedulptign inde¥ hadng asleay two
frequency shift keying wherein said digital bit streamis split into two
channel s, and L 1ie et hod of any preceding claimis applied 10 to nodul ate
one of t said t [ : [

o modul ate the o AU Ew R ERakIRy SRIDNSFE SRR PRl Pabdfithe A
conponent ofstepaif@ncating.er .

13. A method of modulating a digital bit stream using frequency shift keying wherein said
digital bit stream is split into two channels, and the method of any preceding claim is applied
) 10 to modulate one of the said two channels onto the in-phase component of a carrier, and to

modulate the other of the said two channels onto the quadrature component of said-carrier.



