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(57) ABSTRACT 

A satellite-based communications system operating at high 
data rates includes a plurality of communications satellites 
each having an uplink and a doWnlink antenna for receiving 
and transmitting a plurality of spot beams Which may be 
?xed or scanned. The ?xed beams may be directed to areas 
of high satellite use. The scanned beams may be rapidly 
scanned betWeen areas of use insuf?cient to support a 
dedicated beam. The scanned beam alloWs potentially nearly 
ubiquitous coverage by using high frequency beams. To 
rapidly scan, beam forming networks have a plurality of 
phase coef?cients that may be changed so that the angle of 
the beam may change. A controller coupled to the beam 
forming network may be used to change the phase coef? 
cients in response to beam inputs such as the desired beam 
and con?gurations of the other beams on the satellite. 
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METHOD AND SYSTEM FOR PROVIDING 
SATELLITE COVERAGE USING FIXED SPOT 

BEAMS AND SCANNED SPOT BEAMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This invention is a continuation-in-part of co 
pending application Ser. No. 08/867,672 FILED Jun. 2, 
1997 entitled “Method And System For Communicating 
High Data Rate In a Satellite-Based Communications Net 
Work”, having the same assignee as the present invention, 
and Which is hereby incorporated by reference. 

TECHNICAL FIELD 

[0002] This invention relates to methods and systems for 
communicating high rate data to customers in satellite-based 
communications netWorks. 

BACKGROUND OF THE INVENTION 

[0003] A number of applications continue to drive the 
need for high-speed data transport. Industry speci?c 
examples include remote ?lm editing, medical image trans 
port, and ?nancial service data consolidation and backup. 
Business communications and training needs further accel 
erate information transfer needs across all sectors. As busi 
ness, government and educational institutions disseminate 
more information, greater importance is attached to data 
transfer. In this environment, reliable, high-speed video and 
data transport becomes even more critical. 

[0004] Furthermore, a tremendous groWth in Internet traf 
?c has caused a strain on the capacity of telephony netWorks. 
NetWork shortcomings include netWork outages, insuf?cient 
access bandWidth, and insuf?cient internode bandWidth. 
Currently, providers need to make signi?cant investments, 
as Well as experience installation delays, to upgrade netWork 
infrastructure, yet they cannot pass the costs on to the end 
users. 

[0005] Corporate LANs/WANs also generate an insatiable 
demand for higher bandWidth. The demand for bandWidth 
goes up as more and more users are connected. The users, in 
turn, demand more services and improved netWork speed. 
Personal computers are being used to process not only text, 
but graphics and video as Well, all on netWorks that are 
increasingly global. Widespread implementation of corpo 
rate intranets and extranets further drive the move to 
increased bandWidth applications. High-speed netWorking is 
also driven by the groWth of video distribution, client/server 
technology, decentraliZed systems, increased processing 
poWer and developments in storage capacity. 

[0006] Thus, it is important to relieve congestion among 
the heavily used communications links in high-density areas 
and to bring such service to isolated rural areas Which have 
not been able to participate fully in the communications 
World. While existing satellite systems offer ubiquitous 
service, they do not offer direct connection to the end user 
at moderate to high data rates. Existing Fixed Satellite 
Service (FSS) systems employ Wide channel bandWidths and 
relatively large beamWidths making them more suited to 
point-to-point trunking service rather than to end user con 
nectivity. The Wide area coverage, limited Equivalent Iso 
tropically Radiated PoWer (EIRP), and constrained ?exibil 
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ity of these systems makes any attempt to serve many small 
users both inef?cient and costly. 

[0007] The emerging cellular type satellite services serve 
a very large number of potential subscribers but only at very 
loW data rates. The on-board processing and packet 
sWitched nature of their signal structure severely limits the 
practical user data rates that can be accommodated Within 
the technology limitations of the processor. Thus, there 
exists a need for a satellite communications system that 
serves the demand for high data rate business users includ 
ing the high-end individual as Well as small business users 
that demand direct and affordable connection. 

[0008] It Would therefore be desirable to provide a satel 
lite-based communications netWork providing reliable high 
data rate communications service to customers throughout 
the World While maintaining ?exibility to recon?gure the 
beam patterns often to tailor the beam pattern according to 
user needs. 

SUMMARY OF THE INVENTION 

[0009] In carrying out the above features, and advantages 
of the present invention, a satellite-based communications 
netWork provides a plurality of communications satellites 
each having uplink and doWnlink antennas capable of 
receiving and transmitting a plurality of signals utiliZing a 
plurality of beams having ?xed spot beams and scanned spot 
beams to a plurality of spot coverage areas and a plurality of 
scanned spot areas respectively at a predetermined range of 
frequencies. The plurality of satellites each have receiving 
and transmitting beam forming netWorks coupled to the 
uplink and doWnlink antennas respectively. The antennas 
have adjacent recon?gurable receiving and transmitting 
antenna elements. A controller located on the satellite is 
coupled to said beam forming netWork, the controller select 
ing either a ?xed spot beam or a scanned spot beam. 

[0010] One advantage of the invention is that the satellite 
system alloWs the use of both ?xed and scanned spot beams 
from the same satellite and same antenna. This is important 
in high frequency applications such as those in V-band 
because the beams in high frequency bands generate narroW 
beams. Thus, blanket coverage for large land areas such as 
the continental United States (CONUS) is difficult Without 
an inordinate number of satellite beams. The present inven 
tion alloWs ?xed coverage over high traf?c area While 
alloWing scanned beams to be quickly moved betWeen areas 
not requiring a dedicated ?xed beam. 

[0011] The above object and other objects, features and 
advantages of the present invention are readily apparent 
from the folloWing detailed description of the best mode for 
carrying out the invention When taken in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a diagrammatic representation illustrating 
a satellite communication system of the present invention. 

[0013] FIG. 2 is a schematic block diagram illustrating a 
communications subsystem Within the satellites of the 
present invention. 

[0014] FIG. 3 is a schematic illustration of the constella 
tion of communications satellites utiliZed in the present 
invention. 
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[0015] FIG. 4 is a schematic illustration of a portion of a 
constellation of communications satellites utilized in the 
present invention. 

[0016] FIG. 5 is a schematic illustration of a satellite 
operating both scanned beams and ?xed beams. 

[0017] FIG. 6 is a block diagram of a transmitter accord 
ing to the present invention. 

[0018] FIG. 7 is a block diagram of a receiver according 
to the present invention. 

[0019] FIG. 8 is a schematic vieW of a ?rst eXample of a 
suitable antenna. 

[0020] FIG. 9 is a schematic vieW of a second eXample of 
a suitable antenna. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Referring to FIG. 1, a satellite-based communica 
tions netWork 10 With a typical geometry for practicing the 
present invention is diagrammatically illustrated. In general, 
the netWork 10 includes a plurality of communications 
satellites 12 in geosynchronous orbit, a ground station 14 for 
controlling and maintaining operation of each of the plural 
ity of satellites 12, and a plurality of user terminals 16. The 
user terminals 16 may interconnect With a single computer 
18, a group of netWorked PC/Workstation users 20, a group 
of linked mini/main frame users 22, a mega computer 24, or 
a service provider 26 that provides service to any number of 
independent systems 28. 

[0022] The geosynchronous satellites 12 are positioned in 
orbit locations supporting Fixed Satellite Service (FSS) 
coverage for domestic service and accommodating a pri 
mary range of frequencies and a secondary range of fre 
quencies, such as 50/40 GHZ V-band as Well as 13/11 GHZ 
Ku-band operation. The locations of satellites 12 must 
accommodate emissions along With other co-orbiting satel 
lites, and must support service to and from high population 
metropolitan and business areas throughout the World. The 
ground terminal elevation angles to satellites 12 must be 30 
degrees or greater to minimiZe adverse propagation effects 
especially in the presence of rain and other disturbances. The 
preferred orbit locations include four satellites over the US, 
tWo each at 99 EW and 103 EW. To accommodate global 
groWth and provide coverage to Western Europe, central 
Europe, Middle East, and Africa, the preferred orbit loca 
tions further include eight other satellites, tWo each at 10 EE 
and one at 63 EW, 53 EW, 48 EE, 63.5 EE, 115.4 EE, and 
120.6 EE. 

[0023] Each of the satellites 12 are high poWer satellites 
having 15-20 KW payload capability, such as an HS 702L 
High PoWer Spacecraft manufactured by Hughes Electron 
ics Corporation, the assignee of the present invention. The 
HS 702L is a three-axis body-stabiliZed spacecraft that uses 
a ?ve panel solar array system, along With outboard radiator 
panels attached to the main body to dissipate heat generated 
from the high poWered Traveling Wave Tubes (TWTs). A 
schematic block diagram illustrating a communications sub 
system, or payload, 30 Within satellites 12 is shoWn in FIG. 
2. 

[0024] The payload 30 includes a primary communication 
payload 32, a secondary communication payload 34, an 
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inter-hemisphere link 35, and an intersatellite link 36. Pri 
mary communication payload 32 supports the majority of 
the communications signals. Secondary communication 
payload 34 is utiliZed for thin route satellite traf?c and as 
back up for Weather outages of primary communication 
payload 32. Primary communication payload 32 operates 
preferably in the 50/40 GHZ FSS region, or any other similar 
high frequency range, to provide high capacity service and 
utiliZes 3 GHZ of spectrum (47.2 to 50.2 GHZ) for uplinks 
and another 3 GHZ of spectrum (38.6 to 41.6 GHZ) for 
doWnlinks. Data rates from 1.544 Mbps (equivalent to T1) 
to 155 Mbps (OC3 equivalent) can, thus, be supported. 
Users operating at data rates beloW the T1 level can be 
accommodated by submultipleXing the signals at the user 
terminal 16. Secondary communication payload 34 prefer 
ably operates in the 13/11 Ku-band FSS region With 500 
MHZ of bandWidth to provide ubiquitous thin route and high 
link availability service and connection betWeen the north 
ern and southern hemispheres. 

[0025] Primary communication payload 32 includes an 
uplink antenna 38 and a doWnlink antenna 44 for receiving 
and transmitting spot beams carrying signals at the primary 
range of frequencies. NarroW spot beams alloW a greater 
poWer to be received and transmitted in the area it covers, 
thereby supporting higher data rates than those of Wider 
beams. A single antenna can produce many spot beams. 
Many small feed horns are positioned so that their signals 
are re?ected in narroW beams by a parabolic dish of the 
antenna. Different antenna feeds are sWitched on and off, via 
uplink antenna beam sWitch 39 and doWnlink antenna beam 
sWitch 41, thereby selecting the spot beam to be used in each 
case. Not only do satellites With multiple narroW beam 
antennas give a higher EIRP per beam, but the same fre 
quency and bandWidth can also be reused several times for 
different portions of the earth. Even further, if the spot beams 
also have dual polariZation capability, the number of beams 
is doubled, thereby increasing spectral reuse also by a factor 
of tWo. For example, for tWenty spot beams each With dual 
polariZation, the spectral reuse if forty times. 

[0026] In the present invention, a surface, or area, such as 
CONUS, to receive communications services of the present 
invention, is divided into a plurality of coverage areas 43, as 
shoWn in FIG. 3. Uplink and doWnlink antennas 38, 44, 
respectively, can support a predetermined number of cov 
erage areas 43, e.g., 200. HoWever, a subset of the plurality 
of coverage areas 43 is chosen to be used by uplink and 
doWnlink antennas 38, 44, respectively, to support commu 
nications services in predetermined metropolitan areas hav 
ing heavy traf?c. This con?guration is controlled by a 
routing table 45 stored on the payload 30. Thus, the spot 
beams 43 are semi-?xed in position, until recon?gured at a 
later time. Recon?guration of uplink and doWnlink antenna 
beam sWitches 39, 41, respectively, is possible by updating 
routing table 45 as needed. This updated information is 
transmitted by ground station 14. Thus, usage of available 
satellite resources, such as Weight and poWer, are utiliZed for 
only those beams that are selected and active. 

[0027] Preferably, uplink antenna 38 and doWnlink 
antenna 44 each consists of an east-mounted and a West 
mounted multifeed antenna assembly having a multibeam 
array 40, 44 and a re?ector 42, 48 to provide CONUS and 
coastal coverage. The offset parabolic re?ectors 42, 48 are 
deployed from the east and West side of the satellite 12, yet 
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the feed arrays 40, 44 are ?xed to the nadir face and do not 
deploy. Each re?ector 42, 48 is populated by a ?fty-one horn 
dual circularly polarized feed array 40, 44. Each horn of the 
feed array 40, 44 is dipleXed for both transmit and receive 
frequencies. In addition, each horn provides either a single 
sense of circular polariZation or dual circular polariZation. 
Consequently, there are 400 total input ports to the 200 horns 
that comprise the antenna assemblies 38, 44. Alternatively, 
uplink and doWnlink antennas 38, 44 may comprise a phased 
array antenna. 

[0028] As discussed above, antenna beam sWitches 39, 41 
select tWenty spot beams from the 200 horn array, each With 
dual circular polariZation to provide forty beams per satel 
lite. Each beam and each polariZation makes full use of the 
3 GHZ of spectrum With a total of forty times spectrum reuse 
(120 GHZ) in all. The selected forty spot beams 43 are 
directed toWards major metropolitan population centers and 
business areas included Within the ubiquitous area, as shoWn 
in FIG. 3. In addition, any tWenty beams included in the 
uplink array of receive beam locations and any tWenty of the 
array of doWnlink beam locations can be selected indepen 
dently of each other on orbit to accommodate variations in 
tra?ic or satellite relocation at a later date. 

[0029] Each beam is divided into ten Frequency Division 
Multiple Access (FDMA) channels, With each channel 
nominally 300 MHZ Wide, including guard bands. Each 
FDMA channel is divided into 100 Time Division Multiple 
Access (TDMA) channels, With each TDMA channel having 
a nominal burst rate of 150 Mbps. Thus, a total of 100 users 
may use the same frequency channel in the same beam. 
Upon subscribing to the service provided by the netWork 10 
of the present invention, a dedicated communications link is 
assigned to a user at a source location in one of the coverage 
areas 43 and a user at a destination location in another one 

of the coverage areas 43. This dedicated link is assigned an 
eXclusive time channel in one of the frequency channels for 
transmitting and receiving communications signals. 

[0030] Satellite payload 30 includes a Time Division Mul 
tiple Access (TDMA) circuit sWitch 62 operating at a 
suitable intermediate frequency Circuit sWitch 62, 
driven by routing table 45, provides interlinking of all 
beams, services and users and dedicated point-to-point and 
point-to-multipoint services. Circuit sWitch 62 circuit 
sWitches signals to be transmitted either to the same uplink 
beam as the source signal Was transmitted from or by 
another doWnlink beam based on the time interval assigned 
the source signal according to routing table 45. Circuit 
sWitch 62 is gated Within the time domain to provide precise 
WindoWs of time to different desired outputs. Loopback 
information is included Within the transmission to provide 
necessary synchroniZation of user terminals 16 With the 
satellites 12. Circuit sWitch 62 also routes crosslink traffic as 
Well as tra?ic to and from the hemispheric coverage beam, 
discussed beloW. 

[0031] As With primary communication payload 32, sec 
ondary communication payload 34 includes an uplink 
antenna 50 having a multibeam array 52 and a re?ector 54, 
and a doWnlink antenna 56 having a corresponding multi 
beam array 58 and re?ector 60. Secondary communication 
coverage is preferably provided by tWo nadir-mounted dual 
gridded re?ector antennas, each illuminated by eight 
dipleXed feeds for transmit and receive frequencies. Sec 
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ondary communication antennas 50, 56 provide a total of 
eight dual polariZed, elliptical area (3E><1E) coverage beams 
57, as shoWn in FIG. 3, for uplink and doWnlink services. 
Thus, secondary communication payload 34 provides an 
eight-fold reuse of the spectrum for a total useable band 
Width of 4 GHZ. 

[0032] To provide for inter-hemisphere interconnectivity, 
inter-hemisphere link 35 includes a single steerable horn 61, 
dipleXed for transmit and receive frequencies providing one 
dual linearly polariZed spot beam for uplink and doWnlink 
services. Horn 61 transmits a 6E><6E, 13/11 GHZ area beam 
63 toWards the southern hemisphere, alloWing thin route 
coverage of southern regions such as South America, as 
shoWn in FIG. 3. This beam may also provide north-south 
interconnection coverage to areas such as Europe and Africa. 

[0033] Intersatellite link 36 is included so that tra?ic from 
one satellite covering a particular region or selected metro 
politan areas can be linked to a second satellite covering the 
same or other areas and regions. Intersatellite link 36 may be 
an optical (or laser) link operating in the 1.6 micron region 
via tWo 9 inch laser-telescope assemblies 71, 73. Alterna 
tively, intersatellite link 36 may be a radio frequency (RF) 
link operating in the 60 GHZ region. Data is frequency 
converted and multiplexed to provide a maXimum 3 Gbps 
data rate for inter-satellite connectivity. 

[0034] Returning to FIG. 1, user terminals 16 include a 
primary antenna 64 for communicating With each of the 
satellites 12 in the primary range of frequencies, such as 
V-band frequencies. Thus, user terminals support data rates 
betWeen 1.544 Mbps (equivalent to T1) and 155 Mbps (OC3 
equivalent) via V-band antenna 64. Data rates beloW T1 are 
accommodated at user terminals 16 by submultipleXing the 
data to T1 (or higher) rates before transmission. Each of the 
user terminals 16 time-share the FDMA channels, With 100 
TDMA channels in each 300 MHZ FDMA channel. Since 
each TDMA channel supports a data rate of 1.544 Mbps, the 
netWork 10 provides a data throughput rate of 1.544 Gbps 
(100><1.544 Mbps><10) for each of the forty effective beams 
per satellite 12. For each FDMA channel, the channel data 
rate is 274.8 Mbps, Which includes overhead for coding, 
transport protocol, netWork signaling, and access manage 
ment. Uplink operation at each of the user terminals 16 
operates in a burst mode at a data rate determined by the full 
FDMA channel plan. 

[0035] Thirty Watt high poWer ampli?ers (HPA’s) operate 
at saturation in the user terminals 16, With the user terminals 
16 in each beam operating time shared on one of ten unique 
carrier frequencies. Out of band emissions are minimiZed in 
each user station 16. Each of the forty 3.0 GHZ bandWidth 
beams is received and doWn converted, routed through 
circuit sWitch 62, upconverted, and ampli?ed by a TWTA 
associated With a particular doWnlink beam. The doWnlink 
beams each have ten carriers, one for each FDMA channel. 
Each TWTA uses lineariZers and operates With su?icient 
output backoff to ensure minimum out of band emissions 
and intermodulation products. 

[0036] User terminals 16a that cannot tolerate the 
eXpected loss of transmission due to Weather outages further 
include a secondary communication antenna 65 for trans 
mitting and receiving signals at the secondary range of 
frequencies. Secondary communication antenna 65 may or 
may not be the same as the primary communication antenna 
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64. User terminals 16a subscribing to this type of service 
include a link quality monitoring center 69 to monitor the 
quality of service of primary communication payload 32 and 
routes it to a higher quality link, i.e., secondary communi 
cation payload 34, in the presence of adverse link propaga 
tion disturbance. The rerouting of traf?c to a higher avail 
ability link is accomplished by communicating such 
conditions to ground station 14. 

[0037] As discussed above, each of the satellites 12 are 
also in communication With a ground station 14. Ground 
station 14 has tWo functions. Satellite control center 68 
manages the health and status of all the satellites 12 and 
maintains their orbits. If rain attenuation eXceeds the link 
budget allocation at the primary range of frequencies, e.g., 
50/40 GHZ, the satellite 12 shall be commanded by satellite 
control center 68 to provide service via the secondary 
communication payload 34 until the Weather front passes, at 
Which time the satellite 12 is restored to primary services. 
Secondary communication payload 34 resource is then free 
to backup another metropolitan area, if needed, or to provide 
ubiquitous thin route services over CONUS. To be an 
effective backup, secondary communication payload 34 
must have a suf?cient capacity, on the order of 10% of the 
primary communication payload 32, in order to backup the 
entire service. 

[0038] NetWork operations center 70 of ground station 14 
provides resource management, fault management, account 
ing, billing, customer interfacing, and service. Ground sta 
tion 14 is preferably placed in loW-rain sections of friendly 
countries so as to provide line-of-sight communications With 
each of the satellites 12. 

[0039] The netWork of the present invention provides 
communications capabilities that Will signi?cantly contrib 
ute to the National and Global Information Infrastructures. 
It provides high data rate communications to customers 
throughout the United States and most of the rest of the 
World as Well. The system provides true broadband capa 
bility, including high speed access to the Internet in particu 
lar and high-technology telecommunications in general. The 
innovative design of the system insures that this capability 
can be provided at a much loWer cost than installing ?ber, 
thereby taking advantage of the distance insensitivity of 
satellite-based service. It is also particularly attractive at 
making ?rst and last mile connections, Which is a problem 
With the present copper and optical ?ber cable systems. 

[0040] Referring noW to FIG. 4, the present invention is 
suitable for use in a satellite system 110 generally depicted 
by a ?rst satellite 112 and a second satellite 112. Satellites 
112 and 114 are generally interconnected by an optical link 
generally represented by arroWs 116. As shoWn on map 118, 
the footprint 120 of various regions of desired coverage are 
illustrated. Asecond beam 121 is generated by satellite 112. 
Second beam 121 may have a different diameter than beams 
120. By using different satellites the siZe of the beam may 
be different betWeen the satellites. Satellites 112, 114 may be 
MEOs, LEOs or GEOs. As mentioned above, satellites 114 
and 112 may be recon?gured to provide coverage for each 
of footprints 120. One problem, hoWever, With satellites 112 
and 114 is that if a high frequency is used, the beams 
generated by satellites 112 and 114 cover only a narroW area. 
Therefore, coverage may not eXtend entirely over CONUS. 

[0041] Referring noW to FIG. 5, satellite 114 generates a 
plurality of ?Xed spot beams 122. Fixed spot beams may be 
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repositioned as described above. The spot beams are used to 
both transmit and receive information. To further eXpand the 
coverage provided by satellite 114, a plurality of scanned 
spot beams 124 may also be used. As illustrated, one 
scanned spot beam 124 With footprints 126 is illustrated. 
Scanned spot beams 124 may be used to provide coverage 
to loWer traf?c areas Which Would otherWise not fully utiliZe 
a ?Xed spot beam 122. The combination of the scanned spot 
areas more fully utiliZe the beam capacity. Also, the use of 
scanned beams may be used in conjunction With other beams 
in the same area. That is, beams of narroW diameter may be 
interlaced With Wider beams. This Would promote frequency 
reuse in highly populated regions. 

[0042] Both scanned spot beams 124 and ?Xed spot beams 
122 are generated from the same antennas. As Will be 
described beloW, each of the transmitting and receiving 
elements of the antenna may be recon?gured to be ?Xed spot 
beams 122 or scanned spot beams 124. 

[0043] Referring noW to FIG. 6, signals to be transmitted 
to earth are routed through sWitch 126. SWitch 126 may, for 
eXample, be a TDMA sWitch shoWn at 62 in FIG. 2. SWitch 
126 directs signals to be transmitted through poWer dividers 
128 to beam forming netWorks 130. Usually, a plurality of 
beams are formed by the satellite. Each beam has a beam 
forming netWork 130 and a poWer divider 128. 

[0044] Beam forming netWorks 130 are coupled to a 
transmitting antenna 132. Preferably, beam forming net 
Works are coupled to transmitting antenna 132 through a 
summer 134 and a solid state ampli?er 136 in a conventional 
manner. Transmitting antenna 132 may, for eXample, be a 
multiple beam array antenna or a phased array antenna. Of 
course, other types of antennas may be used according to the 
teachings of the present invention. Transmitting antenna 132 
has a plurality of transmitting elements 138. Transmissions 
from transmitting elements 138 form a beam that is trans 
mitted to the earth. As described above, the beams generated 
by transmitting elements 138 may be ?Xed or scanned. Each 
beam forming netWork 130 has a plurality of beam forming 
elements 140. As illustrated, beam forming elements 140 
have a phase coefficient 142 and an amplitude coef?cient 
144. Each of phase coef?cients 142 and amplitude coef? 
cients 144 are independently tunable or adjustable. 

[0045] Generally, to form a scanned beam, only phase 
coef?cients 142 Within the associated beam forming netWork 
needs to be adjusted. The phase elements provide a time 
delay Which, When summed With the other elements of the 
associated beam forming netWork, effectively steers the 
beam aWay from the perpendicular to the antenna array 
plane. It is believed that up to 1,000 changes of phase 
coef?cient 142 may be performed per second. Preferably, 
each transmitting element 138 has an associated phase 
coef?cient 142. This alloWs the satellite to have maXimum 
versatility. To have a ?Xed beam, the phase coef?cient 142 
may remain stable or unchanged. 

[0046] In certain situations, it may also be helpful to adjust 
amplitude coef?cient 144. This may be done to assist in 
beam steering. By changing amplitude coef?cients 144 With 
the associated beam forming netWork, better control of side 
lobe levels of the transmitted beam may be achieved. That 
is, at the edge of the beam, the amplitude levels of the 
transmitted signal is preferably reduced. This prevents or 
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reduces interference With adjacent beams. By reducing inter 
ference between adjacent beams, frequency reuse is pro 
moted. 

[0047] A controller 146 controls the operation of beam 
forming netWork and controls the calculation of the phase 
coef?cients 142 and amplitude coefficients 144. Although 
controller 146 may have other functions, the controller of the 
present invention at least has a scanning beam logic algo 
rithm 148, a beam-forming processor 150, and an amplitude 
phase Weighting coefficient generator 152. Controller 146 
has a plurality of beam characteristic inputs 154. Although 
a variety inputs may be used for beam forming, a current 
beam position input 156, an antenna beam Width input 158, 
an antenna side lobe level input 160, and a beam sharing 
request input 162 are illustrated. Various events take place in 
controller 146 to insure that the generated beam has the 
proper direction and does not interfere With other beams that 
are being generated or that have been requested to be 
generated by the satellite. Scanning beam logic algorithm 
146 uses current beam position input 156 and beam sharing 
request 162 to determine Whether the beam that is to be 
generated Will interfere With any of the beams that are or Will 
be generated by antenna elements 138. Antenna beam Width 
input 158 may also be used. Antenna beam Width input 158 
is generated by a calibration that is typically performed 
before the satellite is launched. By knoWing the geometry of 
the transmitting elements 138, an actual beam can be trans 
mitted and measured for each of the elements. Due to the 
great distances that signals are transmitted, a slight change 
in the geometry of the transmitting element 138 may cause 
the beam Width to vary. Beam forming processor 150 is 
coupled to scanning beam logic algorithm 148. Once scan 
ning beam logic algorithm 148 checks to determine Whether 
the beam that is requested is acceptable, beam forming 
processor 150 chooses the proper beam forming netWork for 
the generation of the requested beam. 

[0048] Amplitude phase and Weighting coef?cients por 
tion of controller 146 generates phase coef?cients 142 and 
amplitude coef?cients 144. As discussed above, phase coef 
?cients 142 are used to direct the beam to the proper angle 
With respect to the array plane. Also as described above, it 
may be important to control the antenna side lobe levels of 
the generated beam. By controlling amplitude coefficients 
144 and by monitoring antenna side lobe level input 160, 
amplitude and phase Weighting coef?cient generator 152 
may properly control the side lobe levels to prevent inter 
ference With adjacent beams. 

[0049] Referring noW to FIG. 7, a receiving netWork 164 
is illustrated. Receiving netWork 164 operates in a similar 
manner to that described above With respect to the trans 
mitting netWork illustrated in FIG. 6 eXcept that the signals 
originate With an uplink antenna 166, Which transmits the 
signals ultimately to a sWitch 168. SWitch 168 may be the 
same sWitch as sWitch 126 of FIG. 6. Uplink antenna 166 
has a plurality of receiving elements 170. Each receiving 
element 170 is coupled to a loW noise ampli?er 172 and a 
poWer divider 174. Each receiving element 170 is coupled 
through loW noise ampli?ers (LNA) 172 and poWer dividers 
174 to receiving beam forming netWorks 176. Preferably, the 
signal is ampli?ed in loW noise ampli?er prior to poWer 
division. 

[0050] Receiving beam forming netWorks 176 have beam 
forming elements 178 similar to that of beam forming 
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elements 140 of FIG. 6. Beam forming elements 178 have 
phase coef?cients 180 and amplitude coef?cients 182. Phase 
coef?cients 180 essentially steer the direction of the beam of 
the receiving elements 170 in a similar manner as that 
described in conjunction With transmitting by using different 
phase coef?cients 142. The sum of each beam forming 
element 178 is added together in summer 184. Summer 184 
forms the signal Which is transmitted to sWitch 168 Within 
the satellite. The received beam may be retransmitted 
through the same satellite or may be transmitted to another 
satellite by sWitch 168 through an optical interface as 
described above. 

[0051] The controller 146‘, scanning beam logic algorithm 
148‘, beam forming processor 150‘, and amplitude and phase 
Weighting coef?cient generator 152‘ all operate in a similar 
manner and based on beam characteristics 154‘. The opera 
tion of processor is essentially the same as that described in 
FIG. 6. 

[0052] Referring noW to FIG. 8, a near-?eld Cassegrai 
nian antenna 186 is illustrated as one of many suitable 
antennas. Antenna 186 has a re?ector 188 and a subre?ector 
189. In this eXample, a phased-array feed 190 has a plurality 
of transmitting elements 191. The transmitting elements 191 
are coupled to a beam forming netWork as described above. 

[0053] Referring noW to FIG. 9, an offset-fed Gregorian 
antenna is illustrated having a phase-array feed 194 having 
transmitting elements 195. Transmitting elements 199 trans 
mit or receive signals from an offset subre?ector 196 that 
directs the signals to or receives signals from a re?ector 197. 

[0054] The antenna designs illustrated in FIGS. 8 and 9 
are representative of tWo suitable antenna designs. HoWever, 
other antenna designs may also be suitable for use in 
transmitting and receiving various signals using scanned 
beams. 

[0055] In operation, the beams for transmitting and receiv 
ing signals to and from a ground station are similar. The 
satellite 114 has several ?Xed spot beams and scanned spot 
beams that are allocated according to the usage of the 
satellite. As described above, cities or regions of the country 
having suf?cient usage to support a dedicated ?Xed spot 
beam have phase parameters that remain ?Xed unless recon 
?gured. Scanned spot beams 126 may scan several regions 
of land mass so that the full capacity of the scanned spot 
beam is extensively utiliZed. To obtain the proper direction, 
the phase coefficients of the beam forming netWork are 
adjusted. The processor calculates the proper phase coef? 
cient by revieWing several inputs such as the current beam 
position, the antenna beam Width, the antenna side lobe 
levels, and the beam sharing requests of the other beams. 

[0056] If side lobe characteristics are important, the side 
lobe input 160 may be used to monitor the side lobe 
characteristics. Amplitude and phase Weighting coef?cient 
generator 152 may be used to generate various amplitudes to 
be directed to beam forming netWork. By controlling the 
side lobe of the formed beam, interference With other beams 
may be minimiZed or eliminated. 

[0057] While the best modes for carrying out the invention 
have been described in detail, those familiar With the art to 
Which this invention relates Will recogniZe various alterna 
tive designs and embodiments for practicing the invention as 
de?ned by the folloWing claims. 
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What is claimed is: 
1. A system for providing high frequency data commu 

nications in a satellite-based communications network, the 
system comprising: 

a plurality of communications satellites each having 
uplink and doWnlink antennas capable of receiving and 
transmitting a plurality of signals utiliZing a plurality of 
beams having ?xed spot beams and scanned spot beams 
to a plurality of spot coverage areas and a plurality of 
scanned spot areas respectively at a predetermined 
range of frequencies, the plurality of satellites each 
further having receiving and transmitting beam form 
ing netWorks coupled to the uplink and doWnlink 
antennas respectively, said antenna having respective 
adjacent recon?gurable receiving and transmitting 
antenna elements; and 

a controller located on said satellite coupled to each of 
said transmitting and receiving beam forming net 
Works, said controller selecting either a spot coverage 
area or a scanned spot beams for each of the receiving 
and transmitting antenna elements. 

2. A system as recited in claim 1 Wherein each of said 
transmitting and receiving beam forming netWorks has a 
plurality of beam forming elements coupled to said receiv 
ing and transmitting antenna elements. 

3. A system as recited in claim 2 Wherein each of said 
beam forming elements has an associated phase coef?cient. 

4. A system as recited in claim 1 Wherein each of said 
beam forming elements has an associated amplitude coef 
?cient. 

5. A system as recited in claim 1 Wherein one of said 
plurality of satellites have a ?rst spot diameter and a second 
of said plurality of the satellites have a second diameter 
greater than the ?rst diameter. 

6. A satellite comprising: 

a plurality of beam inputs; 

an uplink antenna having a plurality of antenna receiving 
elements; 

a receive beam forming netWork coupled to said plurality 
of antenna receiving elements, said receiving beam 
forming netWork having a plurality of tunable receiving 
beam forming elements, each of said tunable receiving 
beam forming elements coupled to one of said antenna 
receiving elements and each of said tunable receiving 
beam forming elements having a receiving phase coef 
?cient; 

a doWnlink antenna having a plurality of antenna trans 
mitting elements; 

a transmitting beam forming netWork coupled to said 
plurality of antenna transmitting elements, said trans 
mitting beam forming netWork having a plurality of 
tunable transmitting beam forming elements, each of 
said tunable transmitting beam forming elements 
coupled to one of said antenna transmitting elements 
and each of said tunable transmitting beam forming 
elements having a transmitting phase coef?cient; 
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a controller coupled to said transmitting beam forming 
netWork, said receiving beam forming netWork and said 
beam forming inputs, said controller calculating and 
adjusting said transmitting and receiving phase coef? 
cients in response to said beam forming inputs. 

7. A satellite as recited in claim 6 Wherein said transmit 
ting tunable beam forming netWork comprises a transmitting 
amplitude coef?cient. 

8. Asatellite as recited in claim 7 Wherein said beam input 
comprises a side lobe level input. 

9. A satellite as recited in claim 8 Wherein said transmit 
ting amplitude coef?cient is adjusted in response to said 
antenna side lobe level. 

10. Asatellite as recited in claim 6 Wherein said receiving 
tunable beam forming netWork comprises a receiving ampli 
tude coef?cient. 

11. A satellite as recited in claim 6 further comprising a 
transmitting poWer divider coupled to said transmitting 
beam forming netWork and a receiving poWer divider 
coupled to said receiving beam forming netWork. 

12. A satellite as recited in claim 11 further comprising 
plurality of a loW noise ampli?ers coupled betWeen each of 
said receiving elements and said receiving poWer divider. 

13. Asatellite as recited in claim 11 further comprising a 
solid state ampli?er coupled to said transmitting beam 
forming elements. 

14. Asatellite as recited in claim 6 Wherein said controller 
comprises a beam-forming processor. 

15. A satellite as recited in claim 6 Wherein said beam 
input comprises current beam position, antenna beam Width 
and beam sharing requests. 

16. Amethod of communicating betWeen a ground station 
and a satellite comprising the steps of: 

obtaining beam inputs; 

calculating phase coef?cients in response to the beam 
inputs; 

directing the phase coef?cients to a beam forming net 
Work; and 

generating a beam corresponding to the phase coef? 
cients. 

17. A method of communicating as recited in claim 16 
further comprising the step of controlling the side lobe 
characteristics by changing an amplitude coef?cient. 

18. A method of communicating as recited in claim 16 
Wherein the step of directing comprises the step of directing 
the phase coef?cient to a transmitting beam forming net 
Work. 

19. A method of communicating as recited in claim 16 
Wherein the step of directing comprises the step of directing 
the phase coef?cient to a receiving beam forming netWork. 

20. A method of communicating as recited in claim 16 
Wherein the step of generating comprises the steps of 
generating a scanned beam and generating a ?Xed beam. 


