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relates to a method for transmitting and receiving a di over
a radio channel, said digital signal nprising information no
a constant or quasi-costant-anpli tude dul atlon and the systésﬁﬁ enabl | ng

the i npl enentation thereof. It is notably used in the field of

di gital teleconmunications over radio channels, when the aimis to increase
the effici enSYSTEM AND MEEHOD EORSENDING ANP REGEHIMINGARIGITAL vy or

totally at saturation. _SldNA?WER%MﬁI@ pATHWAN | nuous- phase

nodul ations, or CPM It is useful 1n GSM nobile tel ephony systens that use
a GwsK "Gaussian M ni num Shift Keyi ng" nodul ation. More general ly,
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20- the te rgée&o&%beﬁhh %%Rleﬁeﬁaﬁweﬁ% gequence of synbols is used to

de5|gnate represe Of's in the conpl ex pl ane. The
term he(a(n), Itti$ nqiablueusaqam dle rf@gmf@g@al tglgqommepnigatiers joygutadio a(n)

8(t - n T)creKhdls, \'}vhénfthé%iﬁﬂ%’t@%ér@a@é&ﬁé'é?ﬂ@iénwflTdi'th@etrénlémﬂbrﬁ\)(yn_) In
sonme current telecommuni catjons SXI tens he use costant- 25 anplitude

modul at'PonBavipg it QREIA{s Rarfakker ot yr%tq'i?éW@;tt'OHDdul ations, is preferred,
because the | atdppliesmiseably farosmitinueut phaseimodaatioms, r(ar[glél\/bflt saiskfgly st ens.
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known 30 aShéhKang" modutatimponabl e spectral occupancy, which results in
reduced inter P&ilyEE LA fnéC@éEd tféraaﬂ%ésmufd%fan@eﬂh%t exh.b.ﬁaconst ant

anpl i tude whic es It possible to use the output anplifiers of the
transmitt e@@nsé@n*tWeqtiﬁaﬁhCﬁﬂﬁﬁaﬂia fydepower, without 35having to worry too

much about t hgfeinamidr indgel idesaripfioh, Y sApilcant i will use the following
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- the term "state” of a symbol is used to designate the representation in
the complex plane of said symbol.
20 - the term "constellation" of a complex sequence of symbols is used to
designate the representation of said symbols in the complex plane.
The term he(a(n), t) is the impulse response of a filter whose input is a(n)
8(t- n T) and is the frequency pulse associated with the symbol a(n).
In some current telecommunications systems, the use of costant-
25 amplitude modulations, for example phase or frequency modulations, is
preferred, because the latter make it possible to maximize the range of said
systems. In practice, the transmission power is constant and at maximum in
this case.
In the case of a continuous-phase modulation, there are two known
30 advantages:
e A reasonable spectral occupancy, which results in reduced
interference between adjacent transmission channels,
e A constant amplitude which makes it possible to use the output
ampilifiers of the transmitters at the maximum of their power, without
35 - having to worry too much about their amplitude linearity. This makes it
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" *@0002* 2 possible to optim ze the link budget, with a given average
transm ssi on power. Anong t hese nodul ati ons, one of the nost wdely
used, particularly in nobile radio tel ephony, is GVBK nodul ati on. The

| atter has been adopted 5 because of its frequency spectrum which exhibits
a maxi mum decrease as a function of thé deviation relative to the carrier
frequency. It is a binary (and therefore two-state) nodul ati on, and of
differential type in that, when two successive bits to be transmtted are
different (0/1 possible)tp aptimizethe ik budigatgwitb aagiven alverdgestransiissioon of
+pl2 or of -p/ ZDQJVQprvm se. 10The CPM nodul ations are in practice conpletely
defined by a frequency pul se and by the nodul ation index h such that the
average of thAMahgoihese madul@ﬂ@ns,t%e Phdbe mestavidsly useq, particmisly iBf t he

time, and fRbilkadRuUidEsRNOfis fewnakl ﬁiddmarbnl rmleemet Haked atibgtedecei ver,
his 1/2. wever h duratlon th uqcy ul se associated with a
i ven boi bacase o tq frafibiin SPecum i SRNBRS 5 Bk ecrodne the Gus
go]gul at i onfumetibh Gmiettie Wexidtionste)ativiet toothghtartier frequehcyi it & aimnary (and -
efiniti on, 0 n Guwod | 1M t
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the syst e”hhéer'}gb@htael@tél(bhfaﬁé rsﬂaﬂahbquorbhg)/@%ﬁémgerenal ns relatively
si npl e. eor ex In Cfg in_the

publ i céfion " g&ﬂﬁﬂ%’iﬁ A In DEIRIER SOMRIatel Y apliggency

Modul at i onpuleg aﬁlwbynhélrhd)dlﬁbﬂfﬁn Amﬁx h e hMbat! tiad edeﬁgesefstr(e%&olutepl erre.
A. Laurent, | EEE Eég‘r ansact.i ons l,catl ons
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appr oxi mat sidhfigity of onplentendaiidn aftpeireoeigenrdisfiiase nodul ati on and t herefore

be denmpdul at eﬁogﬁévér rtﬁ@%uxﬁlrcrrfgf g'%"‘fr&%r%c%bﬁlge a-ggbéla{e% ftH% ggébf Hltn the

bi nary case (1 er s rrent s interns

of usefl@l I Nof dtr@tqva\ﬁ@ eedurafionnef endild, Thus, rﬁ%h §oGtM§K tiog a
desire to gRMbALH ZRelibEsIEAVoUBRLIcAS ﬂﬂmutbcsuﬁ&r Q)ytdm.ﬂcwp tisé @a%%sﬁrpur

states make it not on
ot ee Thfube R @b @feaﬁeggﬁhq et o o ile SPHAN B4 A ERLE Ot h 4
states, thenpessl, sach bhmahiesperfmima&ﬁerdmgeadmlmi @ompbmtd torthetheorasiea t h t wo
states becgggeeist@g“igmlgr -synbol 3
20 As long as the system is limited to the binary case, the receiver remains
relatively simple.

A theory expounded in the mid 1980s, explained in the publication "Exact
and Approximate Construction of Digital Phase Modulations by Superposition
of Amplitude Modulated Pulses (AMP)", Pierre. A. Laurent, IEEE

25 Transactions on Communications, Vol. COM-34, No 2, February 1986, pp
150-160, showed that this type of modulation could be approximated by a
conventional amplitude and phase modulation and therefore be demodulated
by a receiver of low complexity. This is true only in the binary case (1 bit per
symbol).

30 At the current time, the needs in terms of useful bit rate have greatly
increased, so much so that there is a desire to generalize the CPM
modulations to more than two states: four states make it possible to convey
not one bit per symbol but two, eight states 3 bits and 16 states 4 bits.

Unfortunately, even in the case with 4 states, the receiver becomes much

35 more complex than in the case with two states because the inter-symbol



"interference inherent in this kind of nodul ati on considerably conplicates
the problem the signal received for a given synbol depends on its state
and on those of its neighbors and the nunber of configurations becones so
great that there is no sinple way to decide on the value of said synbol. 5
Moreover, the increase in bit rate als8 entails increasing the modul ation
speed with the attendant problem of the appearance of problens due to
propagation: it nmay be that, at a given instant, the signal is received in
di rect si gintertdrenbe inhexastint thés kinduwef modulatioe considerably soaydigatespthec as

(reflectiogs ‘Pé}nbfﬂé ggﬁgppec@%d)f& ?3@.\,@@% il agaeﬁ&@%%{sesta@ and on
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receiver. thatTﬁérbh@nB@i}ﬁbﬁédﬂ & dbfige APheGaNie of SaitiRgnfbase of a constant

System Sof s r%or%ésfrﬁeﬂlecé‘é’%‘é' Priaf RSO SridieetsaBng L@t bat or
than 2. 15spddue withv &g iatiendehiapesbiém of tlos Hppebramga of yodeblends due to]c
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conpri ses suud.ﬁ@sstet&b%héﬂhémaatygttﬁware?ﬁbt |ﬁé‘@r9§4@ér‘aﬂﬂa IR thea(n) of
digital data to be transmtted ein esent ed a constant tjne

i ntervaP Tduraties &fisBYMBOWOr veRsioleasly greas era%lsef&ﬁf@ﬁw‘%%?%eé &eénot ed
he(a(n)), sompRiitgttheptdceivedf length L T, with L being an integer greater

25 wet ght 1 ngT e AEC T EREAES O i aBelEat i thd GSBIE sttt AT ot on
associ at edcostaht-afipjijudehinedulatiah, fiexsds var fransnoisstakiavgptioe system,7ef( 2a(n) -
(M1))/Muhd aﬂl?@lceg n_whenlthe rtumbeMo]f st84 e‘}19fsa On¥§OT§F&2atﬁfth‘éﬂl2"e m wth

0<=nxM have orm cbrrespondl ng to a conbi nat I ndi vi dual
pul ses:1530 helh¢ inyeationdelates Jo+aecontFat-agplijudeaangh coptiuqus-phase (1
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number M of states greater than 2, characterized in that it comprises at least
the following steps:

20 e recovering the symbols a(n) of digital data to be transmitted, being

presented with a constant time interval T,

e associating with each symbol a(n) a frequency pulse denoted he(a(n)), a
frequ'ency pulse of length L T, with L being an integer greater than or
equal to 1, and whose form explicitly depends on the value of a(n),

25 weighting the frequency pulse he(a(n), t) by the total phase variation
associated with a(n), this total phase variation taking the form =n(2a(n) -
(M-1))/M with a(n) = 0, 1, ..., M-1, and for a symbol of value m, with 0<=m<M
have a form corresponding to a combination of 2 K + 1 individual pulses: .

K
he(ma t) = igl We(ms 1) (g(+ae, m,» cYe, m, » t) + g(m, 'ae, m, b 0-e_, m, » t))

’ |
122 3 wim, ) g0, 0 mo

30

~in which the function g is a continuous function, of optimized standard
deviation o and weighting w(i), a. is the symbol and a number of its



" appl ying the sum of the successive weighted pulses to the input of a

5vol tage-controlled oscillator (25), in order to generate the signal to be
sent, filtering (23), on reception, the signal received, by a single

i mpul se response filter Co(t) regardl ess of the nunber of states of the
nodul ati on, t he paraneters of t hé frequency pul ses he(a(n), t) and
Co(t) being 1l0adjusted so as to mnimze the inter-synbol interference.

The function g(a, a, t) is, for exanple, a standardi zed Gaussi an of average
a, a poi nt sadpessivehderivatives finrmedéento limitckaet spaniral avidthoof theasigaabserivi at i on

a, and ! 1 8nd VENInOFERBhyal to 1, K THE dedREd bPfeliam Bssdolated wiftPheexanp! e,

a standardi ze ussi aver age st andar eviation a or any
ot her funcWﬁtQ"ﬂth(l)adj ustable width and position that has enough degrees of

continuitye appT)hﬁf? fthe t RIm rSFciev 5nscddafe WReigHied rmaAssNss the (ihputey dbe
constructed as, fol ovv§: il ch%hﬁ; a regoeptlon Eul se .hr%ﬂ b
const rubt ed dotaeaicRgirelied scllatrr e Y0 OFBCRIPSHE RENA| 19 \°€ hamel y:
hr(t) = E wr(sent,(g(+ar,t) g(-ar,i,(Tr, = (1 -2 Ew(i)) g(0, ar, t) =in
which the fu L i\ S l,nuous f ' of Jopt,i o t. d -
devi ation & gﬁg}'ﬁgi g%_?t% I‘ﬁ 3%’{%;%@(;%5 F %@EL;?%%%Pé%’ng’g’agnéﬁgﬁ '@% g'l?%es 25
successi ve déespense/dteriGp(oreaardiess| afiihe numbespéstatas ohihe modplating, si gnal
sent and a,i §h@nphitintdteA ARl #ubnclt bsisbSehd8a)eq) %ind regaoBeaRsoci at ed
with the vv.ei ght \%(i), cal cul ati ngfhthe tﬁnt)e r?! %fgp’rgz), den(g?ed ?rﬁ(st): 5
| t 10 adjusted 'so as to minimizethe inter-symbol interference!
The function g(a, o, t) is, for example, a standardized Gaussian of
average a, a point about which the function is centered, and of standard
deviation o, and t is a given instant .
The function g(a, o, t) is, for example, a standardized Gaussian of
15 average a and of standard deviation o or any other function of adjustable
width and position that has enough degrees of continuity.
The filter receiving the impulse response Cy(t) may be constructed as
follows:
choosing a reception pulse h(t) constructed according to the same

20 method as the pulses he(m, t), namely:

hr(t) = igl Wr(l) (g(+ar, b Gr, » t) + g('ar, b Gr’ I t))

in which the function g is a continuous function, of optimized standard

deviation o and weighting w(i), a. is the symbol and a number of its
25 successive derivatives in order to limit the spectral width of the signal sent

and a is an integral equal to 1, K is the degree of freedom associated with the

weight w(i),

calculating the integral of h(t), denoted f(t):



"fr(t) =hr(x) dx _co then the function So(t), given by: So(t) =fr(t))0-t<LT
So(t) =(1 - fr(t - L T))) LT2LT 5 and finally the conponent of the nmatched
filter Co(t): L - 1 Co(t)so(t +i T) = o The invention relates to a
denodul ati on nethod i npl enenting the steps 10 of the method expl ai ned above
in the case where the function g(a, a, %) is a standardi zed Gaussi an of
average a and of standard deviation c or any other function of adjustable
wi dt h and position that has enough degrees of continuity. According to one
enbodi ment, the thod may include the insertion of 15 bandpass filters

i nserted | ransfi ssi. o and/or in reception to limt the bandw dth of the
si gnal traﬁ{%)ffe XSr Bvoi d receiving frequency-offset interference.
The optim zation of the coefficients defining the frequency pul ses he(m t)
or he(a(n), t) and®the reception filter Co(t) is done to mnimze the

inter-synbgHenimgqgﬁ&f&nga%)béivbﬁlgwg into account the influence of the 20

I nterposed filter(s). hé invention also relates to a systemthat nakes

it possi ble tao i mpl enent the nmethod according to the inventjon, said

const ant - angl i fude angkrc h\nuous- phase nodul ati on_syst br nodul ati ng
digital da OQ _me%nggb)ati ng sai d nodul ated §3n§lffmfa d data taking
the formof synbols 2 Zt at ‘can take_a .nunber M of states gfeater than 2,
char act er i gdsi(itn) %@mc{' ?&onﬁ‘;ﬁtseLaTZD)eastLtFﬂeﬁbl$®wlm§fe enents: a

t ransm ssipn nodul e, &Tpri sing a bank /of filters having a fransfer
functiorg determ ned by the inplenentation of the nethod explained 6

and finally the component of the matched filter Co(t):

Colt) = IT Sott+iT) |

The invention relates to a demodulation method implementing the steps

10 of the method explained above in the case where the function g(a, ¢, t) is a

standardized Gaussian of average a and of standard deviation o or any other

function of adjustable width and position that has enough degrees of
continuity.

According to one embodiment, the method may include the insertion of

15 bandpass filters inserted in transmission and/or in reception to limit the
bandwidth of the signal transmitted and/or avoid receiving frequency-offset
interference. The optimization of the coefficients defining the frequency
pulses he(m, t) or he(a(n), t) and the reception filter Cy(t) is done to minimize
the inter-symbol interference by taking into account the influence of the

20 interposed filter(s).

The invention also relates to a system that makes it possible to
implement the method according to the invention, said constant-amplitude
and continuous-phase modulation system for modulating digital data and for
demodulating said modulated signal, said data taking the form of symbols

25 that can take a number M of states greater than 2, characterized in that it
comprises at least the following elements:

- e a transmission module, comprising a bank of filters having a transfer
function determined by the implementation of the method explained



' above, a summer conbining said nodul ated synbols, a voltage-controlled

oscill ator, a single inpulse response filter Co(t) regardl ess of the
nunber of states of 5the nodul ation, the values of Co(t) being obtained by
executing the steps of the nethod. Ot her features and advant ages of the

met hod and of the system according to Bhe invention will become nore
apparent on reading the follow ng description of an exenplary enbodi nent,
given as a nonlimting 10 illustration, with appended figures which
represent: fabgnree 1, the production of a signal for continuous-phase

modul ati ong, LH’HH'P? c%mBirl?iﬁ?rs"aﬁH ﬁ%“c‘i@iéf&éj %gm%folst he pul se generated by a

single bit at t ter ou figure an exenpl ary recei ver according
to the knotn Yeltagesgantrolled OSICI lgtare 4a, an exenplary constellation (val ues

of D(n T) &ndég Feﬁin'?ﬁulsé F&sdohgemée }}ég%r&bgéaﬂr@mumbeguf@ta@s ofan
exenpl ary co st at ure 5, an

t t
oxompl afy. ¢ 1 dhe meduaton dhe el o Gubireina Sthed oy SxrHtng the SRS gur e
6a, the frequftiey nmthsds he(0), he(l), he(2) and he(3) on the transmtter

[ Lhe case bkt okl T LALARGE U BeChohle LARULSSaEespanRe of the

mat ched filter uenc ectrumtor a binary
modul at i onaceqrginge t@dthet WW'QQuMb)b%a@m rroave @pp@rwd@natremnw the 4

states anddiBin %s&ﬂlﬂiﬁrﬁ%f@r e%@mp?é‘rraé}ﬁbaéﬁmérﬁegf\ﬁeﬂabs Cé)%hﬁr'nlitﬁ‘fg' ons
obtai ned after denodulation of_a si g\% nodul at ed and denodul at ed by

execut i'fg t'H@t@tt'%’bé’V'HTalPFP@’q%’t igdes vduchirerses@ti he i nvention, figure 8, an

exenpl ary conf i figeref 1,@he PReductiohasfrausignalrfdr continuous- rﬁha}wmoaulatlbﬁs
constellation o taln d,when the .f ﬁ ectrumls Oconf e% In order
tafii o 4, Ll &bt a

to better under ¥4k ’twg rsq.%?%%rf seeh?ef‘ﬁ

the filter output,
e figure 3, an exemplary receiver according to the known prior art,

15 o figure 4a, an exemplary constellation (values of D(n T) in figure 3), for
the case with 4 states and, figure 4b, an exemplary constellation
obtained for the case with 8 states,

e figure 5, an exemplary transmitter architecture according to the
invention,

20 e figure 6a, the frequency pulses he(0), he(1), he(2) and he(3) on the
transmitter in the case of a 4-state modulation, figure 6b, the impulse
response of the matched filter in reception, figure 6¢, the frequency
spectrum for a binary modulation, figure 6d, the frequency spectrum
for a modulation with 4 states and more,

25 e figures 7a, 7b, 7c and 7d, the final constellations obtained after
demodulation of a signal modulated and demodulated by executing

~ the steps of the method according to the invention,
e figure 8, an exemplary confined frequency spectrum, and
o figure 9, the constellation obtained when the frequency spectrum is
30 confined.

in order to better understand the subject of the present invention, the
Applicant will describe a transmission-reception system for a digital signal
modulated with a constant or quasi-costant-amplitude modulation of CPM

35 type. For this, a review of the principles of CPM modulations will first be



" Appticant will describe a transm ssion-reception systemfor a digital
signal nodul ated with a constant or quasi-costant-anplitude nodul ati on of
CPM 35 type. For this, a review of the principles of CPM nodul ations wil |
first be 7 given. Review of continuous-phase nodul ati ons (CPM Fi gure
1 represents a continuous-phase nodul affi on scheme. The data to be
transmtted take the formof a series or succession of synbols a(n). One 5
or nore bits are associated with a synbol to be transmtted. If the synbol
a(n) convegivean i nformation bit, its constellation will conprise two

states; 1T i1paQNEBE chifintious-phise hBthiiatibaki@pny | | conmprise four
n or a nbol I't's, |

states, and so on, Sy conveyl ng n 1I'ts constellation w ||
conprise 2" stigues 1 repeesemiagicontiprous-shase Madilation sehame.ethedata tp,
exlpr essed ba Otll%ﬂéﬁﬁttedfi $a|¥é1ﬂ1e1ﬂ>rﬁ‘pt©‘f~lé%b£i@§ o"‘r%@te_ssg%n g?%grﬂ)&@_?_(rﬂﬁgﬁe Di ;?ﬁ)
pul ses spaced apart from one anot her rati , y

e BT mte ks ais SerorAGaoyib et Svabe) e ensTetnibieRPTOROL 5 b

t r?rtr;slm tt (ed(noicmntvb'ys andnfoematibn it, $te constellatiofrvill sBomiprige twotsiatest Ifan, t he
synmbol s a(n nly the v , . The Vv ives rd to a
phase rot a?%%\?\e%}éf ? %X'Sain'% ?%r_iét(\g/%s"t?g] @"'t%""a&@%eq@rrsg{"%g ! %ﬂngoﬁo S'Pf 1!?_?L.% The
const ant hsymbehldogyeying nobis.aitsononstabatiamavill scorpdsef2 estatean Thet 1/ 2.
There is fj i u eSCiri ; f ti degi] ope 20
duration egﬂatlb%ﬁpafLeTé)?ﬁbgle%ng’ gﬁéjilﬁ\{eerggr?fnghgqgre%bgt'ﬂe?bﬁe?eg’aﬁd{hfegr whi ch
t he i nt'8gr Blodsiatipnagpqedt js 1. The series of Dirac pul ses, after

L At o e B s et o2 Lol bl e Ve st n
for Volt aggq%llrikpr-[)’l rp%rae&%inlf) Isgt?-oP;’f)Y%e YAER cﬁéﬁ@ﬁ%ﬂi@lﬁagﬁ‘)g&%ﬂnec er ed o%
t he t r ansnirderinuatior techectragsraittbdofis $leis seebabif palseker et o by a quantity
R e S S b [Caa K St
15 The value 0 gives rise to a phase rotation of h = and the value 1 to a phase
rotation of -h 7.
The constant h is called the modulation index and is more often than not
1/2.
_ There is finally a pulse described by a function h(t) defined over a
20 duration equal to L T (L being an integer) and zero otherwise and for which
the integral of O atL T is 1.

The series of Dirac pulses, after transformation by phase rotations, is

convoluted with (filtered by) h(t), 1, and the result drives a frequency
modulator 2 (also called VCO, standing for Voltage Controlied Oscillator),
25 which generates a signal centered on the transmission frequency and offset
relative thereto by a quantity proportional to its input.
The output signal of the frequency modulator is given by the formula:

1
S(t)=cos{2rx Fot+ X a(n)f h(x - n T) dx
n=-0w
- (1)
30
In complex notation, more condensed and more convenient to
- manipulate, the relationship (1) becomes:



'n=-G (1) 8co "J.) f(t - nT) n=-cx)(2) in which the function f(t)
Is the integral of h(t), with the value O if t is negative and 1 if t is
greater than L T, the synbol 11 corresponds to the nultiplication. 5Figure
2 illustrates an exenplary pulse h(t) and f(t) with L = 3, whichis a
Gaussi an of standard deviation 0.35 T.8  Coherent denodul ation entails
know ng the "reference phase" of the carrier, in order to ensure that a
signal transmtted with a gi ven phase is indeed seen by the receiver with

t he sane phase. It _theref requj a_10 phase estimation system which
often uses a prior S(Ehewn sy nt! §(n5§(§éPtTéd into the nodul ated signal. A
di agram of a receiver acéordPng to the possib(@ prior art is illustrated in

figure 3. The signal S(t) received by the denodul ator to which is added
noise 15 linked to the transmssion is filtered by a matched filter 10,
that is toirsahichrthedunctitn f(i)rieshe fritegral ofrh@), mgth thepealue il i t isonegativel ze t he
si gnal -t o- gR} td I [ ' | St

transm ttegﬁ?éég{ %Dd(jrgfteewqa'\{/\ﬁﬁgﬁﬁeegﬁntr?g% gls t e&}gﬁggeta_(&%ét gittﬁtl r!i&_?ﬂ%%rted by
the trafsm ssFighre gdiveratan@n exemelapl pase hhansuihHwritrok = Bi whishdsiae

mul ti p'j[eSG]Zé@s%iahsdf@arﬂ%aiéfﬂé'vﬁ?ﬁoﬁ(b.ﬁsiﬂi pligation rmflulxet 12 by Ithe -
conjugate o esti mat ed phase rofatiaon. si.gpa is,alsQ set a
Che Lmout of GonBtRNeIamSHHBHRT cettBleAseWing. Bp: hipactoshasg” fifchent
(synbol synaiieonirz atdeynfo. efitiresthghad si(na) tramishetteghiveithe acgivercphase, is s t hen
transmtte S| @n- b ' r | ni zati on
si gnal at F}]Jg%g;lsr%ééf t_’?a@% ﬁ%élﬁl\gﬂq#g eésal}?%;e)bgtgﬂﬁvgﬁtrg rgé_g@é;gm%ne t he
val ue dP t pbask estimation mystermwhivh afiesi yees atprigfeknewn symbofs insertpge

const el | at jgnshORicuRfEd lsjnal.he signals D(nT) are represented in figures
4a, 4b. There,a ' In this exanp t di stinct, cﬁqnstel ations,

e, Iin fact, e,
dependi ng on f\rf{éa%'é}"i‘ P{}adPC?W@r Barerdme drossiple ripg s usaiesinga, 4b
30 show t héigtinsa3.constel | ati ons separately, respectively in the cases with 4
states and w Il't*]le8$i8rt|5?\t §ﬁ) received by the demodulator to which is added noise
15 linked to the transmission is filtered by a matched filter 10, that is to say an
optimal linear filter making it possible to maximize the signal-to-noise ratio.
The result of this operation X(t) is then transmitted to a module 11 which
estimates the phase rotation imparted by the transmission channel and the
receiver, the output of this module multiplies X(t) using a compiex
20 multiplication module 12 by the conjugate of the estimated phase rotation.
The signal X(t) is also set at the input of a module 13 which estimates the
optimum sampling instant (symbol synchronization). The signal X(t), after
phase correction, is then transmitted to a decision-taking module 14 which
receives a synchronization signal at the symbol rate 13, which makes it
25 possible to determine the value of the decided symbol D(nT) received at the
instant nT.
The constellations obtained for the signals D(nT) are represented in
figures 4a, 4b. There are, in fact, in this example, two distinct constellations,
depending on the parity of the current symbol. This is why figures 4a, 4b
30 show the two constellations separately, respectively in the cases with 4
states and with 8 states.
In theory, in the absence of inter-symbol interference, the constellations
should comprise only 2, 4, 8 or 16 points regularly distributed over a circle
centered at the origin, the number of points being equal to the number of



"In theory, in the absence of inter-synbol interference, the constellations
shoul d conprise only 2, 4, 8 or 16 points regularly distributed over a
circle centered at the origin, the nunber of points being equal to the
nunber of 9 states. A sinmple visual exam nation of these figures 4a and
4b (obtained in the case where the sigﬂal is not noise-affected) shows the
point where it may be difficult to decide on the value of the current

synbol from4 (8) possibilities 5 because of the interference that nmay
exi st betwetates.he synbols. This interference is inevitable when the

duration L T gfsib (RESMERRHIBHbAS fess %ghﬁc{]s LB ahdTap (OGP MR Of 2

- synbol, and a drag e figure
3. casg ybeee the @lsneklérn% r@ﬂﬁ@e@%ﬁfﬁea} QWe met @@m&w@erwt raay P&nsni t t er

accordi ng dffidult foh@ediad Dt iHevaiue offtBel dUirRINIR hﬂi@)l tfr‘bnli)ﬁiﬂl g%ﬁﬂlﬁt%‘% as has
éf
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- (M1)]/ Mr@rmatqmd;fmieanpen figuee 8. denul ti pl exer 22. From this val ue 0(n)

and from the F@m@s%p@seﬁvwﬁle&enidr@y%ﬁemtédnwe%%t%s?mftéasééora phases
O(n) constituting a translation of the information to be transmttéd. Each

of the 18xt {olbEdBVeMiEfes is transnitted to 20 a given filter in a bank of M
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summer 24 beinghby cobverdion, kquabtdd, &t ed Mylniror examfptg, thefirnfoematiemesiyt t i ng
themto a t trol lLe i %é(x}l- 5 t
transm ssi {(?ﬁ(bm@%ﬁb?@ .0? 5 %ﬁgéér:e&():#eﬁ?/lgérc |é§n? hé SQHQS ﬁgﬁoﬁgﬂ eISSCI’I bed
in figdpe Banpmittadneniae engifanes éhaehgsprgtating m%tﬂletaia@rosihémgn@bthesynbo|
i nterferenggtpif, etﬁerua|uéle(d)ep§ a(h':)l @mme arfd, §9f tpaearR| ytoraaeﬁﬁﬂuplé&érch

lif h ds t t d
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25 transmission module 26.

The receiver is identical to the one described in figure 3 with the main
difference being the fact that the inter-symbol interference present in the
signal D(n T) is extremely reduced, which simplifies the receiver which no
longer needs to compensate said inter-symbol interference.

30

Preliminary observation

In an earlier version of the invention, the "intrinsic" signal/noise ratio
(linked to the residual inter-symbol interference) is of the order of 20 dB. This
means that this noise will be present whether the link is good or whether it is

35 bad.



*On the transmtter side The idea is to first nodify the nodul at or
according to the prior art of the 10 transmtter part which used a function
he(t) equal to a conmbination of K+ 1 Gaussians, given by: he(t) =i io
wi) h(t -1 T) = with K1 W1) =11 =0 15There were therefore K degrees
of freedom for choosing the "weights” Wi) or weighting coefficients of the
conbi ned Gaussi ans. The gui ding idea behind the present invention is to
i ncrease the nunber of degrees of freedomto perfect the optim zation. In
order to bet tleor exdmpler itie thdreanss hbd pemibrinzeces Weigead atonowbichgnay behe 20

i nvention, Lone will i ver tAaKi basi.cf gact i
IGa\ljssi :an d%é]l}'(;fnecg’)ﬁglf%??%%ptl ménfn)gg%{/_]g'lt \rﬁ]g)_rlbse?gsndzyr(ggz;e Cg{}@gi %ﬁhglée%?grlagna?
a and of sihiiEe dneisei &fi dhe asanve: Hotensiwpds t pAded r tiarete sorthaktther t he

:Og\;letnlt iogni Réﬁ&rﬁé’rft%t IcQBISTRY 85 IReP VALY beURth i08ighbl/ACisESbas! g W dBh and

al has. a given nunber of degrees .0of continuit 25The function
hoCt) whi | witoapirsiMafpen o5 dheraro AP RoRIRIRt Srbgsnsdiy BACEAhES: ana. o
optim zed avieepghich is tiadarycbisjesti gftthe presemtchwamitight i ng W(i), and this will
be done according to the value mof the synbol to be transmtted (0 <= m<
M with M= 2, 4, 8, 16 depending on the cases: 11 he(m t) =we(m 1)
(g(+ae, mm ©On thedransmitter side | =

The idea is to first modify the modulator according to the prior art of the
10 transmitter part which used a function he(t) equal to a combination of K + 1
Gaussians, given by:

he)= % w(i) h(t-i T)
with

K .
i;o w(i) =1

15 There were therefore K degrees of freedom for choosing the "weights"
w(i) or weighting coefficients of the combined Gaussians.

The guiding idea behind the present invention is to increase the number
of degrees of freedom to perfect the optimization.
In order to better illustrate the method and the system according to the

20 invention, the explanation will be given by taking as the basic function a
Gaussian denoted g(a, o, t), namely the standardized Gaussian, centered at
a and of standard deviation . Without departing from the context of the
invention, the function may also be any function of adjustable width and
position that has a given number of degrees of continuity.

25 The function he(t) will be replaced by a symmetrical combination of 2 K +
1 Gaussians of optimized averages, standard deviation ¢ and weighting w(i),
and this will be done according to the value m of the symbol to be transmitted
(0 <=m < M) with M = 2, 4, 8, 16 depending on the cases:



"+(1' -2 Ewe(rn,g(0, e, m&t) = (Ye, m The nunber of degrees of
freedomthen changes to 3 K+ 1, for each of the M2 frequency pul ses,
which allows for nore thorough optim zation. M2 5 because the frequency
pul ses for a given phase variation are the opposite of those for a contrary

phase vari ati on. | f the index m hakl assom ated wth it a phase
variation of O(n), generally given by: 0 (m =itt4 (2 m- (M- 1)) 100
(rr) :(2 m-(l\/l- 1\ \ and_the support of hn(m 1-\ is | I{T—dnr ti on of
t he synbol tan ane. frequency at nstant will t)1en be

gi ven by: Lhelel, 5 %s EL 1%( (+Bejins 3Oe, m, » ﬁpr%r%ehmrm%smivh val ue of
the current synbol t =B rLrans tted at t§e instant 20 n T. The -

di fferent waveformval u for exanple,| be
stored in |a read-only ne ?anl gletbﬁf’li;) gnéraﬁté1 9hg frequency pu] ses to
be transm LLed——lhe—pha—se—a%—&t—%l—&sseek&Ped—w—t—h—eaeh—syﬁﬂbol a(n)

formng the 25 information to be transmtted is filtered via the filter
he(a(n), t) e toqt 12
case, the CPIt\}/féé)é1 érﬁ c%g?%é%]e Frggg%% tﬁr‘? o res Fsttﬁ?gg rrgdtﬁtﬁa‘%écég of

i ndi vi dual theuMg Srequency aulseise whiahs allaws thPfemPr%lé"mmé@h optimizatiogh Wis nost
of the %nebgé’adge ﬂw'éqrédtﬁ?\%kl pulsSOfodliangiveR phase tvapafion @re H@oﬁﬁ@%lieaéﬂ on, if

it conveyed all the energ g of the signal, it would coincide with the filter
mat ched ~ those for a contrary phase variation:
If the index m has associated with it a phase variation of 6(n), generally

given by:

O(m)=2(2m-M-1))

10 ﬁ
0 (m)==1 (2111 M-1))

and the support of he(m, t) is L T (T = duration of the symbol), the
15 instantaneous frequency at the instant © will then be given by:

L-1
f(nT+71)= ';0 O(my.;) he(mp.;7 +1T) for 0 <7 <T

in which mj, is the value of the current symbol to be transmitted at the instant
20 nT.

The different waveform values that are thus obtained will, for example, be
stored in a read-only memory to digitally generate the frequency pulses to be
transmitted.

The phase variation associated with each symbol a(n) forming the

25 information to be transmitted is filtered via the filter he(a(n), t) before being
transmitted to a summer, then to the VCO.

On the receiver side
In the article cited in the introduction, it is demonstrated that, in the binary




"5 to the signal, the one that maxi m zes the signal/noise ratio. O herw se,
it is generally a very good approximation thereof, at |east for the

- Gaussi an-based CPMs. It is this approximation which will be chosen to
explain the steps of the nethod naking it possible to determ ne the
coefficients of the modul ation and dentful ation filters. In the case of
a nodul ati on of average index h equal to 1A the nmethod nakes the follow ng
approximation: a filter matched for a binary signal will also be matched

f or nodul atasesthe tGPM, s@nal ccast dtee drokan r@wme’n@arrealamaagencbdldeted

Conseq“e”“zﬁwncﬂ!bl LAY théf‘ﬁmé”ﬁtts?*b?%% to"ernoYlAh ﬁ)? use %%S%ihcféfor a 15

function hr an equation sim he
transni ssi b ENEkar ¢ ¢ of IU%/‘? )signgli YAccgrdiag tp, the theorytgfy the mpdulation, \if @t )) g(o,
ar, 0, 0 i&dndltd) he é?ﬁé‘r@;@ofﬂ% $lghatt |t6W&.LI@ cethcide w&hQI%lhﬁéreﬂatd?%dGaUSSl an
g, sr. IStF‘u sta‘j% dev lon.of th hs gr@rﬂanlnreﬁgeéw aﬂ s a
gi ven i ﬁstté’n e signaj, {he i m?‘?('%erﬁ & FENALISS refie-s Bs the
i nt egr al o@erlmérétly a veEngoed épr(rb)klmdtlbnjthe(do)f athleqs!) fod he Baussiantteeseidunct i on
So(t), giv r < t L T)))
LT2LT and F’r’?@ |It ! }3{‘?%%’%0""{” 8968”?' ‘A’r#lt ?hé'ég?e'] fd gg‘@éiﬂh E{erp% o)
=So(t i T)the method making it possible to determlne the coefficients of the modulation _
and demodulation filters.
10 In the case of a modulation of average index h equal to 'z, the method
makes the following approximation: a filter matched for a binary signal will
also be matched for modulations with 4, 8, 16 states having the same
average index.
Consequently, on reception, the matched filter will be calculated for a
15 function h(t) given by an equation similar to the one used for the
transmission filter:

h(t) = % wii) (205 00 0 + (-2 0 0, 1)

+ (1 -2 ii wr(i)) g0, o0, 1)

20 With a, being the point about which is centered the Gaussian g, s.; is the
standard deviation of this Gaussian in reception and t is a given instant.
in the case in point, the method first determines the integral of h(t),
denoted fi(t):

()= h(x)dx

- 25 *

then the function So(t), given by:



"Co(t) =11 So(t +i T) =0 with ri being the mathematical synbol
representing the product of the 10 functions So over L where LT is the
duration of a synmbol. Optim zation procedure and results The theoretical
cal cul ation of the paraneters of the different Gaussians involved in
transm ssion and in reception is al nost3 i npossi ble. 15Note that it is done
only once, at the system design stage. Rat her, an iterative algorithm

i S used W + thhc‘f E :u Aats \Ahncn nrl I’\f\l nl a | s—t-9 wnvn m ze—t hn
signal /intie nc the out put of the ]nf-r T er . The
al gorithm SSQE{)S wgi aftl drawn randomy in the— i Tl of "reasonabl e”

val ues and t he parang e.gra no ed by piag| 20 the

modi ficatilo oﬁfﬂgi%rs}i Z\I tfré isﬁfbn tr{t &éiﬂ N transm ssion
AND in recleption (coef\fdcients a, s, ) are Si rrul t aneousl| v optim zed only
for the nodul ation requiri ng the highest signal/noise ratio. In the exanple
given, the nodulation with states is considered. 25For all the other
nodul at i ondnd firal ythet@qmggrqe@r)t Qfﬁla? majched tiltenfeelbhed i s kept and only the
transm ssion paraneters are optim zed. Knowi ng that this type of

nmodul at i on eater |than that of a conventional GWSK, the
constrai nt V\A|| con t in rejectimng any set of 14 paraneters leading to a
"bandwi dt h""((§) eat ﬂtaFdaT m val ue Bnax, dependent on the nunber of
states of [he rmdullaﬂ= on If h{f) is the frequency spectrum of the
nodul atisonl—the criterion will ¢ efore be as follows: 5 A nunber of
wavefornms - that are in fact only very slightly different - according to

t he syst enfspecifi Ca[i ons cam thus]be defined. 10The steps which have been
expl ai ned preV|ousI an be executéed for any

Co(t) = L1 Se(t +17T)

with I1 being the mathematical symbol representing the product of the
10 functions Sgover L where LT is the duration of a symbol.

Optimization procedure and results

The theoretical calculation of the parameters of the different Gaussians
involved in transmission and in reception is almost impossible.

15 Note that it is done only once, at the system design stage.

Rather, an iterative algorithm is used with constraints whose principle is
to maximize the signal/interference ratio at the output of the matched filter.

The algorithm starts with values drawn randomly in the vicinity of
"reasonable” values and the parameters are gradually modified by keeping

20 the modifications which improve the result.

The parameters in transmission AND in reception (coefficients a, s, wi)
are simultaneously optimized only for the modulation requiring the highest
signal/noise ratio. In the example given, the modulation with 8 states is
considered.

25 For all the other modulations, the filter Co(t) that is thus obtained is kept
and only the transmission parameters are optimized.

Knowing that this type of modulation has a bandwidth greater than that of
a conventional GMSK, the constraint will consist in rejecting any set of



" basic function exhibiting enough degrees of continuity, for exanple by

repl aci ng the Gaussian with a nodified Bessel function: b(p, mt) =10 (13
Vi(t- m2 & 15 The rest of the description gives several specific
exanpl es of inplenentation of the nethod for determ ning the values of the
paranmeters for the functions whose conttnation forns a filter. For

the rest of the exanple of the description, a nunber K = 1 has been 20
taken, meaning that the frequency pulse is the sumof a main Gaussian from
whi ch two paemeterd |eEgirgs taas’bandwidibt Bagreaterahanid heaximudevalue Bizqr

exanpl e, f [ M ndB and a mnimmS/Nratio
of 27 dB, ?%eé?d%(?vﬁ%% restlgj) tdg%g%gg rtﬂé/n%féjmﬁ € nodul ation functions
he(m t) (her¥ Miaéedherfeausnsydspestrum -of4thex snedidalion, nthei giilesiopawill t he
i mpul se 1 efRPBRFe BE ddWIsREched filter, on the reception side, Co(t) shown
in figure 6b; The "matched filter” has, after optimzation, the foll ow ng
paramatérs 15 K=1ar_ 0=0310w(1) =-1760ar i=0.739 ar, 1 =
0.142 - tlhe frequen bi nary m)dul ation (the frequency
unit is the dul ation Apefd¥® in bauds), figure 6¢; t he frequency
spectrumfor M5 4, 8,/16 stat sa aII t hree cases),
figure 6d; B3 an I nalfl y tth ihkﬂjm@fg g;onwmI) ations obtained for M=

2, 4, 8 and 16 states, fi ures 7a, 7b, 7c and 7d.

A number of waveforms — that are in fact only very slightly different —
according to the system specifications can thus be defined.
10 The steps which have been explained previously can be executed for any
basic function exhibiting enough degrees of continuity, for example by
replacing the Gaussian with a modified Bessel function:

'b(p,m,o,t):lo(pVL(t'G—T)z)

The rest of the description gives several specific examples of
implementation of the method for determining the values of the parameters
for the functions whose combination forms a filter.

15

For the rest of the example of the description, a number K = 1 has been
20 taken, meaning that the frequency pulse is the sum of a main Gaussian from
which two identical Gaussians are subtracted on either side.
For example, for a maximum out-of-band energy of -35 dB and a
minimum S/N ratio of 27 dB, the foliowing results are obtained:
- the modulation functions he(m, t) (here placed end-to-end for M = 4)
25 shown in figure 63;
- the impulse response of the matched filter, on the reception side, Cy(t)
shown in figure 6b;
The "matched filter" has, after optimization, the following parameters:



"For-M = 2, paraneters after optimzation for he(0, t), taking into account
10 the fact that he (1, t) = he (0, t): K=1 sae, 0,0 0.370 W, o(1) =
-6.240 ae. 0, 1= 0.723 G, 0, 1- 0.142 For M= 4, paraneters after
optim zation for he (0, t) and he (1, t), taking 15 into account the fact
that he (3, t) he (0, t) and he (2, 1:5§ = he (1, t): K=11¢,0.0
0.305e,1,0 0.321 W, o(1l) = 4.280 W. i(1) = -0.803 ae, 0.1= 0.796 ae, 1.1=
0.673 (Ye, 0, 1- 0240 cre—1, 1 = 0.137 For M= 8, paraneters after
optim zation for he (K =t), he (1, t), he (2, t) and 20 he (3, t) taking
into account the faquh@_BIBe (7, t) = he (0, t), he (6, t) = he (1, t), he
(5, t) =he (2, t)a rpg e1Géolt) = he (3, t): 16 The intrinsic S/N
rati o obtai ned shdg ovenent of at |east 7 dB conpared to the

sol uti on proposed |i 4 p(?ZBQd ng patent. 5M= 2 states: SNR > 47 dB M= 4
states: SNR > 33 |[dBM=0 tes: SNR > 28 dB M = 16 states: SNR > 27 dB

- the frequency spectrum for a binary modulation (the frequency unit is
the modulation speed, in bauds), figure 6c¢;
5 - the frequency spectrum for M = 4, 8, 16 states (almost the same in all
three cases), figure 6d;
- and finally the (pairs of) constellations obtained for M = 2, 4, 8 and 16
states, figures 7a, 7b, 7c and 7d.
For M = 2, parameters after optimization for he(0, t), taking into account
10 the fact that he (1, t) = he (0, t):

K=1
Ge, 0,0~ 0.370
we (1) = -6.240
de, 0,1= 0.723
Ge, 0,17 0.142

For M = 4, parameters after optimization for he (0, t) énd he (1, t), taking
15 into account the fact that he (3, t) = he (0, t) and he (2, t) = he (1, t):

K=1
Ge,0,0=0.305 o 1 0= 0.321
we (1) =-1.280 w, (1) =-0.803
e, 0,1~ 0.796 e, 1,1™ 0.673
cSe,O, 1= 0140 Ge, 1,1° 0.137

For M = 8, parameters after optimization for h (0, t), he (1, t), he (2, t) and
20 he (3, t) taking into account the fact that he (7, t) = he (0, 1), he (6, t) = he (1, t),
he (5, 1) = he (2, t) and he (4, t) = he (3, 1):



" 10Spectral characteristics The frequency spectra shown in the preceding
section exhibit a strong and conti nuous decrease as the distance fromthe
carrier increases, which is characteristic of a nodul ati on based on

Gaussi an functions of which all the derivatives are continuous in any
order. However, the fact that the freqlﬁency 15 pul ses used exhibit tine
vari ations that are nore rapid than a single Gaussian neans that the
frequency spectrumts—wder——H—+spoesstbletot+mt—the—fregqugncy
spectrumtjo its central portion by fK+dring the signal just beforg the
nodul at or.| Thi s &g lef 0809 .| n,+ile3 het, b hat 0310 anpl i+ @2l Of the si gnal
transmtted _ tr J_y oast n nd_ 2Q, i ef d by a
"peak fact V\,'e?(rgtlgn%% V% ( ) v@ (p %go g %{Iragj b and t he
average power tr&adnit &walngersbﬁﬁéfuv\%eew (ilﬁ 1851488 e f| | tler is
correctly choseng, whi0.142 ent;i relly142cephal @.14Phes poye0. 4Dl i fier| has to
be "slightty*tinear and Tt 15 always possibie to predrstort the dul at ed
signal to alnost totally conpensate its nonlinearity. By using the 25 sane
1;: ilter ign reCEﬁéilmnsiﬁfE/fI\D%tdeme‘W@j bﬁa@t%mrmpmermtpfmgéaﬁsteﬁdsk f

i gure represe e frequenc ectrumafter filtering (the peak factor
15013 d) COmBRTE Lab8 SR RSERlsEE W b RGeS To' Check that t he

pol luti 6n of the ablnlatateshanBOlRi by7adBowerful interference will be nuch
| ower than previ ougyy gur S he constel |l ati on obtained, still
with 8 states: themde s’%%tg'tsl ong(':\%zrlrpg%e E%o t he case w t hout f||ter|ng i's

i nsignificant, \/\heMea statest he SNRIN3#8<dB on and reception paraneters are
unchanged. I T phe1bidihtes: USRIR|I B J7rgmsm ssion after the nodul ator and
the filter used in reception before the matched filter are well
characterized, the optim zation of the different coefficients can be redone
in ordeo to t8pectratohatactéristiesr 5 presence The method according to

t he i nvention fer h . O\ e_t m ssi on
side 10Maxi m@ﬁ@%&gg |e§|trén%]ygvg¢ "?\tﬁfe&?) T3n Oﬁtﬁé gﬁo%g;( \r}ltht ueg’"gofl?121
nmodul at i onand chntioususadecreaselasgbe distanamkiom mm@emaelrtcreama whichisit rate
by virtue ghadg Qﬁbgif@ﬂqdﬁtﬂéhdmb&séd‘éﬂ BadsthR FundiRhs SWhich ™l the

transmtter W|t |1 nearit
derlvatlves are continuous |n any order. However, the fact that the frequency

15 pulses used exhibit time variations that are more rapid than a single
Gaussian means that the frequency spectrum is wider.

It is possible to limit the frequency spectrum to its central portion by
filtering the signal just before the modulator. This is reflected in the fact that
the amplitude of the signal transmitted is no longer strictly constant and this

20 is reflected by a "peak factor" (ratio between the maximum power to be
transmitted and the average power transmitted) changes between 1 and
1.5 dB if the filter is correctly chosen, which is entirely acceptable. The power
amplifier has to be "slightly" linear and it is always possible to predistort the
modulated signal to almost totally compensate its nonlinearity. By using the
25 same filter in reception, the performance levels are scarcely degraded.

Figure 8 represents the frequency spectrum after filtering (the peak factor
is 1.3 dB) in the case with 8 states. It is possible to check that the pollution of
the adjacent channels by a powerful interference will be much lower than
previously. _

30 Figure 9 shows the constellation obtained, still with 8 states: the
degradation compared to the case without filtering is insignificant, whereas




~ 15 'On the reception side Having a receiver that is as sinple as

possi bl e even for a nodulation with nore than two states (4, 8 or 16).

ot ai ni ng performance | evels very close to theoretical performance 20

| evel s. Being able to use the algorithnms conventionally inplenented for
the so-called "linear" nodul ations, fol? exanpl e an equalizer of any type to
fight against propagation issues. 18 CLAIMS 51 - A constant-anplitude and
cont i nuous- phase nodul ati on nmethod for nodul ating digital data and for
denodul at i the tsansmissnl artdeeceptionmparameters ataunahdanggd he f orm of synbol s
Lhat can !t axedng SBeLsh A wshhRYGH SREehd MefufioCA 8% fifbeGthd b thal 1t

conprises at |eas oW N recovering t a(n)

of digital r%tpaovﬂcbetﬁ@retthaﬁgﬁtchﬁgdﬂteb@re]yeicv@aé%@tﬁﬂ&ﬁ vuwwpanuéamraﬂft tinme
interval Tihe differefts e66ffidienfs caht Be a@ebné Yikbetden (18) takel AESHIATNCHF Mdise

denot ed heé (sg?n) a frequency pulse of length L T, wwth L being an integer
greater 5t hBY® %qual to 1, and whose formexplicitly depends on the val ue
of a(n), wei ghhenmethed facegoding ytopthe einkeftidm)notablybpffetse thet fallowmgse

vari ation %? v ﬁfﬁ_ated with a(n), this total phase variation taking the
formn(2a(n % "))/ Mwith a(n) =0, 1, ..., M1, and for a synbol of
value m wth 0<=nxM have a form corresponding to a conbination of 2 K+ 1
i ndi vi dual pub;,emetlpgﬁggmggwnvg,ag} i) (g(+ae,sae, m t) + g(m -ae, m cye,

t |—1 + 171 - 2 We(rn, Ce. 0,
m t)) aximizing the( efﬂcnency gf the transrmssmn bg/ virtue of a modulation

with constant envelope.
Maximizing the transmitted bit rate by virtue of a modulation with more
than 2 states.
Not requiring a transmitter with good linearity.
15
On the reception side
Having a receiver that is as simple as possible even for a modulation with
more than two states (4, 8 or 16).
Obtaining performance levels very close to theoretical performance
20 levels.
Being able to use the algorithms conventionally implemented for the so-
called "linear" modulations, for example an equalizer of any type to fight
against propagation issues.




=20 in which the function g is a continuous function, of optimzed
standard deviation 6 and weighting w(i), ae is the synbol and a nunber of
its successive derivatives in order to limt the spectral width of the
signal sent and a is an integral equal to 1, K the degree of freedom
associated wth the weight wi), 25 éﬂblying the sum of the successive

wei ghted pulses to the input of a voltage-controlled oscillator (25), in
order to generate the signal to be sent, filtering (23), on reception, the
signal received, by a single inpul s€kAMSnse filter Co(t) regardl ess of

t he nunber of states of the nodul ation, 30 the paraneters of the frequency
pul ses he(a(n), t) and Co(t) being adjusted so as to mnim ze the

i nter-synbol interference. 19 2 - The nmethod as clainmed in claim1,
characterized in that the function g(a, 6, t) is a standardi zed Gaussian
of average a, a p0| nt abou he fun I on i s centere and tandard
Geviati an e PP & sofebkamfisg 3ng' coMinuSYs rheSEanaReyeRcn

claim1l, cfmrraodtelatmgaﬂlgltal tjlaaat a'ndefof dentodatatipgasaid md)dula&das@uaicwnﬂn of

dj ust abl t
cont 1 nut ¢y GRS RE oCK IS WaEoth XA BHRGbel HEOERS olbater
recei vi ng thad 2. gharaeterized ihthat WUPTI%SC%@S’C@M fallowdng slepsins: choosi ng a
recepti on pulrsgoliiy (RETBBAL SHrACEOLAEY ddal b R RrRRAY Bé.rgﬁwr(l .

pul ses he(m , e- g(-ar,)) = + (11 -2
g(0, ar'lt) |W§SQ’§9H$YV'&}1? g?’i)@ét i d%‘e&;ﬁa is a continuous function,
OpH) m ze]g st andacitidgwiitd each aymitdl \am)géltfnewe%y bulmdeﬁottehewewmy)ola ang ﬁ
nunber of it SSi ri Y t tral w dt
of the si gnaI% O@%ﬁ%yﬂ%"\@e %‘i Iéﬁ&}] egr\gﬁhq’qﬁg ng %n in ei@ter r?aée?ﬁt@ape [ of
f reedom associouatd hi and whose dorme explicitiy d¢pends on the value of a(n
weighting the frequency pulse he(a(n), t) by the total phase varlation
15 associated with a(n), this total phase variation taking the form =(2a(n) -
(M-1))M with a(n) =0, 1, ..., M-1, and for a symbol of value m, with 0<=m<M
have a form corresponding to a combination of 2 K + 1 individual pulses:

K
he(ma t) = 'Zl We(ma 1) (g(+ae, m, » Ge, m, » t) + g(m, 'ae, m, b c)-e, m, b t))

K
+ (1 ) i; we(m, i)) g(0, Ge.m o t)

20 in which the function g is a continuous function, of optimized standard
deviation o and weighting w(i), a. is the symbol and a number of its
successive derivatives in order to limit the spectral width of the signal sent
and a is an integral equal to 1, K the degree of freedom associated with the
weight w(i),

25 e applying the sum of the successive weighted pulses to the input of a
voltage-controlled oscillator (25), in order to generate the signal to be
sent,

o filtering (23), on reception, the signal received, by a single impulse
response filter Cy(t) regardiess of the number of states of the modulation,

30 e the parameters of the frequency pulses he(a(n), t) and Co(t) being
adjusted so as to minimize the inter-symbol interference.



calculating the integral of hr(t), denoted fr(t): It fr(t) =hr(x) dx -co
then the function So(t), given by: 25 So(t) =2 fr(0)0..t<LT So(t) =(1 -
fr(t - LT))) LTt 2L T 20 and finally the conponent of the matched

filter Co(t): L- 1 Cat) =nso(t i T) i =05 5 - The nethod as
claimed in claim4 in which the functi g(a, a, t) is a standardized
Gaussi an of average a and of standard deviation a. 6 - The net hod

as clainmed in claim4, characterized in that the 10 function or any other
function g(a, a2 +)The methadcasodlaimiecddh udaimbl & eharakterizédpiss thatotheof gi ven

degrees of g Zd?-g;ﬂl n%{ht % tl) is a sta%darJQé’d @é&%@arﬁﬁf %lv@tﬁ?“egs ? LF(%IFH Bbdut

characteri conprises at |east one |nserted in
t he transnwqumth%tf@@ctm imeroterpd, ene plstandash dawgionsai b i ia 9D bei ng
mat ched t ojdst4Aitt t he bandwi dth of the signal transmtted and/or avoid

recei ving frequency-offset interference. 8 - A constant-anplitude
and con®i nuous- phase nodul ati on system for nodulating digital data and for
denodul ati ng saBd Theluhethed sisgoimedaind ctéina 1, characterized in that the

function g(a, o, t) is a function of adjustable width and position having a
given number of degrees of continuity.

10 4 — The method as claimed in claim 1, in which the filter receiving the
impulse response Co(t) is constructed as follows:
choosing a reception pulse h((t) constructed according to the same method
as the pulses he(m, t), namely:

h) = % WD) (g(+s 00 0 + (-2 0 s D)

in which the function g is a continuous function, of optimized standard
deviation o and weighting w(i), a. is the symbol and a number of its
successive derivatives in order to limit the spectral width of the signal sent

15

and a is an integral equal to 1, K is the degree of freedom associated with the
20 weight w(i),
calculating the integral of h(t), denoted fi(t):

£(t)= | h(x)dx

el

then the function Sy(t), given by:
25

So(t) = sin(% fr(t)) 0 <t<




20 taking the formof synbols that can take a nunber
characterized in that it conprises at |east the follow ng el enents:
conprising a bank of filters (23) having a

t han 2,

a transm ssi on nodul e (26),

M of states greater

transfer function determ ned by the inEI enentation of the method as cl ai ned

in one of claine 1 to 7, 25 a sunmmer

synbol s,

filter (10) Co(t)

®4) conbini ng said nodul at ed

a voltage-controlled oscillator (25), a single inpulse response

clai med 1 n,R8%ingfly HPESMRpdnd & the matched filter Co(t):

10

15

20

25

Co(t) — jj;é So(t +1 T)

5 — The method as claimed in claim 4 in which the function g(a, c, t) is
a standardized Gaussian of average a and of standard deviation .

6 — The method as claimed in claim 4, characterized in that the
function or any other function g(a, o, t) is a function of adjustable width and
position of given degrees of continuity.

7 — The method as claimed in claim 1, characterized in that it
comprises at least one bandpass filter inserted in the transmission step
and/or in the reception step, said filters being matched to limit the bandwidth
of the signal transmitted and/or avoid receiving frequency-offset interference.

8 — A constant-amplitude and continuous-phase modulation system for
modulating digital data and for demodulating said modulated signal, said data
taking the form of symbols that can take a number M of states greater than 2,
characterized in that it comprises at least the following elements:

e a transmission module (26), comprising a bank of filters (23) having a
transfer function determined by the implementation of the method as
claimed in one of claims 1 to 7,

e a summer (24) combining said modulated symbols,

e a voltage-controlled oscillator (25),

e a single impulse response filter (10) Co(t) regardiess of the number of
states of the modulation, the values of Cy(t) being obtained by executing
the steps of the method as claimed in one of claims 1 to 8.

regardl ess of the nunber of states of the nodul ation,
val ues of Co(t) being obtained by executing the steps of the nethod as

t he



