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Description

Background of the Invention

[0001] This invention relates to switching networks
associated with multibeam communications satellite re-
peaters. Prior art multibeam satellite repeaters em-
ployed input demultiplexers for dividing incoming beams
into a number of transponder channels. Prior to high-
power amplification, these channels were interbeam
switched by means of coaxial switches so that commu-
nications intelligence arriving at the satellite via one of
the incoming beams could be directed to one of several
output beams. These connections were made on a rel-
atively broad channel basis, i.e. all of the information in
one transponder channel had to be switched as a packet
onto the outgoing channel.

[0002] Recently, a number of important developments
have occurred in the mobile communications markets.
For the hand-held-terminal market, interest is now fo-
cused on low-earth-orbit (LEO) and medium-earth-orbit
(MEO) satellite constellations. The fixed (geostationary
or GEO) market is also undergoing major changes. Tra-
ditional point-to-point communications between major
population centers are being converted to optical fiber
and operators are now looking to provide a far greater
number of narrowbandwidth links, principally to areas
that are not well served by existing terrestrial infrastruc-
ture. To this end, recently proposed satellites have more
beams, higher effective isotropic radiated power (EIRP)
and greater interbeam connectivity so that users will re-
quire less expensive ground terminals. These trends are
being accelerated by data compression which is forcing
operators to lease comparatively narrow bandwidths.
[0003] The mounting demand for greater connectivity
and leases of fractions of transponders cannot be sat-
isfied by simply increasing the number of beams since
this aggravates the connectivity problem and leads to
reduced transponder utilization efficiency.

[0004] The problem of interconnecting narrowband-
width links was addressed by Ito et al. in United States
Patent 4,706,239 issued November 12, 1987 and as-
signed to Kokusai Denshin Denwa Co. Ltd. In the Ito et
al patent, each incoming radio-frequency beam is divid-
ed first into transponder channels by means of a demul-
tiplexer as is well known in the art. Each channel is then
downconverted to an intermediate frequency and fur-
ther divided into subchannels by use of surface-acous-
tic-wave (SAW) filters. Interbeam switching is then car-
ried out using GaAs FET switches at the relatively nar-
row subchannel level, rather than at the channel level
as in prior systems. The output of the switches are sub-
sequently multiplexed back into transponder channels,
and upconverted to radio-frequency for amplification
and multiplexing into output beams.

[0005] The Ito etal. development allows for significant
improvements in satellite use by enabling greater trans-
ponder efficiency while reacting to the demand for

10

15

20

25

30

35

40

45

50

55

switching of narrower bandwidth information packets. In
addition, the Ito et al. improvement permits the uplinked
input information at the subchannel bandwidth level to
be simultaneously connected to a number of output
beams, thereby permitting narrowband information
broadcasting to several reception points.

[0006] There are certain conditions that must be sat-
isfied for this form of subchannelization to be useful.
First, the satellite must have multiple beams: in a system
with one uplink and one downlink all traffic would have
a single source and a single destination and independ-
ently switched subchannels would produce no benefit.
Second, the operator must lease fractional transpond-
ers.

[0007] If these conditions are satisfied, then, in gen-
eral, there will be links on the satellite with requirements
for a fraction of a transponder. For example, the traffic
volume from an uplink to a downlink might occupy 2.2
transponders. In this case, a system without subchan-
nelization would require three full transponders to serve
only 2.2 transponders worth of traffic. The purpose of
the subchannelization is to manage the fractional part
of the traffic, 0.2 of a transponder in this example, in the
various links. A single subchannel could then be used
for this fractional part of the traffic, leaving the other
subchannels free for use in other links. The integral part
of the traffic, 2 transponders in this example, could use
ordinary transponder channels without loss of efficiency.
[0008] If surplus transponders are available, then par-
tially occupied transponders are not a problem. Howev-
er, the number of transponders is limited by several con-
siderations such as cost, internationally agreed spec-
trum allocations, and the available power on the satellite
bus. Multibeam satellites are generally power-limited. In
the current state of the art, an 8-beam satellite would
typically support 4 transponders per beam, though this
may increase to 8 transponders per beam in the fore-
seeable future with the introduction of very-high-power
buses. In such multibeam systems, a substantial pro-
portion of the transponders would be partially occupied.
Subchannelization allows more efficient operation of the
satellite without increasing the total number of trans-
ponders. The actual capacity increase produced by
subchannelization is dependent on system configura-
tion and traffic patterns, but is typically 25%.

[0009] The major disadvantages of the Ito et al. sys-
tem are the increases in the cost, mass and power budg-
ets of the satellite to support the subchannelization of
each transponder channel. The additional hardware in-
creases, the initial system cost, and the increase in
mass and power consumption (leading to an increase
in power-supply hardware) must be compensated by a
reduced fuel load, which in turn reduces satellite lifetime
and hence long-term revenue. These factors would sig-
nificantly offset the advantages of the 25% efficiency im-
provement gained by using the Ito method to subchan-
nelize each of the transponder channels, and hence this
method has proven to be unsatisfactory.
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[0010] Inthe Ito et al. system, for an 8-beam, 8-chan-
nel satellite, 8 processors would be employed, each pro-
viding full 8-beam connectivity at the subchannel level.
This would require substantial hardware and, conse-
quently, would cause a substantial power drain on the
satellite power bus, would increase the total mass of the
satellite, and would cause an increase in the cost of both
the satellite and the launch. In addition, the present in-
ventors have conducted traffic-pattern studies which in-
dicate that the Ito et al. full subchannelization method
would not provide significantly superior performance to
a satellite system with only a portion of the transponder
channels subchannelized. The reason for this result is
that subchannelization is useful only for managing the
fractional portion of the overall satellite traffic pattern.
For example, if a certain user of the satellite required
the bandwidth of an entire transponder channel for its
information, then subchannelization of that channel is a
waste of system resources. It is therefore only worth-
while to subchannelize sufficient channels to accommo-
date the fractional traffic in the various links: the integral
traffic volumes can then be handled by conventional
transponders and switch matrices. Such an arrange-
ment minimizes the impact of the processors on the
cost, mass and power budgets, while preserving most
of the benefit. In addition, further reviews indicate that
a full 8-by-8 connectivity for each processor would give
only marginally better performance than suitably config-
ured 4-by-4 processors.

[0011] United States Patent US-A-4 858 225 disclos-
es a reconfigurable switching router and a connectivity
network on board a multibeam communications satellite
which handles users having different requirements of
bend width and transmission rates.

Summary of the Invention

[0012] The inventors have discovered that, by com-
bining the coaxial switch methods with the subchanneli-
zation methods taught by Ito et al., similar advantages
to those of the Ito et al. system can be obtained with
greatly reduced hardware complexity, and with greatly
diminished power requirements, hardware and launch
costs and satellite mass. For example, the traffic pattern
studies conducted by the present inventors have indi-
cated that in the 8-beam, 8-channel system considered
above, subchannelizing 4 channels would typically pro-
duce a 20% capacity improvement, while subchanneliz-
ing all 8, as proposed by Ito et al., would produce only
a 25% improvement. The marginal gains that can be
made by going from 4 to 8 subchannelized channels do
not justify the associated doubling or, possibly, quadru-
pling in the amount of processor hardware. The major
disadvantages of the Ito et al. full subchannelizing sys-
tem lies in the increase in cost, power, weight and vol-
ume budgets for a satellite. The added cost of building,
launching and operating the more complex Ito et al. sat-
ellite offsets the increase in customer revenues due to
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the marginally more efficient use of the satellite.
[0013] The present invention combines the coaxial
switching methods with the subchannelization method
taught by Ito et al., wherein only a portion of the trans-
ponder channels are subchannelized, the remainder of
the channels being switched using the coaxial switching
method, thus enabling the commissioning of relatively
inexpensive subchannelizing systems that offer more
efficient transponder utilization than standard coaxial
switching systems, and do so at much lower cost,
weight, and power consumption than the full subchan-
nelized system of Ito et al. The present invention thus
offers new commercial opportunities hitherto not realiz-
able. For example, service to remote communities be-
comes more attractive. These services would include
telephone services as well as, possibly, some form of
cellular service such as described in U.S.A. patent
5,081,703 by Lee et al, issued on 9 January 1992 and
assigned to PACTEL CORPORATION.

Brief Description of the Drawings

[0014] In the drawings:

Figure 1 shows the prior art that utilizes coaxial
switching to accomplish interbeam switching at the
transponder channel level.

Figure 2 shows the prior art improvement as de-
scribed in the Ito et al. patent.

Figure 3A shows a first embodiment of the present
invention.

Figure 3B shows an alternative first embodiment of
the present invention with a redundant parallel ar-
chitecture.

Figure 4 shows a second embodiment of the
present invention in which part of the input demul-
tiplexer is bypassed.

Figure 5 shows a third embodiment of the present
invention in which digital techniques are used.

Not shown in the drawings or discussed to any extent
in the description are the standard circuit components
found in a satellite repeater system. These include the
low-noise amplifiers, the frequency down-converters (e.
g.from 14 GHz to 12 GHz) and the redundancy selection
circuits. Such additional circuitry is well known in the art
of satellite repeater systems.

Detailed Description of Preferred Embodiments

[0015] Referring to Figure 1, consideration is given to
a prior art 4-beam satellite in which each beam is divided
into 4 channels. Input beams 1 to 4 are fed to the input
demultiplexers 5 and the resulting sixteen channels
(generally shown at 6) are connected to a coaxial
switching network 7 to provide for interbeam connec-
tions. The reconstituted 16 channels (generally shown
at 8) are fed through further processing equipment (e.
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g. amplifiers) shown at 9 for connection via path (gen-
erally shown at 10) to the output multiplexers 11 and for
further connection to the beam outputs shown at 12 to
15. This prior art system provides channel switching of
the incoming beams to the outgoing beams, but does
not provide any type of subchannelization of the trans-
ponder channels.

[0016] Referring to Figure 2, the prior art system of Ito
et al. teaches that, for the 4-by-4 satellite described
above, input beams 1 to 4 are also connected to the in-
put demultiplexers 5 and split into sixteen channels 6.
All of the channels (only one channel from each beam
is shown in Figure 2 for simplicity) are downconverted
via mixers shown at 16 to an intermediate frequency.
After subchannelizing in the SAW filter networks 17, the
subchannels are then passed (generally shown at 18)
to the GaAs FET switching network 19 for interbeam
connection at the subchannel level. The newly reconsti-
tuted subchannels are combined in circuits 20 to form
new channels 21. These channels are upconverted via
mixers 22 and fed to the high-power amplifiers and out-
put multiplexer, shown lumped together as block 23, for
onward transmission to the 4 output beam feeds shown
as 24 to 27. The connectivity is the same as shown in
Figure 1, but it is now provided at the subchannel, rather
than atthe channel, level. In the Ito et al. prior art method
each of the transponder channels are likewise subchan-
nelized and each of the subchannels is then switched
using the GaAs FET switching network. There is no
teaching or disclosure by the lto et al. method of only
partially subchannelizing the transponder channels, or
of combining the subchannelization technique with the
prior art coaxial switching technique on some portion of
the transponder channels.

[0017] Referring now to Figure 3A in the drawings, in
one embodiment of the present invention, radio-fre-
quency signals comprising each of the four incoming
beams shown as 1 to 4 respectively, and arriving at the
inputs are each separated by waveguide-cavity demul-
tiplexers 5 into 4 channels generally shown at 6. (The
beams could come from terrestrial sources or, in the
case of intersatellite links, from another satellite). Usu-
ally, the information on each of these derived channels
is packaged so that it could be usefully further divided
into subchannels. (See Ito et al.) For example, the in-
coming beams could be 14 GHz in frequency and chan-
nels 54 MHz in bandwidth could be generated. One
channel of each demultiplexed beam is selected (shown
at 28), downconverted via mixers 29 to a lower frequen-
cy (e.g. an intermediate frequency of 350 MHz) and fed
to the input of a filter bank 54 of SAW filters 67, as de-
scribed in Ito et al., to form subchannels. In this embod-
iment, two subchannels are 18 MHz in bandwidth and
two are 9 MHz in bandwidth. These subchannels are
interbeam switched using solid state switches in switch-
ing matrix 30: for example, Ito et al, use GaAs FET
switches. The reconstituted subchannels are recom-
bined in 46, upconverted through mixers 31 to an ap-
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propriate radio frequency such as 12 GHz and form one
channel each feeding amplifiers and other appropriate
processing or conditioning circuitry (not shown in the
drawings). These subchannelized channels are finally
fed to the input of the high-power amplifiers and output
multiplexers (shown as lumped together in blocks 23)
and as taught in Ito et al. The reconfigured beams, 32
to 35, comprise the output signals.

[0018] The remaining channels that were not selected
for subchannelization by feeding to the filter bank are
connected into the standard coaxial switching system
and processed, interbeam switched and amplified. This
technology is well known in the art and is generally de-
picted by the block 36 (refer also to Figure 1). The output
of block 36 is frequency translated to 12 GHz (generally
this happens prior to demultiplexing in 5) and connected
in known fashion to the high-power amplifier and output
multiplexer 23, in parallel with the previously described
subchannelized channels from the mixers 31. In this
fashion, a satellite repeater is provided which combines
transponder efficiency gains similar to the full subchan-
nelization technique with the power, cost, and weight
savings properties of the standard coaxial switching
system.

[0019] Referring now to Figure 3B of the drawings, an
alternative embodiment of the present invention is set
forth which is similar to the embodiment of Figure 3A,
but which adds a degree of parallelism and fault toler-
ance to the repeater. In this alternative embodiment, in-
stead of only feeding the non-subchannelized channels
into the standard coaxial switching network 36, as set
forth in Figure 3A, all of the channels 6, including those
fed into the subchannelization network 28 are fed into
the standard coaxial switching network 36. In order to
accommodate the redundant channels that are both
channel-switched by the coaxial network 36, and
subchannelized and switched by the subchannel net-
work 30, a plurality of switches 43 are interposed be-
tween the outputs of the two switching networks and the
inputs of the multiplexers in a fashion similar to that dis-
closed below in connection with Figure 4. This architec-
ture provides for a degree of parallelism and fault toler-
ance in the repeater that is not part of the prior art. For
example, if one of the SAW filter banks 54 of the repeater
failed, that particular channel would still be useful for
channel switched information by positioning the switch
43 to select from the output of the coaxial switching net-
work 36. Alternatively, if the coaxial switching network
failed, those channels that are routed through the
subchannel switching network would still be capable of
use by positioning the switches 43 to select from the out-
puts of the subchannel network. This redundant system
is more robust than a single switching network system
as taught by the prior art, in that both the coaxial switch-
ing network and the subchannelizing switching network
have to fail in order for the repeater to be wholly inop-
erative.

[0020] In another embodiment of the present inven-
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tion shown in Figure 4, the incoming radio-frequency
signals are fed in parallel to the input demultiplexers and
to the inputs of four novel processors 37. (To avoid con-
fusion in the understanding, only one processor 37 is
shown in detail and the following will describe the oper-
ation of just one processor 37). The radio-frequency sig-
nal passes through band-limiting, noise-reducing filter
44, which uses resonators of low selectivity (when com-
pared to the selectivity of waveguide cavity resonators
in standard input demultiplexers). The purpose of filter
44 is to suppress out-of-band signals such that noise
due to intermodulation and other effects are within ac-
ceptable limits for signal traffic. The signal is fed from
filter 44 to mixer 38 for downconversion to a lower fre-
quency (e.g. an intermediate frequency of 350 MHz).
The resulting channel signal is then fed through a bank
of SAW filters shown at 39 for subchannelization. The
high selectivity of the SAW filters serve to provide fine
selection of the signals corresponding to one channel
only. One could choose, therefore, to design input de-
multiplexers that drop the channels that are treated in
the SAW filter processor. However, as will be explained
below, it is preferred to pass all channels through the
standard coaxial switching system for reasons of redun-
dancy. If filter 44 is of micro-stripline construction, it can
be readily integrated into the printed-circuit-board de-
sign. The filtered signals representing one channel are
then connected to solid-state (e.g. GaAs FET) switching
matrices 40 and treated from there on as described
above, i.e. combined in a known way in circuits shown
at 41 and subsequently upconverted in mixers shown at
42. In parallel with the subchannelizing activity, radio-
frequency signals are fed to the input demultiplexers
which separate the channels. The outputs of the input
demultiplexers are sent for coaxial switching in 36 as
described before. The beam-switched channels from 36
are connected to high-power amplifiers and the output
multiplexers as well known in the art and generally
shown in blocks 23.

[0021] Anadded feature of thisembodimentis thatthe
newly formed subchannelized channels are connected
by way of single-pole, double-throw switches 43 to ap-
propriate output channels prior to amplification in high-
power amplifiers feeding the output multiplexers. These
switches are used to connect selectively either the out-
puts from the coaxial switching matrix or the outputs
from the combining circuits 41 and mixers 42 to the am-
plifier/multiplexer 23. In this example, the channels sent
for subchannelizing are also separated out in the input
demultiplexer and fed to the coaxial switches. This ar-
rangement allows for a degree of redundancy by pro-
viding choice of paths, i.e. if, for example, the proces-
sors 37 fail, alternate connection paths are available
through the coaxial switches. Note that not all switches
43 need be thrown in the same position so that there
may be various combinations of connections achieved,
i.e. not all of the processors 37 need be in operational
use at any one time.
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[0022] Now turning to Figure 5, in another embodi-
ment of the present invention, a digital processor is used
to subchannelize and route a set of transponder chan-
nels between beams. Figure 5 shows the digital proc-
essor with inputs from 4 beams. The various sections
will be described with reference to Figure 5.

[0023] The channels for digital subchannelization can
be selected either before or after the input demultiplex-
ers as described with respect to Figures 3 and 4 above.
The following describes an embodiment in which con-
nection is made prior to the input demultiplexers 5. An
arrangement such as described in Figure 4 above is
used. The radio-frequency signals pass through filters
44, such as described above with reference to Figure 4,
and are downconverted in mixers 38 from radio frequen-
cy to a lower frequency, i.e. an intermediate frequency
such as 350 MHz as described with reference to Figure
4.

[0024] Figure 5 illustrates that a double downconver-
sion occurs, first via the mixer 38, and then by the Quad-
rature downconverter 48. The dotted outline (block 64)
is shown in detail only once. Within the block 64, after
filtering of the intermediate frequency in 45, the signal
is downconverted to baseband in quadrature downcon-
verter 48 in order to reduce the required sampling rate.
Itis also possible to use a real downconversion with con-
version to complex baseband performed digitally if the
analog-to-digital converter has sufficient bandwidth and
sampling rate. Note that the reverse of this process oc-
curs in the upconversion chain (shown in dotted outline
as block 65 and in detail only once). Lowpass filtering
and amplification are supplied by filter 49 and amplifier
50 respectively so that devices operate in their optimal
range. An anti-aliasing filter is required before digitizing
the signal. This can be applied by either bandpass filters
45 before the final downconversion stage (for example
with surface-acoustic-wave devices) or by lowpass fil-
ters 49 after the final downconversion stage 48.

[0025] The signals are converted to digital form in an-
alog-to-digital converters 51. They feed into the inputs
of digital demultiplexers 52 which take these frequency-
multiplexed input signals and pass time-multiplexed sig-
nals to the input ports of digital switch 53. Demultiplexing
in 52 can be performed by any number of well-known
algorithms such as polyphase Fast Fourier Transform
(FFT) or multistage filtering. The exact selection will de-
pend upon the overall bandwidth and the number of
subchannels. As is possible with SAW-based filtering,
subchannel filtering can be performed in such a manner
that if two contiguous subchannels are switched to the
same output beam, the full bandwidth of both subchan-
nels is available with no guardband between them.
[0026] The digital switch 53 routes the inputs to differ-
ent outputs according to a mapping that varies accord-
ing to the time slot (i.e. subchannel). This mapping can
be updated to vary connectivity. The outputs go to the
digital multiplexers 55.

[0027] The multiplexers 55 perform the exact inverse
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of processing in the demultiplexers, hence the same al-
gorithms can be used. The time-division multiplex signal
is converted to a frequency division multiplex signal at
the output of the multiplexer. The digital signal is con-
verted to analog form by a digital-to-analog converter
56 followed by a lowpass filter 57. A real upconversion
in mixer 59 is illustrated but a complex upconversion can
be performed ifitis necessary to reduce the requirement
on the digital-to-analog converter. Gain is applied by
amplifier 58 as required to ensure the various devices
operate at their optimum range and to ensure output sig-
nals are at the correct signal levels. After further filtering
in 60 and amplification (61), the output of the upconver-
sion (mixer 62) is filtered by bandpass filter 66 and then
goes to either a conventional switch (switching points
43 as described with reference to Figure 4 are shown
as one option) or a high-power amplifier, such as a trav-
elling-wave-tube amplifier.

[0028] In the embodiments of the present invention
exemplified by Figures 3 and 4, the processor is a SAW-
based electronics subsystem whose function is to
subchannelize 54 MHz transponders into two 9 MHz
and two 18 MHz subchannels. Under operator control,
the 16 subchannels are recombined, via solid-state
switches, in any combination of subchannels to form
four new 54 MHz channels, now containing interbeam
exchanged information. However, each individual
subchannel can be selected arbitrarily from any of the
input beams.

[0029] Normally, a subchannel on an input beam will
be routed to only one output beam but in broadcast
mode (see the teaching of Ito et al.) a single subchannel
or group of subchannels may be routed to multiple out-
puts and subchannels may be recombined such that all
subchannels that make up each new 54 MHz channel
have the same downlink (beam) destination. The four
54 MHz channels are then output from the processor
and switched into the standard repeater path for down-
linking.

[0030] In the specification, various embodiments
have been shown and examples have been given. Mod-
ifications can be made without departing from the spirit
of the invention. For example, bandwidths of the chan-
nels may not be equal to each other and may be more
or less than 54 MHz. Also, more or fewer than four
subchannels could be generated, and these could be of
bandwidths to suit specific traffic requirements. Means
could be included in the design (e.g. in the subchannels)
to ensure approximate equalization of output power lev-
els. Four or eight beams are given as examples: these
are examples only and the invention should not be lim-
ited to those numbers of beams.

[0031] Reference has been made to the use of coaxial
switching matrices. It would be recognized by those
skilled in the art that other forms of electro-mechanical
radio-frequency switches may be used. For example,
waveguide switches may be substituted, especially
where high radio frequencies, e.g. Ka-Band and higher,
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are to be used.

[0032] The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as
follows.

Claims

1. A communications repeater for a multibeam satel-
lite in which a satellite radio-frequency communica-
tions band for each beam is comprised of a plurality
of associated channels, each channel containing in-
telligence separable into distinct subchannels, the
communications repeater comprising an input de-
multiplexer (5) for each incoming beam for dividing
beams into channels and an output multiplexer (23)
for each outgoing beam for combining channels into
beams;

first means for interbeam switching (36) a plu-
rality of the channels produced at the output of
the input demultiplexers, thereby creating a set
of interbeam-switched channels;

means for selecting and for dividing into
subchannels (29, 54) at least one channel from
each of at least two of the incoming beams;
second means for interbeam switching (30), in
parallel with the first means for interbeam
switching, the subchannels produced by divid-
ing the selected channels;

means for combining (46) the interbeam-
switched subchannels into a set of interbeam-
switched subchannelized channels; and
means for connecting the interbeam-switched
channels and the interbeam-switched
subchannelized channels to the inputs of the
output multiplexers.

2. The communications repeater of claim 1, wherein
the first means for interbeam switching (36) com-
prises a matrix of electro-mechanical radio-fre-
quency switches.

3. The communications repeater of claim 2, wherein
the electro-mechanical switches are coaxial switch-
es.

4. The communications repeater of claim 1, wherein
the means for selecting and dividing is connected
to an output of an input demultiplexer (5) and in-
cludes a frequency downconverter (29) in series
with a bank of surface-acoustic-wave filters (54).

5. The communications repeater of claim 1, wherein
the means for selecting and dividing is connected
to an input of an input demultiplexer and includes,
in series, a band-limiting filter (44), a frequency
downconverter (38) and a bank of surface-acoustic-
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wave filters (54).

The communications repeater of claim 1, wherein
the means for selecting and dividing is connected
to an input of an input demultiplexer (5) and includes
means for converting (64) each selected channel to
a digital format and digital multiplexer (55) means
to divide the converted selected channels into
subchannels.

The communications repeater of claim 1, wherein
the second means for interbeam switching (30)
comprises a solid-state switching matrix.

The communications repeater of claim 1, wherein
the second means for interbeam switching (30)
comprises a matrix of GaAS FET devices.

The communications repeater of claim 1, wherein
the means for connecting includes a switch (43) for
selectively connecting either an interbeam-
switched channel or an interbeam-switched
subchannelized channel, to the input of an output
multiplexer (23).

The communications repeater of claim 1, wherein
the first means for interbeam switching (36) com-
prises a coaxial switching matrix connected to the
outputs of the input demultiplexers (5) for interbeam
switching, at radio frequency, channels produced at
the output of the input demultiplexers, thereby to
create a set of interbeam-switched channels.

The communications repeater of claim 1, wherein
the first means for interbeam switching (36) com-
prises a coaxial switching matrix, and the second
means for interbeam switching (30) comprises a
solid-state matrix.

The communications repeater of claim 1, wherein
the means for combining comprises a solid-state
network (46) for combining the interbeam-switched
subchannels into a set of interbeam-switched
subchannelized channels.

The communications repeater of claim 12, further
comprising frequency upconversion circuits (31)
connected to the outputs of the solid-state network
(46) to convert the set of interbeam-switched
subchannelized channels to radio frequency.

The communications repeater of claim 1, wherein
the means for connecting comprises amplifiers and
filtering circuits.

The communications repeater of claim 4, wherein
the frequency downconverter (38) is coupled
through band-limiting filters (44) to the input of at
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least two input demultiplexers (5), the frequency
downconverter (38) downconverting signals repre-
senting a channel to an intermediate frequency.

The communications repeater of claim 4, wherein
the frequency downconverter (29) is coupled to at
least one output of each of at least two input demul-
tiplexers (5), the frequency downconverter (29)
downconverting the demultiplexed channels to in-
termediate frequency.

A communications repeater for a multibeam satel-
lite in which a satellite radio-frequency communica-
tions band for each beam is comprised of a plurality
of associated channels, each channel containing in-
telligence separable into distinct subchannels, said
communications repeater comprising

an input demultiplexer (5) for each incoming
beam for dividing beams into channels and an
output multiplexer (23) for each outgoing beam
for combining channels into beams;

a coaxial switching matrix (36) connected to the
outputs of said input demultiplexers (5) for
interbeam switching, at radio frequency, said
channels produced at the output of said input
demultiplexers (5), thereby to create a set of
interbeam-switched channels;

frequency downconverting circuits (38) con-
nected, through band-limiting filters (44), to the
inputs of at least two input demultiplexers (5),
said circuits downconverting the signals at the
outputs of said band-limiting filters (44) to an
intermediate frequency, the down-converted
signals representing at least two selected chan-
nels;

a bandpass filter (45) connected to the output
of each frequency downconverting circuit (38)
and each connected to the input of a quadrature
downconverter (48);

each said quadrature downconverter (48) con-
nected to the output of the bandpass filter (45)
to convert the selected channel to baseband;
first lowpass filters (49) connected to the out-
puts of each quadrature downconverter (48);
analog-to-digital converters (51) for receiving
the output signals from the first lowpass filters
(49) for converting the baseband signal to dig-
ital format;

digital demultiplexers (52) connected to the
outputs of the analog-to-digital converters (51)
to divide the digital signals into subchannels,
each subchannel being represented by a time
slot;

a digital switch (53) connected to the outputs of
the digital demultiplexers (52) for routing the
subchannels in their time slots to digital multi-
plexing circuits (55), said digital multiplexing
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circuits (55) serving to combine the subchan-
nels into a set of interbeam-switched subchan-
nelized channels;

digital-to-analog converters (56) connected to
the outputs of the digital multiplexing circuits
(55) for converting the interbeam-switched
subchannelized channels to analog format;
second lowpass filters (57) connected to the
output of said digital-to-analog converters (56)
for smoothing the digital-to-analog output sig-
nal and filtering of upper-frequency images;
upconverting circuits (59) for converting the
outputs of the second lowpass filters (57) to ra-
dio frequency;

connecting circuitry, including amplifiers (58,
61) and filtering circuits (60, 66), to connect the
interbeam-switched channels and the inter-
beam-switched subchannelized channels to
the inputs of the output multiplexers (23).

The communications repeater of claim 17, wherein
the bandpass filter (45) is an anti-aliasing filter to
restrict the signals at its output to those of one of
the selected channels only.

The communications repeater of claim 17, wherein
the first lowpass filters are anti-aliasing filters to re-
strict the signals at its output to those of one of the
selected channels.

A method of efficiently switching the channelized
and subchannelized information content of beams
in a multibeam satellite repeater based on a traffic
pattern in which not every channel includes
subchannels, the method comprising the steps of:

dividing each of the incoming beams into a plu-
rality of channels;

dividing at least one channel in at least each of
two beams into subchannels;

interbeam switching the channels to form a set
of interbeam-switched channels;

interbeam switching the subchannels, in paral-
lel with the interbeam switching of the channels,
and combining the interbeam-switched
subchannels to form a set of interbeam-
switched subchannelized channels; and
combining the interbeam-switched subchan-
nelized channels and the interbeam-switched
channels into beams for transmission.

A communications repeater for use with a multi-
beam satellite, comprising:

a plurality of input demultiplexers (5), wherein
each input demultiplexer is connected to an in-
put beam, and wherein each input demultiplex-
er separates the input beam into a plurality of
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channels;

a coaxial switching network (36) connected to
some, but not all, of the plurality of channels,
wherein said coaxial switching network switch-
es the connected channels to form a set of inter-
beam-switched channels;

a subchannelizing and solid state switching cir-
cuit (37) connected to the plurality of channels
which are not connected to the coaxial switch-
ing network, wherein the circuit separates the
connected channels into subchannels, switch-
es the subchannels, and forms a set of inter-
beam-switched subchannelized channels;

a plurality of output multiplexers (23), wherein
each output multiplexer is connected to at least
one of the interbeam-switched channels and at
least one of the interbeam-switched subchan-
nelized channels, and wherein the output of
each output multiplexer forms an output beam.

The communications repeater of claim 21, wherein
the subchannelizing and solid state switching circuit
(37) includes a plurality of downconversion mixers
(38) and banks of surface-acousticwave filters (39)
that separate each connected channel into
subchannels.

The communications repeater of claim 22, wherein
the subchannelizing and solid state switching circuit
(37) includes a FET switching network (40) con-
nected to the banks of surface-acousticwave filters
(39), wherein the FET switching network switches
the subchannels onto its outputs.

The communications repeater of claim 23, wherein
the subchannelizing and solid state switching circuit
(37) includes a plurality of recombining and upcon-
version circuits (41, 42), wherein each recombining
and upconversion circuit is connected to a plurality
of outputs from the FET switching network (40), and
wherein the outputs from the plurality of recombin-
ing and upconversion circuits forms the set of inter-
beam-switched subchannelized channels.

Patentanspriiche

1.

Ein Kommunikationszwischenverstarker fiir einen
Multibeamsatelliten bei dem ein Satellitenfunkfre-
quenzkommunikationsband firr jeden Beam aus ei-
ner Vielzahl von verbundenen Kanélen besteht, wo-
beijeder Kanalin unterschiedliche Teilkanéle unter-
teilbare Information enthalt und der Kommunikati-
onszwischenverstarker umfafdt:

einen Eingangsdemultiplexer (5) flr jeden ein-
gehenden Beam zum Teilen der Beams in Ka-
nale und einen Ausgangsmultiplexer (23) fir je-
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den ausgehenden Beam zum Kombinieren der
Kanéle in Beams;

eine erste Einrichtung zum Zwischenbeamum-
schalten (36) einer Vielzahl von bei dem Aus-
gang des Eingangsdemultiplexers erzeugten
Kanalen, um dadurch einen Satz an zwischen-
beamgeschalteten Kanélen zu erzeugen;

eine Einrichtung zum Auswéhlen und zum Tei-
len mindestens eines Kanals von jedem der
mindestens zwei der eingehenden Beams in
Teilkanale (29, 54);

eine zweite Einrichtung zum Zwischenbeam-
schalten (30) parallel mit der ersten Einrichtung
zum Zwischenbeamschalten, wobei die Teilka-
nale durch Teilen der ausgewahlten Kanéle er-
zeugt werden;

eine Einrichtung zum Kombinieren (46) der zwi-
schenbeamgeschalteten Teilkandle in einen
Satz von zwischenbeamgeschalteten teilkana-
lisierten Kanalen; und

eine Einrichtung zum Verbinden der zwischen-
beamgeschalteten Kandle und der zwischen-
beamgeschalteten teilkanalisierten Kanéle zu
den Eingaben des Ausgangsmultiplexers.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die erste Einrichtung zur Zwischen-
beamschaltung (36) eine Matrix von elektromecha-
nischen Funkfrequenzschaltern umfaft.

Der Kommunikationszwischenverstarker von An-
spruch 2, wobei die elektromechanischen Schalter
koaxiale Schalter sind.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die Einrichtung zum Auswéhlen
und Teilen mit einem Ausgang eines Eingabede-
multiplexers (5) verbunden ist, und einen Frequenz-
abwartswandler (29) in Serie mit einer Parallel-
schaltung von Oberflachenwellenfiltern (54) ent-
halt.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die Einrichtung zum Auswéhlen
und Teilen mit einem Eingang eines Eingangsde-
multiplexers verbunden ist, und in Serie einen
Bandbegrenzungsfilter (44), einen Frequenzab-
wartswandler (38) und eine Parallelschaltung von
Oberflachenwellenfiltern (54) enthalt.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die Einrichtung zum Auswahlen
und Teilen mit einem Eingang eines Eingangsde-
multiplexers (5) verbunden ist und eine Einrichtung
zum Umwandeln (64) jeden ausgewahlten Kanals
in ein digitales Format enthalt, und eine Digitalmul-
tiplexereinrichtung (55), um die umgewandelten
ausgewahlten Kanéle in Teilkanale zu teilen.
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10.

11.

12.

13.

14.

15.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die zweite Einrichtung zum Zwi-
schenbeamschalten (30) eine Halbleiterschaltma-
trix umfafdt.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die zweite Einrichtung zum Zwi-
schenbeamschalten (30) eine Matrix von
GaAs-FET-Vorrichtungen umfaft.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die Einrichtung zum Verbinden ei-
nen Schalter (42) enthdlt zum auswéahlenden Ver-
binden entweder eines zwischenbeamgeschalteten
Kanals oder eines zwischenbeamgeschalteten Teil-
kanals mit dem Eingang eines Ausgabemultiple-
xers (23).

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die erste Einrichtung zum Zwi-
schenbeamschalten (36) eine mit den Ausgangen
der Eingabedemultiplexer (5) verbundene Koaxial-
schaltmatrix zum Zwischenbeamschalten von bei
dem Ausgang der Eingangsdemultiplexer erzeug-
ten Kanalen bei Funkfrequenz enthalt, um dadurch
einen Satz an zwischenbeamgeschalteten Kanélen
Zu erzeugen.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die erste Einrichtung zum Zwi-
schenbeamschalten (36) eine Koaxialschaltmatrix
umfaft, und die zweite Einrichtung zum Zwischen-
beamschalten (30) eine Halbleitermatrix umfaf3t.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die Einrichtung zum Kombinieren
ein Halbleiternetzwerk (46) zum Kombinieren der
zwischenbeamgeschalteten Teilkanale in einen
Satz von zwischenbeamgeschalteten teilkanalisier-
ten Kanalen umfaft.

Der Kommunikationszwischenverstarker von An-
spruch 12, ferner mit Frequenzaufwartswandel-
schaltungen (31), die mit den Ausgangen des Halb-
leiternetzwerkes (46) verbunden sind, um den Satz
von zwischenbeamgeschalteten teilkanalisierten
Kanalen in Funkfrequenz umzuwandeiln.

Der Kommunikationszwischenverstarker von An-
spruch 1, wobei die Einrichtung zum Verbinden Ver-
starker und Filterschaltungen umfaft.

Der Kommunikationszwischenverstarker von An-
spruch 4, wobei der Frequenzabwartswandler (38)
durch die bandbegrenzenden Filter (44) mit dem
Eingang von mindestens zwei Eingangsdemultiple-
xern (5) verbunden ist, wobei der Frequenzab-
wartswandler (38) Signale, die einen Kanal darstel-
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len, in eine Zwischenfrequenz abwarts wandelt.

Der Kommunikationszwischenverstarker von An-
spruch 4, wobei der Frequenzabwartswandler (29)
mit mindestens einem Ausgang jedes der minde-
stens zwei Eingangsdemultiplexer (5) verbunden
ist, wobei der Frequenzabwartswandler (29) die de-
multiplexten Kanale in eine Zwischenfrequenz ab-
warts wandelt.

Ein Kommunikationszwischenverstérker flir einen
Multibeamsatelliten, in dem ein Satellitenfunkfre-
quenzkommunikationsband fur jeden Beam aus ei-
ner Vielzahl von verbundenen Kanalen besteht, wo-
bei jeder Kanal Information, die in unterschiedliche
Teilkanéle geteilt werden kann, enthalt, wobei der
Kommunikationszwischenverstarker umfafdt

einen Eingangsdemultiplexer (5) fiir jeden ein-
gehenden Beam zum Teilen der Beams in Ka-
nale und einen Ausgangsmultiplexer (23) fur je-
den ausgehenden Beam zum Kombinieren der
Kanale in Beams;

eine Koaxialschaltmatrix (36), die mit den Aus-
gangen der Eingangsdemultiplexer (5), zur
Zwischenbeamschaltung der bei dem Ausgang
der Eingangsdemultiplexer (5) erzeugten Ka-
nale bei Funkfrequenz, verbunden ist, um da-
durch einen Satz von zwischenbeamgeschal-
teten Kanélen zu erzeugen;
Frequenzabwartswandlungsschaltungen (38),
die durch bandbegrenzende Filter (44) mit den
Eingéngen der mindestens zwei Eingangsde-
multiplexer (5) verbunden sind, wobei die
Schaltungen die Signale bei den Ausgangen
der bandbegrenzenden Filter (44) in eine Zwi-
schenfrequenz abwarts wandeln und die abge-
warts gewandelten Signale mindestens zwei
ausgewahlte Kanale darstellen;

einen Bandpalifilter (45), der mit dem Ausgang
jeder frequenzabwartswandelnden Schaltung
(38) verbunden ist, und jede mit dem Eingang
eines um 90° phasenverschiebenden Abwarts-
wandlers (48) verbunden ist;

jeder dieser um 90° phasenverschiebenden
Abwartswandler (48), der mit dem Ausgang
des Bandpalfilters (45) verbunden ist, um den
ausgewahlten Kanal in das Basisband umzu-
wandeln;

erste Tiefpal¥filter (49), die mit den Ausgangen
jedes um 90° phasenverschiebenden Abwarts-
wandlers (48) verbunden sind;
Analog-Digital-Wandler (51) zum Empfangen
der Ausgangssignale von den ersten
Tiefpalfiltern (49), um das Basisbandsignal in
ein digitales Format umzuwandeln;

digitale Demultiplexer (52), die mit den Ausgén-
gen der Analog-Digital-Wandler (51) verbun-
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den sind, um die digitalen Signale in Teilkanale
zu teilen, wobei jeder Teilkanal durch einen
Zeitschlitz dargestellt ist;

einen Digitalschalter (53), der mit den Ausgén-
gen der digitalen Demultiplexer (52) zum Rou-
ten der Teilkanéle in ihren Zeitschlitzen zu Di-
gitalmultiplexschaltungen (55) verbunden ist,
wobei die digitalen Multiplexschaltungen (55)
dazu dienen, die Teilkanéle in einen Satz von
zwischenbeamgeschalteten teilkanalisierten
Kanalen zu kombinieren;
Digital-Analog-wandler (56), die mit den Aus-
gangen der Digitalmultiplexschaltungen (55)
zum Wandeln der zwischenbeamgeschalteten
teilkanalisierten Kanale in ein analoges Format
verbunden sind;

zweite Tiefpalfilter (57), die mit dem Ausgang
der Digital-Analog-Wandler (56) verbunden
sind, zum Glatten des Digital-Analog-Aus-
gangssignals und zum Filtern von Bildern h6-
herer Frequenz;

Aufwartswandelschaltungen (59) zum Wan-
deln der Ausgaben der zweiten Tiefpalfilter
(57) in Funkfrequenz;

eine Verbindungsschaltung, die Verstarker (58,
61) und Filterschaltungen (60, 66) enthalt, um
die zwischenbeamgeschalteten Kanéle und die
zwischenbeamgeschalteten teilkanalisierten
Kanéale mit den Eingdngen der Ausgangsmulti-
plexer (23) zu verbinden.

Der Kommunikationszwischenverstarker von An-
spruch 17, wobei der Bandpaffilter (45) ein Anti-
Aliasing-Filter zum Begrenzen der Signale bei sei-
nem Ausgang auf solche einer der ausgewahlten
Kanale zu begrenzen.

Der Kommunikationszwischenverstarker von An-
spruch 17, wobei die ersten Tiefpal¥filter Anti-Ali-
asing-Filter sind, um die Signale an seinem Aus-
gang auf solche. von einem der ausgewahlten Ka-
nale zu begrenzen.

Ein Verfahren zum effizienten Schalten der kanali-
sierten und teilkanalisierten Informationsinhalte
von Beams in einem Multibeamsatellitenzwischen-
verstarker basierend auf einem Verkehrsmuster, in
dem nicht jeder Kanal Teilkanéle enthalt, wobei das
Verfahren die Schritte umfasst:

Teilen jeder der Eingangsbeams in eine Viel-
zahl von Kanélen;

Teilen mindestens eines Kanals in mindestens
jedem der zwei Beams in Teilkanéle;
Zwischenbeamschalten der Kanale, um einen
Satz von zwischenbeamgeschalteten Kanalen
auszubilden;

Zwischenbeamschalten der Teilkanéle parallel
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mit dem Zwischenbeamschalten der Kanéle,
und Kombinieren der zwischenbeamgeschal-
teten Teilkanale,. um einen Satz von zwischen-
beamgeschalteten teilkanalisierten Kanalen
auszubilden; und

Kombinieren der zwischenbeamgeschalteten
teilkanalisierten Kanale und der zwischenbe-
amgeschalteten Kanéle in Beams zur Ubertra-

gung.

Ein Kommunikationszwischenverstarker zur Ver-
wendung mit einem Multibeamsatelliten, mit:

einer Vielzahl von Eingangsdemultiplexern (5),
wobei jeder Eingangsdemultiplexer mit einem
Eingangsbeam verbunden ist, und wobei jeder
Eingangsdemultiplexer den Eingangsbeam in
eine Mehrzahl von Kanélen trennt;

einem Koaxialschaltnetzwerk (36), der mit eini-
gen aber nicht allen der Mehrzahl von Kanalen
verbunden ist, wobei das Koaxialschaltnetz-
werk die verbundenen Kanéle schaltet, um ei-
nen Satz von zwischenbeamgeschalteten Ka-
nalen auszubilden;

einem Teilkanalisier- und Halbleiterschaltnetz
(37), das mit der Vielzahl von Kanélen verbun-
den ist, die nicht mit dem Koaxialschaltnetz-
werk verbunden sind, wobei die Schaltung die
verbundenen Kanale in Teilkanale trennt, die
Teilkandle schaltet und einen Satz von zwi-
schenbeamgeschalteten teilkanalisierten Ka-
néalen ausbildet;

einer Vielzahl von Ausgangsmultiplexern (23),
wobei jeder Ausgangsmultiplexer mit minde-
stens einem der zwischenbeamgeschalteten
Kanale und mindestens einem der zwischen-
beamgeschalteten teilkanalisierten Kanale ver-
bunden ist, und wobei der Ausgang jedes Aus-
gangsmultiplexers einen Ausgangsbeam aus-
bildet.

Der Kommunikationszwischenverstarker von An-
spruch 21, wobei das Teilkanalisier- und Halbleiter-
schaltkreis (37) eine Vielzahl von abwérts wandeln-
den Mischern (38) und Parallelschaltungen von
Oberflachenwellenfiltern (39) enthalt, die jeden an-
geschlossenen Kanal in Teilkanale trennen.

Der Kommunikationszwischenverstarker von An-
spruch 22, wobei das Teilkanalisier- und Halbleiter-
schaltnetz (37) ein FET-Schaltnetzwerk (40) ent-
halt, das mit den Parallelschaltungen von Oberfla-
chenwellenfiltern (39) verbunden ist, wobei das
FET-Schaltnetzwerk die Teilkandle auf ihre Aus-
génge schaltet.

Der Kommunikationszwischenverstarker von An-
spruch 23, wobei das Teilkanalisier- und Halbleiter-
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schaltnetz (37) eine Vielzahl von Rekombinier- und
Aufwartswandel-Schaltungen (41, 42) enthalt, wo-
bei jede Rekombinier- und Aufwéartswandel-Schal-
tung mit einer Vielzahl von Ausgangen von dem
FET-Schaltnetzwerk (40) verbunden ist, und wobei
die Ausgange der Vielzahl von Rekombinier- und
Aufwartswandel-Schaltungen den Satz an zwi-
schenbeamgeschalteten teilkanalisierten Kanélen
ausbildet.

Revendications

Répéteur de communications pour un satellite mul-
tifaisceau dans lequel une bande de communica-
tions en radiofréquence satellite comprend pour
chaque faisceau une pluralité de canaux associés,
chaque canal contenant des informations sépara-
bles en sous-canaux distincts, le répéteur de com-
munications comprenant un démultiplexeur d'en-
trée (5) pour chaque faisceau entrant de fagon a
diviser les faisceaux en canaux, et un démulti-
plexeur de sortie (23) pour chaque faisceau sortant
afin de combiner les canaux en faisceaux ;

des premiers moyens pour la commutation in-
terfaisceaux (36) d'une pluralité des canaux
produits en sortie des démultiplexeurs d'en-
trée, créantainsi un ensemble de canaux a fais-
ceaux intercommutés ;

des moyens pour sélectionner et pour diviser
en sous-canaux (29, 54) au moins un canal de
chacun d'au moins deux des faisceaux
entrants ;

des seconds moyens pour la commutation in-
terfaisceaux (30), en paralléle avec les pre-
miers moyens pour la commutation interfais-
ceaux, des sous-canaux produits en divisant
les canaux sélectionnés ;

des moyens pour combiner (46) les sous-ca-
naux a faisceaux intercommutés en un ensem-
ble de canaux sous-canalisés a faisceaux
intercommutés ; et

des moyens pour relier les canaux a faisceaux
intercommutés et les canaux sous-canalisés a
faisceaux intercommutés aux entrées des mul-
tiplexeurs de sortie.

Répéteur de communications selon la revendica-
tion 1, dans lequel les premiers moyens de commu-
tation interfaisceaux (36) comprennent une matrice
de commutateurs de radiofréquence électroméca-
niques.

Répéteur de communications selon la revendica-
tion 2, dans lequel les commutateurs électroméca-
niques sont des commutateurs coaxiaux.
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Répéteur de communications selon la revendica-
tion 1, dans lequel les moyens de sélection et de
division sont reliés a une sortie d'un démultiplexeur
d'entrée (5) et comprennent un convertisseur abais-
seur de fréquence (29) en série avec une batterie
de filtres d'onde acoustique de surface (54).

Répéteur de communications selon la revendica-
tion 1, dans lequel les moyens de sélection et de
division sont reliés a une entrée du démultiplexeur
d'entrée et comprennent, en série, un filtre de limi-
tation de bande (44), un convertisseur abaisseur de
fréquence (38) et une batterie de filtres d'onde
acoustique de surface (54).

Répéteur de communications selon la revendica-
tion 1, dans lequel les moyens de sélection et de
division sont reliés a une entrée du démultiplexeur
d'entrée (5) et comprennent des moyens de con-
version (64) de chaque canal sélectionné en format
numeérique et des moyens de multiplexeur numéri-
que (55) pour diviser les canaux sélectionnés con-
vertis en sous-canaux.

Répéteur de communications selon la revendica-
tion 1, dans lequel les seconds moyens de commu-
tation interfaisceaux (30) comprennent une matrice
de commutation a semi-conducteurs.

Répéteur de communications selon la revendica-
tion 1, dans lequel les seconds moyens de commu-
tation interfaisceaux (30) comprennent une matrice
de dispositifs AsGa FET.

Répéteur de communications selon la revendica-
tion 1, dans lequel les moyens de raccordement
comprennent un commutateur (43) pour connecter
sélectivement un canal a faisceaux intercommutés
ou un canal sous-canalisé a faisceaux intercommu-
tés, a l'entrée d'un multiplexeur de sortie (23).

Répéteur de communications selon la revendica-
tion 1, dans lequel les premiers moyens de commu-
tation interfaisceaux (36) comprennent une matrice
de commutation coaxiale reliée aux sorties des dé-
multiplexeurs d'entrée (5) pour la commutation in-
terfaisceaux, a la radiofréquence, des canaux pro-
duits a la sortie des démultiplexeurs d'entrée, pour
créer ainsi un ensemble de canaux a faisceaux in-
tercommutés.

Répéteur de communications selon la revendica-
tion 1, dans lequel les premiers moyens de commu-
tation interfaisceaux (36) comprennent une matrice
de commutation coaxiale, et les seconds moyens
de commutation interfaisceaux (36) comprennent
une matrice a semi-conducteurs.
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Répéteur de communications selon la revendica-
tion 1, dans lequel les moyens de combinaison
comprennent un réseau a semi-conducteurs (46)
pour combiner les sous-canaux a faisceaux inter-
commutés en un ensemble de canaux sous-cana-
lisés a faisceaux intercommutés.

Répéteur de communications selon la revendica-
tion 12, comprenant également des circuits de con-
version par élévation de fréquence (31) reliés aux
sorties du réseau a semi-conducteurs (46) pour
convertir I'ensemble de canaux sous-canalisés a
faisceaux intercommutés en radiofréquence.

Répéteur de communications selon la revendica-
tion 1, dans lequel les moyens de connexion com-
prennent des amplificateurs et des circuits de filtra-

ge.

Répéteur de communications selon la revendica-
tion 4, dans lequel le convertisseur abaisseur de
fréquence (38) est couplé par des filtres de limita-
tion de bande (44) a I'entrée d'au moins deux dé-
multiplexeurs d'entrée (5), le convertisseur abais-
seur de fréquence (38) sous-convertissant les si-
gnaux qui représentent un canal a une fréquence
intermédiaire.

Répéteur de communications selon la revendica-
tion 4, dans lequel le convertisseur abaisseur de
fréquence (29) est couplé a au moins une sortie de
chacune des au moins deux démultiplexeurs d'en-
trée (5), le convertisseur abaisseur de fréquence
(29) sous-convertissant les canaux démultiplexés a
une fréquence intermédiaire.

Répéteur de communications pour un satellite mul-
tifaisceau dans lequel une bande de communica-
tions en radiofréquence satellite comprend pour
chaque faisceau une pluralité de canaux associés,
chaque canal contenant des informations sépara-
bles en sous-canaux distincts, ledit répéteur de
communications comprenant

un démultiplexeur d'entrée (5) pour chaque
faisceau entrant pour diviser les faisceaux en
canaux et un multiplexeur de sortie (23) pour
chaque faisceau sortant pour combiner les ca-
naux en faisceaux ;

une matrice de commutation coaxiale (36) re-
liée aux sorties desdits démultiplexeurs d'en-
trée (5) pour une commutation interfaisceaux,
a la radiofréquence, desdits canaux produits a
la sortie desdits démultiplexeurs d'entrée (5),
pour créer ainsi un ensemble de canaux a fais-
ceaux intercommutés ;

des circuits de conversion par abaissement de
fréquence (38) reliés, par des filtres de limita-
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tion de bande (44), aux entrées d'au moins
deux démultiplexeurs d'entrée (5), lesdits cir-
cuits sous-convertissant les signaux aux sor-
ties desdits filtres de limitation de bande (44) a
une fréquence intermédiaire, les signaux de
conversion par abaissement représentant au
moins deux canaux sélectionnés ;

un filtre de bande passante (45) relié a la sortie
de chaque circuit de conversion par abaisse-
ment de fréquence (38), chacun étant connecté
a I'entrée d'un sous-convertisseur de quadra-
ture (48) ;

chacun desdits sous-convertisseurs de qua-
drature (48) étant relié a la sortie du filtre de
bande passante (45) pour convertir le canal sé-
lectionné en bande de base ;

des premiers filtres de bande passante basse
(49) reliés aux sorties de chaque sous-conver-
tisseur de quadrature (48) ;

des convertisseurs analogique-numérique (51)
pour recevoir les signaux de sortie des pre-
miers filtres de bande passante basse (49) pour
convertir le signal de bande de base en format
numérique ;

des démultiplexeurs numériques (52) reliés
aux sorties des convertisseurs analogique-nu-
mérique (51) pour diviser les signaux numéri-
ques en sous-canaux, chaque sous-canal étant
représenté par un intervalle de temps ;

un commutateur numérique (53) relié aux sor-
ties des démultiplexeurs numériques (52) pour
diriger les sous-canaux dans leurs intervalles
de temps vers les circuits de multiplexage nu-
mérique (55), lesdits circuits de multiplexage
numeérique (55) servant a combiner les sous-
canaux dans un ensemble de canaux sous-ca-
nalisés a faisceaux intercommutés ;

des convertisseurs numérique-analogique (56)
reliés aux sorties des circuits de multiplexage
numérique (55) pour convertir les canaux sous-
canalisés a faisceaux intercommutés au format
analogique ;

des seconds filtres de bande passante basse
(57) reliés a la sortie desdits convertisseurs nu-
mérique-analogique (56) pour lisser le signal
de sortie numérique-analogique et filtrer les
images de fréquence supérieure ;

des circuits de conversion par élévation de fré-
quence(59) pour convertir les sorties des se-
conds filtres de bande passante basse (57) en
radiofréquence;

des circuits de raccordement, y compris des
amplificateurs (58, 61) et des circuits de filtrage
(60, 66), pour connecter les canaux a faisceaux
intercommutés et les canaux sous-canalisés a
faisceaux intercommutés aux entrées des mul-
tiplexeurs de sortie (23).
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Répéteur de communications selon la revendica-
tion 17, dans lequel le filtre de bande passante (45)
est un filtre de réduction du crénelage pour limiter
les signaux de sortie a ceux de l'un des canaux sé-
lectionnés seulement.

Répéteur de communications selon la revendica-
tion 17, dans lequel les premiers filtres de bande
passante basse sont des filtres de réduction du cré-
nelage pour limiter les signaux de sortie a ceux de
I'un des canaux sélectionnés.

Procédé pour commuter efficacement le contenu
d'informations canalisé et sous-canalisé de fais-
ceaux dans un répéteur de satellite multifaisceaux
sur la base d'un modéle de trafic dans lequel tous
les canaux ne comprennent pas de sous-canaux,
le procédé comprenant les étapes de :

division de chacun des faisceaux entrants en
une pluralité de canaux ;

division d'au moins un canal d'au moins chacun
de deux faisceaux en sous-canaux ;
commutation interfaisceaux des canaux pour
former un ensemble de canaux a faisceaux
intercommutés ;

commutation interfaisceaux des sous-canaux
en parallele avec la commutation interfais-
ceaux des canaux, et combinaison des sous-
canaux a faisceaux intercommutés pour former
un ensemble de canaux sous-canalisés a fais-
ceaux intercommutés ; et

combinaison des canaux sous-canalisés a fais-
ceaux intercommutés et des canaux a fais-
ceaux intercommutés en faisceaux pour la
transmission.

Répéteur de communications pour une utilisation
avec un satellite multifaisceau, comprenant:

une pluralité de démultiplexeurs d'entrée (5),
dans lequel chaque démultiplexeur d'entrée est
relié a un faisceau d'entrée, et dans lequel cha-
que démultiplexeur d'entrée sépare le faisceau
d'entrée en une pluralité de canaux ;

un réseau de commutation coaxiale (36) relié
a certains des canaux, dans lequel ledit réseau
de commutation coaxiale commute les canaux
connectés pour former un ensemble de canaux
a faisceaux intercommutés;

un circuit de sous-canalisation et de commuta-
tion a semi-conducteurs (37) relié a la pluralité
de canaux qui ne sont pas reliés au réseau de
commutation coaxiale, dans lequel le circuit sé-
pare les canaux connectés en sous-canaux,
commute les sous-canaux, et forme un ensem-
ble de canaux sous-canalisés a faisceaux
intercommutés ;
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une pluralité de multiplexeurs de sortie (23),
dans laquelle chaque multiplexeur de sortie est
relié @ au moins I'un des canaux a faisceaux
intercommutés et au moins l'un des canaux
sous-canalisés a faisceaux intercommutés, et
dans lequel la sortie de chaque multiplexeur de
sortie forme un faisceau de sortie.

Répéteur de communications selon la revendica-
tion 21, dans lequel le circuit de commutation de
sous-canalisation a semi-conducteurs (37) com-
prend une pluralité de mélangeurs de conversion
par abaissement (38) et des batteries de filtres d'on-
de acoustique de surface (39) qui séparent chaque
canal connecté en sous-canaux.

Répéteur de communications selon la revendica-
tion 22, dans lequel le circuit de commutation de
sous-canalisation a semi-conducteurs (37) com-
prend un réseau de commutation FET (40) relié aux
batteries de filtres d'onde acoustique de surface
(39), dans lequel le réseau de commutation FET
commute les sous-canaux sur ses sorties.

Répéteur de communications selon la revendica-
tion 23, dans lequel le circuit de commutation de
sous-canalisation et a semi-conducteurs (37) com-
prend une pluralité de circuits de recombinaison et
de conversion par élévation de fréquence(41, 42),
dans lequel chaque circuit de recombinaison et de
conversion par élévation de fréquence est relié a
une pluralité de sorties du réseau de commutation
FET (40), et dans lequel les sorties de la pluralité
de circuits de recombinaison et de conversion par
élévation de fréquence forme l'ensembles de ca-
naux sous-canalisés a faisceaux intercommutés.
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