| METHOD OF OPTIMIZING THE RESOURCES USED IN A SATELLITE OR
AIRCRAFT TELECOMMUNICATIONS SYSTEM The present invention
relates to a method of optimizing the respurces used in a satellite or aircraft
telecommunications system. The inventibn can notably be used in a network
planning phase, during the 5 deployment of a communications system
between stations of the terrestrial segment, the system using one or more
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The adjustment of certain elements of the communication system
30 makes it possible to optimize the resources used. A first element to be
minimized is the consumption of resources in the space segment, in other
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relates to the size of the equipment on the ground, notably the sizes of the
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5 that same allocated bandwidth of the repeater. Knowing that the
modification of one of the aforesaid elements affects the connected elements,
the problem of optimization of the resources used means the overall
optimization of these three elements. A gystem is said to be limited by power
(or by bandwidth) when 10 100% of the %{)wer (or, respectively, of the
bandwidth) available onboard is reached whereas the whole of the bandwidth
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*» Jerry Brand, “Optimizing the warfighter's non-processing satellite
transponder utilization”, Military Communications Conference, 2002 ;
30 = Bruce Bennett, ‘DVB-S2 Technology Development for DoD IP
SATCOM”, Military Communications Conference, 2006.

More generally, it is known that there is a relationship between the
modem parameters and the antenna parameters, but this relationship is not
35 simply expressed and, at present, no method of the prior art makes it



Eb/N, (in dB), the mean energy per user bit Eb over the monolateral 15noise
power spectral density No, at the input of the demodulator; AF On Hz), the
spectral bandwidth of the channel corresponding to a modulated carrier; D
(in bps), the useful data rate transmitted_on the channel; B On Hz), the

- spectral bandwidth of the repeater; 200 %onson (%), the percentage used
by a carrier of the power of the repeater; consom (%), the percentage used
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c e (adlmensmnal) the modulatlon spectral efficiency (not to be
confused with the Naperian number in the continuation of the text,
particularly when log;, e will be written);
o Ew/N, (in dB), the mean energy per user bit E, over the monolateral
15 noise power spectral density No, at the input of the demodulator;
o AF (in Hz), the spectral bandwidth of the channel corresponding to a
modulated carrier;
o D (in bps), the useful data rate transmitted on the channel;
B (in Hz), the spectral bandwidth of the repeater;
20 o conso™™ (%), the percentage used by a carrier of the power of the
repeater;
o conso®™ (%), the percentage used by a carrier of the bandwidth of the
repeater;
o PIREsolgg (en dBW), the Equivalent Isotropically Radiated Power
25 transmitted by a carrier from the earth station;
SFD (in dBW/m?), the saturation flux density of the repeater;
IBO (in dB), the back-off at the input of the repeater;
Ayp (in dB}), the total attenuation of the uplink;
/_\.:L\upfS (in dB), the additional free-space attenuation of the uplink with
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30 respect to the attenuation of the sub-satellite point (the upper index
corresponds to “free-space’y;

o} Aupnfs (in dB), the attenuation and the losses out of free space of the
uplink (due, for example, to rain, scintillation, clouds, gases,
misalignment and to the precision of the transmitted power level);

35 o Mgys (in dB), the system margin.



5 the invention is a method of optimizing the resources used in the
telecommunications carried out via an onboard segment, formed by a
satellite or by an aircraft, between stations of the terrestrial segment
comprising at least one modem, characterized in that it comprises at least the
following steps: to expressing the differehce in consumption Edg (in dB) -
between the consumption of onboard bandwidth and the consumption of
onboard power as a function of the following terms: a quality indicator QaF'
On dBHzNV) depending on the antenna system (onboard and on the ground
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scale Edg. ~ "According to one implementation of the optimizing method,
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station) and possi tal%)g , )

o a term (in dBW/Hz) depending on onboard parameters

(maximum incoming flux density and bandwidth),

20 o a corrective term Cyg (in dB) characterizing the consumption of
onboard power attributable, on the one hand, to the upward
noise which is amplified and transposed on board and, on the
other hand, to the noise generated on board, notably by
intermodulation products;

25 » modifying at least one of the parameters QaF’, K', 34 in order to

tend toward the cancellation of the absolute value of the term
expressed in a logarithmic scale Egg.

According to one implementation of the optimizing method, the
30 difference Ege (in a logarithmic scale) between the onboard bandwidth
consumption and the onboard power consumption is equal to:
QaF' + K - 34-Ca [EO]

According to one implementation of the optimizing method, the
35 satellite or the aircraft comprises at least one repeater, and the parameter K',



tointo account a "breathing" space of the system due to chance (this is
explained below), "margin” being additional losses with respect to free space
losses (of which some components are compensated for by the "breathing”
space) of the uplink, 15 K' therefore being homogeneous with a maximum
PIRE spectral density in the bandwidth B of the repeater and transmitted from
the ground. 20According to one implementation of the optimizing method, the
parameter "-lds is equal to -Eb+10logiO(e) No a Earl, being the mean energy
per usarelsiﬁéﬂaimdelvmemermmtal noise power spectral density Nch at the

input of i@&gﬁmodyﬁtgr H) mtgcqw 10g S@Slg%éggne being the mo@dgg?n

spectral efﬂmeﬁ%’)‘/ According to one implementation of the optimizing
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convention” (AN PEGER! dTba@% d 5?1 EP@SE’)% input

notational ebm%fﬁwtﬁfér’fdh@/ﬁﬁgcﬂwa pfithe Vanmsiténg earth station thls is
therefore an algebraic sum of the edge-of-coverage value and the
upward geographic advantage of the earth station) and possibly taking

10 into account a “breathing” space of the system due to chance (this is
explained below),

o “margin” being additional losses with respect to free space losses (of
which some components are compensated for by the “breathing”
space) of the uplink,

15
K' therefore being homogeneous with a maximum PIRE spectral
density in the bandwidth B of the repeater and transmitted from the
ground.

20 According to one implementation of the optimizing method, the
parameter Jqg is equal to %Hmogm (e)
0
o Eu/N,, being the mean energy per user bit E, over the monolateral
noise power spectral density Ng, at the input of the demodulator of the
receiving station,
25 o e being the modulation spectral efficiency.

According to one implementation of the optimizing methed, the
parameter QaF, expressed in dBHz/W, is equal to the quantity that is taken
from the noise density (C/NO) requis in dBHz (with a system margin here), in

30 order to find the value of PIREgy (dBW).
In fact, there is the equation QaF = (C/NO) requis - PIREsai  (s€€ below)

E
Where, by notational convention, (C/NO) requis = —N—b+1010g10(D) + Msys
0

and where, by purely notational convention, the following two prime values



are used in the text: QaF' = QaF - Msys etK' = The Satcom stations
of the terrestrial segment can be placed on 5 the ground or on a naval or air
carrier such as a helicopter for example. Other features will appear on
reading the following detailed description given by way of non-limiting
example with reference to the appended”drawings in which: 10figure 1 shows
a block diagram illustrating the functioning of the optimizing method
accodlingdq mqﬂg\(gﬂt_ion, figure 2 is a graphical representation showing the

varigtion, of ne ﬁspe tral efficiency, referenced r, as a function of the
modaél"z‘a'?ioﬁgsgc\:{t f@fﬁg?ency, efer éé@sﬁ, for different values of the

indicator 15QaF. The method according to the invention is based on
the use of the Tolo@utgazuaditghcatiinalentréating sayaton taPbevpiskewiin
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parameters (the size and the merit factor of the ground receiving antenna, the
gain of the Rx and Tx antennas of the satellite) are 25grouped in a quality
indicator QaF;Oheorigaiiepardmamreanaabipadngathativhdvingeteiajied
SFDdetteiftiput haekroffyl B@ytooivhich-igritere astdethRysiam ressgindey to the
notafigne) GanveslipRsarediedred in the term K; - the informational
arame_ter% vmicq arg the mo Lgl)at‘i(og.sgectrah}eﬁiciﬁncyt%ef ar:# the rati
b/NO are &Queped?nqwg Brm’35" AR HHANAS ARG N NS 8 the
onboard re¥fiiréeagsnetassreIis odiyityentsmtective term, sometimes
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15 QaF.

The method according to the invention is based on the use of the
following equation (equivalent to the equation [EQ]) which will be explained
below:

20

Ep=0aF -K-3,-C, [E16]
where:

» the antenna parameters (the size and the merit factor of the ground
receiving antenna, the gain of the Rx and Tx antennas of the satellite) are

25 grouped in a quality indicator QaF;

* the onboard parameters, notably the saturation flux density SFD et le
input back-off IBO, to which is here added system margin by notational
convention, are grouped in the term K;

» the informational parameters which are the modulation spectral efficiency

30 e and the ratio Ey/Ng are grouped in the term Jgg ;

» the unbalance in consumptions of onboard resources is referenced Egp ;

= (Cgs is a corrective term, sometimes negligible, characterizing the
consumption of onboard power attributable to the upward thermal noise
(or even to the interference noise) which is amplified and transposed on

35 board.



7 Depending on the technical constraints, the equation [E16] can be
used in different ways for optimizing the resources of a Satcom system. In a
first case, when the parameters on the ground and the 5 onboard parameters
are fixed, that is to say for example when antennas and the repeater are
already installed, the use of the equatiory [EIS] makes it possible to adjust the
modem parameters in order to maximize the capacity of the Satcom network.
In order to do this, it is appropriate to modify the pair of modem parameters
(e, Eb/1\10), until the difference Eds becomes 10 substantially zero in
absolute Vamﬂ)c?pendlﬁg](ﬂ?(ﬁf@ﬁlﬁ:ﬁ’ﬁlm éﬁﬁg?%?é)rfﬁé ?mtﬂiﬂm éﬁ@tbe
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of ngeqe%:e Eqs is zero, which results in stopping the iterations when the
20 absolute value of the difference Egg is less than or equal to the tolerance Tol.
It is also possible to search for the minimum of the absolute value of the
difference Eqg among all of the configurations of pairs (e, E,/Np) available for
the modem used.
The method according to the example comprises the following steps:
25 e calculation of the quality indicator QGaF (1)
¢ calculation of the parameter K (2),
+ calculation of the corrective term linked with the amplified upward
noises (3),
» choosing the pairs of values for e and Ex/Ng, for example from a table
30 of configurations of the modems on the ground (4)
o deriving from this a value of J3qg (5)
e calculating the difference Egp using the equation [E16] (6),
e as long as the value of the difference Eqg is greater than Tol (7):
* modifying the modem parameters e and Ey/Ng, (4)
35 = recalculating the parameter 34g using the values of e and of Ex/Ng



(5), recalculating a value of the difference Ede (6) At the end of the
execution of this method, the difference Edg is close to zero and the pair of
values (e, Eb/No) is that making it possible to achieve the 5 maximum
efficiency with an antenna system (onboard and earth antennas) and a
repeater already installed. This method Ean notably be applied when
multi-spectral efficiency modems are available, making it possible to modify
the modulatio&-) arameters, for example the number of modulation states,
and the channel’encoding lo parameters such as the encoding rate. In

a second CasEETRATRHAINE AyalR phinmisreestie®hboard parameters
are Atérigicked thnecugtidionJEE] swithiod Ubedifenermorrfzinty itlessie oro
the antennagpan tlevalosade ABJRFRtVatBehakisgtingsutithe QaEdmdicaipe
2N REXARAARGLARI iR afeahiln R0 CXamReAb LR 2R UhRK L5 A¥RAS)
below: calculation parameter K and the parameter :so, choosing a

vaIu@”&%é‘?ﬂ?ﬁWe#ﬁ%ag&'H%ﬂ@%r, deriving from this the indicator QaF (the
explahigtorgibethitapnatably o gpndacuioe) medlicstattalofffreditie repdems
Edgarsing dhatesuatiinfF 16dostibas longasiiheabsebiRNaigRhMsters, for
affegsanfbled® e JiERsLnan fitu A hdadLe YRSl BRANE R codin
diameter, recalculatin téeln icator QaF, recalculating the difference Value
@depamﬁ?%ﬁ%%tﬂg SRS R method, the difference Edg is

substantially 25 égeetedeasewhictnmieaunzodeinthereniers sind dhenenboard
anteparagisiensnimahisgey thedixed eepnstiainls tdeades asshreneat@imizing
PargLIGLy: of the antennas on the ground. An iterative method acting on the
QaF indicator can be used for obtaining this result. An example of this
15  method is given below:
¢ calculation of the parameter K and the parameter Jgg,
¢ choosing a value of earth antenna Rx diameter, deriving from this the
indicator QaF (the explanatory details of which are given below),
» calculation of the difference Egqg using the equation [E16],
20 ¢ as long as the absolute value of the difference Eyp is greater than one:
* modifying the value of the antenna diameter,
» recalculating the indicator QaF,
= recalculating the difference value Egs
At the end of the execution of this method, the difference Eqg is substantially
25 equal to zero, which means that the chosen size of the antennas is minimal
under the fixed constraints of modem and repeater parameters.

A similar method could be used for optimizing the characteristics
of the repeater under the constraint of a fixed antenna system and fixed
modem parameters, in which case it would be necessary to act on the

30 parameter K.

More generally, it is possible to seek an optimal solution by fixing
only one or two of the parameters QaF, K and Jgs, the criterion
corresponding to the optimum choice of the parameters remaining the
elimination of the difference Egg.

35 The overall optimizing of the network is obtained by proceeding



A similar method could be used for optimizing the characteristics of the
repeater under the constraint of a fixed antenna system and fixed modem
parameters, in which case it would be necessary to act on the 30 parameter
K. More generally, it is possible to_seek an optimal solution by fixing
only one or two of the parameters QaF, ?( and Zsids, the criterion
corresponding to the optimum choice of the parameters remaining the
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order to understand the equation [E16] better, an explanation is given below.
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the dplasapBHelinmiBheashdeBwa dafRiccEs®ie ratio of the spectral
bandwidth AF efithetonmunitation channel to the 25 spectra[B8ndwidth of

the repeater By RiAR @R8I HaRsposed on a logarithmic scale (in decibels in
this case), is equivalent to the elimination of a difference Eqg between fwo
consumption values conso®™4,e and conso"ge. A Satcom system is
20 therefore optimized when

Egp = consongv - consogg'] =0 [E2]

On the one hand, the spectral consumption conso® is defined as
the ratio of the spectral bandwidth AF of the communication channel to the

25 spectral bandwidth of the repeater B:
conso™ =L [E3]
B
Moreover, the modulation spectral efficiency e is equal to the quotient of the
data rate D of data transmitted on the communication channel over the

spectral bandwidth AF of the said channel:

30 e=—— [E4]
AF

which makes it possible to express the anboard spectral consumption as a
function of the data rate D, of the spectral bandwidth B of the repeater and of
the spectral efficiency e as follows:



Moreover, the modulation spectral efficiency e is equal to the quotient of the
data rate D of data transmitted on the communication channel over the
spectral bandwidth AF of the said channel: 30e[E4] AF which makes it
possible to express the onboard spectral consumption as a function of the
data rate D, of the spectral bandwidth B, gf the repeater and of the spectral
efficiency e as follows: 10 conso, =-D -1 [E5] Be this latter expression,
transposed into decibels, is equivalent to the following formula: 5consort: =
10 log 10 (D)-191Qg%0(B}-1blogio(e)[E6] On the other hang, the power
consumption consoPIAldd in decibels can be expressed as a function of the

power transmitigsligiicthexgrosklerP tRhspiite @anioiesber! dshaamatensdshe
followﬁb\g,g]qqmﬁE:PlREsol +1(1[E7] where K1 =IBO - SFD -162.1- Arlufps -

AAfjp In fact, a geostationary satellite is placed at a distance do = 35,786 km
from the earth's surface at the sub-satellitei)%oint, in order words at the point

3 15 zero latittEandof4ine see IiRfud® adthsdethe satéifle. Now, the

attenuation of the power of a signal transmitted by a station separated by do

from the satelljte ig. proparti t f r agius dq, .
which, on |ogirifn?n%&%@%ﬁ%ﬁ@%@é@%‘%‘s@fﬁ?ﬁ§3j£516d2 Irleciels
TakiFJ FBrEsReAbRin dHIF PTHET BPWRIAFRESEIS deParifif gipnd
20 tRIrdmitin g staviopniroancine rsanelits msdadioveunt, the additional free
gpace attenuation is determined as IsAppis = 20 log (dopido)

consol) = PIREsol , + K, [E7]
f f
where K =IBO-SFD-162.1- Al —AA

In fact, a geostationary satellite is placed at a distance d, = 35,786 km from
the earth’s surface at the sub-satellite point, in order words at the point of
15 zero latitude and of the same longitude as that of the satellite. Now, the
attenuation of the power of a signal transmitted by a station separated by d,
from the satellite is proportional to the surface of a sphere of radius d,,
which, on a logarithmic scale, translates as 10.log(4rdy?) = 162.1 dBm?
Taking the difference between dy and the real distance dy, separating the
20 transmitting station from the satellite into account, the additional free space
attenuation is determined as AA,," = 20 log (dyp/do).
By expressing this additional free space aitenuation, on a linear scale, as
follows: AAupfS = (dyp/do)?, the flux © received by the satellite corresponding to

the carrier transmifted at PIREsolgg can be written on a linear scale as:
PIREsol 45

4ndg.ADE AAT

25 O=

and therefore the onboard power consumption is written as:

pw @
conse” = = grp  such that SFD = SFDgoc — AvGeoy, where:

IBO
o SFDegc (in dBW/m?2), is the saturation flux density of the onboard zone

repeater (the lower index corresponds to “edge-of-coverage”);
30 o AvGeoy (in dB), is the upward geographic advantage.



By expressing this additional free space attenuation, on a linear scale, as
follows: AAUP (clup/clo)2, the flux (1) received by the satellite corresponding
to the carrier transmitted at PIREsoldo can be written on a linear scale as:
where: IBO o SFDpoo (in dBW/m2), is the saturation flux density of the
onboard zone repeater (the lower index corresponds to "edge-of-coverage");
300 AvGeoup (in dB), is the upward geographic advantage. 11 The equation
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2OMUTSSRER SIS %ﬁcatron published under Number FR2877785
mentions the use of a quality indicator QaF to facilitate the establishment of a

Satcp Hik bugldét) tHe ameRal beipg JhdaetBwith refalendEaD the

expression "Quality Aggregate Factor", for "total quality figure". As a

?m'ﬁﬂ%fdémi ‘%&%mgg #?ﬁ @""Féﬁ@bgff W koL 37 prﬁﬂﬂr%og?

etween the SO, a e power rat e power of the sigr
totaltheidifetensityEay Nandreresseiiem of the said signal. Thus, on a
logarithmic scale, the indicator QaF is expressed as the difference between

the RIRE" @0g, tbg)reg@qggd @LNngg,Qn wmchaﬁystem marm]s
mcorporated here) in order to comply with a binary error rate making it

20 Moreover, a patent application published under Number
FR2877785 mentions the use of a quality indicator QaF to facilitate the
establishment of a Satcom link budget, the name QaF being chosen with
reference to the expression “Quality Aggregate Factor”, for “total quality
figure”. As a reminder, this quality indicator QaF is a coefficient of

25 proportionality between the PIRE;, and the power ratio of the power of the
signal to the total noise density C/Ng on reception of the said signal. Thus, on
a logarithmic scale, the indicator QaF is expressed as the difference between
the PIREss and the required (C/Noleq (in which a system margin is
incorporated here) in order to comply with a binary error rate making it

30 possible to carry out a demodulation:

PIREsol,, =(—§—J —QuF [E10]
¢ S reg

The higher the value of this indicator QaF, the less is the required
PIRE in order to obtain a C/Ng ratio sufficient to be able to demodulate the
signal on reception. The indicator QaF depends on interference having an



30 possible to carry out a demodulation: PIREsol d" =- QaF[E101 alcq

The higher the value of this indicator QaF, the less is the required PIRESsoiI in
order to obtain a C/No ratio sufficient to be able to demodulate the signal on
reception. The indicator QaF depends on interference having an 12 effect on
the link and on the area of the antennad fised on the ground and on the
satellite or aircraft. The quality indicator equal to the difference between the

et A SR RACHHY 87 6 frea'dl e HLEHETS ead%féﬁ i on
it ER G SEEsAin g LIl Sk ah s, iinge begween

funcheneduhiecti ity indiogibreaddREG ~witarut ikteg@idtor(BYstem asgin, is
10logtdebcEHNFO.. ng Now, the power C of the signal is equal to the
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which, transp on a logarit scale s in expressing, this power
as fOfONRSRC Cﬂﬁﬁ"jrﬂfé QTO‘i 43d f@ﬁ&ﬁgrﬁﬁﬁﬁnaﬁﬁgﬂtﬁ@%@%%
the AoRYdedsIRjaNE AECeived at the demodulator of the receiving station and

by i the s rgin Kilgy, in it, the following is derived: (? isb +
el T SRR A, PR = e
Now, the power C of the signal is equal to the product of the data rate D in

10 bits and the mean energy per user bit E;, which, transposed on a logarithmic
scale, results in expressing this power C as follows:

(C)up = (E}) g +10log,, (D) [E12]

15 By dividing this power by the noise density No received at the demodulator of
the receiving station and by integrating the system margin Msys in it, the
following is derived:

[—Q_J =(.E—bm] +1010g;o (D) + Myys [E13]
No req Ng dB

By combining the expressions [E11] and [E13], the difference Eqs between
20 consumptions is expressed as follows:
E, = QaF—Km%—mlogm(e) [E14]

0
The terms Ey/N, and 10 logio(e) can be gathered into a single term Jgg, the
term Jgg thus grouping the informational parameters related to the modem.
Also, the difference Egs between the consumption of onboard power and the
25 onboard spectral consumption can be expressed as follows:

E,=0aF -K-J, [E15]

E
where 3, = Fb-r-lOlogw (e)
0

and where K = Mgy +10log;o(B) - SFD + IBO - 10log;o (4nd?) + —AAg,

30 Knowing the two parameters of the first order high-pass Butterworth filter,



By combining the expressions [El 1] and [E131, the difference Edg between
20 consumptions is expressed as follows: EdB = QaF - K- b
-101ogio(e)[E14] The terms Eo/No and 10 logio(e) can be gathered into a
single term 3d3, the term Zdg thus grouping the informational parameters
related to the modem. Also, the differen& Edg between the consumption of
onboard power and the 25 onboard spectral consumption can be expressed
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denfpicwation graratiomsethod according to the invention necessitates few
calculation 'operations. The term "K" (in dBW/Hz), such that K'= - K+Msys,

can prd %@ﬁmﬂte(é.@% Hve/LR)sRack ahdeRrsity @imggl@mellﬂt%wm%uvx@%
be transmitte fro?w rcljiround in P?&g %\Ihth |st that whi
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expridsssateEESHS 1 dheeuphard +&irde I@keritad mosatiand [E3]sdold [EObis] are
interferengRakRanyan pRssIRle qeheALnierapduktion 1%]not negligible in
terms of onbogyd,govef consHmBLoR NG SIHBIR [RaCistatiactRyariing
a corrective term a ' ° gtence
15 and/or possible onboard intermodulations) is not negligible in terms of
onboard power consumption, the equation [E15] is refined by adding a

corrective term Cyg :
Ep=0QaF-K-3,-Cgu [E16]
AF

where Cge= 1010 1+ ———m
dB g10( (C/No)up)

20 where (C/No}, is the signal to noise density ratio obtained by all of the
upward noises (at least the thermal noise) and possibly the noises generated
on board, notably by intermodulations.

Figure 2 gives an example showing the variation of the spectral
efficiency n of a Satcom network as a function of the spectral modulation

25 efficiency e for different values of the indicator QaF. '

Each value of the indicator QaF corresponds to a different curve
11, 12, 13 in increasing order of QaF. The higher the QaF indicator, the
greater is the capacity of the Satcom network, since the indicator QaF
increases with an improvement in the performance of the antenna system

30 used.

Moreover, each of the curves 11, 12, 13 passes through a
maximum spectral efficiency value of the network 111, 112, 113. Each maximal
value m11, 12, 13 is obtained by choosing an optimal modulation spectral
efficiency e, €opt11, Eopti2, €apt13, COresponding to the balance between the



EdB=QQF-K-ZdB-Cdfi[E16] AF where Cdg= 10109100 (C/ No)up ) 20 where
(C/No)"p is the signal to noise density ratio obtained by all of the upward
noises (at least the thermal noise) and possibly the noises generated on
board, notably by intermodulations. Figure 2 gives an example
showing the variation of the spectral effigiency rl of a Satcom network as a
function of the spectral modulation 25 efficiency e for different values of the
indicator QaF. Each value of the indicator OaF corresponds to a
diffespaticarve idyrhpiidd mnddteagogardeansl@pfonlhe kigherdhenQéfation
indicatRieRg JEaaieE IS/ MECRPAENRIING FAEER REWErkpaINGE VaRe e,

indicator QaF increases with an improvement in,the performan ftl“ﬁa
s A agy 4 DAl (RS o e e TR fen the

pas<BRANRIIRnSRIRHRIGIRIRPEC PascBRseheP VAR ORI MelforlbpiSateom
¥113y&ach imdxmbed atubemawidib? (Hdhis 13 obtatieer byartis osipgdinroofintsd
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alan etween S ral consumption OWEr consumptiqn.
P e A
optitfEEle SN, @é%t@,oééé&@ﬁh&i&%‘%gé'a%ﬂ%&ﬁ’!ﬂ@r‘éﬂbfg gthian the
modepiimal feedtiaytien Jaécono dykidonis listteal kfipievary(Bds 1€3swhanh thheans
antimakvalyptoa SAten B ayskmiadaiec by baadyddd (B 3O)winyothey
words -0orton s 2 Rlable-power isnptyised. thatis Wi necssargy
to m_creasea[ ere” Brameter and therefore the quanglty uﬂ; , Wh _cﬁdFé uces
the dPFERBPRR BRSITRIRISEIFomwhERPMS MU BRARSAIRD SR i BHrRndioeyeakes it
higheoshiettereptiniakealoplithel Satesnesysten:is imited,by pookdr. (EdB
<0), which means 10 that a portion of the available bandwidth is not used.
That is why it is necessary to reduce the parameter "e" and therefore the
quantity Zds, which increases the difference Edg . The method according to
the invention makes it possible to reach these optimal values emu), eopuz,
and eoptl3 quickly. 15 CLAIMS 1. Method of optimizing the resources used
in the telecommunications carried out via an onboard segment, formed by a
satellite or by an aircraft, between stations of the terrestrial segment
comprising at least one modem, characterized in that it comprises at least the
following 5steps:
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expressing the difference in consumption Edg between the consumption of
onboard bandwidth and the consumption of onboard power as a function of
the following terms: a quality indicator QaF' depending on the antenna
system, 10onboard and on the ground, and on conditions of propagation and
interference of the medium, an informational term 315 depending on modem
parameters, aterm K' depending on onboard parameters such as the
maximum incoming flux density an@ Lt isdwidth, 150 corrective term Cdg
characterizing the consumption of onboard power attributable to the upward
noise which is amplified and transposed on board; modifying at least one

of the JarMfkters DAPIRIZING (e RIS T USHAA the BNz BHYFatens
absolutanéde @itthesteam 20dx@mes sed)mentodarithedictscaledatid|itghereby an

said mgthodris sBaraeteriagddnshat the differsinse BoghhsivesmiaprPaaidast
bandwidth consumpth[rﬁad@n% theﬁgfboagr%i)oﬁzer consumpiﬁfq is eﬂ@al &;” ,
Oat- 2 BB mEHUA AL SR 1 e L FRIE PR affl SRt fhiellowing
satellitétepaircraft comprising at least one repeater, characterized in that the
parametergikprexpiegsethi dgiidacis eqvaldensimpiisaaxe,d0 ngvdéis2)he
- 10 logio +LHFF[' , Bebeipg equal spectral handwid t :
repeater, %18 e n%géqugifl t? ﬁwgeo a?étanﬁc%e%?@gen_geﬁagrthqggticgrg) %(dﬁpc} I%ne of
onboard s98fepRrd power as a function of the following terms:

o a quality indicator QaF’ depending on the antenna system,

onboard and on the ground, and on conditions of propagation

and interference of the medium,

o an informational term <48 depending on modem parameters,

o a term K' depending on onboard parameters such as the
maximum incoming flux density and the bandwidth,

o corrective term Cgg characterizing the consumption of onboard
power attributable to the upward noise which is amplified and
transposed on board;

* modifying at least one of the parameters QaF’, K', <d8 in order to
tend toward the cancellation of the absolute value of the term
expressed in a logarithmic scale Egg,

wherein said method is characterized in that the difference Eqg between the
onboard bandwidth consumption and the onboard power consumption is
equal to:

' W W | ,
L'dH = q~[1:13u:m CONSO jpy = QaF' + K' - 345 - Can

2. Optimizing method according to one of the preceding claims, the satellite
or aircraft comprising at least one repeater, characterized in that the
parameter K', expressed in dBW/Hz, is equal to

K'=DFnax + 10 log (4nd2) — 10 log1o (B) + margin ,

B being equal to the spectral bandwidth of the repeater,
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DFrnax being equal to the maximum flux admissible at the input of the
repeater and 5"margin” being additional losses with respect to free space
losses of the uplink. 3. Optimizing method according to one of the preceding
claims, characterized in that the paramgter 3a is equal to -"E +1010g10(e) No
10EDb/No being the mean energy per user bit Eb over the monolateral noise
power spectral density NO, at the input of the demodulator of the receiving
station, e being the modulation spectral efficiency. 15 4. Optimizing method

atcheing RAOAE i the pridiankr) BRIWRSHRRAERP AR hatthe Hapariieard
Qefsteaxpressed in dBHz/VV, is equal to the quantity that is taken from the

?%%qew%(céh'%w%uiﬁ@ AR ARt dadhign@ug ABIRESR of the
repeater and
"margin" being additional losses with respect to free space losses of
the uplink.

3. Optimizing method according to one of the preceding claims, characterized

in that the parameter <8 is equal to f;’+1010g,0(e)
0

Ev/No being the mean energy per user bit E, over the monolateral noise
power spectral density No, at the input of the demodulator of the receiving
station,

e being the modulation spectral efficiency.

4. Optimizing method according to one of the preceding claims, characterized
in that the parameter QaF’, expressed in dBHz/W, is equal to the quantity
that is taken from the noise density (C/NO) requis in dBHz in order to find the value
of PIREsq (dBW).



