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The field of the invention is that of satellite communications. More specifically, it relates to
reducing or even eliminating the effect of collisions of signals received simultaneously by the satellite and
which make their demodulation impossible.

This problem notably appears with a communication system such as the Automatic Identification
System, also known by its acronym AIS. The AIS is a system of automated exchanges of messages between
ships by radio which makes it possible to limit collisions between ships and which allows surveillance of
maritime traffic in sight of coasts by means of coastal stations which listen to the exchanged
communications. The collection of this data by satellite allows maritime surveillance far from coasts and
verification of the data transmitted by analysis of the received signal. The AIS messages, which are
transmitted in a public manner, contain the position of the transmitting ship, as well as its identifier, its
heading, its speed, etc.

When messages (or signals) are transmitted by ships sailing in dense zones such as the
Mediterranean or along coasts, there is then a high probability of mutual blocking of signals on reception in
the satellite. In fact, the task of the input circuits of the receiver of a satellite is such that on average about
twenty signals arrive simultaneously at the receiver, which makes their demodulation impossible.

In order to allow the satellite AIS to have acceptable performance, taking account of the
performance requirements for maritime safety, it is necessary to limit said mutual blockages (i.e. the
probability that several signals are received at the same time) or at least to limit their effect.

The currently examined solutions which make it possible to limit the collisions are of two types:

- modification of the system: one solution proposes modifying the transmitters of the ships
in order to add a channel to them and defining a new protocol for transmitting a message which is more
suited to spatial monitoring. This solution however has a high cost and a long period of deployment, and it
could be bypassed by transmitting different messages on the conventional AIS channels and the satellite
AIS channels.

- modification of the receiver: a large portion of the collisions of signals can be eliminated
by using on-board receiver solutions that are more complex both in terms of an antenna solution and
processing. This solution is however costly in payload complexity and most often in the complexity of the
ground segment of the satellite task.

Document US2009/161797 discloses a method of recovering a useful signal received by a satellite
according to the prior art. Consequently, at present there is still a need for a system simultaneously
satisfying all of the aforementioned requirements, namely elimination of the effects of the collisions on the
signals currently transmitted without a drastic increase in the complexity of the satellite payload.

The idea behind the invention consists in recreating the signals received by the ground stations
such as they have been seen by the satellite and in extracting these signals from the composite signal
collected by the satellite in order to eliminate the major portion of the collision signals and to retain only the
signal not seen by a ground station.

More precisely, the subject of the invention is a method of recovering a useful signal received by a
satellite which comprises a step of reception by the satellite of a composite signal comprising said useful

signal and any number of so-called collision signals, all of these signals being received simultaneously by
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the satellite, interfering with each other, and respectively being transmitted by transmitters. It is principally
characterized in that it comprises the following steps:

- direct reception, by at least one station of a terrestrial network, of signals corresponding to
at least a portion of said collision signals and referred to as collected collision signals,

- for each collected collision signal, estimation, by a processing unit connected to the

terrestrial network and to the satellite, of this collision signal received by the satellite as a function of:

i the collected collision signal received directly by the terrestrial station,
ii. the position of the transmitter at the date of transmission of this collision signal, and
ii. the position of the satellite during the reception of the composite signal,

- extraction of the collected and estimated collision signals, from the composite signal, in
order to allow the recovery of the useful signal.

The position of the transmitter can be included in the signal coming from that transmitter or be
calculated by the processing unit.

In certain cases, the useful and collision signals are transmitted such that they are synchronized on
a fixed date according to a positioning system.

The useful and collision signals are, for example, signals of the AIS or of the ARGOS or of the
mobile telephony type.

According to a feature of the invention, the date of transmission of the signal is estimated by the
processing unit.

The terrestrial network can be either an existing coastal terrestrial network such as the AIS one, or
a terrestrial network to be deployed such that it is positioned high up (mountain, hill) in order to provide
greater visibility over the maritime zone.

When only a portion of the collision signals has been extracted from the composite signal, the
method furthermore possibly comprises a processing step allowing the elimination of the residual collision
signals.

Other features and advantages of the invention will appear on reading the following detailed
description, given by way of non-limiting example and with reference to Figure 1 which is a diagrammatic
representation of a satellite data collecting system.

Numerous data collecting systems are used nowadays for various purposes: study of fauna, of the
environment, ship’s distress beacon, maritime traffic surveillance system, etc. The Argos system, which has
been operational since 1979, is a well-known example of them. There are however other data collecting
systems such as the AIS (Automatic Identification System) or the SAR (Search And Rescue) systems for
example. The operating principle of a data collecting system is shown in a general manner in Figure 1.

Thus, in this diagram, data collecting devices equip, for example, an animal population,
meteorological buoys or a fleet of fishing boats. The measurements taken by these devices are encapsulated
within signals el, e2, ..., transmitted by the intermediary of adapted transmitter devices E1, E2, ..., to
satellites 20. Said satellites 20 return these signals, possibly modified, and possibly accompanied by
measurements on the received signal S1, S2, ..., to receiving stations 30 on the ground. The latter relay the

signals to ground stations 40 which have suitable processing means making it possible, for example, to



10

15

20

25

30

35

DK/EP 2362555 T3

_3-
approximately locate the objects of a study or of a surveillance. After processing the signals transmitted by
the satellites 20 and the receiving stations 30, the ground stations 40 can transmit information messages to a
network of users.

Moreover, a portion of the signals, in this case e2, e3, e4, .., respectively transmitted by the
transmitters E2, E3, E4, ..., can also be received by terrestrial stations, such as is the case in the AIS in
order to provide coastal maritime surveillance.

The set of receiving stations 30 on the ground receiving the signals returned by the satellites is
called the ground segment of the satellite task; the set of coastal stations receiving directly the signals
transmitted by the transmitters E1, E2, E3, E4, ..., is called the coastal or terrestrial network 10. The ground
stations 40 are connected, on the one hand, to the satellite task ground segment and, on the other hand, to
the terrestrial network 10.

The method of recovering the useful signal in the context of a satellite AIS system will now be
described in detail.

The satellite 20 simultaneously receives several signals which interfere with each other in order to
form a composite signal S1+S2+S3+S4+.... Among these signals, there is a signal called the useful signal
and referenced S1, the other signals S2, S3, S4, ... being called collision signals. These signals S1, S2, S3,
S4, ... correspond to the signals el, e2, e3, e4, ... respectively transmitted by transmitters E1, E2, E3,
FEA4,..., possibly mobile.

Moreover, one or more coastal stations, more generally called terrestrial stations, directly receive
the signals e2, e3, e4, ... transmitted by the transmitters E2, E3, E4, ... corresponding to the collision
signals S2, S3, S4, ... received by the satellite; these signals received by this coastal station are referenced
S2°,83°, S4°, ..., and referenced S2°’, ... when they are received by another coastal station. The signal el
transmitted by El is not received by a coastal station because, for example, of its distance.

The coastal network 10 can be either the existing coastal terrestrial AIS network, or a terrestrial
network to be deployed and positioned high up (mountain, hill) in order to provide greater visibility over
the maritime zone.

The signals respectively transmitted by the transmitters E1 and E2 are of the form:

(0= Aep cos(Wey tHPer + 0y (1),

€a(t)= Agp cos(Wey 4+ + 0 (D),

A, being the amplitude, ®, the angular frequency, ¢, the initial phase and o the modulation of the
signal.

The angular frequencies ®.; and .can be different but are sufficiently close to generate

disturbing interferences.

On reception by the satellite 20, these signals have the form:

S1(t) = Ay cos(®; t+@; + 04 (1)),

S2(t) = A, cos(, t+@, + 0, (1)).

Le signal e,(t) transmitted by E2 is also received by a coastal station of the terrestrial network 10:
this received signal S2°(t) is of the form:

S2’(t) = A’z COS((D’Z t+(P’2 + 0 (t))
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A
The signal S2(t) received by the satellite is estimated (and referenced S2 ) by a processing unit of

a ground station 40, on the basis of:
- the signal S2°(t) received by a coastal station of the terrestrial network 10,
- the position of the transmitter E2 at the time of transmission of its signal e,(t) and

- the position of the satellite 20 at the time of reception of the signal S2(t) provided from

the ephemeris of the satellite.

A

In order to reconstruct the signal S2 “as seen by the satellite”, a dating measurement of the signal
S2’ received on the ground and the position information of the transmitter are used in particular. In the case
of the AIS, these two tasks are greatly facilitated by the fact that a positioning system (typically GPS) is
associated with the AIS transmitter, such that the transmission of the signals is synchronized with the time
of the positioning system and that the transmitted signal contains the position of the transmitter as estimated
by this positioning system.

A A A A
The following is obtained: S2= Aszcos (2 t+ @+ 0, (D)

A
The same applies to the other collision signals S3, ... which are also estimated. S3, ... are

therefore also obtained

Then these estimated collision signals are eliminated from the composite signal received by the

satellite by calculating:

S1+482+83+...- S2-83- ... =51
The useful signal S1 received by the satellite 20 has thus been recovered.

It is not necessary to process, or even to collect, all of the collision signals. For example, if in the
case of 3 signals only the signal S2 has been collected and estimated, it will be possible to apply the

invention by proceeding as follows:

S1+82+83- §2 ~ S1+S3

It is possible that the recovery of S1 from S1+S3 can be carried out by other methods, such as joint
demodulation methods.

Estimating the collision signal S2 amounts to determining:

- the angular frequency of the carrier @,

- the modulation o, (t),

- the initial phase ¢,

- the power, i.e. the amplitude A2.

This evaluation is described here in the satellite AIS case.

In order to allow the demodulation of the useful (not eliminated) signal with good performance, it
is considered that the collision signals must be eliminated with a residue of less than 20 dB below the useful

signal.

Attention is firstly given to the angular frequency ®.
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There are two contributions to this angular frequency: the offset of the central frequency of the
ship, fixed in time, in a range of +/- 500 Hz with respect to the centre of the band, and the Doppler shift. On
the transmission e,, the Doppler shift can be estimated from the speed and the heading of the ship supplied
in the signal, and the estimation of the central transmission frequency could therefore be carried out using a
single measurement during the reception by the terrestrial station. No frequency measurement is however
taken nowadays in the coastal terrestrial network, and these measurements should be replaced by the
creation and updating by iteration of a table of central frequencies of each ship. For the Doppler shift due to
the satellite, considering the worst case of a ship (E2 or E3) at the nadir, with a position error of 20 m, an
error in the Doppler estimated on board the satellite of 0.12Hz will be obtained, giving a phase shift of
0.014 rad over the whole of the signal, or a residue of =37 dB which is well below the threshold of -20 dB

mentioned above.

The modulation o of the collision signal received by the satellite is the same as that of the collision

signal received by a ground station.

With regard to the synchronisation, it is recalled that the transmissions of signals from the ships
that are in a same maritime zone are carried out according to a multiplexing method based on the allocation
of TDMA time slots. In order to have an initial phase residue ¢ of —20 dB, it is necessary to have a
synchronization error of 0.6% of the duration of the bit, giving, at 9600 bits/s, a synchronization error of
0.66 ps. As the transmissions from the ships are synchronized with the GPS time (with an accuracy of the
order of 50ns), the ground segment (the stations 30) only has to remove the ambiguity of the transmission
slot. The only source of error is therefore the uncertainty of the propagation time between the ship and the
satellite receiver, with a tolerance of 200m. The positioning accuracy of the ship is much better than this
threshold. In fact, for a positioning error of 20 m, the initial phase residue is —30 dB, which is well below
the threshold of -20 dB mentioned above.

The amplitude A of the signal can be estimated by a link budget, knowing the antenna
characteristics of the transmitter (ship) and of the receiver (satellite), as well as their positions at the time of
transmission and of reception.

It has thus been shown that the method according to the invention makes it possible to eliminate
the collision signals with good performance.

This method also applies to ARGOS-type signals, the transmitters E1, E2, E3, ... then generally
being ARGOS beacons. The signal transmitted by a beacon also contains the position of the beacon. In the
case of Argos, the signals are not transmitted in synchronism with the positioning system and it is therefore
appropriate to add an accurate measurement of the date of arrival in the coastal station.

The method also applies in the case of satellite mobile telephony signals. However, the position of
the transmitter, i.e. of the mobile telephone, is not included in the transmitted signal. It can then be
calculated by the processing unit by triangulation using the collision signal directly received by at least two

terrestrial stations: S2° and S2°° in the figure.
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FREMGANGSMADE TIL GENVINDING AF ET SIGNAL BLANDT EN FLERHED AF SIGNALER
MODTAGET AFEN SATELLIT

PATENTKRAV
1. Fremgangsmade til genvinding af et nyttigt signal (S1) modtaget af en satellit (20), der omfatter et
trin med satellittens modtagelse af et sammensat signal, der omfatter det nyttige signal (S1) og sakaldte
kollisionssignaler (S2, S3, S4, ...), hvori alle disse signaler modtages samtidigt af satellitten, interfererende
med hinanden og henholdsvis sendes af senderne (E1, E2, E3, E4, ...), kendetegnet, ved at fremgangsmaden
omfatter fglgende trin:

- direkte modtagelse via mindst én station af et jordnetvark (10) af signalerne svarende til
mindst én ikke-nul-del af kollisionssignalerne og benzvnte modtagne kollisionssignaler (S2 ', S3', ...),

- for hvert modtaget kollisionssignal (S2 ', S3', ...) estimering via en behandlingsenhed, der
er forbundet med jordnetvarket (10) og satellitten (20), af dette kollisionssignal, der er modtaget af

satellitten, som en funktion af:

i det modtagne kollisionssignal (S2 ', S3', ...), der er modtaget direkte af jordstationen,
ii. senderens (E2, E3, ...) position pa datoen for udsendelse af dette kollisionssignal og
ii. satellittens position (20) under modtagelse af det sammensatte signal,

- fjernelse af de modtagne og estimerede kollisionssignaler (S2, S3, ...) i det sammensatte
signal for at muligggre genvinding af det nyttige signal (S1).
2. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge det
foregdende krav, kendetegnet, ved at senderens position er indbefattet i signalet fra denne sender.
3. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge et af de
foregaende krav, kendetegnet, ved at det nyttige signal (S1) og kollisionssignalerne (S2, S3, ...) sendes
synkront pa en dato, der er fastsat ved anvendelse af et positioneringssystem.
4. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge et af de
foregaende krav, kendetegnet, ved at det nyttige signal (S1) og kollisionssignalerne (S2, S3, ...) er signaler
af AIS-typen.
5. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge et af
kravene 1 eller 2, kendetegnet, ved at det nyttige signal (S1) og kollisionssignalerne (S2, S3, ...) er signaler
af ARGOS-typen.
6. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge krav
1, kendetegnet, ved at senderens position estimeres af behandlingsenheden.
7. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge det
foregaende krav, kendetegnet, ved atdet nyttige signal (S1) og kollisionssignalerne (S2, S3, ..) er
mobiltelefonsignaler.
8. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge et af de
foregaende krav, kendetegnet, ved at datoen for signalets udsendelse estimeres af behandlingsenheden.
9. Fremgangsmade til genvinding af et nyttigt signal, der er modtaget af en satellit ifglge et af de

foregéende krav, kendetegnet, ved at kun en del af de estimerede kollisionssignaler blev fjernet fra det



DK/EP 2362555 T3

-7-
sammensatte signal, og ved, at fremgangsmaden endvidere omfatter et behandlingstrin for fjernelse af de

resterende kollisionssignaler (S3).
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