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The present invention rel ates to a met hod al | owi ng frequeney ‘‘‘‘‘‘‘‘

_whroni zation of a satellite termnal with a satellite or a terrestria
a

ion. All of these el enents belonging to one and the samaml‘ \M‘Wmmﬂl I||
insmtting 5 satellite data. Met hods of satelli
usi ng a synchronization signal based oq a nodul ated pseudo randomrsequence
are known in the prior art. This nodul ation can for exanple be carried out
by using a two-state phase 10 nodul ati on (al so known by the nane of BPSK
for Binary Phase Shift Ke§ymehronizatiorspethodandsystemsignal, enitted in one

or nore tenporal intervals, is also known in the prior art by the nane of

beacon. However, as_|ow cost satellite termnals eral | rise a |l ow
per f or mance | ocal oLRg IAESEI, InVRRIqne relptes) to @eﬁ?&eﬁ'g?#]f"@&’f{%’go%?gg eP®Yequency
‘shift 15 wi tshn¢Hrenizatiar bf aesatellitenterrhimal adithra atateﬂrteab'r arten'bstmt/etaabnkHz, to

which is ad ' | 6f ] shifts
in frequenc%ﬂg?ﬁhé)%sélbn'{eﬁtssE%/Itnhwﬁgz(?g)gtg P%‘n tEet Ween géfg% rﬁ@ﬁﬁgr m nal
and the <at &ptgllitedaia.the terrestrial station. | ndeed, the ternminal is
required to nmake several assunptions about this possible shift in

Methods of satellite pointing using a synchronization signal based
on a modulated pseudo random sequence are known in the prior art. This
modulation can for example be carried out by using a two-state phase

10  modulation (also known by the name of BPSK for Binary Phase Shift Keying).
This synchronization signal, emitted in one or more temporal intervals, is also
known in the prior art by the name of beacon.

However, as low-cost satellite terminals generally comprise a low-
performance local oscillator, the terminals generally exhibit a frequency shift

15 with the satellite or the terrestrial station of several kHz, to which is added a

. possible shift caused by the Doppler effect. |
These shifts in frequency slow down the synchronization between the
satellite terminal and the satellite or the terrestrial station. Indeed, the
terminal is required to make several assumptions about this possible shift in

20 frequency. The time required for the synchronization will therefore depend on
the computation power available in the satellite terminal and on the number
of assumptions to be made. For example if the receiver must search for the
synchronization signal in a span of 50kHz in increments of 1kHz, then the satellite
terminal is required to make 101 assumptions about the shift in frequency. If

25 each assumption requires a computation of 10 seconds, the total
synchronization time is around 17 minutes. Moreover the computation power,
required for a first synchronization, is in general greater than the computation
power required for tracking this synchronization. The computation power
used for the process of initial synchronization is therefore under-used during

30 the major part of the time.

The present invention is therefore aimed at remedying these
probiems by proposing a method and a system for frequency synchronization
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- 20 frequency. The tine required for the synchronization will therefore
"depend on the conputation power available in the satellite term nal and on
. the number of assunptions to be nade. For exanple if the receiver nust
search for the synchronization signal in a span of 50kHz in increnents of I
kHz, then the satellite termnal is required to nmake 101 assunpti ons about
the shift in frequency. If 25 each assynmption requires a conputation of 10
seconds, the total synchronization tinme is around 17 m nutes. Moreover the
conput ati on power, required for a first synchronization, is in general
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synchroni zat 1 on. ohput ati on power use or the process~of initial
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al so conpri ; b § SAVARTY [ ' | in the
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em tted in tshachrenization §ighaltemitted irvthesvarious fiestlintemals i identical. The

pr oposedjémt hod of em ssion therefore allows the em ssion of a

synchronization signal havi ng a greater_spectral w dth relative to a nornal
nmet hod. Figure 1 il IbepreposedmathedripEemissiaprtharefgrecatiowsitheemissien ghal in

four tenpor &l syneheiniadtion sidres halinghogilatérdpRictal widih eelgfiveiRed ropaigt her into
two method. Figure 1 illustrates the emission of a synchronization signal in four
temporal intervals. These temporal intervals are grouped tdgether into two
20 first sets C1 and C2. The first set C1 comprises the temporal intervals 11 and
12 and the first set C2 comprises the temporal intervals 13 and 4. The signals
emitted in the temporal intervals of the first set C1 use a band of frequency
F1 and the signals emitted in the temporal intervals of the first set C2 use a
band of frequency F2. Moreover the two temporal intervals of the first set C1
25 are separated by the duration T1 and the two temporal intervals of the first
set C2 are separated by the duration T2, different from the duration T1.
Therefore the two frequencies F1 and F2 used to emit a signal in the
temporal intervals of the first sets C1 and C2 are determinable by comparing
the duration separating the two temporal intervals (11 and 12 or I3 and 14) of
30 one and the same pair of temporal intervals.

According to a technical characteristic, the first step of the method
of emission is adapted for determining at least two first frequencies whose
spectral separation is greater than the spread spectrum bandwidth of the

35 synchronization signal.



-20 first sets  and C2. The first set Cl conprises the tenporal intervals
"11 and 12 and the first set C2 conprises the tenporal intervals 13 and 14.
.The signals emtted in the tenporal intervals of the first set CI use a
band of frequency FI and the signals emtted in the tenporal intervals of
t-he first set C2 use a band of frequency F2. Moreover the two tenporal
intervals of the first set d 25 are s%parated by the duration T1 and the
two tenporal intervals of the first sett C2 are separated by the duration
T2, different fromthe duration Tl. Therefore the two frequencies FI and F2
used to emt a signal in the tenporal intervals of the first sets C and C2
are determ nabl e by conparing the duration separating the two tenporal
intervals (11 and 12higr teghainal 1ahareftedstioneallaws tthe semissign r obf & enpor al
interval s. synchronizatiéif @ighlaN8alifigaa deabRi Spdctiah idtht RIdtSEI 1o a tidembi r st step
of the methaod ﬁf em ssion is adapted for determning at |east two first
frequenci es W 9;%' spectral separation is greater than the spread spectrum
bandw dt 6 of the 35 synchronization signal. 3 Thi s techni cal
characteristic allo IcRS| nﬁ?ﬁ?h 2Rt | ignal cdapg ng a
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Advant ageouSPPUYRUSHEMPPral ANSIVAS: i nterval s bel ong to a set of conti guous
tenporal intervals. Advant ageously the | east common nultiple
of the first duraf['88§aﬁb%é&s§ﬁhgrlgﬁ%hnmmﬁﬂ@gSﬁhglﬂpst durations T1 ./ N€

| east common nul tiple, known dl so by the nane of two non-zero integers
a and b 1& theregtaf|tharna thresheld| y positive integer which is at one and the
sanme time a nultiple a and of b. In an optinmal nmanner the 15 threshold is
equal to the nunber i q | e | 1 DL u i on of the
first tenporal int J@%I‘%&SE %mH(_)% Hﬁﬁﬁ!&%g%)%naﬁ?écféygﬂeoﬁ %@%n'te%@héf@éa

char act er i stop-2efie idagersfa aad brisdbesmallest strietly pegitiva infegef wichis at ed with
at |east thigpg and $he lsBMROtiMe ZMilfpler ¥y and sepaimiaRdoptRiROMAhhyr e t WO

First dqut Itl'?rré%hold is equal to the number of first frequencies, multiplied by the

duration of the first temporal intervals.

According to another technical characteristic the said first
frequencies are respectively associated with at least three first temporal
20 intervals separated temporally by two first durations.

If these temporal intervals are denoted A, B and C and are ranked

in chronological order, these two durations can be the duration between A

and B, and the duration between B to C. It is also possible to define instead

25 of the duration between A and B or the duration between B and C, the
duration between A and C.

This technical characteristic makes it possible to improve the
synchronization signal reception performance by avoiding, in particular,
30 ambiguities and by limiting the errors of temporal estimation.

Figure 2 illustrates an embodiment in which the emission of a
synchronization signal is carried out in six temporal intervals (15 to 110).
These temporal intervals are grouped together into two first sets (E1 and E2).

35 The first set E1 comprises three first temporal intervals (15 to 17). The first



-1 f these tenporal intervals are denoted A, B and C and are ranked in
"chronol ogi cal order, these two durations can be the duration between A and
.B, and the duration between Bto C It is also possible to define instead
25 of the duration between A and B or the duration between B and C, the
duration between A and C This technical characteristic nakes
It possible to inprove the synchronizatj on signal reception perfornmance by
avoiding, in particular, 30 anbiguities and by limting the errors of
tenporal estimation. Figure 2 illustrates an enbodi nent in which the
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frequency FIT8HE"®he first intervals of the first set E2 are emtted by
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aspect of the 10 in i h e | ri sl f St step
of denodul ating t heWs?Lllrg rtlg r%cg%&iegfbpt%%gg{d%rerg%@t ?éc))%esgjcs:g%tﬁoefd{%ut by
usi ng a ecddwentipaqrarilod of eeGeption goBPrisBgch fivss stan ebdemafulatingthe second
st Sp ﬁf det @rgﬂan're"agivbh,etr@adbrﬂg&dmawm iQTcafr%’ﬂSc}SthijJsﬂfg éb@ccﬁdc{iﬁéqdern@ﬂ.ulemi es
and the sec [ e .det er | t t ond te ra
interval s i %’F’gﬁ%tﬁh@c%ﬁgﬁﬁp %EO&O%IE%G%@@%%?@Q én&ssgﬁ%t@rm@'rgﬁ)&i mum

gap between at least one of the first frequencies and the second frequency

by determining at least two second temporal intervals in which the energy of

15 the demodulated signal is a maximum.

The proposed method of reception therefore makes it possible to
determine the first frequency which has been used for the emission of the
synchronization signal in the pair of temporal intervals. This determination is

20 carried out on the basis of the duration separating the two temporal intervals
of the pair. The method of reception also uses the fact that the
synchronization signals are identical and therefore it requires only a single
correlation with a synchronization signal. There is no need to effect several
correlations associated with various synchronization signals.

25
Advantageously the second step of the method of reception is
furthermore adapted for the determination of a second duration separating
the two second intervals and/or the comparison between the second duration
and the said first durations.
30

Advantageously the second step of the method of reception is
furthermore adapted for the determination of at least three second temporal
intervals in which the energy of the said demodulated signal is a maximum
and/or for the determination of two second durations separating the two



- The proposed nethod of reception therefore nakes it possible to determ ne
"the first frequency which has been used for the em ssion of the

~synchroni zation signal in the pair of tenporal intervals. This
determnation is 20 carried out on the basis of the duration separating the
two tenporal intervals of the pair. The nmethod of reception al so uses the
fact that the synchronization signals e identical and therefore it
requires only a single correlation witlh a synchroni zati on signal. There is
no need to effect several correlations associated with various

synchroni zati on signals. 2 Advant ageoysl y the second step of the
ot hod of 1 SEBTY IRENE A teiheoremBRiso P aE e akh SHPPAATBIOS, o
second dur atandrhes sgidrfinstidugatidnes. t wo second i nterval s and/ or the conparison

bet ween the second duration and the said first durations. 30

Advant ageously the second step of the nmethod of reception is furthernore
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one terrestrial station able to emt a frequency synchronization signal by

using the preceding_nethod of em ssion. The system al so conprises at |east
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signal in four térﬁﬂ&%fiﬁker{/ﬁgerval )
15 Figure 2 illustrates the emission of a synchronization signal in six
temporal intervals
— Figure 3 presents the method of emission according to one aspect of the
invention
— Figure 4 presents the method of reception according to one aspect of the
20 invention
-~ Figure 5 presents the second step of the method of reception according
to one aspect of the invention
— Figure 6 presents the system according to one aspect of the invention

25 The emission method described in Figure 3 comprises a first step
201 of determining at least two emission frequencies. Each of these
frequencies is associated with a first duration which separates two temporal
intervals using this frequency. This first step also comprises the selection of
at least one pair of first temporal intervals separated by the first duration. The

30 emission method also comprises a second step 202 of emitting a
synchronization signal in each of the two first temporal intervals of the pair
and by using the first frequency associated with each pair. This signal is
generally a pseudo random sequence, modulated by using a two-state
modulation, known by the name of BPSK.

35



- 15Figure 2 illustrates the em ssion of a synchronization signal in six
"tenporal intervals Figure 3 presents the method of enission according to
.one aspect of the invention Figure 4 presents the nethod of reception
according to one aspect of the 20invention Figure 5 presents the second
step of the nethod of reception according to one aspect of the invention
Figure 6 presents the system accordingg o one aspect of the invention 25The
em ssion nethod described in Figure 3 conprises a first step 201 of

determ ning at |east two em ssion frequencies. Each of these frequencies is
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pair and by "usi'ng uency assocl with each pair. This
signal isSgenerally a pseudo random sequence, nodul ated by using a
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different freay@ichs thoerdMons bRtwd® MRE duration separating two temporal
intervals used to emit signals and the frequency used for this emission, the
receiver can determine the first frequency used for the emission of the
15 signals of a pair of temporal intervals on the basis of the duration separating
these two temporal intervals.

Figure 1 illustrates the emission of a synchronization signal in four
temporal intervals. These temporal intervals are grouped together into two
20 first sets C1 and C2. The first set C1 comprises the temporal intervals 11 and
12 and the first set C2 comprises the temporal intervals 13 and 14. The signals
emitted in the temporal intervals of the first set C1 use a band of frequency
F1 and the signals emitted in the temporal intervals of the first set C2 use a
band of frequency F2. Moreover the two temporal intervals of the first set C1
25 are separated by the duration T1 and the two temporal intervals of the first
set C2 are separated by the duration T2. Therefore the two frequencies F1
and F2 used to emit a signal in the temporal intervals of the first sets C1 and
C2 are determinable by comparing the duration separating the two temporal
intervals (11 and 12 or I3 and 14) of one and the same pair of temporal

30 intervals.

In one embodiment it is possible to determine first frequencies
which are separated spectrally by a width greater than the width of the
spread band of the synchronization signal.

35



-10 therefore nakes it possible to emt on a nore significant frequency band
"than when emtting synchroni zation signals using a single frequency.
.Moreover on account of the relation between the duration separating two
tenporal intervals used to emit signals and the frequency used for this

em ssion, the receiver can determne the first frequency used for the

em ssion of the 15 signals of a pair of, tenporal intervals on the basis of
the duration separating these two tenporal intervals. Figure 1
illustrates the em ssion of a synchronization signal in four tenporal

ntervals. These ¢ eogihol Ghbhae: A1 8L B0, HRIPLNBIP TubRILO 1 1t
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20
The reception method described in Figure 4 comprises a first step
301 of demodulating the signal received. This demodulation is carried out by
considering that the frequency spread band of the signal received is centred
on a second frequency. Various demodulators are known in the prior art. This
25 reception method also comprises a second step 302 which makes it possible
to determine the gap between at least one first frequency used for the
emission of the synchronization signal and the second frequency.
This second step is separated into two sub-steps such as presented in Figure
5. A first sub-step 401 which allows the determination of two second temporal
30 intervals in which the energy of the demodulated signal is a maximum. This
step also comprises the computation of a second duration separating these
two second temporal intervals. A second sub-step 402 then compares this
second duration with the first durations associated with the various first
frequencies. This step makes it possible to determine the first frequency
35 which has been used to emit the synchronization signals, in these two



- 15 tenporal intervals (18 to 110). The first intervals 18 and 19 are
"separated by a duration 15 and the first intervals 110 and IlI| are
.Separated by a duration T6. The first intervals of the first set El are
emtted by using the first frequency FI and the first intervals of the
first set E2 are emtted by using the first frequency F2. 20 The
reception method described in Figure 4gconprises a first step 301 of
denodul ati ng the signal received. This denodulation is carried out by
considering that the frequency spread band of the signal received is
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 In one embodiment of this system the terrestrial station generates the
frequency synchronization signal by using the method of emission and sends
it to the satellite via the link 504. This signal is thereafter repeated by the
satellite and transmitted to the satellite terminal via the link 505. The satellite

25 terminal is then able to carry out the method of reception.

In another embodiment the satellite is adapted for generating the
synchronization signal by using the method of emission and sends it to the
satellite terminal via the link 505. The satellite terminal is then able to carry
out the method of reception.



-Figure 6 presents a systemusing the nethod of em ssion and the nethod of
"reception. This systemconprises a satellite 501, a terrestrial 20 station
.502 and a satellite termnal 503. In one enbodinent of this systemthe
terrestrial station generates the frequency synchronization signal by using
the nethod of em ssion and sends it to the satellite via the link 504. This
“signal is thereafter repeated by the sgellite and transmtted to the
satellite termnal via the link 505. The satellite 25 termnal is then able
to carry out the nethod of reception. In another enbodi nent the satellite
is adapted for generating the synchrGbAMSi on si gnal by using the nmethod of
em ssion and sends it to the satellite termnal via the |link 505. The
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tenporal intervals separated tenporally by two first durations.
3. Method of emission according to Claim 1 or 2, in which the said first
temporal intervals belong to a set of contiguous temporal intervals.

4. Method of emission according to one of Claims 1 to 3, in which the least
common multiple of the first durations is greater than a threshold.

5. Method of emission according to one of Claims 1 to 4, in which the said
first frequencies are respectively associated with at least three first temporal
intervals separated temporally by two first durations.

6. Method of reception of a frequency synchronization signal emitted by using
at least two first frequencies and in two pairs of temporal intervals separated
by a different first duration for each frequency comprising;
- a first step (301) of demodulating the signal received, the said
demodulation is carried out by using a second frequency
- a second step (302) of determining the gap between at least one of
the first frequencies and the said second frequendy by determination of



6. Method of reception of a frequency synchronization signal emtted by
“using at least two first frequencies and in two pairs of tenporal intervals
.separated by a different first duration for each frequency conprising;, a
first step (301) of denodul ating the signal received, the said denodul ation
s carried out by using a second frequency a second step (302) of
determ ning the gap between at |east oy¢ of the first frequencies and the
said second frequency by determ nation of 10 at |east two second tenporal
intervals in which the energy of the said denpdul ated signal is a nmaxi num
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8. second temporal intervals in which the energy of the said demodulated signal

is a maximum and/or for the determination of two second durations

separating the two second intervals and/or the comparison between the said

second durations and the said first durations.

9. Frequency synchronization system comprising;
- at least one satellite (501) and/or at least one terrestrial station (503)
able to emit a frequency synchronization signal according to one of
Claims 1 to 5 and
- at least one satellite terminal (502) able to receive a frequency
synchronization signal according to one of Claims 6 to 8.



