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(57) Abstract: The invention relates to a monitoring system for the air-traffic control of flight objects (5, 6), which have transmitting
units for emitting air-traffic control radio signals (ADS-B), wherein the air-traffic control radio signals (ADS-B) containing flight
data concerning the respective aircraft (5, 6), the monitoring system comprising a plurality of receiving units (4a to 4c), which are
designed to receive the emitted air-traffic control radio signals, wherein a plurality of satellites (1a to 1¢) are provided, which cach
have communication means for forming a common satellite communication network and on each of which at least one of the
receiving units (4a to 4c¢) is arranged, wherein the receiving units (4a to 4¢) are connected to the communication means of the
respective satellite (1a to 1¢) and are designed to transmit the flight data contained in the air-traffic control radio signals to at least
onc ground station (3, 7) having a communication connection to the satellitc communication network using a common
communication protocol of the satellite communication network.

(57) Zusammenfassung:
[Fortsetzung auf der néichsten Seite]
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IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,RO, _ . . .. e
RS, SE, SI, SK, SM. TR), OAPI (BF. BJ, CF. CG, CL Erfindererklirung (Regel 4.17 Ziffer iv)
CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). Verbffentlicht:

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

Erkldrungen gemifl Regel 4.17:

3

—  hinsichiich der Berechtigung des Anmelders, ein Patent /
zu beantragen und zu erhalten (Regel 4.17 Ziffer ii)

Die vorliegende Frfindung betrifft ein Uberwachungssystem zur Flugsicherung von Flugobjekten (5, 6), die Sendeeinheiten zum
Aussenden von Flugsicherungs-Funksignalen (ADS-B) aufweisen, wobei die Flugsicherungs-Funksignale (ADS-B) das jeweilige
Flugzeug (5, 6) betreffende Flugdaten enthalten, mit einer Mehrzahl von Emptangseinheiten (4a bis 4c), die zum Empfang der
ausgesendeten Flugsicherungs-Funksignale ausgebildet sind, wobei eine Mehrzahl von Satelliten (1 a bis 1 ¢) vorgesehen sind, die
jeweils iiber Kommunikationsmittel zum Bilden eines gemeinsamen Satelliten-Kommunikationsnetzwerkes verfiigen und an
denen jeweils mindestens cine der Empfangseinheiten (4a bis 4¢) angeordnet sind, wobei die Empfangseinheiten (4a bis 4¢) mit
den Komnumikationsmitteln des jeweiligen Satelliten (1 a bis 1 ¢) verbunden und zum Ubertragen der in den Flugsicherungs-
Funksignalen enthaltenen Flugdaten an mindestens eine mit dem Satelliten-Kommunikationsnetzwerk kommunizicrend in
Verbindung stehenden Bodenstation (3, 7) unter Verwendung eines gemeinsamen Kommunikationsprotokolls des Satelliten-
Kommunikationsnetzwerkes eingerichtet sind.
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Satellite communication network

The invention relates to a monitoring system for the air-
traffic control of flying objects which have transmitting
units for transmitting air-traffic control radio signals,
wherein the air-traffic control radio signals contain flight
data relating to the respective aircraft, with a plurality
of receiving units which are designed to receive the
transmitted air-traffic control radio signals, wherein a
plurality of satellites are provided which in each case have
communication  means for forming a common satellite
communication network and on each of which at least one of
the receiving units 1is arranged. The invention also relates
to a method and a use of a satellite communication network

of this type for this purpose.

Prior art

The monitoring and control of the air traffic which is
constantly increasing worldwide is currently based primarily
on two fundamental technologies: radar monitoring and voice-
based VHF radio systems for Air Traffic Management (ATM). In
the case of radar monitoring, radio signals are transmitted
using special radar ground stations, said radio signals then
either being reflected by the flying object on its outer
surface and received once more by the ground station
(primary radar) or causing the flying object autonomously to
send back specific information to the ground station
(secondary radar). However, 1in both cases it 1is necessary
for the flying object to be located within a coverage area
dependent on the range of the radar ground station, as no
usable signals would otherwise Dbe produced. Since radar
ground stations of this type are very expensive to set up
and are therefore also usually found only in regions with
dense traffic or near the coast, gapless radar monitoring of

flying objects is not currently provided.
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If a flying object 1is located outside the radar coverage,
the corresponding monitoring and control stations
responsible for the air-traffic control of the corresponding
flying object maintain contact at regular intervals wvia the
VHF radio system. However, the VHF radio system is Dbased
entirely on the principle of voice messages, so that it
often occurs 1n the case of long-haul flights that the
corresponding monitoring and control station receives no
information from the aircraft over a lengthy period because,
for example, the autopilot is activated and the pilots are
asleep. The status of the flying object 1is therefore
uncertain over a lengthy period and is not therefore

suitable for a continuous gapless monitoring.

ADS (“Automatic Dependent Surveillance’”) systems are known
in addition to the primary and secondary radar already
mentioned. In ADS systems, corresponding data are
automatically and continuously collected on board the
aircraft, including the current position, which <can be
determined, for example, using a satellite navigation
system. Other flight data may, for example, be the flight
number, aircraft type, speed, flight altitude and planned
flight direction. If a corresponding radio signal
transmitted from a ground station is received by the flying
object, the flying object transmits these flight data using
a corresponding ADS message to the ground station. The
ground station receives the message and can display the
flight data contained in the message to the air-traffic
controllers or control stations. These systems, which
transmit the messages on request, are also frequently
referred to as ADS-C or ADS-A. For this purpose, the
alircraft are equipped with so-called FANS-1/A devices, which
enable a radio data link wvia VHF, RF or satellite radio and
therefore also a monitoring of the aircraft in oceanic
airspace. However, the position messages are transmitted at
time intervals of around 15 minutes or more due to the low
data rate, so that a continuous flight monitoring is not

provided.
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Along with the systems which transmit their flight data
entirely on request, the ADS-B (Broadcast) system also
exists, which autonomously transmits a corresponding ADS
message at periodic, discrete-time intervals of around half
a second. If the flying object is located in a region with
dense traffic, an entire range of ground stations is
normally located here, which can receive the automatically
transmitted ADS message. In addition, it 1is also possible
for other flying objects which have a corresponding receiver
to be able to receive ADS-B messages from other aircraft, in
order thus to build up a picture of the traffic situation of
the surrounding airspace depending on the flight data

contained in the message.

Since the equipment of transport aircraft with mode-S
transponders is currently prescribed as mandatory, the mode-
S 1090ES data transmission system has become established as
the de facto standard for the ADS-B system 1in general
aviation. Mode-S 1090ES is based on the modulation methods
and data formats defined for mode-3, wherein a fixed,
worldwide unique 24-bit address is allocated to each
aircraft. The downlink 1in mode-S 1is established at a

frequency of 1090 MHz.

However, as with all systems based on radio location, the
ADS systems have the decisive disadvantage that the aircraft
must be located in the receiving area of a corresponding
receiving unit so that the ADS messages transmitted by the
aircraft can also Dbe received by the corresponding
supervisory control station. Due to the limited range of the
ADS-B signals, a worldwide gapless monitoring using ground
stations 1is not possible even with a system of this type
since, on the one hand for cost reasons, and, on the other
hand due to geographical conditions, ground stations cannot

be set up all over the world for gapless coverage.

In order to guarantee a reception of ADS signals even in

areas 1in which no coverage 1s guaranteed by corresponding
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ground stations, DE 10 2008 026 415 Al and DE 10 2008 013
357 A1, for example, ©propose that the ADS-B signals
transmitted by a flying object can be received by a
satellite correspondingly suited for this purpose. The
messages can then be forwarded from there to a ground
station or can be transmitted to a relay satellite in order
to achieve a greater transmission path. Due to the fact that
a satellite monitors the ADS-B signals regularly transmitted
by the aircraft, a partial monitoring can be carried out
precisely in areas where no coverage with ground stations is

possible.

However 1t 1s disadvantageous here that the use of relay
satellites for range extension is very costly, since the
operators of relay satellites of this type levy a charge for
the use thereof. In addition, a ground station must be able
to communicate with a multiplicity of different satellite
types 1in order to be able to receive corresponding ADS

messages in practice also.

Object

The object of the present invention is therefore to indicate
a method and a system with which a worldwide, gapless
monitoring of air traffic is possible, but which can be set

up simply and cost-effectively.

Solution

The object 1s achieved according to the invention with the
monitoring system of the aforementioned type 1in that the
receiving units are connected to the communication means of
the respective satellite and are configured to transmit the
flight data contained in the air-traffic control radio
signals to at least one ground station having a
communication 1link to the satellite communication network
using a common communication protocol of the satellite

communication network.
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The air-traffic control radio signals may be the ADS-B
messages transmitted by the mode-S transponders on board the

alrcraft.

It 1is therefore proposed according to the invention that
receiving units which can receive the air-traffic control
radio signals are integrated into the structure of a
satellite communication network in such a way that the
common communication protocol of the satellite communication
network can be used to transmit the flight data contained in
the radio signals. Due to the satellite configuration, a
worldwide encompassing satellite communication network is
formed, the communication protocol of which can be used for
the transmission to the ground station. The ground station
itself can similarly make use of the standardized
communication protocol to communicate with the satellite
communication network, so that a corresponding communication

device can be designed here also in a simplified manner.

Through the use of the common communication protocol of the
satellite communication network, an ADS-B message received
by the receiving units and the flight data contained therein
can be transmitted from any location to any other location
in the world. Since the use of relay satellites can be
dispensed with, this system therefore also meets the real-
time requirements of ATM/ATC systems. The flight data
transmitted by the aircraft can therefore be transmitted in
a fraction of a second to the corresponding control
stations. Furthermore, however, no further modifications are
required in the aircraft themselves, since transport
aircraft are currently equipped as standard with mode-S
transponders which are configured to transmit ADS-B signals

as air-traffic control radio signals.

In order to implement a gapless receiving area by means of
the satellite communication network and the receiving units

arranged thereon, 1t 1s advantageous 1if the individual
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receiving areas overlap 1n their peripheral areas with
adjacent receiving areas, so that a reception can always be
ensured. It is then quite particularly advantageous here if
air-traffic control radio signals received multiple times
and their flight data contained therein are transmitted once
only to the ground station in order to avoid a corresponding
traffic overhead 1in the satellite communication network.
Air-traffic control radio signals received multiple times
are radio signals which are transmitted by an aircraft once
within an overlap area and are received by the respective

adjacent receiving units.

Air-traffic control radio signals received multiple times
can be identified, for example, depending on the address or
the position of the aircraft and the known orbit and
therefore also the position of the satellites. However, it
is also conceivable that, following reception of a radio
signal, the receiving unit interrogates receiving units on
adjacent satellites to ascertain whether they have also
received a corresponding radio signal. Via the definition of
a master and a slave, it can then be achieved that only the
master transmits its data to the ground station, whereas the

slaves reject their received data.

As already mentioned, the air-traffic control radio signals
may be ADS-B messages transmitted by the mode-S

transponders.

Furthermore, it 1is quite particularly advantageous if the
receiving units are configured for the temporary storage of
partial flight data. Flight data which change only very
little or wvery slowly are often transmitted at a lower
update rate wvia the ADS-B system than flight data which
change very substantially over time. Thus, for example, the
speed, altitude and flight direction change very little in a
3-second or 5-second period, whereas the current position
changes very substantially within one second due to the

flight speed. The less substantially changeable flight data
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are therefore transmitted at a lower update rate, and are
then temporarily stored by the receiving units, whereas the
substantially changeable flight data are transmitted at a
very high update rate and are received by the receiving
units. The flight data thus transmitted to the ground
station then consist of the currently received flight data
and the temporarily stored flight data, so that a full and
complete flight data report can always be transmitted to the
ground station, wherein the flight data are transmitted at
the same update rate as the aircraft transmits the ADS-B

signals.

Following the reception by the receiving unit, the flight
data advantageously contain time information, which is also
referred to as a timestamp, so that the exact time of the
reception by the receiving unit on the satellite can thus be
identified. The time information is provided either by the
satellite itself or by the receiving unit, wherein the time
information is determined depending on a time signal which
is synchronized both with the satellite or the receiving
unit and with the corresponding ground station. A satellite
navigation system, for example, can supply a synchronized

time signal of this type.

By means of the supplemented time information, the ground
station can then establish how long the transmission path
from the satellite which has received the actual ADS-B
signals to the ground station has actually lasted, so that
the up-to-date status of the flight data can also be
displayed to the air-traffic controller. It is furthermore
conceivable that flight data, the transmission time of which
has exceeded a certain threshold, are rejected, since they
no longer represent the current flight situation and can

therefore negatively distort the traffic picture.

It is furthermore conceivable that the ground station,
depending on the time information and the transmission

duration determined therefrom, corrects the time-variable
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flight data depending on the transmission duration. It is
thus possible, with knowledge of the speed and transmission
duration, to extrapolate and therefore correct the position
of the aircraft determined on board, taking account of the

transmission time.

Furthermore, it 1is quite particularly advantageous if the
receiving units are configured to predict position and/or
movement information of the flight data depending on a
future transmission time. Following reception of the air-
traffic control radio signals, the receiving unit determines
when the flight data contained in the radio signals are to
be transmitted to the ground station using the satellite
communication network. Depending on this future transmission
time, the corresponding time-dependent flight data such as
position and/or movement information are then calculated for
the transmission time, so that the flight data according to

the forecast are up-to-date at the actual transmission time.

Since a so-called pulse position modulation method is
carried out in the case of the mode-S signals used for the
ADS-B system, in which the bit information is defined on the
basis of the position within the signal block, and the
channel access method 1s randomized, signal collisions
(garbling) frequently occur in regions with dense traffic,
since many transmitters randomly transmit simultaneously or
the signals may be superimposed on one another in the
receiver due to different transit times. The receivers are
then no longer able to separate the different signals from
one another and decode them, so that, on the whole, they

must be rejected.

For this purpose, it is thus quite particularly advantageous
if the receiving wunits have a plurality of directional
receive antennas with associated receivers and decoders to
form sector-by-sector receiving areas in order thus to carry
out the monitoring sector-by-sector within a receiving area

defined by the orbit of the satellite. As a result, the



10

15

20

25

30

35

WO 2012/123360 -9 - PCT/EP2012/054114

probability of signal collisions is reduced due to the now
smaller receiving area per receive antenna. Furthermore, it
is thereby achieved that, if the satellite in 1its orbit
enters regions with dense traffic, the areas still covering
the low-traffic regions guarantee a sufficient reception,
whereas the sector already located in the area with dense
traffic is overloaded. However, the overload in areas with
dense traffic may be non-critical, since the coverage 1is
normally sufficiently guaranteed here through ground radar
or ADS-B ground stations. Due to the sector-by-sector
arrangement, it is thus at least achieved that a reliable
reception still remains guaranteed 1in the low-traffic

regions.

However, it 1s also conceivable that the sector-by-sector
arrangement of directional receive antennas is implemented
in an overlapping manner in such a way that at least one of
the directional receive antennas can receive a corresponding
signal even 1in regions with dense traffic due to the
different signal transit times. Thus, a monitoring by means
of the satellite communication network can then be carried

out even in regions with dense traffic.

Moreover, 1t 1s quite particularly advantageous if the
receiving units are configured with devices to track the
directional receive antenna and/or to adapt the directional
effect of the directional receive antennas depending on a
traffic density. If, for example, the satellite in its orbit
enters a region with dense traffic, the directional receive
antenna of the sector which now projects into the area with
dense traffic can be adapted in its directional effect in
such a way that, for example, the sector is reduced. 1In
order to then prevent any gaps, the adjacent sectors and
their directional receive antennas can be adapted in such a
way that their areas are increased, 1in order thus to
guarantee a gapless receiving area. The problem of signal

collision in the pulse position modulation method can thus
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be reduced due to the dynamic adaptation of the directional

effect of the individual directional receive antennas.

However, it is also conceivable that the individual
directional receive antennas are tracked or are pivoted by a
corresponding pivoting device, 1in order thus to be able to
cover  the individual areas correspondingly and  keep
directional receive antennas out of regions with dense

traffic.

The traffic density can be determined here, for example,
depending on the satellite position in its orbit. Thus, it
is generally known that a lower traffic density normally
occurs over the oceans, whereas a very high traffic density
can be expected at specific flight  hubs, such as
international airports. It is thus possible to establish on
the basis of the position of the satellite whether the
directional receive antennas project with their sector-by-
sector receiving areas at least partially into regions with

dense traffic.

Furthermore, the object is also achieved with the method for
the worldwide air-traffic control of flying objects, with

the following steps:

- transmission of air-traffic control radio signals by
means of transmitting units arranged on the flying
objects, wherein the air-traffic control radio signals
contain flight data relating to the respective
aircraft,

- reception of the transmitted air-traffic control
signals by receiving units arranged on satellites,
wherein the satellites have communication means to form
a common satellite communication network and the
receiving units are connected to the communication
means of the respective satellite, and

- transmission of the flight data contained in the air-

traffic control radio signals to at least one ground
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station having a communication 1link to the satellite
communication network using a common communication

protocol of the satellite communication network.

Advantageous designs of the method can be found in the

corresponding subclaims.

Furthermore, the object is furthermore also achieved through
the use of a satellite communication network which is formed
from a plurality of satellites, in each case with at least
one receiving unit to receive traffic control radio signals

in order to carry out the above method.

The present invention 1is explained in detail by way of

example with reference to the attached drawings, in which:

Figure 1 - shows a schematic representation of a monitoring

system according to the present invention;

Figure 2 - shows a receiving area of a receiving unit with a
plurality of sector-by-sector directional receive

antennas.

Figure 1 shows a schematic representation of a monitoring
system according to the present invention. For this purpose,
a plurality of satellites 1la to 1lc are located in a
relatively low orbit, for example in the LEO (Low Earth
Orbit), in which the flight altitude is between 200 km and
1,500 km. The satellites have corresponding communication
means, so that they are reciprocally interconnected via a
communication link 2 and form a common satellite
communication network. Communication means of this type may
be corresponding transmitters and receivers, which are

configured to set up inter-satellite links.

Satellite communication networks are, for example, Iridium,
Globalstar or Orbcom. Iridium is a satellite configuration

with 66 LEO satellites, with which a worldwide and gapless



10

15

20

25

30

35

WO 2012/123360 - 12 - PCT/EP2012/054114

telephone reception is intended to be guaranteed
independently from any ground stations. The satellite
communication network is designed to set up telephony and/or

data connections.

Through the formation of a common communication network, the
satellites la to lc can transmit their data or messages to a
central ground station 3, which is configured to communicate
with the satellites la to 1lc. For the sake of clarity, the
number of satellites is restricted to three in this example

embodiment.

This satellite configuration la to 1c, which forms a common
satellite communication network wvia the communication links
2, has a corresponding receiving unit 4 on each satellite 1la
to 1c which is configured to be able to receive
corresponding mode-S signals which are transmitted by
corresponding transponders on the aircraft 5 and 6. Thus,
for example, the Iridium system, for a consideration,
enables special units to be arranged on the satellite which
are then connected to the equipment of the satellite and can
use said equipment. The receiving units 4a to 4c arranged on
the satellites 1la to 1c are thus integrated into the
satellite communication network in such a way that they can
also use the communication and network protocols used for
the communication links 2 to transmit data, in order thus to
be able to forward data to a ground station 3 of the

satellite configuration.

In the example embodiment shown in Figure 1, the aircraft 6
is located, for example, 1in the receiving area of the
receiving unit 4c of the satellite 1c. The aircraft 6
transmits ADS-B signals at regular intervals, which are
received by the receiving unit 4c of the satellite 1lc. The
flight data contained in the ADS-B radio signals are then
decoded and transmitted wvia the communication 1link 2, said
links forming the common communication network, to a further

satellite 1b, which in turn transmits the data to the next
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satellite wvia the communication 1link 2, whereupon the data
are then forwarded wvia a download 1link 10 to the ground
station 3 of the communication network. From there, the
flight data transmitted by the aircraft 6 are then forwarded
to an air traffic management or air-traffic control center

7, which take over the air-traffic control in general.

The advantage here is that the individual ground stations 7
no longer have to communicate directly with the satellites,
but with a central ground station 3, which has a
communication link to the satellite communication network of
the satellites la to 1lc. The entire infrastructure required
for the communication is made available here on the
satellite side, so that, through the addition of receiving
units into the communication network infrastructure of the
satellites, the latter can also be used by the receiving
units. A gapless coverage with ADS-B flight monitoring can
thus be implemented at low cost, without special satellites,
which only serve the purpose of receiving ADS-B signals,

having to be built for this purpose and put into the orbit.

In the example embodiment shown in Figure 1, a further
aircraft 5 is located in the receiving area of the receiving
unit 4b of the satellite 1b. These flight data received by
the receiving unit 4b are also transmitted via @ a
communication link 2 between the satellites to the satellite
which ultimately forms the downlink to the base station of
the satellite communication network. The ground station is
connected here to an air-traffic control center 7 and

forwards the flight data to the latter.

In order to achieve the highest possible update rate, for
example in such a way that flight data are forwarded within
seconds to the air-traffic control center 7, special flight
data which are transmitted at substantially greater
intervals by the aircraft are temporarily stored in the
receiving units. The entire flight data report, which is

then forwarded to the air-traffic control center 7, is then
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produced from the temporarily stored communications and the
currently received data, so that the high update rate can be

implemented in real time.

If, for example, a satellite communication network is used
which 1is configured for telephony and data traffic, for
example 1in the case of the Iridium system, the real-time
capability of this system can be realized through the use of
the communication network optimized for speed, representing
a significant requirement in the practical implementation.
It can thus be guaranteed that every flight data report
arrives at the air-traffic control center 7 within a fixed,
predefined time window, so that current data are always

avallable in real time.

Figure 2 shows the receiving area 21 of a receiving unit
which has a plurality of directional receive antennas and
therefore covers the receiving area 21 sector-by-sector by
means of the receiving sectors 22a to 22e. ADS-B radio
signals are receivable by two or more sector antennas in the

overlap areas 23.

Advantageously, the receiving unit is then designed in such
a way that 1t <can adapt the expansion of the sector
receiving areas 22a to 22e depending on a traffic density.
If, for example, the satellite in its orbit passes over an
area with dense traffic, it first enters the area with dense
traffic with the peripheral area of a sector. In the example
shown in Figure 2, it 1s assumed here that the receiving

sector 22a first enters the area with dense traffic.

Due to the proprietary modulation method, signal
interferences occur in regions with dense traffic, since the
signals are frequently transmitted simultaneously and are
therefore affected by interference. B reliable reception is
then no longer possible. To restrict the problem, it is
quite particularly advantageous 1f the sector receiving area

22a is reduced, while the adjacent sector receiving areas
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22b to 22d are increased to a correspondingly proportional
extent. As a result of the reduction in the sector receiving
area 22a, it is achieved that the collisions now relate to a
relatively small receiving area, whereas a normal reception
remains possible in the other receiving areas due to the low
traffic density. In areas with dense traffic, a signal
interference is totally acceptable, since further backup
systems wusually exist here, such as, for example, ground
radar or ground stations, which can similarly receive ADS-B

signals.

It is also conceivable for the directional effect to be
shifted in order to achieve that, for example, a sector is
covered by two or more receiving areas. It is thus possible,
in the example embodiment shown in Figure 2, to shift the
sector receiving area 22e in the direction of the sector
receiving area 22a in order to ensure a reasonably
interference-free operation due to the overlap of a
plurality of receiving areas on the basis of the different
signal transit times. For this purpose, the receiving units
can, for example, be equipped with pivoting devices, which
allow the directional receive antennas to pivot in the

corresponding directions.

The reference to any prior art in this specification is not,
and should not be taken as, an acknowledgement or any form
of suggestion that the prior art forms part of the common

general knowledge in Australia.
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Patent claims

A monitoring system for air-traffic control of flying ob-
jects which have transmitting units for transmitting ADS-B
radio signals, wherein the ADS-B radio signals contain
flight data relating to the respective flying objects,
with a plurality of receiving units which are designed to
receive the transmitted ADS-B radio signals, wherein a
plurality of satellites are provided which in each case
have communication means for forming a common satellite
communication network and on each of which at least one of
the receiving units is in each case arranged, wherein the
receiving units are connected to the communication means
of the respective satellite and are configured to transmit
the flight data contained in the ADS-B radio signals to at
least one ground station having a communication 1link to
the satellite communication network using a common commu-
nication protocol of the satellite communication network,
whereby the receiving units have a plurality of direction-
al receive antennas to form sector-by-sector receiving ar-

eas.

The monitoring system as claimed in claim 1, wherein the
monitoring system is configured to identify ADS-B radio
signals received multiple times transmitted by a single
transmitting unit and received by a plurality of receiving
units in an overlapping receiving area and, on identifying
ADS-B radio signals received multiple times, is configured
in such a way that the flight data contained in the ADS-B
radio signals are forwarded once only to the ground sta-

tion.

The monitoring system as claimed in claim 1 or 2, wherein
the receiving units are configured for the temporary stor-

age of partial flight data, wherein the flight data trans-

2921430v1
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mitted to the ground station consist of currently received
partial flight data and the temporarily stored partial
flight data.

4. The monitoring system as claimed in one of the preced-
ing claims, wherein the receiving units are configured
to supplement the flight data with time information
following the reception of the ADS-B radio signals,
wherein the time information is determined depending on
a time signal synchronized with the ground station and
the satellites.

5. The monitoring system as claimed in one of the preced-
ing claims, wherein the receiving units are configured
to predict position and movement information of the
flight data depending on a future transmission time at
which the receiving unit transmits the flight data to
the ground station via the satellite communication net-

work.

6. The monitoring system as claimed in one of the preced-
ing claims, wherein the receiving units have a plurali-
ty of directional receive antennas with overlapping re-

ceiving areas of adjacent directional receive antennas.

7. The monitoring system as claimed in one of the preced-
ing claims, wherein the receiving units are configured
to track the directional receive antennas and/or to
adapt the directional effect of the directional receive
antennas depending on a traffic density located, in

particular, in the receiving area.

2921430v1
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A method for worldwide air-traffic control of flying

objects, with the following steps:

transmission of ADS-B radio signals by means of trans-
mitting units arranged on the flying objects, wherein
the ADS-B radio signals contain flight data relating to
the respective flying objects,

reception of the transmitted ADS-B signals by receiving
units arranged on satellites, wherein the satellites
have communication means to form a common satellite
communication network and the receiving units are con-
nected to the communication means of the respective
satellite, and

transmission of the flight data contained in the ADS-B ra-
dio signals to at least one ground station having a commu-
nication link to the satellite communication network using
a common communication protocol of the satellite communi-
cation network,

wherein a plurality of directional receive antennas per
receiving unit to form sector-by-sector receiving areas
and tracking of the directional receive antennas and/or
adaption of a directional effect of the directional re-
ceive antennas depending on a traffic density relating,

in particular, to at least one receiving area of the

directional receive antennas.

The method as claimed in the 8, wherein identification of
ADS-B radio signals received multiple times transmitted
by a single transmitting unit and received by a plurality
of receiving units in an overlapping receiving area, and
transmission of the flight data contained in the ADS-B

radio signals to the ground station in such a way that

2921430v1
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the flight data are forwarded once only to the ground

station.

The method as claimed in claim 8 or 9, wherein temporary
storage of partial flight data by one of the receiving
units and formation of the flight data to be transmitted
to the ground station from the temporarily stored partial

flight data and currently received partial flight data.

The method as claims in one of claims 8 to 10, wherein
supplementing of the flight data with time information
following the reception of the ADS-B radio signals by
the receiving unit, wherein the time information is de-
termined depending on a time signal synchronized with

the ground station and the satellites.

The method as claimed in one of claims 8 to 11, wherein
prediction of the position and/or movement information
of the flight data depending on a future transmission
time at which the receiving unit transmits the flight
data to the ground station via the satellite communica-

tion network.

The method as claimed in one of the claims 8 to 12, fur-
ther comprising overlapping receiving areas of adjacent

receive antennas.

The method as claimed in one of claims 8 to 13, wherein
determination of a forecast traffic density depending on
the current position of the satellite on which the receiv-
ing unit and the directional receive antennas are ar-

ranged.

2921430v1
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15. A use of a satellite communication network formed from a
plurality of satellites in each case with at least one re-
ceiving unit for receiving ADS-B radio signals in order to

carry out the method as claimed in one of claims 8 to 14.

2921430v1
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