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COMMUNICATIONS SATELLITE ROUTER-
FORMATTER

FIELD OF THE INVENTION

The present invention generally relates to a satellite based
telecommunications system. More specifically, the invention
relates to a telecommunications satellite system containing a
device, such as a local ground station, which serves as a
router-formatter for communications between the satellite
and local handsets.

BACKGROUND OF THE INVENTION

With the advent of modern telecommunications
technology, telecommunications services are being offered
in more and more remote regions of the world. Telecom-
munications services have been offered to these remote areas
in a variety of ways. For instance, several satellite based
systems have been proposed to enable direct communication
between handsets and the satellite even when the mobile
station is located in a region of the world far removed from
wire-based or cellular telephone services. As proposed, the
foregoing satellite systems include individual user handsets
which afford bidirectional communication directly with the
telecommunications satellite. The handsets do not commu-
nicate directly with any other handset. The term “handset” as
used throughout includes mobile stations, portable phones,
cellular phones, wire-based stationary phones, faxes,
modems and the like.

However, the current handset-to-satellite link is consid-
ered to have certain limitations, particularly with respect to
signal blockage. In order to effect direct communication
between the handset and satellite, the communications link
requires an unobstructed line of sight therebetween or an
“open sky” void of obstructions, such as buildings, trees and
the like. Such intervening structures interfere with the com-
munications link. To minimize the risk of obstructions
between the satellite and handset, the handsets should be
used in open areas away from large buildings. Alternatively,
the handsets may be attached to stationary antennas, such as
a rooftop omni or dish-type antenna. However, such con-
nections greatly constrain the portability of the handsets,
thereby rendering the handset a stationary unit. Stationary
units may have limited use, such as in regions which do not
have existing telephone infrastructures or in areas where the
existing telephone system is prohibitively expensive and/or
unreliable. However, a telephone system consisting of sta-
tionary units would be less economical and require more
satellite links than the proposed invention.

Moreover, notwithstanding the use of stationary roof
mounted antennas, the stationary units heretofore proposed
still experience limitations, due to the use of an asynchro-
nous communications uplink. More specifically, the tele-
communications satellite systems thus far proposed contem-
plate using a synchronous down link when the satellite
transmits data to the mobile station. However, each satellite
must receive uplink communications data from a large
number of individual mobile stations. Some proposed sys-
tems (Irridium and Global Star) contemplate using asyn-
chronous uplinks. Another proposed system (Odyssey, pro-
posed by the assignee of the present application)
contemplates using synchronous uplinks. The concept of
synchronous and non-synchronous communications are
explained in more detail in the book entitled “Satellite
Communications Systems” by Maral et al., published by
John Wiley & Sons, New York, N.Y. (1986), and in the book
entitled “An Introduction to GSM” by Redl et al., published
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by Artech House Publishers, Boston, Mass. (1995). Both of
the above-referenced books are expressly incorporated by
reference in their entirety. Synchronous communications are
achieved based on timing information provided to all mobile
stations. The timing information is provided separately to
each mobile station. The timing information controls
advancements and retardation of the time at which a mobile
station begins transmission to ensure that the data is received
synchronously from all transmitting mobile stations. Timing
information is generally used in connection with synchro-
nous return links from mobile stations.

When using non-synchronous uplinks, the system greatly
limits the capacity of the uplink as compared to a synchro-
nous uplink. Non-synchronous direct sequence spread spec-
trum communications links experience substantially greater
co-channel interference as compared to synchronous links.
To minimize the co-channel interference, the system typi-
cally employs substantial forward error correction encoding
and limits the number of mobile stations supported by the
satellite, thereby decreasing the system’s capacity and eco-
nomical viability. When using synchronous uplinks, the
proposed systems (Odyssey) require complex circuitry to be
installed in each mobile station to control timing advance-
ments and retardations and individual handset output power.
This synchronization and power control circuitry increases
the complexity and cost of each handset.

In addition, portable handsets have a limited battery
dependent power supply, thereby limiting the maximum
achievable output power level and duration of portable
service. Satellite based telecommunications systems, such as
the Odyssey system, contemplate using low power generally
omni-directional antennas with the mobile stations. Such
omni-directional antennas transmit outgoing communica-
tions typically with more or less the same power in all
directions. These omni-directional or hemisphere coverage
antennas may operate at power levels as low as one-half
watt. These power constraints further render the communi-
cations link with the handset susceptible to line of sight
obstructions between the handset and satellite.

Moreover, the proposed satellite based telecommunica-
tions systems require unduly excessive communications
traffic with the satellite. Generally, communications links in
satellite based systems may be categorized into (1) local
calls between two local handsets located within a relatively
small geographic area, and (2) long distance calls between
one local handset and a remote destination handset. The
terms “local” and “remote” as used throughout this appli-
cation are used relative to a predefined geographic area or
cell surrounding the handset initiating the call. If the desti-
nation handset falls within this geographic area, the call is
deemed local. Otherwise, the call is deemed remote or long
distance.

The proposed satellite based systems route all outgoing
calls from an initiating handset through a corresponding
satellite located overhead the initiating handset. The satellite
then transmits each call to a network ground or earth station
which decodes the call destination. If the destination is also
a PCS satellite handset, it determines which satellite and
ground station connections are necessary to direct the call to
the destination handset. The network ground station is
connected to a PSTN network. If the destination handset is
also local, the network ground station transmits the signal
back to the overhead satellite above the predefined geo-
graphic area surrounding the initiating handset. The satellite
transmits the call to the destination handset. If the destina-
tion handset is remote, the network ground station may
transmit the call via wireline network and a ground station
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and/or satellite. Thus, all calls must be routed through the
overhead satellite and network ground station, regardless of
whether the destination handset is local or remote. Such
routing unnecessarily increases the traffic which must be
supported by the satellite and network ground stations.

Conventional systems have failed to address the deficien-
cies noted above within the field of satellite based telecom-
munications. Examples of existing systems are disclosed in
U.S. Pat. No. 5,173,933 and U.S. Pat. No. 5,412,660 both of
which are expressly incorporated by reference in their
entirety.

The *660 patent discloses a satellite based ISDN network.
The network includes a plurality of portable satellite termi-
nals which receive and transmit communications which
conform to the ISDN industry standard and which operate
with standard ISDN equipment. The network of the 660
patent extends the public service telephone network (PSTN)
access to isolated single terminals. However, the *660 patent
is not concerned with extending PSTN access to a remote
community with multiple users therein, and hence is not
concerned with providing remote intra-community commu-
nications paths without accessing overhead satellites.
Instead, the system of the ‘660 patent transmits all ISDN
data via the satellite without distinguishing between remote
and local destinations.

The 933 patent discloses an interface between mobile
telecommunications stations and trunk channels linked to
various communications carriers, such as a satellite dish, a
cellular line antenna and the like. The interface automati-
cally selects the most cost-effective carrier upon which to
transmit an outgoing telephone or fax transmission from a
mobile station. However, the interface of the 933 patent
does not distinguish between local and remote destinations.
Nor does the interface of the 933 patent bypass the satellite
or antenna for entirely local calls. Instead, the interface of
the *933 patent is intended solely for remote calls, namely
calls which must be relayed through a satellite or similar
communications carrier. The *933 patent is intended for
implementation upon an oceangoing vessel and is intended
to provide a communications link between callers on the
vessel and parties on shore. The communications system of
the 933 patent is not concerned with intra-ship communi-
cations. Thus, the interface of the ’933 patent does not
provide a local community with a low cost telecommunica-
tions infrastructure.

A need remains for an improved satellite based telecom-
munications system for use in a remote community that can
economically interface with or provide the basis for a wired
or wireless/cellular-type telecommunications infrastructure.
It is an object of the present invention to meet this need.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
telecommunications satellite based system containing a base
station which controls routing and formatting of communi-
cations between an overhead satellite and local handsets to
provide an economic communications infrastructure for a
remote community.

It is another object of the present invention to provide a
routing module which reduces the communications traffic to
and from the satellites in order to increase the system’s
overall capacity by judicious use of satellite resources.

It is a corollary object of the present invention to mini-
mize uplink communications traffic by distinguishing
between local and remote destinations for outgoing calls and
redirecting, within the base station, local calls to the local
destination without use of the satellite.
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It is yet another object of the present invention to provide
a router/formatter which may enhance communications
uplinks by utilizing a high-power steerable beam or phased
array type antenna.

It is a corollary object of the present invention to provide
a wireless telecommunications infrastructure for a remote
community capable of utilizing handsets, such as portable or
cellular phones which operate according to a conventional
standard.

It is yet a further object of the present invention to utilize
economic handsets which are greatly reduced in complexity
and need not rely on line of sight communications or
maintain synchronous communications links with a satellite.

It is a further object of the present invention to provide a
router/formatter module which maintains consistent line of
sight access with the satellite.

It is a further corollary object of the present invention to
provide a formatter/router module which affords an easy and
economical centralized device that may maintain synchro-
nous uplink and downlink communications with a corre-
sponding overhead satellite to minimize co-channel inter-
ference and maximize system capacity.

It is yet a further object of the invention to provide a
router/formatter module which enables the use of dual use
handsets capable of communicating directly with a satellite
over a line of sight satellite communications link or with the
router/formatter over an RF cellular link.

It is another object of the present invention to provide
router/formatters capable of communicating directly with
one another if located close enough to avoid a satellite link
therebetween.

The above and other objects are achieved by the present
invention which provides, in the preferred embodiment, a
local telecommunications network for satellite based tele-
communications. The network 10 includes multiple handsets
18-22, 50 and 54 which communicate directly with local
ground stations 14 and 16. The local ground stations com-
municate with an overhead satellite 12 through a satellite
telecommunications uplink. The satellite in turn communi-
cates with a network ground station 41 to redirect the call to
a secondary satellite and/or secondary local ground station.
The local ground stations include routers for determining
whether outgoing calls are directed to a destination handset
located within or outside a predefined local geographic cell
30 and 32 for the corresponding local ground station 14 and
16. If the destination handset is located outside the local cell
of the originating handset, the local ground station passes the
call to the overhead satellite 12 and network ground station
41 to establish a satellite telecommunications link with a
remote destination. However, if the destination handset 50 is
located within the same local cell 32 as the originating
handset 22, then the router establishes a link between the
handsets 22 and 50 via the router-formatter 16 without
establishing a satellite telecommunications link 26.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a satellite based telecommunications
system in block diagram form; and

FIG. 2 illustrates, in block diagram form, a router/
formatter module according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 generally illustrates a satellite based telecommu-
nications system 10. The system 10 includes a satellite 12
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which communicates with local ground stations 14 and 16
located within the coverage area 28 afforded by antenna 34
of the satellite 12. The terms “ground” and “base” stations
are used interchangeably throughout the application. The
local ground station 14 directly communicates with mobile
stations 18 and 20 located within the predefined cell 30
surrounding the ground station 14. The cell 30 (denoted in
dashed lines) may be of any desired predefined geographic
shape. Optionally, the cell 30 may correspond to the maxi-
mum distance to which the ground station 14 is capable of
transmitting. Local ground station 16 similarly communi-
cates with mobile stations 22 located in the corresponding
predefined cell 32. The local ground station 16 may also
communicate with conventional telephones 50 and 54,
which are connected to the local ground station 16 via local
telephone line links 52 and 56.

The local ground stations 14 and 16 communicate via
communications links 24 and 26, respectively, with the
satellite 12. The communications links 24 and 26 represent
bidirectional links for uplink and downlink communications.
The local ground stations 14 and 16 include antennas 36 and
38, respectively, which maintain the communications links
24 and 26. The antennas 36 and 38 may represent “smart” or
steerable antennas which may be capable of tracking the
satellite 12. The antennas 36 and 38 may include phased
arrays which may be capable of forming multiple steerable
transmission beams adjusted to follow the orbital motion of
the satellite 12. The antennas 36 and 38 may be configured
to transmit at significantly higher power levels and employ-
ing a smaller beamwidth than those levels and beamwidths
associated with conventional portable handsets used to
directly communicate with telecommunications satellites.
For instance, conventional portable handsets may utilize
omni-directional antennas which operate at one-half watt of
power. The antennas 36 and 38 may operate at significantly
higher power levels, such as an order of magnitude or more
greater than that used with omni-directional antennas in
portable handsets.

In addition, the antennas 36 and 38 may be of any desired
size (i.e. not limited to man-portable form factors).
Preferably, the antennas 36 and 38 are positioned to afford
an unobstructed line of sight with the satellite 12 throughout
the satellite’s overhead orbit (such as upon a rooftop
building, in an open field, and the like). Optionally, by
increasing the power level and size of the antennas 36 and
38 as compared with omni-directional antennas utilized with
portable handsets, the local ground stations 14 and 16 are
able to maintain the communications links 24 and 26 with
high integrity and alleviate transmit power requirements on
the satellite 12. Positioning the antennas 36 and 38 in an
unobstructed area further assures fidelity of the communi-
cations links 24 and 26.

The local ground stations 14 and 16 include separate RF
antennas 40 and 42 for communicating with the mobile
stations 18-22. The RF antenna 40 maintains RF cellular
links 44 and 46 with mobile stations 18 and 20, respectively.
The RF antenna 42 maintains an RF cellular link 48 with
mobile station 22.

The RF antennas 40 and 42 maintain the RF communi-
cations links 44-48 according to any conventional portable
or cellular phone standard, such as the standard used in any
of the following systems; namely, the GSM system, the
IS-95 system, the DECT system CT2, CT2+, AMPS,
N-TDMA (IS-54), and the like. Hence, the mobile stations
18-22 need not maintain an unobstructed line of sight with
the RF antennas 40 and 42.

The satellite 12 communicates with a network ground
station 41 through a satellite link 43. The network ground
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station 41 may communicate with a PSTN 45 and remote
telephones 47 that are connected to the PSTN 45. The
satellite 12 relays all received calls to the network ground
station 41 which determines a destination for the call. The
network ground station 41 may direct the call to the PSTN
45, a second satellite or a second local or network ground
station based on the call destination. Thus, a call may travel
from handset 22 to local ground station 16, to satellite 12, to
network ground station 41. The call may then be passed back
to satellite 12, directly to hand set 57, or to PSTN 45 or to
local ground station 14.

Optionally the mobile stations may include an RF antenna
and an omnidirectional satellite antenna and have dual
operating modes. In a first mode, the mobile stations may
communicate via RF links with corresponding local ground
stations (as explained above). In a second mode, the mobile
stations may communicate through the omni-directional
antennas over a satellite communications link 29 directly
with the satellite.

Optionally, the local ground stations may include third
antennas 51 and 53 capable of directly communicating with
one another over communications link 55. The local ground
stations may communicate with any other local ground
station located within a predefined geographic range and
pass calls therebetween without use of the satellite.

The satellites may communicate directly with mobile
stations, such as handset 57 via communications link 59 or
handset 18 via communications link 29.

FIG. 2 illustrates a ground station 16 in more detail. The
ground station 16 includes a router 60, a converter 62, and
an antenna 38. The converter 62 includes a formatter 64 and
a deformatter 66. The formatter 64 receives outgoing tele-
communications calls on outgoing satellite line 72. The
outgoing calls are formatted according to a local formatting
standard which may be any of several conventional stan-
dards utilized in connection with portable and cellular
phones, such as the standards used in the GSM system, IS-95
system, DECT system and the like. The formatter 64 con-
verts the outgoing call to one of the formats corresponding
to a conventional satellite telecommunications standard,
such as that proposed in the Odyssey Irridium or GlobalStar
systems. Optionally, the formatter 64 may process calls from
multiple handsets and transmit the corresponding collective
data stream in a synchronous manner with respect to time.

When the converter 62 effects synchronous operation, the
formatter 64 may include a plurality of buffers, each of
which separately receives outgoing call data from a corre-
sponding local initiating handset. The locally initiated calls
generally occur asynchronously. The buffers in the formatter
store the asynchronous outgoing call data. The stored call
data is then combined, such as in a multiplexor and the like.
The combined call data is transmitted synchronously after
being time shifted (advanced or retarded) in the formatter
64. Once the formatter 64 completes the conversion of the
outgoing signal, it transmits same along the uplink feed line
68 to the antenna 38. The antenna 38 transmits the outgoing
call in a transmission beam to the satellite. When the
converter 62 operates asynchronously, the buffers and addi-
tional circuitry for timing alignment may not be necessary.

The deformatter 66 receives incoming calls from the
antenna 38 via down link receive line 70. The deformatter 66
converts the incoming calls to the local format and transmits
these calls along the incoming local call line 74 to an
incoming call controller 75. The incoming calls on line 74
are directed, via the controller 75, to the designated desti-
nation handset (handset 22 in the example of FIG. 2). The
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