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.frequency sﬁj “m FSK) or phaq)e,i_sgﬁj 'zqd?eyi ng (PSK). It is
a

particul arl 5 the nodul ati digital bit stream =«Goooo2+
transmtted at a&shHigh 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 (either increased or decreased) by
the data si gnal APHRARESANPVETHOROR MEDUBEATINMDIGITAGIAATA s gi ven
by: y(t) = Acos[wt + nf(t)] (1) where, y(t) is the FMsignal, wff is an
internedi ate frequency (IF) of the FM 15 carrier signal in radians/sec,

f(t) is the nodulratpRGedidatedtion rdRBL 1o thd modufall6n ﬁg&ligt tda?ﬁn'u%.ir[gdex and A is

the carrier anplitude. For radio transm ssion, t signal 9s then

up- conver t etrequenay khifHeyingr(E§He ncyhdse shifrienmgi (BSKpt fsiparicakrgtpplibdto For
conventi %nal audj o FM radcho. iﬂnal S, a fr_equencg_ of approximately 100 MHz

i s used. > TOerRARonqfa W%ib Streap gizpsmitted pt a high dagig-raenvert ed si gnal ,
y'(t), is received th : _;:gh 20 an antenna, down-converted to give y(t) and
then multiplied by sin((Oft) to give a signal g(t) according to the

fol | owi ng equat i bnFregiéncy Medultien)(FM)s@ah Wrtsed v dry the(fdquikeydrer &rgén( (ai t)
is alocally generated |IF equal to the | F used in the nodul ation of f(t),
used to sepsiedtle Thrsammsysigatldys aigiisanominahifteneeney and tis Enitered (eigher
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) 10  signal is given by:
y(t) = A cos[oyt + mf(t)] (D

where, y(t) is the FM signal, oy 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 criginal signal f(t), the up-converted signal, y’(t), is received threugh
20  an antenna, down-converted to give y(t) and then multiplied by sin(wt) to give a

) signal g(t) according to the following equation:
g(t) = sin(ogt) A cos[ogt +mi(t)] )

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

2

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

equation (2) gives:

g(t) A sin(wpt) {cos(ogt)cos[mf(t)] - sin(wgt)sin[f(t)]}

30 72 A {sin[2 opt+mf(t)]-sin[mf(t)]} 3)

L



“-2- Generally, coFt is large conpared to the frequency of nf(t) so a

| ow-pass filter can be wused to renove the high frequency termin g(t),
leaving: g'(t) _ -"V2 Asin[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) _
~'/2 Anf(t) (5 10 Therefore an FMsignal, in which corFt is large
compared to the frequency of f(t) and m(t) has small anplitude, can be
denodul ated by (i) nmultiplying the received signal by the sane IF used in
t he nodul at iememllycestsis darge torepared td the fragerinay of mffthswoaitplw-pask Gilter paske
filter. The transm ssiqgn rate of the data be increased w thout
adversely 188 tPéE?‘PﬁﬁaFHEgﬂbﬁﬁWﬁ W”B)}nﬁfﬁgﬁgaé(ﬂghg both the in-phase and
guadrature conponent of the system Data is transmtted on both the '
conponents allowi ng the transm ssion- of twice as nuch data in the sane
bandwi dt h. The SNR’@) a tansnjmf(®p signal may be inproved by (@pplying a

function, for exanple a logarithmfunction, to the transmtted signal:. n,
-s can be used to alter the 20 characteristics of the transnitted si gnal

and i nprove hect i L naj. r.omthe chann en the
signal is dé}rlrggﬁg g"{hg%.ﬁlﬁp hI%g S%%@\%n&ppgldf’rséﬁgjﬁi] lgla%‘?rf’ )éllma(tfg én?{}%:vl\vﬂ&hsuch an
FM system Tamsdsgd:tal data is first expressed as a serial bit stream
representing the bytes and words of the original data. This bit streamis
a series of discr @%l(@ val téd) mi) i ke an anal og signal 25 which (6an vary
continuously. Therefore, exam ning equation (1) above shows. that the
nodul ated signal wll switch between defined frequency val ues. A system

sych as 1¢ hithetefoléRAWM 3ibnkl, GAWRTRE Yo BN lege%@bﬁip_Qﬁd(tE%@freq[ﬁeﬁ@tM) @hd FSK
ulation known in the art 'is to send the digital bit stream directly to
a vol t age caonf(t) bh$ sdalbsmplitude.aan p¥/dSppdilaed by &npiwtiplyingrtbeteoeiveld sigaali n a
by the same IF used in the modulation process and then, (i1) passing it through a low
pass filter. |
The transmission rate of the data may be increased without adversely
15 affecting the bandwidth by modulating both the in-phase and quadrature component
of the system. Dafa is transmitted on both the components allowing the transmission’
of twice as much 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 transmittéd signa!. This can be used to alter the
20 characteristics of the transmitted signal and improve the rejection of additive noise
) from the channel when the signal is demodulated.
It is known to transmit digital data using such an FM system. The digital data
is first expressed as a serial bit stream representing the bytes and words of the
original data. This bit stream is a series of discrete values, unlike an analog signal
- 25 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). '
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

30 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



“30'tank circuit. As the digital bit streamhas two defined val ues the VCO
will output two frequencies, one of which corresponds to a "1" val ue and
the other of which -3- corresponds to a "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-3ignal to as close to zero as
possible. 5 Various techni ques are known such as Manchester codi ng or

M |1 er codi regrreshonds tocoth'rvgluet he data signal is filtered to renove the
square edges and._reduce_ the harnonics present, consequent|ly reducing the
bgndvm' dt hgrequi réfﬂ’ %8?” thFPé%ﬁ‘éﬂ&O%it@ﬁ.smrﬁﬁf@ froiqnglg oxgr gghanngl whigh camnot hen f ed

i toh abr gy nea Cea et B A % SAERL AR R RRR OV

associ at ed witeh eacositd o Rdacghe DT Eometsenty siphel toekiclisead adlo af Sissigelul at or s
i mpl ement ed _on_ programmabl e Digital Signal Processors (DSPs) are known.
However the VFFigbeteshpigues are knomimguchras Manchestas cedisk o5 Millerdpdingenands t he use

of fast DSPs and jdicreases,ihe power. cons tion. 15 1t is, an ajm,of the
present inventi o fpecr)_c?)ci’igg’i tgglagtﬁ S.‘%%‘;‘S\Sﬁg‘(ﬁ'e@’eé‘?ovﬁ SOHSER fdgFHend fedus o
further ai mieohainbhith presthtecdiRéduetily RIAEHE tHean@lvidiN rdgRlfe®@forPSK  nodul at or.
A still further aimis to reduce the power consunption of an FSK or PSK

nmodul at or. Aapgnisfign.tHus fikiened idgtatsigniahis teasfed inte a standmdiFd Modulaore of a
comuni cat i st.em usin SK or, PSK on. the transm ssion ¢ nel w t hout
adversel y a]ﬁ?l_grf?%ﬁ etﬁsﬂge{?‘gﬁipoﬁd}%wml};b%@o%eﬂww e ‘%ieq? H?fg'i‘fda.spect
a_t)[the | 11V € Blel; 8l ARNE theShaPidMicd 8lodiafd WAt 9&p {Hah efﬁoﬂéﬁu%ér?f‘&ea digital
bit stream using frequency shift keying or phase shift keying, the

modul at or cehmunatédng: 25 pattern generation neans for generating.

atransition. pati:ssqn whenever there {s a transition in the digital bit
stream the trandrti BAIYAOrIMPleBEHEa eRprostEtmatinDigital Signal Processors

(DSPs) are known. However the process requires many instruction cycles which
demands the use of fast DSPs and increases the power consumption.

15 It is an aim of the present invention to provide an improved FSK or PSK
modulator. It is a further aim to minimis.e the cost of production of an FSK or PSK
modulator. 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 or PSK on the transmission channel without adversely affecting

20  the signal bandwidth.

According to a first aspect of the invention there is provided a modulator for
modulating a digital bit stream using frequency shift keying or phase shift keying, the
‘modulator comprising:

cea25 pattern generation means for generating a transition pattern whenever there is-
a transition in the digital bit stream, the transition pattern being dependent on
whether the transition is from a low to a high value or from a high to a low value, and
for generating a steady-state pattern corresponding to a frequency representing the
instantaneous value of the digital bit stream otherwise, the output of the pattern
30 géneration means being the digital bit stream modulated using frequency shift

keying.



“whet her the transition is froma lowto a high value or froma high to a

| ow val ue, and for generating a steady-state pattern corresponding to a
frequency representing the instantaneous value of the digital bit stream
ot herwi se, the output of the pattern 30 generation nmeans being the digital
bit stream nodul ated usi ng frequency shift Kkeying. -4- It is therefore
possible to nodul ate a digital bit streamm using FSK or PSK using digital
conponents. This allows the circuit to have a | ow cost of manufacture and
it is ideally suilt sdh¢refofoposaibloio medudate adiggt bit stdeam ning FSKThdSE& f ect s of
tenperature driff, pressure drift, manufacturinpg tol erances, conponent

agi ng and 5 Yt"8 g‘&&&?’&&?’?—ﬁ’?%ﬁ“@ 3heBis tessreyit 1o hayeqylonmnsbrfannutagtarer educed.

The use of aa{ld’i‘{ 8 Egg%he%%tf%{hti%h'a9¥a‘§éx%&§‘at%& Gt A dRLugen the two

frequencies to i nc sone I nterned a requencies, Timting the

bandwi dt h ofterhp&ratutedisi grédresirdt) aanbfactuaingitélefgcead, Sdngponehdpe: ard
frequency. Furthernore, because the nodul ator can operate froma common

cl ock wi thouwther eharaetengicangblams gf pples ewnpansntsare igAucedpdbe 8pgiofl® gener at or
t he design can_be inplenente ith .a lLower clack eed. The npodul at or may
ave an out gOPSURP eRerS A fos eriPa poteen e, (EebB8 ey O el s hoRe

gener at i on NRRAfediAE FRJudlesN@hitimBahd BshdMidth RE tRUtAYhited stdrafky Cycl es to

be | oaded into a down-counter, the output having a constan vaﬁl ue until the

down- count evorderrhsiep elange imfrequengo Furthermaat, becayise theemodtatoheanfopeeate od i s

| oaded into the 15 down counter and.the value of the output is changed if
equired.  MIERID ACPBITORAo I Faine AT R RO PRI oek & PEYETe T educi ng

t-gg povwe{g %Hé’dﬂ)ftﬂeoc{bsigﬂ%ﬁh BQiﬁxblieﬁleﬂ%éé%ﬁa@l’bw%%lbél@é&e&or high data rate
applications. The construction of the pattern generator may al so be

sinplified. Opti ditelthgduldthempphéeran geme vatidr is imthe farme ofnsquatpwubvedridch i s

inthe form_ of a 20 nulti-level digital. signa t he nmpdul at or further
conpri si ng dhgPatiern geperaiiondpeans Gaset %Féﬁifﬂ?é&ﬂ‘% 0# ©F outmy By tloskeyslesdo

e A R UL g0 g 0 5o
counter reaches zero, whereupon the value of the next half-period is loaded into the
15 ddwn counter and the value of the output is changed if required.

Modulation can therefore be achieved in one clock cycle reducing the power
consumption, making this modulator suitable for high data rate applications. The
construction of the pattern generator may also be simplified.

Optionally, the pattern generator may have an output which is in the forn: ¢f a

20 multi-level digital signal, the modulator further éomprising digital to analog
) conversion means for converting satd multi-level digital signal into an analog signal
which corresponds to said digital bit stream modulated using frequency shift keying
or phase shift keying.
The output of the pattern generator may then more closely resemble the
25 desired analog wave to be transmitied.

In one advantageous configuration, the modulator may further comprise a
low-pass filter for low-pass filtering said output of said pattern generation means,
wherein said output is varied in duration and value such that the output from said
low-pass filter is-an analog signal which corresponds to said digital bit stream

30 modulated using frequency shift keying or phase shift keying.

The output of the pattern generator may then more closely resemble the



“or 'phase shift keying. The output of the pattern generator may then nore
closely resenble the 25 desired analog wave to be transmtted. In one
advant ageous configuration, the nodulator may further conprise a | ow pass
‘filter for lowpass filtering said output of said pattern generati on neans,
wherein said output is varied in duration and val ue such that the out put
fromsaid |owpass filter is an anal og-5si gnal which corresponds to said
digital bit stream 30 nodul ated using frequency shift keying or phase shift

keyi ng. Thedesifeduhalof vidve tpbé trensiiged Ghateds alayhe dddnionar &lvah@gethat ipsenbl e
the -5- desired analog wave to be transmtted. There is also the additional
advant age t R@Rstiupéon @%hgtrmgtamms gmplified.reqrifiag enlyiadowipass filtereinsteadgfii ri ng
only a Iomfgfss fiItFr Ln§igad=§f a nare conpl ex digital-to-anal og
convertor. ACKBFSPRBIEE F8LLEAMHOLEPWEROTf t he present invention there is
provided a 5 net pREo@ingWAWeadidEpét 8f B hddseR ihvehibRTRIEN fHevidegguency
shift keying or phase shift keying, the nethod conprising the steps of:
(i) detedti mypthedert mdvhiatings: digital drissireammsing fteqaencalshdt kdyingher fiiate shifteam

(ii) genera ing a trar}%ition pattern whenever a transition is detected, the
transition ESEQE‘ &rthe peteg campeisipgthe BePSiet her the transition is froma | ow

toahigh 10 vallBeRbidy SMrfnbledlla WndioHf HELEe oPHEBiAkLRY, 2

steady-state pattern cortresponding to a frequency Ich represents the

i nst ant aneous valiilzenératiag d thahditisn paitern vh&evet S aansition is de@ufeguhei ng t he
‘pattern, the output being the digital bit stream nodul ated using frequency
shift keyi nfaertigmeatiersheing derepeny onmisthep thegrnsitipn peframd lovde atlaglyener at e
a..squar g wa WM i 3 1 i sing the.steps of
s VRS b e APl bl Y508 o BOTRGLA BAIR R, o
down- count e a frequenby whitthreprebdigs the GrifmtamabuswalucoVid it Sthami@nerwagint er

counts down to

(i11) outputting the pattern, the output being the digital bit stream modulated
using frequency shift keying or phase shift keying.

The method may be modified to generate a square wave pattern, with step (ii)

15 further comprising the steps of:
(11-a) loading a count representing the half period of said pattern into a down-
counter,
| (i1-b) outputting a constant value while the down-counter coﬁnts down to
Zero;
20 (iii-c) repeating steps (ii-a) and (ii-b) each time the down-counter reaches
—) zero, and changing the constant value if required.

Optionally, the method may be modified such that said patterns generated in
step (i1) have the form of a multi-level digital signal, and said step (ii) further
compriseé the step of: converting said multi-level digital signal into an analog signal

25 before said step-of outputting.

Advantageously, the method may be modified such that said patterns
generated in step (ii) are varied in duration and value, and said step (ii) further
comprises the step of: low-pass filtering said patterns before said step of outputting
to generate an analog signal.

30

A preferred embodiment of the invention will now be described, by way of



~zero; | 20 (iii-c) repeating steps (ii-a) and (ii-b) each time the
down-counter reaches J zero, and changing the constant value if required.
Optionally, the nethod may be nodified such that said patterns generated in
step (ii) have the formof a nmulti-level digital signal, and said step (ii)
further conprises the step of: converting said nmulti-level digital signal
into an anal og signal 25 before said sﬁbp-of out putting. Advantageously,
the nethod may be nodified such that said patterns generated in step (ii)
are vari ed pxemple aniyowithrdferenicetn thandcaseriadyisg dmgtans infwhitlher conpri ses t he
step of. lowpass filtering said patterns before said step of outputting to
generate an analog signal. 30 A preferred enbodi mrent of the invention will

now be descri bedgihiy. Yy, %efgﬁ?ic S AFBK Sn M or M%@ﬁéﬁpgﬁgﬁ%gd%{ﬁ %gdul at or

acconpanyi ng diagrans in Figure 1 1s a sc

accordi ng t thegnnesenbmdemioit ad the present invention; and 5 Figure 2 is a
schematic of the_detail ed construction of a square wave pattern generator
used in the enboligvEnE Is 3 sghematis pEthg detaedhennstugtionioh @ square siaye Prigemes by

i ke refereggg;moimiﬁigp%(%ﬂgﬁhﬁgqpion of an FM nodul ator in accordance
I nent o e

with an enb present invention is showm in Figure 1. It is
known that nodul ation of a digital bit streamusing a conventional anal og
FM nmodul ator will result in a signal that switches between two defined
frequenci es. TheLlpreawetstarg ¢drpetediin thevasiounBgeresby hkersferentes.onal  anal og
nodul ati on conponents to inplement a FSK nodul ator which can be 15
constructed cheaply and easily fromdigital conponents. The data to be

_t.éans mitiged i s r qRE eSHMUEHoRST h PVNAGRIAEY indkcdidncs Widah b ddimed s t he
idput to the nmodulator. In this enbodinment the bit streamfirst passes
the present invention is shown in Figure 1. It is known that modulation of a digital bit
stream using a conventional analog FM modulator will result in a signal that switches
between two defined frequencies. The present invention dispenses with conventional
analog modulation components to implement a FSK modulator which can be
15 constructed cheaply and easily from digital components.

The data to be transmitted is represented as a single serial bit stream which
forms the input to the modulator. In this embodiment the bit stream first passes
through a coder 2, which applies coding to reduce the dc content of the signal to as
close to zero as possible. This is done through a non-return-to-zero (NRZ) code. The

20  coder 2 is optional, however, and may be omitted if not required.
.) The bit stream now forms the input to a square wave pattern generator 4. This
generates a predetermined output pattern corresponding to the value of the input bit
stream at a given point in time. When the input is a "1" value the pattern generator 4
outputs a steady-state pattern corresponding to a square wave of a first frequency.

- -25.--When the input is a "0" the pattern generator 4 outputs a steady-state pattern
corresponding to a square wave of a second frequency. It was noted above that abrupt
changes in the frequency will give harmonics which increase the bandwidth required
for transmission. For this reason when the pattern generator 4 detects a one-to-zero
(high to low) transition or zero-to-one (low to high) transition it instead outputs a

30 transition pattern designed to reduce the harmonics instead of simply switching from

one frequency to another. The transition pattern is different for each type of transition



“through a coder 2, which applies coding to reduce the dc content of the
signal to as close to zero as possible. This is done through a
non-return-to-zero (NRZ) code. The 20 coder 2 is optional, however, and may
"be omtted if not required. The bit streamnow forns the input to a square
wave pattern generator 4. This generates a predeterm ned output pattern
corresponding to the value of the input-7bit streamat a given point in
time. Wien the input is a " | " value the pattern generator 4 outputs a

st eady- st at éing@fintoRe Ragahé 68PN PGl heedtob@UAdrease@usd @fth@ofher &dse tlieequency.
25. When the input is a "0" the pattern generator 4 outputs a steady-state
pattern cofrequspenwilhgeaddodeseflngeé wave of a second frequency. It was noted
above that abrup

changes i he frequency wll gjve harnonics ich
"norease the bandll URUPGH a0 SRBH PP Er a B A5t TN Sh FARNBA- when t he
pattern genghauffut élq\%‘é el Ssignd? e dn@rafdi 1y lohdih@theltfind vh htaffgﬁﬁba bPtheO!
zero-to-one (lowto high) transition it i'nstead outputs a 30 transition

pattern dessquedwiw, exuecsed ahenimaberorficgsles oSthe aldcloP4,Sromlthe mattietrchi ng from

one frequency to another. The fransition pattern is different for each type
of transiti Ghersor B pidine Auigreload davp wemr%%%gﬁewtwwsmﬁ\sda[% Beéhe ncr eased

dinth e v in¥
B st + oA WERSE: Ny 0 SONEREYintd e pRERIANRP S RS ofier

construction o square wave pattern generator 1S sho

out put squaRZoipur aSioltagd cirtespaitegdoatishpluepfod exgnplb e 5VioresV oWhen hied
period of the 5 square wave, expressed as a nunber of_ cycles of the clock
24, from t hautpaeleed dowe paperd0 reachesgegos the phase gdiusy waaltaﬁmd@m@w 20.

i mul ie." " "0 ded
Sl mul t aq%ou%lxe Bﬂ%e g@Lea:fg 5’8{'6 %.\ﬂgthleo %gtlégrega}@@é?g g:bx?rgfir 210 lol%c?sr the Qal)uel tﬂeoa €

i Dto the phase adj us output's a“ voltage

correspondi Akt haiffpBiiséd framUBe pitin pXRRRbE ThRY, thy cirdai.caliereritba waast o- r el oad
down counter 20 reaches zero, the phase adjust circuit 22 | oads the next 10

val ue of thwitbgoriftequengs upielthetrdock fresuerdye weded dwrrontsolefdhe potampads t he
val ue of the Eﬂgxrt Xh@];&,ger { ggl fer om trpq? attern ]%egesr at or . 'I(')husa t he _
circuit cantPEHEa% {PE TEIYERCISH Y ?%heﬁ@yq B dPPhRE ¢hosekas r equency,
under the caqire@ko &fit th ﬁplg%aii&ﬁ.m‘heg RS 5 Bored BermbhientBU ERekamprRAH@NCI s and
transition sequences may be chosen as
15 ROM section, or may be determined dynamically each time a bit stream is
modulated.
Referring again to Figure 1, the signal now passes through a digital wave
shaper 6. At this stage the signal is a square wave modulated ready for transmission.
However, the sharp steps of the square wave contain many odd harmonics. These
20 increase the bandwidth required for the transmitted signal and reduce transmission
) efficiency. The digital wave shaper 6 shapes the signal to remove the sharp steps and
give a signal that can be transmitted in a smaller bandwidth.
The wave shaped digital signal is then converted into an analog signal by the
DAC 8. The analog filter 10 filters this signal to remove the "stair steps" in the
25 signal introduced by the DAC 8, reducing the:bandwidth required for transmission of
the signal still further. '
Although this embodiment has described the use of a digital wave shaper 6
and a DAC 8 to shape the signal to improve transmission efficiency, these
components are optional. If they are not used the analog filter 10 acts to smooth the

30 sharp steps present in the square wave signal, reducing the bandwidth required for

transmission.



“desired to suit the application. They may be stored permanently, for
exanple in a 15 ROM section, or may be determ ned dynamcally each tine a
bit streamis nodulated. Referring again to Figure 1, the signal now
‘passes through a digital wave shaper 6. At this stage the signal is a
square wave nodul ated ready for transm ssion. However, the sharp steps of
t he square wave contain many odd harnosf-cs. These 20 increase the bandw dth
required for the transmtted signal and reduce transm ssion efficiency.

The digital waveriafipReic SgrhaRScohbéredl N8 lthd ParsAiRIA ftdd@esafR Steps and
give a signal that can be transmtted in a smaller bandw dth. The wave

shaped di gi exampéd YMhz. $he hpnomeredsigea 15 theo amplifiehby thesingphidier by ande DAC
8. The anal og fi.I%tdgr 10 filteri this signal to renpve the "stair steps"” in
the 25 si griSmitsdJEmme Ll BEMPALO-DAC 8, reduci ng the: bandwi dth required for

transmi ssion of [,tha gl odg-fxéd\}\g\nc;t‘i‘l'i sh‘g{ed) él} thgﬁ%ggltﬁﬁ’éﬁg&ggﬂé:%@g&t has

described the use of a digit ve shaper e the

signal t6& iwpreaeeitngensratos giofithecfirki emigrdinienttniaste: subsiitined enithsa muRi-opt i onal .
If they are not used the analog filter 10 acts to snooth the 30 sharp steps
present i n lerRl paiera censiaior whichsan outpuigihapstyvaves dbsstbneliminating thermegd f or -

transm ssion. -8~ Fi nal t [ I -C t t he

transm ssi o@r?fi}eg(ﬁtﬁe‘ﬁ?:% 4h1¥18?r 62%%ph%ielﬁ%dbma%e”ﬁeggﬁéqr?g%%éﬁ gglgglalgnal is then
anplified bygad@hasKitlak midRé leddls @06 thd bialg il t bed"r@shige davemas 16. In a
second enbodinent (not illustrated) of the present invention, the square 5

wave patt erngnpegoaverteddnigfantanalog isigsel ntbe HlAke nkherapstivetion st openatead with a
T B he RELL A A5Ehah hofe SER UL rlheRatayEe ety
gener at or gener aheShid dinBbdilent GoOMAbirNEd)OT tliAse Rt BvéMithlthe iare t he binary
"1" and "0" of a square wave. This signal is converted into an anal og
signal by twavepaGermigeaemon st replatédowitlangattqye getdratnr which varies the duration '

and value of its output, in a method similar to pulse width modulation. The output

from the pattern generator is then passed directly to the low pass filter. The output
15 from the low pass filter is the analog signal required. This enables both the digital

wave shaper 6 and the DAC 8 of the first embodiment to be omitted, and has better

performance than simply passing a square wave of the correct frequency through a

iow-pass filter. The construction and operation of the third embodiment is otherwise

igentical to the fiisi embodiment.
20

Whilst a radio communication system has been described above, the person
skilled in the art will appreciate that the present invention may be applied to any
communication system using FSK modulation, for example a modem. The skilled

person will understand that the above described modulator may be applied to a PSK

- 25 system with appropriate-changes to the pattern generator.

Whilst embodiments of the invention have 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.

30



* 10 "of the second enbodi nent is otherw se identical to the first enbodi nent.
“In a.third enbodi ment (not illustrated) of the present invention the square
wave pattern generator is replaced with a pattern generator which varies
.the duration and value of its output, in a nmethod simlar to pulse width
nodul ation. The output fromthe pattern generator is then passed directly
to the low pass filter. The output 15 f?omthe | ow pass filter is the
anal og signal required. This enables both the digital wave shaper 6 and
the DAC 8 of the first enbodi nent toég-r Ltted, and has better

performance than sinply passing a sq % ve of the correct frequency
through a iowpass filter. The construction and operation of the third
enbodi nent is otherwise id:;a .al to the first enbodinment. 20 Wilst a
radi o commubi &aidduiatstyfer avdhlating e digitdEbic strdaedusaipofrequendyesipf kepimg ogki | 1 ed in
the art will appreciate that the present invention nmay be applied to any
conmuni catlbbﬁséﬁgltﬁé?ﬁy . Hi TroskaltorRAmATISHIE for exanpl e a modem The skill ed
per son WI |1 undey. 1”8%3!’2' li'ed to
a PSK 25 system eﬁﬁ‘geﬁé{lﬁ I??aa??&cg%g%%ésé%%%ﬁl tnt%;erfr)‘h’ gene}r)glfgeﬁg Wi | st
enbodi ment sa ghndifién indaeNdigRA iest@aReed dmndmeﬁm@ dépendtnkt bnbe
appreciated that this description does not limt the scope of the

i nventi on, whitbbr $agd traesitionsid flomﬂ%V@rﬁp}élghléﬁllU@pafrﬁ@alEQh toa loy il 1. A

nmodul at or for dul a it st rea uenc sh| ft keying
or phase sﬂ‘?qfolgg’%r%“gg ? %83%%%}73 B?tg 8%‘51" %frﬁoa‘{e KFPISRAYIR i on
means for ggRehAhhtRskoRs Bﬁﬁ@%f&dl@algnaxt&emamﬁn@we theufput 6f said patderai tion
in said digital brt stream said transition pattern being dependent on
vﬂxvt her 19ai derterativmirheams bemgfithodighall bovsticamanérduigied adingfrequeheyshift Keyig t o a

value, and for . _generating a steady-state pattern corresponding to a
frequency r&pphasesiiftlgying.

2. A modulator according to claim 1 wherein the output of said pattern generation
means is in the form of a square wave and said pattern generation means causes the
15  half-period of said output in clock cycles to be loaded into a down-counter, said
output having a constant value until said down-counter reaches zero, whereupon the
value of the next half-period is loaded into the down counter and the value of said

output is changed if required.

20 3. A modulator according to claim 1 wherein the output of said pattern generation
) rheans is in the form of a multi-level digital signal, the modulator further comprising
digital to analog conversion means for converting said multi-level digital signal into
an analog signal which corresponds to said digital bit stream modulated using

frequency shift keying or phase shift keying.

[\
P

4. A modulator according to claim 1 further comprising a low-pass filter for low-pass
filtering said output of said pattern generation means, wherein said output is varied in
duration and value such that the output from said low-pass filter is an analog signal
which corresponds to said digital bit stream modulated using frequency shift keying

30 or phase shift keying.



“the instantaneous value of said digital bit stream otherw se, the output of
"said. pattern 10 generation neans being the digital bit stream nodul at ed
usi ng frequency shift keying or phase shift keying. 2. A nodul ator
.according to claiml wherein the output of said pattern generation means
1s in the formof a square wave and said pattern generation nmeans causes
the 15 half-period of said output in gtgck cycles to be loaded into a
down-counter, said output having a constant value until said down-counter

reaches zerog, ,whe on the .value of .the next half-period i.s.|oaded into
e down- codr ot et the s By Pediahe Saffimied AR Rhkder Bredfi e, 20
3. A nodul ator according to claim1l wherein the output of said pattern
generation neans is in the formof a nulti-level digital signal, the
modul at or f 6r Amerdeaninporpsiangg adigiuladr dcoordivgl togny precedisg daimeans f or
converting said nmulti-level digital signal into an analog signal which
corresponds to said digital bit stream nodul ated using frequency shift

cort d digital bit ated usi u ft
comprsi g 4 Foud e ke e TR B U RS GIA R e G

pattern genghiatiePihg e Methoth@nSiriRirgathelstep put is varied in duration and
val ue such that the output fromsaid | owpass filter is an anal og signal
whi ch cor r espond§i) deteetirigawlingherglis d fransitioreimtherpalue af wil BiS st equency

shift keying =308 DRasg, 8 Hudid ¥l whiersa RN flieAEFARA MO tO

any preceding cl Ihtegra CiTcCcu m

i ncor por at i fandi st eéin%ae@;séhdm@nt@my sHl eaRdiiAgisGoth Blow to/a hixhmet hod
of nodulating a digital bit streamusing frequency shift keying or phase
sh.; ft kel ngalut efromtdingh tompow vilng geheralingpsteady-stite patgen cemrespgndingn t her e

is’a transition in the value of said bit strea i enerat | a

transition paf g@ﬂ%%@ﬁé&‘&ep@%ﬁn&s F qpslantangpug el eéfle%%debgt, St?ﬁ?ftﬂ%wésﬁéi tion

pattern being deaﬁrpgstgmtfta swaleaah%,?ﬁaeu@am i dipRallBiOfeam OW to a high
I a

10 value or froma h ow val ue, generating a steady-state pattern
cor r espondi agdulated using frequency shift keying or phase shift keying. .

15. - 8. A method according to claim 7 wherein said patterns generated in step (ii) have the
form of a square wave, said square wave being expressed in terms of the half-period
during which its value is constant, and said step (ii) further comprises the steps of:

(ii-a) loading a count representing the half period of said pattern into a down-
counter; .
20 (ii-b) outputting a constant value while the down-counter counts down to
) Zero;
(iii-c) repeating steps (ii-a) and (ii-b) each time the down-counter reaches

zero, and changing said constant value if required.

25 9. A method according to claim 7 wherein said patterns generated in step (i1) have the -
form of a multi-level digital signal, and said step (ii) further comprises the step of:
converting said multi-level digital signal into an analog signal before said

step of outputting.

30 10. A method according to claim 7 wherein said patterns generated in step (ii) are

varied in duration and value, and said step (ii) further comprises the step of:



“to'a frequency which represents the instantaneous value of said bit stream
"otherwise; (iii) outputting said pattern, said output being said digital
bit stream nodul ated usi ng frequency shift keying or phase shift keying.
.15 8. A nethod according to claim7 wherein said patterns generated in step
(ii1) have the formof a square wave, said square wave being expressed in
terms of the half-period during which_jits value is constant, and said step
(ii) further conprises the steps of: (ii1-a) |oading a count representing
the half period of sai atter.n in wWi-, Cou [ 2 il- out putting
a constant val uePo\XXfP?Séq}lﬁél ngg%q_p 3%%?1% g?tg%gﬁlr?tsgepd%tv\ﬁ] t?ugg Qé{é)r%e;n Q%’llei ::Ii'n c)
repeating sh@sg éikhald) and (ii-b) each tinme the down-counter reaches zero,
and changi ng said constant value if required. 25 9. A nethod according to
claim7 wherein said patterns generated in step (ii) have the formof a
mul ti-level digital signal, and said step (ii) further conprises the step
of: converting said nulti-level digital signal into an anal og si-gnal
before said step of outputting. 30 10. A nethod according to claim?7
wherein said patterns generated in step (ii) are varied in duration and
val ue, and said step (ii) further conprises the step of. -11- | ow pass
filtering said patterns before said step of outputting to generate an
anal og si gnal



